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 Topics of the Talk

✤ Spin one - deuteron-like dibaryons

✤ Precision scale setting at high temperatures

✤ Dibaryons with heavy quarks 

✤ Spin zero dibaryons

✤ Continuous temperature simulation in Lattice QCD
✤ General method

✤ Simulate high temperature dependence of 
<latexit sha1_base64="PMQ7Q0S1sCfRpr5dnrE7ekoEewE=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBKR6rHoxWMF+wFtCJvtpl262YTdiVpifooXD4p49Zd489+4bXPQ1gcDj/dmmJkXJIJrcJxva2V1bX1js7RV3t7Z3du3KwdtHaeKshaNRay6AdFMcMlawEGwbqIYiQLBOsH4eup37pnSPJZ3MEmYF5Gh5CGnBIzk25U+HXE/6wN7hAziJM99u+rUnBnwMnELUkUFmr791R/ENI2YBCqI1j3XScDLiAJOBcvL/VSzhNAxGbKeoZJETHvZ7PQcnxhlgMNYmZKAZ+rviYxEWk+iwHRGBEZ60ZuK/3m9FMJLL+MySYFJOl8UpgJDjKc54AFXjIKYGEKo4uZWTEdEEQomrbIJwV18eZm0z2puvVa/Pa82roo4SugIHaNT5KIL1EA3qIlaiKIH9Ixe0Zv1ZL1Y79bHvHXFKmYO0R9Ynz9NsJSz</latexit>�top

✤ New method of relative scale setting

✤ Subpercent precision



Heavy quark 
dibaryons

✤ Phys. Rev. Lett. 123, 162003 (2019)

✤ arXiv:2410.08519



The NN interaction

<latexit sha1_base64="I7UcqY/zdu304lP8los23fEaqS8=">AAACE3icbVDLSgMxFM3UV62vqks3wSJU0TJTpLopFN3orqJ9QGcomTTThmYyY5IRyjD/4MZfceNCEbdu3Pk3pu0stPXA5R7OuZfkHjdkVCrT/DYyC4tLyyvZ1dza+sbmVn57pymDSGDSwAELRNtFkjDKSUNRxUg7FAT5LiMtd3g59lsPREga8Ds1Conjoz6nHsVIaambP7qtWsfQhtdVc9xsTyAcW0lsy3uh4nKSFEMOTyAPD2E3XzBL5gRwnlgpKYAU9W7+y+4FOPIJV5ghKTuWGSonRkJRzEiSsyNJQoSHqE86mnLkE+nEk5sSeKCVHvQCoYsrOFF/b8TIl3Lku3rSR2ogZ72x+J/XiZR37sSUh5EiHE8f8iIGVQDHAcEeFQQrNtIEYUH1XyEeIB2L0jHmdAjW7MnzpFkuWZVS5ea0ULtI48iCPbAPisACZ6AGrkAdNAAGj+AZvII348l4Md6Nj+loxkh3dsEfGJ8/X/GbZA==</latexit>

S = 1, I = 0,
1p
2
(pn� np)

<latexit sha1_base64="aiZ+sJEC1AZ09W8n0+my//iLOT0=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahwlBmilQ3haIb3VW0D2iHkknTNjSTiUlGKEM3bvwVNy4Uces/uPNvTB8LbT1w4XDOvdx7TyAYVdp1v63U0vLK6lp6PbOxubW9Y+/u1VQUS0yqOGKRbARIEUY5qWqqGWkISVAYMFIPBpdjv/5ApKIRv9NDQfwQ9TjtUoy0kdr24W3JdeB1yXNgTginpe6lTgojwR3OT9p21s27E8BF4s1IFsxQadtfrU6E45BwjRlSqum5QvsJkppiRkaZVqyIQHiAeqRpKEchUX4y+WIEj43Sgd1ImuIaTtTfEwkKlRqGgekMke6reW8s/uc1Y9099xPKRawJx9NF3ZhBHcFxJLBDJcGaDQ1BWFJzK8R9JBHWJriMCcGbf3mR1Ap5r5gv3pxmyxezONLgAByBHPDAGSiDK1ABVYDBI3gGr+DNerJerHfrY9qasmYz++APrM8fEcKWcA==</latexit>

S = 0, I = 1, (pp,
p
2pn, nn)

✤ Deuteron ✤ Dineutron 

✤ Only bound dibaryon 
system in Nature 

✤ Still debated … 

✤ Wonder about heavy flavor extension … ?



Spin-1 operators

✤ Construct deuteron operator :

<latexit sha1_base64="oFWsXnpubXOFay/oLQz4WPi0yxQ=">AAAB+HicbVDJSgNBEK1xjXHJqEcvjUHwIGFGJHoJBL3oLaJZIBlCT08nadKz2IsQh3yJFw+KePVTvPk3dpI5aOKDgsd7VVTV8xPOpHKcb2tpeWV1bT23kd/c2t4p2Lt7DRlrQWidxDwWLR9LyllE64opTluJoDj0OW36w6uJ33ykQrI4ulejhHoh7kesxwhWRurahbuKe4I6DxoH6KbioK5ddErOFGiRuBkpQoZa1/7qBDHRIY0U4VjKtuskykuxUIxwOs53tKQJJkPcp21DIxxS6aXTw8foyCgB6sXCVKTQVP09keJQylHom84Qq4Gc9ybif15bq96Fl7Io0YpGZLaopzlSMZqkgAImKFF8ZAgmgplbERlggYkyWeVNCO78y4ukcVpyy6Xy7VmxepnFkYMDOIRjcOEcqnANNagDAQ3P8Apv1pP1Yr1bH7PWJSub2Yc/sD5/AO23kVY=</latexit>

S = 1, I = 0

<latexit sha1_base64="KFaM3JT73OuOOz7RuERkGa6Ok5c="></latexit>

Dud =
1p
2

�
N (C�j) P � P (C�j) N

�

<latexit sha1_base64="SijF7v9CDBVUbF1N+68wIx6cVrk="></latexit>

N↵(x) = ✏abc da↵(x)
�
ub
µ(x) (C�5)µ⌫ dc⌫(x)

�

<latexit sha1_base64="QEsggdV2+ZO3J1hKtRACs072qiE="></latexit>

P↵(x) = ✏abc ua
↵(x)

�
ub
µ(x) (C�5)µ⌫ dc⌫(x)

�



Spin-1 operators

✤ Construct deuteron operator :

<latexit sha1_base64="oFWsXnpubXOFay/oLQz4WPi0yxQ=">AAAB+HicbVDJSgNBEK1xjXHJqEcvjUHwIGFGJHoJBL3oLaJZIBlCT08nadKz2IsQh3yJFw+KePVTvPk3dpI5aOKDgsd7VVTV8xPOpHKcb2tpeWV1bT23kd/c2t4p2Lt7DRlrQWidxDwWLR9LyllE64opTluJoDj0OW36w6uJ33ykQrI4ulejhHoh7kesxwhWRurahbuKe4I6DxoH6KbioK5ddErOFGiRuBkpQoZa1/7qBDHRIY0U4VjKtuskykuxUIxwOs53tKQJJkPcp21DIxxS6aXTw8foyCgB6sXCVKTQVP09keJQylHom84Qq4Gc9ybif15bq96Fl7Io0YpGZLaopzlSMZqkgAImKFF8ZAgmgplbERlggYkyWeVNCO78y4ukcVpyy6Xy7VmxepnFkYMDOIRjcOEcqnANNagDAQ3P8Apv1pP1Yr1bH7PWJSub2Yc/sD5/AO23kVY=</latexit>

S = 1, I = 0

<latexit sha1_base64="KFaM3JT73OuOOz7RuERkGa6Ok5c="></latexit>

Dud =
1p
2

�
N (C�j) P � P (C�j) N

�

<latexit sha1_base64="SijF7v9CDBVUbF1N+68wIx6cVrk="></latexit>

N↵(x) = ✏abc da↵(x)
�
ub
µ(x) (C�5)µ⌫ dc⌫(x)

�

<latexit sha1_base64="QEsggdV2+ZO3J1hKtRACs072qiE="></latexit>

P↵(x) = ✏abc ua
↵(x)

�
ub
µ(x) (C�5)µ⌫ dc⌫(x)

�

<latexit sha1_base64="D0TBZLMXLSELzeq1oAkSm05Ef+I=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQsqMSHUjVAVxWdE+oDOUTJq2oUlmSDJiGeZX3LhQxK0/4s6/MdPOQlsPBA7n3Ms9OUHEqNKO820VlpZXVteK66WNza3tHXu33FJhLDFp4pCFshMgRRgVpKmpZqQTSYJ4wEg7GF9nfvuRSEVD8aAnEfE5Ggo6oBhpI/Xs8v2Feww96HGkR5InN5dpz644VWcKuEjcnFRAjkbP/vL6IY45ERozpFTXdSLtJ0hqihlJS16sSITwGA1J11CBOFF+Ms2ewkOj9OEglOYJDafq740EcaUmPDCTWUQ172Xif1431oNzP6EiijUReHZoEDOoQ5gVAftUEqzZxBCEJTVZIR4hibA2dZVMCe78lxdJ66Tq1qq1u9NK/Sqvowj2wQE4Ai44A3VwCxqgCTB4As/gFbxZqfVivVsfs9GCle/sgT+wPn8ASECTVw==</latexit>

S = 1, FA

✤ Deuteron-like heavy operator :
<latexit sha1_base64="tvFgORoAo+fXvwfXJfPY3BqnHxI="></latexit>

DqQ =
1p
2

✓
⌦qqQ(C�j)⌦QQq � ⌦QQq(C�j)⌦qqQ

◆

<latexit sha1_base64="Iscgj73u/C+MN2StsoAHfazWtKw="></latexit>

(⌦qqQ)↵ = ✏abcqa↵(x)q
b
µ(x)(C�5)µ⌫Q

c
⌫(x)

<latexit sha1_base64="NlYvfdU8i9F5Fqc7uU3Q3Fuf6OY="></latexit>

(⌦QqQ)↵ = ✏abcQa
↵(x)q

b
µ(x)(C�5)µ⌫Q

c
⌫(x)



Spin-1 operators

<latexit sha1_base64="D0TBZLMXLSELzeq1oAkSm05Ef+I=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgQsqMSHUjVAVxWdE+oDOUTJq2oUlmSDJiGeZX3LhQxK0/4s6/MdPOQlsPBA7n3Ms9OUHEqNKO820VlpZXVteK66WNza3tHXu33FJhLDFp4pCFshMgRRgVpKmpZqQTSYJ4wEg7GF9nfvuRSEVD8aAnEfE5Ggo6oBhpI/Xs8v2Feww96HGkR5InN5dpz644VWcKuEjcnFRAjkbP/vL6IY45ERozpFTXdSLtJ0hqihlJS16sSITwGA1J11CBOFF+Ms2ewkOj9OEglOYJDafq740EcaUmPDCTWUQ172Xif1431oNzP6EiijUReHZoEDOoQ5gVAftUEqzZxBCEJTVZIR4hibA2dZVMCe78lxdJ66Tq1qq1u9NK/Sqvowj2wQE4Ai44A3VwCxqgCTB4As/gFbxZqfVivVsfs9GCle/sgT+wPn8ASECTVw==</latexit>

S = 1, FA

✤ Deuteron-like heavy operator :
<latexit sha1_base64="tvFgORoAo+fXvwfXJfPY3BqnHxI="></latexit>

DqQ =
1p
2

✓
⌦qqQ(C�j)⌦QQq � ⌦QQq(C�j)⌦qqQ

◆

<latexit sha1_base64="Iscgj73u/C+MN2StsoAHfazWtKw="></latexit>

(⌦qqQ)↵ = ✏abcqa↵(x)q
b
µ(x)(C�5)µ⌫Q

c
⌫(x)

<latexit sha1_base64="NlYvfdU8i9F5Fqc7uU3Q3Fuf6OY="></latexit>

(⌦QqQ)↵ = ✏abcQa
↵(x)q

b
µ(x)(C�5)µ⌫Q

c
⌫(x)

<latexit sha1_base64="e88V0ZY1tDXetxdfOLMmt3wEJqQ="></latexit>

DQq Interpolating fields

Dbc
1p
2

�
⌦ccb⌦bbc � ⌦bbc⌦ccb

�

Dbs
1p
2

�
⌦b⌦bb � ⌦bb⌦b

�

Dcs
1p
2

�
⌦c⌦cc � ⌦cc⌦c

�

Dbu
1p
2

�
⌃b⌅bb � ⌅bb⌃b

�

Dcu
1p
2

�
⌃c⌅cc � ⌅cc⌃c

�

✤ Explore different flavor 
combinations

✤ Compute ground state and 
compare with non-
interacting levels



Spin-0 operators
✤ Operators

✤ Explore different flavor 
combinations

✤ Compute ground state and 
compare with non-
interacting levels

<latexit sha1_base64="cyuVKilSoXGSX0vLE9Y/whg6r7s=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdkepFKArisVL7Ae1Ssmm2Dc1mQ5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gWSM21c99vJrayurW/kNwtb2zu7e8X9g6aOE0Vog8Q8Vu0Aa8qZoA3DDKdtqSiOAk5bweh26reeqNIsFo9mLKkf4YFgISPYWKlVv3bP0F29Vyy5ZXcGtEy8jJQgQ61X/Or2Y5JEVBjCsdYdz5XGT7EyjHA6KXQTTSUmIzygHUsFjqj209m5E3RilT4KY2VLGDRTf0+kONJ6HAW2M8JmqBe9qfif10lMeOWnTMjEUEHmi8KEIxOj6e+ozxQlho8twUQxeysiQ6wwMTahgg3BW3x5mTTPy16lXHm4KFVvsjjycATHcAoeXEIV7qEGDSAwgmd4hTdHOi/Ou/Mxb8052cwh/IHz+QOUj45w</latexit>

S = 0, FS

<latexit sha1_base64="K5/W7hHrxq8nds9/S0Hu5N914bc="></latexit>

(FS, S = 0) =

8
><

>:

⌦(llQ)↵ (C�5)↵� ⌦(llQ)� ,p
2 ⌦(llQ)↵ (C�5)↵� ⌦(QlQ)� ,

⌦(QlQ)↵ (C�5)↵� ⌦(QlQ)� .

<latexit sha1_base64="wmiDxR2YsFZ+XXHDlzUdZjli5uU="></latexit>

Dibaryon Lowest NI state

⌦bcb⌦bcb ⌦
3
2
ccb,⌦

3
2
bbb

⌦ccb⌦bcb ⌦
3
2
ccc,⌦

3
2
bbb

⌦ccb⌦ccb ⌦
3
2
ccc,⌦

3
2
cbb

⌦bb⌦bb ⌦
3
2
b ,⌦

3
2
bbb

⌦b⌦bb ⌦
3
2
sss,⌦

3
2
bbb

⌦cc⌦cc ⌦
1
2
cc,⌦

1
2
cc

⌦c⌦cc ⌦
1
2
c ,⌦

1
2
cc



✤ Two levels spin 1/2 and 3/2

✤ Consider deuteron energy 
spectrum

Non-interacting levels

<latexit sha1_base64="fCG3RbF0uXpQk7UoJ0bIFWvl+I8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGpLosunFTqWAf0g4lk2ba0CQzJBmhDP0KNy4UcevnuPNvTNtZaOuBwOGcc8m9J4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0i+WDGMfUFHkgWMoKNlR5rvTt0hmq9eq9YcsvuDGiZeBkpQQab/+r2I5IIKg3hWOuO58bGT7EyjHA6KXQTTWNMRnhAO5ZKLKj209nCE3RilT4KI2WfNGim/p5IsdB6LAKbFNgM9aI3Ff/zOokJr/yUyTgxVJL5R2HCkYnQ9HrUZ4oSw8eWYKKY3RWRIVaYGNtRwZbgLZ68TJrnZa9SrtxflKrXWR15OIJjOAUPLqEKt1CHBhAQ8Ayv8OYo58V5dz7m0ZyTzRzCHzifPwAMj0A=</latexit>

MN +MP

<latexit sha1_base64="QENFXgv4kZcwPylc2wwztcnNfcE=">AAACCXicbVDJSgNBEK2JW4zbqEcvjUEQgmFGJHoM6sGLEMEskIxDT6cnadKz0N0jhGGuXvwVLx4U8eofePNv7CyHmPig4PFeFVX1vJgzqSzrx8gtLa+sruXXCxubW9s75u5eQ0aJILROIh6Jlocl5SykdcUUp61YUBx4nDa9wdXIbz5SIVkU3qthTJ0A90LmM4KVllwT3bpp55pyhR/SUinLUGlWOcky1yxaZWsMtEjsKSnCFDXX/O50I5IENFSEYynbthUrJ8VCMcJpVugkksaYDHCPtjUNcUClk44/ydCRVrrIj4SuUKGxOjuR4kDKYeDpzgCrvpz3RuJ/XjtR/oWTsjBOFA3JZJGfcKQiNIoFdZmgRPGhJpgIpm9FpI8FJkqHV9Ah2PMvL5LGadmulCt3Z8Xq5TSOPBzAIRyDDedQhRuoQR0IPMELvMG78Wy8Gh/G56Q1Z0xn9uEPjK9fKzKZZA==</latexit>

M�++ +M��

<latexit sha1_base64="y/fAZ2iSlvlri6Eif+sA67L8z7Q=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyItl0W3LgRKtgHdIaSSTNtaJIZkoxYhvkVNy4UceuPuPNvzLSz0NYDgcM593JPThAzqrTjfFuljc2t7Z3ybmVv/+DwyD6u9lSUSEy6OGKRHARIEUYF6WqqGRnEkiAeMNIPZje5338kUtFIPOh5THyOJoKGFCNtpJFdvW41oQc9jvRU8vSO9LKRXXPqzgJwnbgFqYECnZH95Y0jnHAiNGZIqaHrxNpPkdQUM5JVvESRGOEZmpChoQJxovx0kT2D50YZwzCS5gkNF+rvjRRxpeY8MJN5RrXq5eJ/3jDRYctPqYgTTQReHgoTBnUE8yLgmEqCNZsbgrCkJivEUyQR1qauiinBXf3yOuld1t1GvXF/VWtfFXWUwSk4AxfABU3QBregA7oAgyfwDF7Bm5VZL9a79bEcLVnFzgn4A+vzB5nEk4E=</latexit>

587 MeV

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="R17bOGhyrR+EkVxfGu8Twpl+BSQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUwmk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcqZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclf4vSmViiXiSc9S6sV4JFjECNZG8m17GGM9Jpjn93M/D7O5b9edhrMAWiduSepQou3bX8MwIVlMhSYcKzVwnVR7OZaaEU7ntWGmaIrJBI/owFCBY6q8fJF8ji6MEqIokeYJjRbq740cx0rN4sBMFjnVqleI/3mDTEe3Xs5EmmkqyPJQlHGkE1TUgEImKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uke9Vwm43m43W9dV3WUYUzOIdLcOEGWvAAbegAgSk8wyu8Wbn1Yr1bH8vRilXunMIfWJ8/EGiT6g==</latexit>

Ddu

✤ Quark mass dependence of levels ?



✤ Two levels spin 1/2 and 3/2

✤ Consider deuteron energy 
spectrum

Non-interacting levels

<latexit sha1_base64="fCG3RbF0uXpQk7UoJ0bIFWvl+I8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGpLosunFTqWAf0g4lk2ba0CQzJBmhDP0KNy4UcevnuPNvTNtZaOuBwOGcc8m9J4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0i+WDGMfUFHkgWMoKNlR5rvTt0hmq9eq9YcsvuDGiZeBkpQQab/+r2I5IIKg3hWOuO58bGT7EyjHA6KXQTTWNMRnhAO5ZKLKj209nCE3RilT4KI2WfNGim/p5IsdB6LAKbFNgM9aI3Ff/zOokJr/yUyTgxVJL5R2HCkYnQ9HrUZ4oSw8eWYKKY3RWRIVaYGNtRwZbgLZ68TJrnZa9SrtxflKrXWR15OIJjOAUPLqEKt1CHBhAQ8Ayv8OYo58V5dz7m0ZyTzRzCHzifPwAMj0A=</latexit>

MN +MP

<latexit sha1_base64="QENFXgv4kZcwPylc2wwztcnNfcE=">AAACCXicbVDJSgNBEK2JW4zbqEcvjUEQgmFGJHoM6sGLEMEskIxDT6cnadKz0N0jhGGuXvwVLx4U8eofePNv7CyHmPig4PFeFVX1vJgzqSzrx8gtLa+sruXXCxubW9s75u5eQ0aJILROIh6Jlocl5SykdcUUp61YUBx4nDa9wdXIbz5SIVkU3qthTJ0A90LmM4KVllwT3bpp55pyhR/SUinLUGlWOcky1yxaZWsMtEjsKSnCFDXX/O50I5IENFSEYynbthUrJ8VCMcJpVugkksaYDHCPtjUNcUClk44/ydCRVrrIj4SuUKGxOjuR4kDKYeDpzgCrvpz3RuJ/XjtR/oWTsjBOFA3JZJGfcKQiNIoFdZmgRPGhJpgIpm9FpI8FJkqHV9Ah2PMvL5LGadmulCt3Z8Xq5TSOPBzAIRyDDedQhRuoQR0IPMELvMG78Wy8Gh/G56Q1Z0xn9uEPjK9fKzKZZA==</latexit>

M�++ +M��

<latexit sha1_base64="y/fAZ2iSlvlri6Eif+sA67L8z7Q=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyItl0W3LgRKtgHdIaSSTNtaJIZkoxYhvkVNy4UceuPuPNvzLSz0NYDgcM593JPThAzqrTjfFuljc2t7Z3ybmVv/+DwyD6u9lSUSEy6OGKRHARIEUYF6WqqGRnEkiAeMNIPZje5338kUtFIPOh5THyOJoKGFCNtpJFdvW41oQc9jvRU8vSO9LKRXXPqzgJwnbgFqYECnZH95Y0jnHAiNGZIqaHrxNpPkdQUM5JVvESRGOEZmpChoQJxovx0kT2D50YZwzCS5gkNF+rvjRRxpeY8MJN5RrXq5eJ/3jDRYctPqYgTTQReHgoTBnUE8yLgmEqCNZsbgrCkJivEUyQR1qauiinBXf3yOuld1t1GvXF/VWtfFXWUwSk4AxfABU3QBregA7oAgyfwDF7Bm5VZL9a79bEcLVnFzgn4A+vzB5nEk4E=</latexit>

587 MeV

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="R17bOGhyrR+EkVxfGu8Twpl+BSQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUwmk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcqZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclf4vSmViiXiSc9S6sV4JFjECNZG8m17GGM9Jpjn93M/D7O5b9edhrMAWiduSepQou3bX8MwIVlMhSYcKzVwnVR7OZaaEU7ntWGmaIrJBI/owFCBY6q8fJF8ji6MEqIokeYJjRbq740cx0rN4sBMFjnVqleI/3mDTEe3Xs5EmmkqyPJQlHGkE1TUgEImKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uke9Vwm43m43W9dV3WUYUzOIdLcOEGWvAAbegAgSk8wyu8Wbn1Yr1bH8vRilXunMIfWJ8/EGiT6g==</latexit>

Ddu

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="75K63vUPcB+9ghqD222RnPmfaNE=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEEoipbos6MKNWME+oClhMr1th04ezEyEErJ046+4caGIWz/BnX/jpM1CWw9cOJxzL/fe40WcSWVZ30ZhaXllda24XtrY3NreMXf3WjKMBYUmDXkoOh6RwFkATcUUh04kgPgeh7Y3vsz89gMIycLgXk0i6PlkGLABo0RpyTUPb9zEufVhSNyEUpqm+BQ7OBOvgCuSumbZqlhT4EVi56SMcjRc88vphzT2IVCUEym7thWpXkKEYpRDWnJiCRGhYzKErqYB8UH2kukjKT7WSh8PQqErUHiq/p5IiC/lxPd0p0/USM57mfif143V4KKXsCCKFQR0tmgQc6xCnKWC+0wAVXyiCaGC6VsxHRFBqNLZlXQI9vzLi6R1VrFrldpdtVyv5nEU0QE6QifIRueojq5RAzURRY/oGb2iN+PJeDHejY9Za8HIZ/bRHxifP64LmRg=</latexit>

M⌦ccc + M�

<latexit sha1_base64="HT0yU0eb9hL0NKJogQDLF3VcRPQ=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAIgjBaGdPjwIsXYaJ7gbWUNEu3sCQtSSqMsqMXv4oXD4p49SN489uYbj3o5h8C//ye5yF5/mHCqNKO820tLa+srq2XNsqbW9s7u/beflvFqcSkhWMWy26IFGFUkJammpFuIgniISOdcHSV1zsPRCoai3s9TojP0UDQiGKkDQrso5sg8+7ogKMgw5MJPIMezFGXmrsBgV1xqs5UcNG4hamAQs3A/vL6MU45ERozpFTPdRLtZ0hqihmZlL1UkQThERqQnrECcaL8bLrIBJ4Y0odRLM0RGk7p74kMcaXGPDSdHOmhmq/l8L9aL9XRpZ9RkaSaCDx7KEoZ1DHMU4F9KgnWbGwMwpKav0I8RBJhbbIrmxDc+ZUXTfu86tar9dtapVEr4iiBQ3AMToELLkADXIMmaAEMHsEzeAVv1pP1Yr1bH7PWJauYOQB/ZH3+AP98mU4=</latexit>

M⌃c + M⌅cc

<latexit sha1_base64="gk4kFIuPyZ22kR0HywtCzToYOg8=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuaOIx4MWLEME8IBvC7KSTDJl9MNMrxiVf4sWDIl79FG/+jZNkD5pY0FBUddPd5cdSaHScbyu3tr6xuZXfLuzs7u0X7YPDpo4SxaHBIxmpts80SBFCAwVKaMcKWOBLaPnj65nfegClRRTe4ySGbsCGoRgIztBIPbt4WaUe9RAeMb2F5rRnl5yyMwddJW5GSiRDvWd/ef2IJwGEyCXTuuM6MXZTplBwCdOCl2iIGR+zIXQMDVkAupvOD5/SU6P06SBSpkKkc/X3RMoCrSeBbzoDhiO97M3E/7xOgoOrbirCOEEI+WLRIJEUIzpLgfaFAo5yYgjjSphbKR8xxTiarAomBHf55VXSPC+7lXLl7qJUu8jiyJNjckLOiEuqpEZuSJ00CCcJeSav5M16sl6sd+tj0Zqzspkj8gfW5w+eXZJn</latexit>

57 MeV

<latexit sha1_base64="6B7Izdc+iTCzobmEsO3ZnsYJUXM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUymk3boZBJmJoUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiSc8T6kV4LFjICNZG8m17GGE9IZhn97mfkTT37brTcBZA68QtSR1KtH37aziKSRpRoQnHSg1cJ9FehqVmhNO8NkwVTTCZ4jEdGCpwRJWXLZLn6MIoIxTG0jyh0UL9vZHhSKl5FJjJIqda9QrxP2+Q6vDWy5hIUk0FWR4KU450jIoa0IhJSjSfG4KJZCYrIhMsMdGmrJopwV398jrpXjXcZqP5eF1vXZd1VOEMzuESXLiBFjxAGzpAYAbP8ApvVma9WO/Wx3K0YpU7p/AH1ucPDuKT6Q==</latexit>

Dcu

✤ Quark mass dependence of levels ?



✤ Two levels spin 1/2 and 3/2

✤ Consider deuteron energy 
spectrum

Non-interacting levels

<latexit sha1_base64="fCG3RbF0uXpQk7UoJ0bIFWvl+I8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGpLosunFTqWAf0g4lk2ba0CQzJBmhDP0KNy4UcevnuPNvTNtZaOuBwOGcc8m9J4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0i+WDGMfUFHkgWMoKNlR5rvTt0hmq9eq9YcsvuDGiZeBkpQQab/+r2I5IIKg3hWOuO58bGT7EyjHA6KXQTTWNMRnhAO5ZKLKj209nCE3RilT4KI2WfNGim/p5IsdB6LAKbFNgM9aI3Ff/zOokJr/yUyTgxVJL5R2HCkYnQ9HrUZ4oSw8eWYKKY3RWRIVaYGNtRwZbgLZ68TJrnZa9SrtxflKrXWR15OIJjOAUPLqEKt1CHBhAQ8Ayv8OYo58V5dz7m0ZyTzRzCHzifPwAMj0A=</latexit>

MN +MP

<latexit sha1_base64="QENFXgv4kZcwPylc2wwztcnNfcE=">AAACCXicbVDJSgNBEK2JW4zbqEcvjUEQgmFGJHoM6sGLEMEskIxDT6cnadKz0N0jhGGuXvwVLx4U8eofePNv7CyHmPig4PFeFVX1vJgzqSzrx8gtLa+sruXXCxubW9s75u5eQ0aJILROIh6Jlocl5SykdcUUp61YUBx4nDa9wdXIbz5SIVkU3qthTJ0A90LmM4KVllwT3bpp55pyhR/SUinLUGlWOcky1yxaZWsMtEjsKSnCFDXX/O50I5IENFSEYynbthUrJ8VCMcJpVugkksaYDHCPtjUNcUClk44/ydCRVrrIj4SuUKGxOjuR4kDKYeDpzgCrvpz3RuJ/XjtR/oWTsjBOFA3JZJGfcKQiNIoFdZmgRPGhJpgIpm9FpI8FJkqHV9Ah2PMvL5LGadmulCt3Z8Xq5TSOPBzAIRyDDedQhRuoQR0IPMELvMG78Wy8Gh/G56Q1Z0xn9uEPjK9fKzKZZA==</latexit>

M�++ +M��

<latexit sha1_base64="y/fAZ2iSlvlri6Eif+sA67L8z7Q=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyItl0W3LgRKtgHdIaSSTNtaJIZkoxYhvkVNy4UceuPuPNvzLSz0NYDgcM593JPThAzqrTjfFuljc2t7Z3ybmVv/+DwyD6u9lSUSEy6OGKRHARIEUYF6WqqGRnEkiAeMNIPZje5338kUtFIPOh5THyOJoKGFCNtpJFdvW41oQc9jvRU8vSO9LKRXXPqzgJwnbgFqYECnZH95Y0jnHAiNGZIqaHrxNpPkdQUM5JVvESRGOEZmpChoQJxovx0kT2D50YZwzCS5gkNF+rvjRRxpeY8MJN5RrXq5eJ/3jDRYctPqYgTTQReHgoTBnUE8yLgmEqCNZsbgrCkJivEUyQR1qauiinBXf3yOuld1t1GvXF/VWtfFXWUwSk4AxfABU3QBregA7oAgyfwDF7Bm5VZL9a79bEcLVnFzgn4A+vzB5nEk4E=</latexit>

587 MeV

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="R17bOGhyrR+EkVxfGu8Twpl+BSQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUwmk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcqZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclf4vSmViiXiSc9S6sV4JFjECNZG8m17GGM9Jpjn93M/D7O5b9edhrMAWiduSepQou3bX8MwIVlMhSYcKzVwnVR7OZaaEU7ntWGmaIrJBI/owFCBY6q8fJF8ji6MEqIokeYJjRbq740cx0rN4sBMFjnVqleI/3mDTEe3Xs5EmmkqyPJQlHGkE1TUgEImKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uke9Vwm43m43W9dV3WUYUzOIdLcOEGWvAAbegAgSk8wyu8Wbn1Yr1bH8vRilXunMIfWJ8/EGiT6g==</latexit>

Ddu

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="75K63vUPcB+9ghqD222RnPmfaNE=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEEoipbos6MKNWME+oClhMr1th04ezEyEErJ046+4caGIWz/BnX/jpM1CWw9cOJxzL/fe40WcSWVZ30ZhaXllda24XtrY3NreMXf3WjKMBYUmDXkoOh6RwFkATcUUh04kgPgeh7Y3vsz89gMIycLgXk0i6PlkGLABo0RpyTUPb9zEufVhSNyEUpqm+BQ7OBOvgCuSumbZqlhT4EVi56SMcjRc88vphzT2IVCUEym7thWpXkKEYpRDWnJiCRGhYzKErqYB8UH2kukjKT7WSh8PQqErUHiq/p5IiC/lxPd0p0/USM57mfif143V4KKXsCCKFQR0tmgQc6xCnKWC+0wAVXyiCaGC6VsxHRFBqNLZlXQI9vzLi6R1VrFrldpdtVyv5nEU0QE6QifIRueojq5RAzURRY/oGb2iN+PJeDHejY9Za8HIZ/bRHxifP64LmRg=</latexit>

M⌦ccc + M�

<latexit sha1_base64="HT0yU0eb9hL0NKJogQDLF3VcRPQ=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAIgjBaGdPjwIsXYaJ7gbWUNEu3sCQtSSqMsqMXv4oXD4p49SN489uYbj3o5h8C//ye5yF5/mHCqNKO820tLa+srq2XNsqbW9s7u/beflvFqcSkhWMWy26IFGFUkJammpFuIgniISOdcHSV1zsPRCoai3s9TojP0UDQiGKkDQrso5sg8+7ogKMgw5MJPIMezFGXmrsBgV1xqs5UcNG4hamAQs3A/vL6MU45ERozpFTPdRLtZ0hqihmZlL1UkQThERqQnrECcaL8bLrIBJ4Y0odRLM0RGk7p74kMcaXGPDSdHOmhmq/l8L9aL9XRpZ9RkaSaCDx7KEoZ1DHMU4F9KgnWbGwMwpKav0I8RBJhbbIrmxDc+ZUXTfu86tar9dtapVEr4iiBQ3AMToELLkADXIMmaAEMHsEzeAVv1pP1Yr1bH7PWJauYOQB/ZH3+AP98mU4=</latexit>

M⌃c + M⌅cc

<latexit sha1_base64="gk4kFIuPyZ22kR0HywtCzToYOg8=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuaOIx4MWLEME8IBvC7KSTDJl9MNMrxiVf4sWDIl79FG/+jZNkD5pY0FBUddPd5cdSaHScbyu3tr6xuZXfLuzs7u0X7YPDpo4SxaHBIxmpts80SBFCAwVKaMcKWOBLaPnj65nfegClRRTe4ySGbsCGoRgIztBIPbt4WaUe9RAeMb2F5rRnl5yyMwddJW5GSiRDvWd/ef2IJwGEyCXTuuM6MXZTplBwCdOCl2iIGR+zIXQMDVkAupvOD5/SU6P06SBSpkKkc/X3RMoCrSeBbzoDhiO97M3E/7xOgoOrbirCOEEI+WLRIJEUIzpLgfaFAo5yYgjjSphbKR8xxTiarAomBHf55VXSPC+7lXLl7qJUu8jiyJNjckLOiEuqpEZuSJ00CCcJeSav5M16sl6sd+tj0Zqzspkj8gfW5w+eXZJn</latexit>

57 MeV

<latexit sha1_base64="6B7Izdc+iTCzobmEsO3ZnsYJUXM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUymk3boZBJmJoUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiSc8T6kV4LFjICNZG8m17GGE9IZhn97mfkTT37brTcBZA68QtSR1KtH37aziKSRpRoQnHSg1cJ9FehqVmhNO8NkwVTTCZ4jEdGCpwRJWXLZLn6MIoIxTG0jyh0UL9vZHhSKl5FJjJIqda9QrxP2+Q6vDWy5hIUk0FWR4KU450jIoa0IhJSjSfG4KJZCYrIhMsMdGmrJopwV398jrpXjXcZqP5eF1vXZd1VOEMzuESXLiBFjxAGzpAYAbP8ApvVma9WO/Wx3K0YpU7p/AH1ucPDuKT6Q==</latexit>

Dcu

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2
<latexit sha1_base64="1dgyX9Hoyw6eUC8uejdH8nbKoAY=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiCEKZkVJdFty4ESvYC3SGIZOmbWiSGZKMUIbZu/FV3LhQxK0v4M63MW1nUVt/CPx85xxOzh/GjCrtOD9WYW19Y3OruF3a2d3bP7APj9oqSiQmLRyxSHZDpAijgrQ01Yx0Y0kQDxnphOPrab3zSKSikXjQk5j4HA0FHVCMtEGBXb4NUu+OkyEKUpxl8Bx6cBEZFtgVp+rMBFeNm5sKyNUM7G+vH+GEE6ExQ0r1XCfWfoqkppiRrOQlisQIj9GQ9IwViBPlp7NbMnhqSB8OImme0HBGFydSxJWa8NB0cqRHark2hf/VeokeXPkpFXGiicDzRYOEQR3BaTCwTyXBmk2MQVhS81eIR0girE18JROCu3zyqmlfVN16tX5fqzRqeRxFcALK4Ay44BI0wA1oghbA4Am8gDfwbj1br9aH9TlvLVj5zDH4I+vrF0Whmow=</latexit>

M⌦c + M⌦cc

<latexit sha1_base64="linkPt9hLhuBCBBZGnNYQlvXjTQ=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEEoipbosuHEjVrAPaEqYTCft0JlJmJkIJWTpxl9x40IRt36CO//GaRtEWw9cOJxzL/feE8SMKu04X1ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo8uJ374nUtFI3OlxTHocDQQNKUbaSL59eO2n3g0nA+SnGOMsg6fQgz9i5ttlp+JMAReJm5MyyNHw7U+vH+GEE6ExQ0p1XSfWvRRJTTEjWclLFIkRHqEB6RoqECeql04fyeCxUfowjKQpoeFU/T2RIq7UmAemkyM9VPPeRPzP6yY6vOilVMSJJgLPFoUJgzqCk1Rgn0qCNRsbgrCk5laIh0girE12JROCO//yImmdVdxapXZbLdereRxFcACOwAlwwTmogyvQAE2AwQN4Ai/g1Xq0nq03633WWrDymX3wB9bHN6yvmRc=</latexit>

M⌦ccc + M⌦

<latexit sha1_base64="O9PGT8PpAmKJerusEnIek59vQ38=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9jVkHgMePEiRDAPyIYwO+kkQ2YfzPSKccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+bEUGh3n21pb39jc2s7t5Hf39g8K9uFRU0eJ4tDgkYxU22capAihgQIltGMFLPAltPzx9cxvPYDSIgrvcRJDN2DDUAwEZ2iknl24rFKPegiPmN5Cc9qzi07JmYOuEjcjRZKh3rO/vH7EkwBC5JJp3XGdGLspUyi4hGneSzTEjI/ZEDqGhiwA3U3nh0/pmVH6dBApUyHSufp7ImWB1pPAN50Bw5Fe9mbif14nwcFVNxVhnCCEfLFokEiKEZ2lQPtCAUc5MYRxJcytlI+YYhxNVnkTgrv88ippXpTcSqlyVy7WylkcOXJCTsk5cUmV1MgNqZMG4SQhz+SVvFlP1ov1bn0sWtesbOaY/IH1+QObOZJl</latexit>

37 MeV

<latexit sha1_base64="q5ChTHmgD/8I3h/xmG8JuW3FtqE=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KIVE9S0IPHCtYW2hA22027dLMJu5tCCfknXjwo4tV/4s1/46bNQVsHFoaZ93izEyScKe0431ZlbX1jc6u6XdvZ3ds/sA+PnlScSkI7JOax7AVYUc4E7WimOe0lkuIo4LQbTG4LvzulUrFYPOpZQr0IjwQLGcHaSL5tDyKsxwTz7C73M6Jy3647DWcOtErcktShRNu3vwbDmKQRFZpwrFTfdRLtZVhqRjjNa4NU0QSTCR7RvqECR1R52Tx5js6MMkRhLM0TGs3V3xsZjpSaRYGZLHKqZa8Q//P6qQ6vvYyJJNVUkMWhMOVIx6ioAQ2ZpETzmSGYSGayIjLGEhNtyqqZEtzlL6+Sp4uG22w0Hy7rrZuyjiqcwCmcgwtX0IJ7aEMHCEzhGV7hzcqsF+vd+liMVqxy5xj+wPr8AQ7ak/E=</latexit>

Dcs

✤ Quark mass dependence of levels ?



✤ Two levels spin 1/2 and 3/2

✤ Consider deuteron energy 
spectrum

Non-interacting levels

<latexit sha1_base64="fCG3RbF0uXpQk7UoJ0bIFWvl+I8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGpLosunFTqWAf0g4lk2ba0CQzJBmhDP0KNy4UcevnuPNvTNtZaOuBwOGcc8m9J4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0i+WDGMfUFHkgWMoKNlR5rvTt0hmq9eq9YcsvuDGiZeBkpQQab/+r2I5IIKg3hWOuO58bGT7EyjHA6KXQTTWNMRnhAO5ZKLKj209nCE3RilT4KI2WfNGim/p5IsdB6LAKbFNgM9aI3Ff/zOokJr/yUyTgxVJL5R2HCkYnQ9HrUZ4oSw8eWYKKY3RWRIVaYGNtRwZbgLZ68TJrnZa9SrtxflKrXWR15OIJjOAUPLqEKt1CHBhAQ8Ayv8OYo58V5dz7m0ZyTzRzCHzifPwAMj0A=</latexit>

MN +MP

<latexit sha1_base64="QENFXgv4kZcwPylc2wwztcnNfcE=">AAACCXicbVDJSgNBEK2JW4zbqEcvjUEQgmFGJHoM6sGLEMEskIxDT6cnadKz0N0jhGGuXvwVLx4U8eofePNv7CyHmPig4PFeFVX1vJgzqSzrx8gtLa+sruXXCxubW9s75u5eQ0aJILROIh6Jlocl5SykdcUUp61YUBx4nDa9wdXIbz5SIVkU3qthTJ0A90LmM4KVllwT3bpp55pyhR/SUinLUGlWOcky1yxaZWsMtEjsKSnCFDXX/O50I5IENFSEYynbthUrJ8VCMcJpVugkksaYDHCPtjUNcUClk44/ydCRVrrIj4SuUKGxOjuR4kDKYeDpzgCrvpz3RuJ/XjtR/oWTsjBOFA3JZJGfcKQiNIoFdZmgRPGhJpgIpm9FpI8FJkqHV9Ah2PMvL5LGadmulCt3Z8Xq5TSOPBzAIRyDDedQhRuoQR0IPMELvMG78Wy8Gh/G56Q1Z0xn9uEPjK9fKzKZZA==</latexit>

M�++ +M��

<latexit sha1_base64="y/fAZ2iSlvlri6Eif+sA67L8z7Q=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyItl0W3LgRKtgHdIaSSTNtaJIZkoxYhvkVNy4UceuPuPNvzLSz0NYDgcM593JPThAzqrTjfFuljc2t7Z3ybmVv/+DwyD6u9lSUSEy6OGKRHARIEUYF6WqqGRnEkiAeMNIPZje5338kUtFIPOh5THyOJoKGFCNtpJFdvW41oQc9jvRU8vSO9LKRXXPqzgJwnbgFqYECnZH95Y0jnHAiNGZIqaHrxNpPkdQUM5JVvESRGOEZmpChoQJxovx0kT2D50YZwzCS5gkNF+rvjRRxpeY8MJN5RrXq5eJ/3jDRYctPqYgTTQReHgoTBnUE8yLgmEqCNZsbgrCkJivEUyQR1qauiinBXf3yOuld1t1GvXF/VWtfFXWUwSk4AxfABU3QBregA7oAgyfwDF7Bm5VZL9a79bEcLVnFzgn4A+vzB5nEk4E=</latexit>

587 MeV

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="R17bOGhyrR+EkVxfGu8Twpl+BSQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUwmk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcqZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclf4vSmViiXiSc9S6sV4JFjECNZG8m17GGM9Jpjn93M/D7O5b9edhrMAWiduSepQou3bX8MwIVlMhSYcKzVwnVR7OZaaEU7ntWGmaIrJBI/owFCBY6q8fJF8ji6MEqIokeYJjRbq740cx0rN4sBMFjnVqleI/3mDTEe3Xs5EmmkqyPJQlHGkE1TUgEImKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uke9Vwm43m43W9dV3WUYUzOIdLcOEGWvAAbegAgSk8wyu8Wbn1Yr1bH8vRilXunMIfWJ8/EGiT6g==</latexit>

Ddu

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="75K63vUPcB+9ghqD222RnPmfaNE=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEEoipbos6MKNWME+oClhMr1th04ezEyEErJ046+4caGIWz/BnX/jpM1CWw9cOJxzL/fe40WcSWVZ30ZhaXllda24XtrY3NreMXf3WjKMBYUmDXkoOh6RwFkATcUUh04kgPgeh7Y3vsz89gMIycLgXk0i6PlkGLABo0RpyTUPb9zEufVhSNyEUpqm+BQ7OBOvgCuSumbZqlhT4EVi56SMcjRc88vphzT2IVCUEym7thWpXkKEYpRDWnJiCRGhYzKErqYB8UH2kukjKT7WSh8PQqErUHiq/p5IiC/lxPd0p0/USM57mfif143V4KKXsCCKFQR0tmgQc6xCnKWC+0wAVXyiCaGC6VsxHRFBqNLZlXQI9vzLi6R1VrFrldpdtVyv5nEU0QE6QifIRueojq5RAzURRY/oGb2iN+PJeDHejY9Za8HIZ/bRHxifP64LmRg=</latexit>

M⌦ccc + M�

<latexit sha1_base64="HT0yU0eb9hL0NKJogQDLF3VcRPQ=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAIgjBaGdPjwIsXYaJ7gbWUNEu3sCQtSSqMsqMXv4oXD4p49SN489uYbj3o5h8C//ye5yF5/mHCqNKO820tLa+srq2XNsqbW9s7u/beflvFqcSkhWMWy26IFGFUkJammpFuIgniISOdcHSV1zsPRCoai3s9TojP0UDQiGKkDQrso5sg8+7ogKMgw5MJPIMezFGXmrsBgV1xqs5UcNG4hamAQs3A/vL6MU45ERozpFTPdRLtZ0hqihmZlL1UkQThERqQnrECcaL8bLrIBJ4Y0odRLM0RGk7p74kMcaXGPDSdHOmhmq/l8L9aL9XRpZ9RkaSaCDx7KEoZ1DHMU4F9KgnWbGwMwpKav0I8RBJhbbIrmxDc+ZUXTfu86tar9dtapVEr4iiBQ3AMToELLkADXIMmaAEMHsEzeAVv1pP1Yr1bH7PWJauYOQB/ZH3+AP98mU4=</latexit>

M⌃c + M⌅cc

<latexit sha1_base64="gk4kFIuPyZ22kR0HywtCzToYOg8=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuaOIx4MWLEME8IBvC7KSTDJl9MNMrxiVf4sWDIl79FG/+jZNkD5pY0FBUddPd5cdSaHScbyu3tr6xuZXfLuzs7u0X7YPDpo4SxaHBIxmpts80SBFCAwVKaMcKWOBLaPnj65nfegClRRTe4ySGbsCGoRgIztBIPbt4WaUe9RAeMb2F5rRnl5yyMwddJW5GSiRDvWd/ef2IJwGEyCXTuuM6MXZTplBwCdOCl2iIGR+zIXQMDVkAupvOD5/SU6P06SBSpkKkc/X3RMoCrSeBbzoDhiO97M3E/7xOgoOrbirCOEEI+WLRIJEUIzpLgfaFAo5yYgjjSphbKR8xxTiarAomBHf55VXSPC+7lXLl7qJUu8jiyJNjckLOiEuqpEZuSJ00CCcJeSav5M16sl6sd+tj0Zqzspkj8gfW5w+eXZJn</latexit>

57 MeV

<latexit sha1_base64="6B7Izdc+iTCzobmEsO3ZnsYJUXM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUymk3boZBJmJoUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiSc8T6kV4LFjICNZG8m17GGE9IZhn97mfkTT37brTcBZA68QtSR1KtH37aziKSRpRoQnHSg1cJ9FehqVmhNO8NkwVTTCZ4jEdGCpwRJWXLZLn6MIoIxTG0jyh0UL9vZHhSKl5FJjJIqda9QrxP2+Q6vDWy5hIUk0FWR4KU450jIoa0IhJSjSfG4KJZCYrIhMsMdGmrJopwV398jrpXjXcZqP5eF1vXZd1VOEMzuESXLiBFjxAGzpAYAbP8ApvVma9WO/Wx3K0YpU7p/AH1ucPDuKT6Q==</latexit>

Dcu

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2
<latexit sha1_base64="1dgyX9Hoyw6eUC8uejdH8nbKoAY=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiCEKZkVJdFty4ESvYC3SGIZOmbWiSGZKMUIbZu/FV3LhQxK0v4M63MW1nUVt/CPx85xxOzh/GjCrtOD9WYW19Y3OruF3a2d3bP7APj9oqSiQmLRyxSHZDpAijgrQ01Yx0Y0kQDxnphOPrab3zSKSikXjQk5j4HA0FHVCMtEGBXb4NUu+OkyEKUpxl8Bx6cBEZFtgVp+rMBFeNm5sKyNUM7G+vH+GEE6ExQ0r1XCfWfoqkppiRrOQlisQIj9GQ9IwViBPlp7NbMnhqSB8OImme0HBGFydSxJWa8NB0cqRHark2hf/VeokeXPkpFXGiicDzRYOEQR3BaTCwTyXBmk2MQVhS81eIR0girE18JROCu3zyqmlfVN16tX5fqzRqeRxFcALK4Ay44BI0wA1oghbA4Am8gDfwbj1br9aH9TlvLVj5zDH4I+vrF0Whmow=</latexit>

M⌦c + M⌦cc

<latexit sha1_base64="linkPt9hLhuBCBBZGnNYQlvXjTQ=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEEoipbosuHEjVrAPaEqYTCft0JlJmJkIJWTpxl9x40IRt36CO//GaRtEWw9cOJxzL/feE8SMKu04X1ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo8uJ374nUtFI3OlxTHocDQQNKUbaSL59eO2n3g0nA+SnGOMsg6fQgz9i5ttlp+JMAReJm5MyyNHw7U+vH+GEE6ExQ0p1XSfWvRRJTTEjWclLFIkRHqEB6RoqECeql04fyeCxUfowjKQpoeFU/T2RIq7UmAemkyM9VPPeRPzP6yY6vOilVMSJJgLPFoUJgzqCk1Rgn0qCNRsbgrCk5laIh0girE12JROCO//yImmdVdxapXZbLdereRxFcACOwAlwwTmogyvQAE2AwQN4Ai/g1Xq0nq03633WWrDymX3wB9bHN6yvmRc=</latexit>

M⌦ccc + M⌦

<latexit sha1_base64="O9PGT8PpAmKJerusEnIek59vQ38=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9jVkHgMePEiRDAPyIYwO+kkQ2YfzPSKccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+bEUGh3n21pb39jc2s7t5Hf39g8K9uFRU0eJ4tDgkYxU22capAihgQIltGMFLPAltPzx9cxvPYDSIgrvcRJDN2DDUAwEZ2iknl24rFKPegiPmN5Cc9qzi07JmYOuEjcjRZKh3rO/vH7EkwBC5JJp3XGdGLspUyi4hGneSzTEjI/ZEDqGhiwA3U3nh0/pmVH6dBApUyHSufp7ImWB1pPAN50Bw5Fe9mbif14nwcFVNxVhnCCEfLFokEiKEZ2lQPtCAUc5MYRxJcytlI+YYhxNVnkTgrv88ippXpTcSqlyVy7WylkcOXJCTsk5cUmV1MgNqZMG4SQhz+SVvFlP1ov1bn0sWtesbOaY/IH1+QObOZJl</latexit>

37 MeV

<latexit sha1_base64="q5ChTHmgD/8I3h/xmG8JuW3FtqE=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KIVE9S0IPHCtYW2hA22027dLMJu5tCCfknXjwo4tV/4s1/46bNQVsHFoaZ93izEyScKe0431ZlbX1jc6u6XdvZ3ds/sA+PnlScSkI7JOax7AVYUc4E7WimOe0lkuIo4LQbTG4LvzulUrFYPOpZQr0IjwQLGcHaSL5tDyKsxwTz7C73M6Jy3647DWcOtErcktShRNu3vwbDmKQRFZpwrFTfdRLtZVhqRjjNa4NU0QSTCR7RvqECR1R52Tx5js6MMkRhLM0TGs3V3xsZjpSaRYGZLHKqZa8Q//P6qQ6vvYyJJNVUkMWhMOVIx6ioAQ2ZpETzmSGYSGayIjLGEhNtyqqZEtzlL6+Sp4uG22w0Hy7rrZuyjiqcwCmcgwtX0IJ7aEMHCEzhGV7hzcqsF+vd+liMVqxy5xj+wPr8AQ7ak/E=</latexit>

Dcs

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="7Wvp8ibMTHvE5ReUuj9qnfeANOM=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KIVE9S0IPHCtYW2hA22027dLMJu5tCCfknXjwo4tV/4s1/46bNQVsHFoaZ93izEyScKe0431ZlbX1jc6u6XdvZ3ds/sA+PnlScSkI7JOax7AVYUc4E7WimOe0lkuIo4LQbTG4LvzulUrFYPOpZQr0IjwQLGcHaSL5tDyKsxwTz7C73syDNfbvuNJw50CpxS1KHEm3f/hoMY5JGVGjCsVJ910m0l2GpGeE0rw1SRRNMJnhE+4YKHFHlZfPkOTozyhCFsTRPaDRXf29kOFJqFgVmssiplr1C/M/rpzq89jImklRTQRaHwpQjHaOiBjRkkhLNZ4ZgIpnJisgYS0y0KatmSnCXv7xKni4abrPRfList27KOqpwAqdwDi5cQQvuoQ0dIDCFZ3iFNyuzXqx362MxWrHKnWP4A+vzBxBek/I=</latexit>

Dbu

<latexit sha1_base64="vrTkMwTXnrk6Q6yFwRtBMhX5HJs=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAIgjBaGdPjwIsXYaJ7gbWUNEu3sCQtSSqMsqMXv4oXD4p49SN489uYbj3o5h8C//ye5yF5/mHCqNKO820tLa+srq2XNsqbW9s7u/beflvFqcSkhWMWy26IFGFUkJammpFuIgniISOdcHSV1zsPRCoai3s9TojP0UDQiGKkDQrso5sg8+7ogKMgCycTeAY9mKMuNXcDArviVJ2p4KJxC1MBhZqB/eX1Y5xyIjRmSKme6yTaz5DUFDMyKXupIgnCIzQgPWMF4kT52XSRCTwxpA+jWJojNJzS3xMZ4kqNeWg6OdJDNV/L4X+1XqqjSz+jIkk1EXj2UJQyqGOYpwL7VBKs2dgYhCU1f4V4iCTC2mRXNiG48ysvmvZ51a1X67e1SqNWxFECh+AYnAIXXIAGuAZN0AIYPIJn8ArerCfrxXq3PmatS1YxcwD+yPr8AfrYmUs=</latexit>

M⌃b + M⌅bb

<latexit sha1_base64="2dzmjwMXynDiWDCh5iQXnDUCm8I=">AAACCHicbVDLSsNAFJ3UV62vqksXDhZBEEoipbos6MKNWME+oA1hMr1ph04mYWYilJClG3/FjQtF3PoJ7vwbp4+Fth64cDjnXu69x485U9q2v63c0vLK6lp+vbCxubW9U9zda6ookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/eDn2Ww8gFYvEvR7F4IakL1jAKNFG8oqHN17avQ2hT7zU9/0sw6e4i8fiFXBNMq9Yssv2BHiRODNSQjPUveJXtxfRJAShKSdKdRw71m5KpGaUQ1boJgpiQoekDx1DBQlBuenkkQwfG6WHg0iaEhpP1N8TKQmVGoW+6QyJHqh5byz+53USHVy4KRNxokHQ6aIg4VhHeJwK7jEJVPORIYRKZm7FdEAkodpkVzAhOPMvL5LmWdmplqt3lVKtMosjjw7QETpBDjpHNXSN6qiBKHpEz+gVvVlP1ov1bn1MW3PWbGYf/YH1+QOpSZkV</latexit>

M⌦bbb + M�

<latexit sha1_base64="3ak7sZKIFn1SiJki3Eq24SVcMVY=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUHwFGY0iR4DXrwIEcwCyRB6OjVJk56F7ppgGPInXjwo4tU/8ebf2FkOGn1Q8Hiviqp6fiKFRsf5snJr6xubW/ntws7u3v6BfXjU1HGqODR4LGPV9pkGKSJooEAJ7UQBC30JLX90M/NbY1BaxNEDThLwQjaIRCA4QyP1bPuyUqFd2kV4xOwOmtOeXXRKzhz0L3GXpEiWqPfsz24/5mkIEXLJtO64ToJexhQKLmFa6KYaEsZHbAAdQyMWgvay+eVTemaUPg1iZSpCOld/TmQs1HoS+qYzZDjUq95M/M/rpBhce5mIkhQh4otFQSopxnQWA+0LBRzlxBDGlTC3Uj5kinE0YRVMCO7qy39J86LkVkvV+3KxVl7GkScn5JScE5dckRq5JXXSIJyMyRN5Ia9WZj1bb9b7ojVnLWeOyS9YH98QspKi</latexit>

355 MeV

✤ Quark mass dependence of levels ?



✤ Two levels spin 1/2 and 3/2

✤ Consider deuteron energy 
spectrum

Non-interacting levels

<latexit sha1_base64="fCG3RbF0uXpQk7UoJ0bIFWvl+I8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGpLosunFTqWAf0g4lk2ba0CQzJBmhDP0KNy4UcevnuPNvTNtZaOuBwOGcc8m9J4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0i+WDGMfUFHkgWMoKNlR5rvTt0hmq9eq9YcsvuDGiZeBkpQQab/+r2I5IIKg3hWOuO58bGT7EyjHA6KXQTTWNMRnhAO5ZKLKj209nCE3RilT4KI2WfNGim/p5IsdB6LAKbFNgM9aI3Ff/zOokJr/yUyTgxVJL5R2HCkYnQ9HrUZ4oSw8eWYKKY3RWRIVaYGNtRwZbgLZ68TJrnZa9SrtxflKrXWR15OIJjOAUPLqEKt1CHBhAQ8Ayv8OYo58V5dz7m0ZyTzRzCHzifPwAMj0A=</latexit>

MN +MP

<latexit sha1_base64="QENFXgv4kZcwPylc2wwztcnNfcE=">AAACCXicbVDJSgNBEK2JW4zbqEcvjUEQgmFGJHoM6sGLEMEskIxDT6cnadKz0N0jhGGuXvwVLx4U8eofePNv7CyHmPig4PFeFVX1vJgzqSzrx8gtLa+sruXXCxubW9s75u5eQ0aJILROIh6Jlocl5SykdcUUp61YUBx4nDa9wdXIbz5SIVkU3qthTJ0A90LmM4KVllwT3bpp55pyhR/SUinLUGlWOcky1yxaZWsMtEjsKSnCFDXX/O50I5IENFSEYynbthUrJ8VCMcJpVugkksaYDHCPtjUNcUClk44/ydCRVrrIj4SuUKGxOjuR4kDKYeDpzgCrvpz3RuJ/XjtR/oWTsjBOFA3JZJGfcKQiNIoFdZmgRPGhJpgIpm9FpI8FJkqHV9Ah2PMvL5LGadmulCt3Z8Xq5TSOPBzAIRyDDedQhRuoQR0IPMELvMG78Wy8Gh/G56Q1Z0xn9uEPjK9fKzKZZA==</latexit>

M�++ +M��

<latexit sha1_base64="y/fAZ2iSlvlri6Eif+sA67L8z7Q=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyItl0W3LgRKtgHdIaSSTNtaJIZkoxYhvkVNy4UceuPuPNvzLSz0NYDgcM593JPThAzqrTjfFuljc2t7Z3ybmVv/+DwyD6u9lSUSEy6OGKRHARIEUYF6WqqGRnEkiAeMNIPZje5338kUtFIPOh5THyOJoKGFCNtpJFdvW41oQc9jvRU8vSO9LKRXXPqzgJwnbgFqYECnZH95Y0jnHAiNGZIqaHrxNpPkdQUM5JVvESRGOEZmpChoQJxovx0kT2D50YZwzCS5gkNF+rvjRRxpeY8MJN5RrXq5eJ/3jDRYctPqYgTTQReHgoTBnUE8yLgmEqCNZsbgrCkJivEUyQR1qauiinBXf3yOuld1t1GvXF/VWtfFXWUwSk4AxfABU3QBregA7oAgyfwDF7Bm5VZL9a79bEcLVnFzgn4A+vzB5nEk4E=</latexit>

587 MeV

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="R17bOGhyrR+EkVxfGu8Twpl+BSQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUwmk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcqZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclf4vSmViiXiSc9S6sV4JFjECNZG8m17GGM9Jpjn93M/D7O5b9edhrMAWiduSepQou3bX8MwIVlMhSYcKzVwnVR7OZaaEU7ntWGmaIrJBI/owFCBY6q8fJF8ji6MEqIokeYJjRbq740cx0rN4sBMFjnVqleI/3mDTEe3Xs5EmmkqyPJQlHGkE1TUgEImKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uke9Vwm43m43W9dV3WUYUzOIdLcOEGWvAAbegAgSk8wyu8Wbn1Yr1bH8vRilXunMIfWJ8/EGiT6g==</latexit>

Ddu

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="75K63vUPcB+9ghqD222RnPmfaNE=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEEoipbos6MKNWME+oClhMr1th04ezEyEErJ046+4caGIWz/BnX/jpM1CWw9cOJxzL/fe40WcSWVZ30ZhaXllda24XtrY3NreMXf3WjKMBYUmDXkoOh6RwFkATcUUh04kgPgeh7Y3vsz89gMIycLgXk0i6PlkGLABo0RpyTUPb9zEufVhSNyEUpqm+BQ7OBOvgCuSumbZqlhT4EVi56SMcjRc88vphzT2IVCUEym7thWpXkKEYpRDWnJiCRGhYzKErqYB8UH2kukjKT7WSh8PQqErUHiq/p5IiC/lxPd0p0/USM57mfif143V4KKXsCCKFQR0tmgQc6xCnKWC+0wAVXyiCaGC6VsxHRFBqNLZlXQI9vzLi6R1VrFrldpdtVyv5nEU0QE6QifIRueojq5RAzURRY/oGb2iN+PJeDHejY9Za8HIZ/bRHxifP64LmRg=</latexit>

M⌦ccc + M�

<latexit sha1_base64="HT0yU0eb9hL0NKJogQDLF3VcRPQ=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAIgjBaGdPjwIsXYaJ7gbWUNEu3sCQtSSqMsqMXv4oXD4p49SN489uYbj3o5h8C//ye5yF5/mHCqNKO820tLa+srq2XNsqbW9s7u/beflvFqcSkhWMWy26IFGFUkJammpFuIgniISOdcHSV1zsPRCoai3s9TojP0UDQiGKkDQrso5sg8+7ogKMgw5MJPIMezFGXmrsBgV1xqs5UcNG4hamAQs3A/vL6MU45ERozpFTPdRLtZ0hqihmZlL1UkQThERqQnrECcaL8bLrIBJ4Y0odRLM0RGk7p74kMcaXGPDSdHOmhmq/l8L9aL9XRpZ9RkaSaCDx7KEoZ1DHMU4F9KgnWbGwMwpKav0I8RBJhbbIrmxDc+ZUXTfu86tar9dtapVEr4iiBQ3AMToELLkADXIMmaAEMHsEzeAVv1pP1Yr1bH7PWJauYOQB/ZH3+AP98mU4=</latexit>

M⌃c + M⌅cc

<latexit sha1_base64="gk4kFIuPyZ22kR0HywtCzToYOg8=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuaOIx4MWLEME8IBvC7KSTDJl9MNMrxiVf4sWDIl79FG/+jZNkD5pY0FBUddPd5cdSaHScbyu3tr6xuZXfLuzs7u0X7YPDpo4SxaHBIxmpts80SBFCAwVKaMcKWOBLaPnj65nfegClRRTe4ySGbsCGoRgIztBIPbt4WaUe9RAeMb2F5rRnl5yyMwddJW5GSiRDvWd/ef2IJwGEyCXTuuM6MXZTplBwCdOCl2iIGR+zIXQMDVkAupvOD5/SU6P06SBSpkKkc/X3RMoCrSeBbzoDhiO97M3E/7xOgoOrbirCOEEI+WLRIJEUIzpLgfaFAo5yYgjjSphbKR8xxTiarAomBHf55VXSPC+7lXLl7qJUu8jiyJNjckLOiEuqpEZuSJ00CCcJeSav5M16sl6sd+tj0Zqzspkj8gfW5w+eXZJn</latexit>

57 MeV

<latexit sha1_base64="6B7Izdc+iTCzobmEsO3ZnsYJUXM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUymk3boZBJmJoUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiSc8T6kV4LFjICNZG8m17GGE9IZhn97mfkTT37brTcBZA68QtSR1KtH37aziKSRpRoQnHSg1cJ9FehqVmhNO8NkwVTTCZ4jEdGCpwRJWXLZLn6MIoIxTG0jyh0UL9vZHhSKl5FJjJIqda9QrxP2+Q6vDWy5hIUk0FWR4KU450jIoa0IhJSjSfG4KJZCYrIhMsMdGmrJopwV398jrpXjXcZqP5eF1vXZd1VOEMzuESXLiBFjxAGzpAYAbP8ApvVma9WO/Wx3K0YpU7p/AH1ucPDuKT6Q==</latexit>

Dcu

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2
<latexit sha1_base64="1dgyX9Hoyw6eUC8uejdH8nbKoAY=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiCEKZkVJdFty4ESvYC3SGIZOmbWiSGZKMUIbZu/FV3LhQxK0v4M63MW1nUVt/CPx85xxOzh/GjCrtOD9WYW19Y3OruF3a2d3bP7APj9oqSiQmLRyxSHZDpAijgrQ01Yx0Y0kQDxnphOPrab3zSKSikXjQk5j4HA0FHVCMtEGBXb4NUu+OkyEKUpxl8Bx6cBEZFtgVp+rMBFeNm5sKyNUM7G+vH+GEE6ExQ0r1XCfWfoqkppiRrOQlisQIj9GQ9IwViBPlp7NbMnhqSB8OImme0HBGFydSxJWa8NB0cqRHark2hf/VeokeXPkpFXGiicDzRYOEQR3BaTCwTyXBmk2MQVhS81eIR0girE18JROCu3zyqmlfVN16tX5fqzRqeRxFcALK4Ay44BI0wA1oghbA4Am8gDfwbj1br9aH9TlvLVj5zDH4I+vrF0Whmow=</latexit>

M⌦c + M⌦cc

<latexit sha1_base64="linkPt9hLhuBCBBZGnNYQlvXjTQ=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEEoipbosuHEjVrAPaEqYTCft0JlJmJkIJWTpxl9x40IRt36CO//GaRtEWw9cOJxzL/feE8SMKu04X1ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo8uJ374nUtFI3OlxTHocDQQNKUbaSL59eO2n3g0nA+SnGOMsg6fQgz9i5ttlp+JMAReJm5MyyNHw7U+vH+GEE6ExQ0p1XSfWvRRJTTEjWclLFIkRHqEB6RoqECeql04fyeCxUfowjKQpoeFU/T2RIq7UmAemkyM9VPPeRPzP6yY6vOilVMSJJgLPFoUJgzqCk1Rgn0qCNRsbgrCk5laIh0girE12JROCO//yImmdVdxapXZbLdereRxFcACOwAlwwTmogyvQAE2AwQN4Ai/g1Xq0nq03633WWrDymX3wB9bHN6yvmRc=</latexit>

M⌦ccc + M⌦

<latexit sha1_base64="O9PGT8PpAmKJerusEnIek59vQ38=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9jVkHgMePEiRDAPyIYwO+kkQ2YfzPSKccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+bEUGh3n21pb39jc2s7t5Hf39g8K9uFRU0eJ4tDgkYxU22capAihgQIltGMFLPAltPzx9cxvPYDSIgrvcRJDN2DDUAwEZ2iknl24rFKPegiPmN5Cc9qzi07JmYOuEjcjRZKh3rO/vH7EkwBC5JJp3XGdGLspUyi4hGneSzTEjI/ZEDqGhiwA3U3nh0/pmVH6dBApUyHSufp7ImWB1pPAN50Bw5Fe9mbif14nwcFVNxVhnCCEfLFokEiKEZ2lQPtCAUc5MYRxJcytlI+YYhxNVnkTgrv88ippXpTcSqlyVy7WylkcOXJCTsk5cUmV1MgNqZMG4SQhz+SVvFlP1ov1bn0sWtesbOaY/IH1+QObOZJl</latexit>

37 MeV

<latexit sha1_base64="q5ChTHmgD/8I3h/xmG8JuW3FtqE=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KIVE9S0IPHCtYW2hA22027dLMJu5tCCfknXjwo4tV/4s1/46bNQVsHFoaZ93izEyScKe0431ZlbX1jc6u6XdvZ3ds/sA+PnlScSkI7JOax7AVYUc4E7WimOe0lkuIo4LQbTG4LvzulUrFYPOpZQr0IjwQLGcHaSL5tDyKsxwTz7C73M6Jy3647DWcOtErcktShRNu3vwbDmKQRFZpwrFTfdRLtZVhqRjjNa4NU0QSTCR7RvqECR1R52Tx5js6MMkRhLM0TGs3V3xsZjpSaRYGZLHKqZa8Q//P6qQ6vvYyJJNVUkMWhMOVIx6ioAQ2ZpETzmSGYSGayIjLGEhNtyqqZEtzlL6+Sp4uG22w0Hy7rrZuyjiqcwCmcgwtX0IJ7aEMHCEzhGV7hzcqsF+vd+liMVqxy5xj+wPr8AQ7ak/E=</latexit>

Dcs

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="7Wvp8ibMTHvE5ReUuj9qnfeANOM=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KIVE9S0IPHCtYW2hA22027dLMJu5tCCfknXjwo4tV/4s1/46bNQVsHFoaZ93izEyScKe0431ZlbX1jc6u6XdvZ3ds/sA+PnlScSkI7JOax7AVYUc4E7WimOe0lkuIo4LQbTG4LvzulUrFYPOpZQr0IjwQLGcHaSL5tDyKsxwTz7C73syDNfbvuNJw50CpxS1KHEm3f/hoMY5JGVGjCsVJ910m0l2GpGeE0rw1SRRNMJnhE+4YKHFHlZfPkOTozyhCFsTRPaDRXf29kOFJqFgVmssiplr1C/M/rpzq89jImklRTQRaHwpQjHaOiBjRkkhLNZ4ZgIpnJisgYS0y0KatmSnCXv7xKni4abrPRfList27KOqpwAqdwDi5cQQvuoQ0dIDCFZ3iFNyuzXqx362MxWrHKnWP4A+vzBxBek/I=</latexit>

Dbu

<latexit sha1_base64="vrTkMwTXnrk6Q6yFwRtBMhX5HJs=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAIgjBaGdPjwIsXYaJ7gbWUNEu3sCQtSSqMsqMXv4oXD4p49SN489uYbj3o5h8C//ye5yF5/mHCqNKO820tLa+srq2XNsqbW9s7u/beflvFqcSkhWMWy26IFGFUkJammpFuIgniISOdcHSV1zsPRCoai3s9TojP0UDQiGKkDQrso5sg8+7ogKMgCycTeAY9mKMuNXcDArviVJ2p4KJxC1MBhZqB/eX1Y5xyIjRmSKme6yTaz5DUFDMyKXupIgnCIzQgPWMF4kT52XSRCTwxpA+jWJojNJzS3xMZ4kqNeWg6OdJDNV/L4X+1XqqjSz+jIkk1EXj2UJQyqGOYpwL7VBKs2dgYhCU1f4V4iCTC2mRXNiG48ysvmvZ51a1X67e1SqNWxFECh+AYnAIXXIAGuAZN0AIYPIJn8ArerCfrxXq3PmatS1YxcwD+yPr8AfrYmUs=</latexit>

M⌃b + M⌅bb

<latexit sha1_base64="2dzmjwMXynDiWDCh5iQXnDUCm8I=">AAACCHicbVDLSsNAFJ3UV62vqksXDhZBEEoipbos6MKNWME+oA1hMr1ph04mYWYilJClG3/FjQtF3PoJ7vwbp4+Fth64cDjnXu69x485U9q2v63c0vLK6lp+vbCxubW9U9zda6ookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/eDn2Ww8gFYvEvR7F4IakL1jAKNFG8oqHN17avQ2hT7zU9/0sw6e4i8fiFXBNMq9Yssv2BHiRODNSQjPUveJXtxfRJAShKSdKdRw71m5KpGaUQ1boJgpiQoekDx1DBQlBuenkkQwfG6WHg0iaEhpP1N8TKQmVGoW+6QyJHqh5byz+53USHVy4KRNxokHQ6aIg4VhHeJwK7jEJVPORIYRKZm7FdEAkodpkVzAhOPMvL5LmWdmplqt3lVKtMosjjw7QETpBDjpHNXSN6qiBKHpEz+gVvVlP1ov1bn1MW3PWbGYf/YH1+QOpSZkV</latexit>

M⌦bbb + M�

<latexit sha1_base64="3ak7sZKIFn1SiJki3Eq24SVcMVY=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUHwFGY0iR4DXrwIEcwCyRB6OjVJk56F7ppgGPInXjwo4tU/8ebf2FkOGn1Q8Hiviqp6fiKFRsf5snJr6xubW/ntws7u3v6BfXjU1HGqODR4LGPV9pkGKSJooEAJ7UQBC30JLX90M/NbY1BaxNEDThLwQjaIRCA4QyP1bPuyUqFd2kV4xOwOmtOeXXRKzhz0L3GXpEiWqPfsz24/5mkIEXLJtO64ToJexhQKLmFa6KYaEsZHbAAdQyMWgvay+eVTemaUPg1iZSpCOld/TmQs1HoS+qYzZDjUq95M/M/rpBhce5mIkhQh4otFQSopxnQWA+0LBRzlxBDGlTC3Uj5kinE0YRVMCO7qy39J86LkVkvV+3KxVl7GkScn5JScE5dckRq5JXXSIJyMyRN5Ia9WZj1bb9b7ojVnLWeOyS9YH98QspKi</latexit>

355 MeV

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="uVVgJfCzaiULFyck8GEPogdtweI=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUHwFGZCiDkGvHgRIpgFkiH0dGqSJj0L3TXBMORPvHhQxKt/4s2/sbMcNPFBweO9Kqrq+YkUGh3n28ptbe/s7uX3CweHR8cn9ulZS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x7dxvT0BpEUePOE3AC9kwEoHgDI3Ut+1yzaU92kN4wuweWrO+XXRKzgJ0k7grUiQrNPr2V28Q8zSECLlkWnddJ0EvYwoFlzAr9FINCeNjNoSuoRELQXvZ4vIZvTLKgAaxMhUhXai/JzIWaj0NfdMZMhzpdW8u/ud1UwxqXiaiJEWI+HJRkEqKMZ3HQAdCAUc5NYRxJcytlI+YYhxNWAUTgrv+8iZplUtutVR9qBTrlVUceXJBLsk1cckNqZM70iBNwsmEPJNX8mZl1ov1bn0sW3PWauac/IH1+QMNkZKg</latexit>

281 MeV

<latexit sha1_base64="fO14jrU21vc8AE5duAY9yiUqF/8=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEEoipbosuHEjVrAPaEqYTCft0JlJmJkIJWTpxl9x40IRt36CO//GaRtEWw9cOJxzL/feE8SMKu04X1ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo8uJ374nUtFI3OlxTHocDQQNKUbaSL59eO2n3g0nA+SnQRBkGTyFHvwRM98uOxVnCrhI3JyUQY6Gb396/QgnnAiNGVKq6zqx7qVIaooZyUpeokiM8AgNSNdQgThRvXT6SAaPjdKHYSRNCQ2n6u+JFHGlxjwwnRzpoZr3JuJ/XjfR4UUvpSJONBF4tihMGNQRnKQC+1QSrNnYEIQlNbdCPEQSYW2yK5kQ3PmXF0nrrOLWKrXbarlezeMoggNwBE6AC85BHVyBBmgCDB7AE3gBr9aj9Wy9We+z1oKVz+yDP7A+vgGn7ZkU</latexit>

M⌦bbb + M⌦

<latexit sha1_base64="9gI8rdyN8bisTI1llCW6cAeE4xc=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiCEKZkVJdFty4ESvYC3SGIZOmbWiSGZKMUIbZu/FV3LhQxK0v4M63MW1nUVt/CPx85xxOzh/GjCrtOD9WYW19Y3OruF3a2d3bP7APj9oqSiQmLRyxSHZDpAijgrQ01Yx0Y0kQDxnphOPrab3zSKSikXjQk5j4HA0FHVCMtEGBXb4NUu+OkyEK0jDL4Dn04CIyLLArTtWZCa4aNzcVkKsZ2N9eP8IJJ0JjhpTquU6s/RRJTTEjWclLFIkRHqMh6RkrECfKT2e3ZPDUkD4cRNI8oeGMLk6kiCs14aHp5EiP1HJtCv+r9RI9uPJTKuJEE4HniwYJgzqC02Bgn0qCNZsYg7Ck5q8Qj5BEWJv4SiYEd/nkVdO+qLr1av2+VmnU8jiK4ASUwRlwwSVogBvQBC2AwRN4AW/g3Xq2Xq0P63PeWrDymWPwR9bXL0D6mok=</latexit>

M⌦b + M⌦bb

<latexit sha1_base64="99Prwt3bGrogQIj7utllwXzoSbI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUymk3boZBJmJoUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiSc8T6kV4LFjICNZG8m17GGE9IZhn97mfBSr37brTcBZA68QtSR1KtH37aziKSRpRoQnHSg1cJ9FehqVmhNO8NkwVTTCZ4jEdGCpwRJWXLZLn6MIoIxTG0jyh0UL9vZHhSKl5FJjJIqda9QrxP2+Q6vDWy5hIUk0FWR4KU450jIoa0IhJSjSfG4KJZCYrIhMsMdGmrJopwV398jrpXjXcZqP5eF1vXZd1VOEMzuESXLiBFjxAGzpAYAbP8ApvVma9WO/Wx3K0YpU7p/AH1ucPClKT5g==</latexit>

Dbs

✤ Quark mass dependence of levels ?



✤ Two levels spin 1/2 and 3/2

✤ Consider deuteron energy 
spectrum

Non-interacting levels

<latexit sha1_base64="fCG3RbF0uXpQk7UoJ0bIFWvl+I8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGpLosunFTqWAf0g4lk2ba0CQzJBmhDP0KNy4UcevnuPNvTNtZaOuBwOGcc8m9J4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0i+WDGMfUFHkgWMoKNlR5rvTt0hmq9eq9YcsvuDGiZeBkpQQab/+r2I5IIKg3hWOuO58bGT7EyjHA6KXQTTWNMRnhAO5ZKLKj209nCE3RilT4KI2WfNGim/p5IsdB6LAKbFNgM9aI3Ff/zOokJr/yUyTgxVJL5R2HCkYnQ9HrUZ4oSw8eWYKKY3RWRIVaYGNtRwZbgLZ68TJrnZa9SrtxflKrXWR15OIJjOAUPLqEKt1CHBhAQ8Ayv8OYo58V5dz7m0ZyTzRzCHzifPwAMj0A=</latexit>

MN +MP

<latexit sha1_base64="QENFXgv4kZcwPylc2wwztcnNfcE=">AAACCXicbVDJSgNBEK2JW4zbqEcvjUEQgmFGJHoM6sGLEMEskIxDT6cnadKz0N0jhGGuXvwVLx4U8eofePNv7CyHmPig4PFeFVX1vJgzqSzrx8gtLa+sruXXCxubW9s75u5eQ0aJILROIh6Jlocl5SykdcUUp61YUBx4nDa9wdXIbz5SIVkU3qthTJ0A90LmM4KVllwT3bpp55pyhR/SUinLUGlWOcky1yxaZWsMtEjsKSnCFDXX/O50I5IENFSEYynbthUrJ8VCMcJpVugkksaYDHCPtjUNcUClk44/ydCRVrrIj4SuUKGxOjuR4kDKYeDpzgCrvpz3RuJ/XjtR/oWTsjBOFA3JZJGfcKQiNIoFdZmgRPGhJpgIpm9FpI8FJkqHV9Ah2PMvL5LGadmulCt3Z8Xq5TSOPBzAIRyDDedQhRuoQR0IPMELvMG78Wy8Gh/G56Q1Z0xn9uEPjK9fKzKZZA==</latexit>

M�++ +M��

<latexit sha1_base64="y/fAZ2iSlvlri6Eif+sA67L8z7Q=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyItl0W3LgRKtgHdIaSSTNtaJIZkoxYhvkVNy4UceuPuPNvzLSz0NYDgcM593JPThAzqrTjfFuljc2t7Z3ybmVv/+DwyD6u9lSUSEy6OGKRHARIEUYF6WqqGRnEkiAeMNIPZje5338kUtFIPOh5THyOJoKGFCNtpJFdvW41oQc9jvRU8vSO9LKRXXPqzgJwnbgFqYECnZH95Y0jnHAiNGZIqaHrxNpPkdQUM5JVvESRGOEZmpChoQJxovx0kT2D50YZwzCS5gkNF+rvjRRxpeY8MJN5RrXq5eJ/3jDRYctPqYgTTQReHgoTBnUE8yLgmEqCNZsbgrCkJivEUyQR1qauiinBXf3yOuld1t1GvXF/VWtfFXWUwSk4AxfABU3QBregA7oAgyfwDF7Bm5VZL9a79bEcLVnFzgn4A+vzB5nEk4E=</latexit>

587 MeV

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="R17bOGhyrR+EkVxfGu8Twpl+BSQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUwmk3boZBJmJoUS+iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcqZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq5JMEtohCU9kP8CKciZoRzPNaT+VFMcBp71gclf4vSmViiXiSc9S6sV4JFjECNZG8m17GGM9Jpjn93M/D7O5b9edhrMAWiduSepQou3bX8MwIVlMhSYcKzVwnVR7OZaaEU7ntWGmaIrJBI/owFCBY6q8fJF8ji6MEqIokeYJjRbq740cx0rN4sBMFjnVqleI/3mDTEe3Xs5EmmkqyPJQlHGkE1TUgEImKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uke9Vwm43m43W9dV3WUYUzOIdLcOEGWvAAbegAgSk8wyu8Wbn1Yr1bH8vRilXunMIfWJ8/EGiT6g==</latexit>

Ddu

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="75K63vUPcB+9ghqD222RnPmfaNE=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEEoipbos6MKNWME+oClhMr1th04ezEyEErJ046+4caGIWz/BnX/jpM1CWw9cOJxzL/fe40WcSWVZ30ZhaXllda24XtrY3NreMXf3WjKMBYUmDXkoOh6RwFkATcUUh04kgPgeh7Y3vsz89gMIycLgXk0i6PlkGLABo0RpyTUPb9zEufVhSNyEUpqm+BQ7OBOvgCuSumbZqlhT4EVi56SMcjRc88vphzT2IVCUEym7thWpXkKEYpRDWnJiCRGhYzKErqYB8UH2kukjKT7WSh8PQqErUHiq/p5IiC/lxPd0p0/USM57mfif143V4KKXsCCKFQR0tmgQc6xCnKWC+0wAVXyiCaGC6VsxHRFBqNLZlXQI9vzLi6R1VrFrldpdtVyv5nEU0QE6QifIRueojq5RAzURRY/oGb2iN+PJeDHejY9Za8HIZ/bRHxifP64LmRg=</latexit>

M⌦ccc + M�

<latexit sha1_base64="HT0yU0eb9hL0NKJogQDLF3VcRPQ=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAIgjBaGdPjwIsXYaJ7gbWUNEu3sCQtSSqMsqMXv4oXD4p49SN489uYbj3o5h8C//ye5yF5/mHCqNKO820tLa+srq2XNsqbW9s7u/beflvFqcSkhWMWy26IFGFUkJammpFuIgniISOdcHSV1zsPRCoai3s9TojP0UDQiGKkDQrso5sg8+7ogKMgw5MJPIMezFGXmrsBgV1xqs5UcNG4hamAQs3A/vL6MU45ERozpFTPdRLtZ0hqihmZlL1UkQThERqQnrECcaL8bLrIBJ4Y0odRLM0RGk7p74kMcaXGPDSdHOmhmq/l8L9aL9XRpZ9RkaSaCDx7KEoZ1DHMU4F9KgnWbGwMwpKav0I8RBJhbbIrmxDc+ZUXTfu86tar9dtapVEr4iiBQ3AMToELLkADXIMmaAEMHsEzeAVv1pP1Yr1bH7PWJauYOQB/ZH3+AP98mU4=</latexit>

M⌃c + M⌅cc

<latexit sha1_base64="gk4kFIuPyZ22kR0HywtCzToYOg8=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuaOIx4MWLEME8IBvC7KSTDJl9MNMrxiVf4sWDIl79FG/+jZNkD5pY0FBUddPd5cdSaHScbyu3tr6xuZXfLuzs7u0X7YPDpo4SxaHBIxmpts80SBFCAwVKaMcKWOBLaPnj65nfegClRRTe4ySGbsCGoRgIztBIPbt4WaUe9RAeMb2F5rRnl5yyMwddJW5GSiRDvWd/ef2IJwGEyCXTuuM6MXZTplBwCdOCl2iIGR+zIXQMDVkAupvOD5/SU6P06SBSpkKkc/X3RMoCrSeBbzoDhiO97M3E/7xOgoOrbirCOEEI+WLRIJEUIzpLgfaFAo5yYgjjSphbKR8xxTiarAomBHf55VXSPC+7lXLl7qJUu8jiyJNjckLOiEuqpEZuSJ00CCcJeSav5M16sl6sd+tj0Zqzspkj8gfW5w+eXZJn</latexit>

57 MeV

<latexit sha1_base64="6B7Izdc+iTCzobmEsO3ZnsYJUXM=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUymk3boZBJmJoUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiSc8T6kV4LFjICNZG8m17GGE9IZhn97mfkTT37brTcBZA68QtSR1KtH37aziKSRpRoQnHSg1cJ9FehqVmhNO8NkwVTTCZ4jEdGCpwRJWXLZLn6MIoIxTG0jyh0UL9vZHhSKl5FJjJIqda9QrxP2+Q6vDWy5hIUk0FWR4KU450jIoa0IhJSjSfG4KJZCYrIhMsMdGmrJopwV398jrpXjXcZqP5eF1vXZd1VOEMzuESXLiBFjxAGzpAYAbP8ApvVma9WO/Wx3K0YpU7p/AH1ucPDuKT6Q==</latexit>

Dcu

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2
<latexit sha1_base64="1dgyX9Hoyw6eUC8uejdH8nbKoAY=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiCEKZkVJdFty4ESvYC3SGIZOmbWiSGZKMUIbZu/FV3LhQxK0v4M63MW1nUVt/CPx85xxOzh/GjCrtOD9WYW19Y3OruF3a2d3bP7APj9oqSiQmLRyxSHZDpAijgrQ01Yx0Y0kQDxnphOPrab3zSKSikXjQk5j4HA0FHVCMtEGBXb4NUu+OkyEKUpxl8Bx6cBEZFtgVp+rMBFeNm5sKyNUM7G+vH+GEE6ExQ0r1XCfWfoqkppiRrOQlisQIj9GQ9IwViBPlp7NbMnhqSB8OImme0HBGFydSxJWa8NB0cqRHark2hf/VeokeXPkpFXGiicDzRYOEQR3BaTCwTyXBmk2MQVhS81eIR0girE18JROCu3zyqmlfVN16tX5fqzRqeRxFcALK4Ay44BI0wA1oghbA4Am8gDfwbj1br9aH9TlvLVj5zDH4I+vrF0Whmow=</latexit>

M⌦c + M⌦cc

<latexit sha1_base64="linkPt9hLhuBCBBZGnNYQlvXjTQ=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEEoipbosuHEjVrAPaEqYTCft0JlJmJkIJWTpxl9x40IRt36CO//GaRtEWw9cOJxzL/feE8SMKu04X1ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo8uJ374nUtFI3OlxTHocDQQNKUbaSL59eO2n3g0nA+SnGOMsg6fQgz9i5ttlp+JMAReJm5MyyNHw7U+vH+GEE6ExQ0p1XSfWvRRJTTEjWclLFIkRHqEB6RoqECeql04fyeCxUfowjKQpoeFU/T2RIq7UmAemkyM9VPPeRPzP6yY6vOilVMSJJgLPFoUJgzqCk1Rgn0qCNRsbgrCk5laIh0girE12JROCO//yImmdVdxapXZbLdereRxFcACOwAlwwTmogyvQAE2AwQN4Ai/g1Xq0nq03633WWrDymX3wB9bHN6yvmRc=</latexit>

M⌦ccc + M⌦

<latexit sha1_base64="O9PGT8PpAmKJerusEnIek59vQ38=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9jVkHgMePEiRDAPyIYwO+kkQ2YfzPSKccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+bEUGh3n21pb39jc2s7t5Hf39g8K9uFRU0eJ4tDgkYxU22capAihgQIltGMFLPAltPzx9cxvPYDSIgrvcRJDN2DDUAwEZ2iknl24rFKPegiPmN5Cc9qzi07JmYOuEjcjRZKh3rO/vH7EkwBC5JJp3XGdGLspUyi4hGneSzTEjI/ZEDqGhiwA3U3nh0/pmVH6dBApUyHSufp7ImWB1pPAN50Bw5Fe9mbif14nwcFVNxVhnCCEfLFokEiKEZ2lQPtCAUc5MYRxJcytlI+YYhxNVnkTgrv88ippXpTcSqlyVy7WylkcOXJCTsk5cUmV1MgNqZMG4SQhz+SVvFlP1ov1bn0sWtesbOaY/IH1+QObOZJl</latexit>

37 MeV

<latexit sha1_base64="q5ChTHmgD/8I3h/xmG8JuW3FtqE=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KIVE9S0IPHCtYW2hA22027dLMJu5tCCfknXjwo4tV/4s1/46bNQVsHFoaZ93izEyScKe0431ZlbX1jc6u6XdvZ3ds/sA+PnlScSkI7JOax7AVYUc4E7WimOe0lkuIo4LQbTG4LvzulUrFYPOpZQr0IjwQLGcHaSL5tDyKsxwTz7C73M6Jy3647DWcOtErcktShRNu3vwbDmKQRFZpwrFTfdRLtZVhqRjjNa4NU0QSTCR7RvqECR1R52Tx5js6MMkRhLM0TGs3V3xsZjpSaRYGZLHKqZa8Q//P6qQ6vvYyJJNVUkMWhMOVIx6ioAQ2ZpETzmSGYSGayIjLGEhNtyqqZEtzlL6+Sp4uG22w0Hy7rrZuyjiqcwCmcgwtX0IJ7aEMHCEzhGV7hzcqsF+vd+liMVqxy5xj+wPr8AQ7ak/E=</latexit>

Dcs

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="7Wvp8ibMTHvE5ReUuj9qnfeANOM=">AAAB+XicbVBNS8NAFHypX7V+RT16WSyCp5KIVE9S0IPHCtYW2hA22027dLMJu5tCCfknXjwo4tV/4s1/46bNQVsHFoaZ93izEyScKe0431ZlbX1jc6u6XdvZ3ds/sA+PnlScSkI7JOax7AVYUc4E7WimOe0lkuIo4LQbTG4LvzulUrFYPOpZQr0IjwQLGcHaSL5tDyKsxwTz7C73syDNfbvuNJw50CpxS1KHEm3f/hoMY5JGVGjCsVJ910m0l2GpGeE0rw1SRRNMJnhE+4YKHFHlZfPkOTozyhCFsTRPaDRXf29kOFJqFgVmssiplr1C/M/rpzq89jImklRTQRaHwpQjHaOiBjRkkhLNZ4ZgIpnJisgYS0y0KatmSnCXv7xKni4abrPRfList27KOqpwAqdwDi5cQQvuoQ0dIDCFZ3iFNyuzXqx362MxWrHKnWP4A+vzBxBek/I=</latexit>

Dbu

<latexit sha1_base64="vrTkMwTXnrk6Q6yFwRtBMhX5HJs=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAIgjBaGdPjwIsXYaJ7gbWUNEu3sCQtSSqMsqMXv4oXD4p49SN489uYbj3o5h8C//ye5yF5/mHCqNKO820tLa+srq2XNsqbW9s7u/beflvFqcSkhWMWy26IFGFUkJammpFuIgniISOdcHSV1zsPRCoai3s9TojP0UDQiGKkDQrso5sg8+7ogKMgCycTeAY9mKMuNXcDArviVJ2p4KJxC1MBhZqB/eX1Y5xyIjRmSKme6yTaz5DUFDMyKXupIgnCIzQgPWMF4kT52XSRCTwxpA+jWJojNJzS3xMZ4kqNeWg6OdJDNV/L4X+1XqqjSz+jIkk1EXj2UJQyqGOYpwL7VBKs2dgYhCU1f4V4iCTC2mRXNiG48ysvmvZ51a1X67e1SqNWxFECh+AYnAIXXIAGuAZN0AIYPIJn8ArerCfrxXq3PmatS1YxcwD+yPr8AfrYmUs=</latexit>

M⌃b + M⌅bb

<latexit sha1_base64="2dzmjwMXynDiWDCh5iQXnDUCm8I=">AAACCHicbVDLSsNAFJ3UV62vqksXDhZBEEoipbos6MKNWME+oA1hMr1ph04mYWYilJClG3/FjQtF3PoJ7vwbp4+Fth64cDjnXu69x485U9q2v63c0vLK6lp+vbCxubW9U9zda6ookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/eDn2Ww8gFYvEvR7F4IakL1jAKNFG8oqHN17avQ2hT7zU9/0sw6e4i8fiFXBNMq9Yssv2BHiRODNSQjPUveJXtxfRJAShKSdKdRw71m5KpGaUQ1boJgpiQoekDx1DBQlBuenkkQwfG6WHg0iaEhpP1N8TKQmVGoW+6QyJHqh5byz+53USHVy4KRNxokHQ6aIg4VhHeJwK7jEJVPORIYRKZm7FdEAkodpkVzAhOPMvL5LmWdmplqt3lVKtMosjjw7QETpBDjpHNXSN6qiBKHpEz+gVvVlP1ov1bn1MW3PWbGYf/YH1+QOpSZkV</latexit>

M⌦bbb + M�

<latexit sha1_base64="3ak7sZKIFn1SiJki3Eq24SVcMVY=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUHwFGY0iR4DXrwIEcwCyRB6OjVJk56F7ppgGPInXjwo4tU/8ebf2FkOGn1Q8Hiviqp6fiKFRsf5snJr6xubW/ntws7u3v6BfXjU1HGqODR4LGPV9pkGKSJooEAJ7UQBC30JLX90M/NbY1BaxNEDThLwQjaIRCA4QyP1bPuyUqFd2kV4xOwOmtOeXXRKzhz0L3GXpEiWqPfsz24/5mkIEXLJtO64ToJexhQKLmFa6KYaEsZHbAAdQyMWgvay+eVTemaUPg1iZSpCOld/TmQs1HoS+qYzZDjUq95M/M/rpBhce5mIkhQh4otFQSopxnQWA+0LBRzlxBDGlTC3Uj5kinE0YRVMCO7qy39J86LkVkvV+3KxVl7GkScn5JScE5dckRq5JXXSIJyMyRN5Ia9WZj1bb9b7ojVnLWeOyS9YH98QspKi</latexit>

355 MeV

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="uVVgJfCzaiULFyck8GEPogdtweI=">AAAB+XicbVDJSgNBEO2JW4zbqEcvjUHwFGZCiDkGvHgRIpgFkiH0dGqSJj0L3TXBMORPvHhQxKt/4s2/sbMcNPFBweO9Kqrq+YkUGh3n28ptbe/s7uX3CweHR8cn9ulZS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x7dxvT0BpEUePOE3AC9kwEoHgDI3Ut+1yzaU92kN4wuweWrO+XXRKzgJ0k7grUiQrNPr2V28Q8zSECLlkWnddJ0EvYwoFlzAr9FINCeNjNoSuoRELQXvZ4vIZvTLKgAaxMhUhXai/JzIWaj0NfdMZMhzpdW8u/ud1UwxqXiaiJEWI+HJRkEqKMZ3HQAdCAUc5NYRxJcytlI+YYhxNWAUTgrv+8iZplUtutVR9qBTrlVUceXJBLsk1cckNqZM70iBNwsmEPJNX8mZl1ov1bn0sW3PWauac/IH1+QMNkZKg</latexit>

281 MeV

<latexit sha1_base64="fO14jrU21vc8AE5duAY9yiUqF/8=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEEoipbosuHEjVrAPaEqYTCft0JlJmJkIJWTpxl9x40IRt36CO//GaRtEWw9cOJxzL/feE8SMKu04X1ZhaXllda24XtrY3NresXf3WipKJCZNHLFIdgKkCKOCNDXVjHRiSRAPGGkHo8uJ374nUtFI3OlxTHocDQQNKUbaSL59eO2n3g0nA+SnQRBkGTyFHvwRM98uOxVnCrhI3JyUQY6Gb396/QgnnAiNGVKq6zqx7qVIaooZyUpeokiM8AgNSNdQgThRvXT6SAaPjdKHYSRNCQ2n6u+JFHGlxjwwnRzpoZr3JuJ/XjfR4UUvpSJONBF4tihMGNQRnKQC+1QSrNnYEIQlNbdCPEQSYW2yK5kQ3PmXF0nrrOLWKrXbarlezeMoggNwBE6AC85BHVyBBmgCDB7AE3gBr9aj9Wy9We+z1oKVz+yDP7A+vgGn7ZkU</latexit>

M⌦bbb + M⌦

<latexit sha1_base64="9gI8rdyN8bisTI1llCW6cAeE4xc=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiCEKZkVJdFty4ESvYC3SGIZOmbWiSGZKMUIbZu/FV3LhQxK0v4M63MW1nUVt/CPx85xxOzh/GjCrtOD9WYW19Y3OruF3a2d3bP7APj9oqSiQmLRyxSHZDpAijgrQ01Yx0Y0kQDxnphOPrab3zSKSikXjQk5j4HA0FHVCMtEGBXb4NUu+OkyEK0jDL4Dn04CIyLLArTtWZCa4aNzcVkKsZ2N9eP8IJJ0JjhpTquU6s/RRJTTEjWclLFIkRHqMh6RkrECfKT2e3ZPDUkD4cRNI8oeGMLk6kiCs14aHp5EiP1HJtCv+r9RI9uPJTKuJEE4HniwYJgzqC02Bgn0qCNZsYg7Ck5q8Qj5BEWJv4SiYEd/nkVdO+qLr1av2+VmnU8jiK4ASUwRlwwSVogBvQBC2AwRN4AW/g3Xq2Xq0P63PeWrDymWPwR9bXL0D6mok=</latexit>

M⌦b + M⌦bb

<latexit sha1_base64="99Prwt3bGrogQIj7utllwXzoSbI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUymk3boZBJmJoUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiSc8T6kV4LFjICNZG8m17GGE9IZhn97mfBSr37brTcBZA68QtSR1KtH37aziKSRpRoQnHSg1cJ9FehqVmhNO8NkwVTTCZ4jEdGCpwRJWXLZLn6MIoIxTG0jyh0UL9vZHhSKl5FJjJIqda9QrxP2+Q6vDWy5hIUk0FWR4KU450jIoa0IhJSjSfG4KJZCYrIhMsMdGmrJopwV398jrpXjXcZqP5eF1vXZd1VOEMzuESXLiBFjxAGzpAYAbP8ApvVma9WO/Wx3K0YpU7p/AH1ucPClKT5g==</latexit>

Dbs

<latexit sha1_base64="kG9M7exKfLPWb7pi6XYartjyjdU=">AAAB6nicbVDLTgJBEOz1ifhCPXqZSEw84S4S9EjixSNGeSSwIbPDLEyYnd3M9JoQwid48aAxXv0ib/6NA+xBwUo6qVR1p7srSKQw6Lrfztr6xubWdm4nv7u3f3BYODpumjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGtzO/9cS1EbF6xHHC/YgOlAgFo2ilh6vLcq9QdEvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/mp07JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjjT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNJ29D8JZfXiXNcsmrlqr3lWKtksWRg1M4gwvw4BpqcAd1aACDATzDK7w50nlx3p2PReuak82cwB84nz9ac40p</latexit>

3/2

<latexit sha1_base64="lU74TwrRCiXenHVyeEH0oxLRdHU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxhLuEoEcSLx4xyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT27nffkKleSQfzTRGP6QjyYecUWOlB++q0i+W3LK7AFknXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlWv31VK9msWRhzM4h0vw4BrqcAcNaAKDETzDK7w5wnlx3p2PZWvOyWZO4Q+czx9XZ40n</latexit>

1/2

<latexit sha1_base64="IJqi8crEgP9J170hye8iJbJgkoo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVBFy4r2Ae0IUymk3boZBJmJoUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiSc8T6kV4LFjICNZG8m17GGE9IZhn97mfBST37brTcBZA68QtSR1KtH37aziKSRpRoQnHSg1cJ9FehqVmhNO8NkwVTTCZ4jEdGCpwRJWXLZLn6MIoIxTG0jyh0UL9vZHhSKl5FJjJIqda9QrxP2+Q6vDWy5hIUk0FWR4KU450jIoa0IhJSjSfG4KJZCYrIhMsMdGmrJopwV398jrpXjXcZqP5eF1vXZd1VOEMzuESXLiBFjxAGzpAYAbP8ApvVma9WO/Wx3K0YpU7p/AH1ucP8fOT1g==</latexit>

Dbc

<latexit sha1_base64="5WPunHS9QI/undRl8LIAXePTacE=">AAAB+HicbVDLSgNBEJz1GeMjqx69DAbBU9iVED0GvHgRIpgHJEuYnfQmQ2YfzPSKccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n21pb39jc2i7sFHf39g9K9uFRS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x9cxvP4DSIo7ucZKAF7JhJALBGRqpb5eqDu3RHsIjZrfQmvbtslNx5qCrxM1JmeRo9O2v3iDmaQgRcsm07rpOgl7GFAouYVrspRoSxsdsCF1DIxaC9rL54VN6ZpQBDWJlKkI6V39PZCzUehL6pjNkONLL3kz8z+umGFx5mYiSFCHii0VBKinGdJYCHQgFHOXEEMaVMLdSPmKKcTRZFU0I7vLLq6R1UXFrldpdtVyv5nEUyAk5JefEJZekTm5IgzQJJyl5Jq/kzXqyXqx362PRumblM8fkD6zPH5HUkl8=</latexit>

40 MeV

<latexit sha1_base64="Z1tL4Pgo5J7ZYbgTka4EnxIrsUk=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6UgCCWRUl0W3LgRK9gHNCHMTKft0MkkzEyEEvIFbvwVNy4UcevanX/jtM2ith64cDjnXu69B8ecKe04P1ZhbX1jc6u4XdrZ3ds/sA+P2ipKJKEtEvFIdjFSlDNBW5ppTruxpCjEnHbw+Hrqdx6pVCwSD3oSUz9EQ8EGjCBtpMCu3AapdxfSIQpSjHGWwXPowQWREJJlgV12qs4McJW4OSmDHM3A/vb6EUlCKjThSKme68TaT5HUjHCalbxE0RiRMRrSnqEChVT56eydDFaM0oeDSJoSGs7UxYkUhUpNQmw6Q6RHatmbiv95vUQPrvyUiTjRVJD5okHCoY7gNBvYZ5ISzSeGICKZuRWSEZKIaJNgyYTgLr+8StoXVbderd/Xyo1aHkcRnIBTcAZccAka4AY0QQsQ8ARewBt4t56tV+vD+py3Fqx85hj8gfX1C5q/m9A=</latexit>

M⌦bbb + M⌦ccc

<latexit sha1_base64="4oWoMcsLxawHXiZcSlQ6QhB15lw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6UgCCWRUl0W3LgRK9gHNCHMTKft0MkkzEyEEvIFbvwVNy4UcevanX/jtM2ith64cDjnXu69B8ecKe04P1ZhbX1jc6u4XdrZ3ds/sA+P2ipKJKEtEvFIdjFSlDNBW5ppTruxpCjEnHbw+Hrqdx6pVCwSD3oSUz9EQ8EGjCBtpMCu3AapdxfSIQpSgnGWwXPowQURE5JlgV12qs4McJW4OSmDHM3A/vb6EUlCKjThSKme68TaT5HUjHCalbxE0RiRMRrSnqEChVT56eydDFaM0oeDSJoSGs7UxYkUhUpNQmw6Q6RHatmbiv95vUQPrvyUiTjRVJD5okHCoY7gNBvYZ5ISzSeGICKZuRWSEZKIaJNgyYTgLr+8StoXVbderd/Xyo1aHkcRnIBTcAZccAka4AY0QQsQ8ARewBt4t56tV+vD+py3Fqx85hj8gfX1C5rUm9A=</latexit>

M⌦cbb + M⌦bcc

✤ Quark mass dependence of levels ?



Lattice calculation
✤ We perform calculations at 3 lattice spacings

✤ Valence action DWF on MILC ensembles, NRQCD action 
for bottom 

<latexit sha1_base64="Kq12dZsQj8kb2twXhc5zuKOzGkc="></latexit>

L3 ⇥ T msea
⇡ (MeV) m⇡L a (fm)

243 ⇥ 64 305.3 4.54 0.1207(11)

323 ⇥ 96 312.7 4.50 0.0888(8)

483 ⇥ 144 319.3 4.51 0.0582(5)

✤ Finest lattice spacing pion masses range from 0.3 - 1 GeV 

✤ Compute dibaryon energy levels and compare them with 
NI levels



Results in spin-1 sector
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✤ Fitted effective masses subtracted from NI level

✤ Two relevant NI levels 

Spin - 1/2  - red
Spin - 3/2  - green

✤ Clear Indication of level 
below NI- Level

✤ No discretization effects Phys. Rev. Lett. 123, 162003 (2019)



Results in spin-1 sector 

✤ Fitted effective masses subtracted from NI level

✤ Two relevant NI levels 

Spin - 1/2  - red
Spin - 3/2  - green

✤ Clear Indication of level 
below NI- Level

✤ No discretization effects
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Results in spin-1 sector
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✤ Mild discretization for spin - 1/2 charm

✤ No conclusive results for 
<latexit sha1_base64="I1neCvFGkHUqZ9Kyo8L1ibG1lmY=">AAACDXicbVDLSsNAFJ34rPUVdelmsAoupCQi1WVRFy4r2Ac0oUymk3boZBLmIZSQH3Djr7hxoYhb9+78GydtFrb1wIXDOfdy7z1BwqhUjvNjLS2vrK6tlzbKm1vbO7v23n5Lxlpg0sQxi0UnQJIwyklTUcVIJxEERQEj7WB0k/vtRyIkjfmDGifEj9CA05BipIzUs4+9CKkhRiy9zXppoLMz6MEZDeusZ1ecqjMBXCRuQSqgQKNnf3v9GOuIcIUZkrLrOonyUyQUxYxkZU9LkiA8QgPSNZSjiEg/nXyTwROj9GEYC1NcwYn6dyJFkZTjKDCd+Z1y3svF/7yuVuGVn1KeaEU4ni4KNYMqhnk0sE8FwYqNDUFYUHMrxEMkEFYmwLIJwZ1/eZG0zqturVq7v6jUr4s4SuAQHIFT4IJLUAd3oAGaAIMn8ALewLv1bL1aH9bntHXJKmYOwAysr1/4HJwn</latexit>Dbu, Dcu



Results in Singlet sector
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✤ Clear indication of level below NI-level

✤ Flavor symmetric states in bottom-charm sector

Spin-1 cousin state

arXiv:2410.08519



Results in Singlet sector

✤ Flavor symmetric states in charm-strange sector
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✤ No Clear indication of level below NI-level arXiv:2410.08519



Results in Singlet sector

✤ Flavor symmetric states in charm-strange sector
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Heavy quark spin symmetry

✤ Compare of correlation functions of :
<latexit sha1_base64="IB4y2FTRyId+KpdC2DF+Od6Q5FQ=">AAAB+HicbVDJSgNBEK1xjXHJqEcvjUHwIGFGJHoJBL14jMQskAyhp6cnadKz2IsQQ77EiwdFvPop3vwbO8kcNPFBweO9Kqrq+SlnUjnOt7Wyura+sZnbym/v7O4V7P2Dpky0ILRBEp6Ito8l5SymDcUUp+1UUBz5nLb84c3Ubz1SIVkS36tRSr0I92MWMoKVkXp2oV5xzhDqPmgcoHrF7dlFp+TMgJaJm5EiZKj17K9ukBAd0VgRjqXsuE6qvDEWihFOJ/muljTFZIj7tGNojCMqvfHs8Ak6MUqAwkSYihWaqb8nxjiSchT5pjPCaiAXvan4n9fRKrzyxixOtaIxmS8KNUcqQdMUUMAEJYqPDMFEMHMrIgMsMFEmq7wJwV18eZk0z0tuuVS+uyhWr7M4cnAEx3AKLlxCFW6hBg0goOEZXuHNerJerHfrY966YmUzh/AH1ucP+yqRYA==</latexit>

S = 0, S = 1
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<latexit sha1_base64="pX7nT79kAPmEsvWpU3PmusDixT0="></latexit>

MS=1
⌦bb⌦b

�MS=0
⌦bb⌦b

= 70(30) MeV.
<latexit sha1_base64="PXycuHK714LDsBAk7ACWYCjn0bE="></latexit>

MS=1
⌦ccb⌦bcb

�MS=0
⌦ccb⌦bcb

= 2(6) MeV.

✤ Consistent pattern 
<latexit sha1_base64="mvp56LdOX9H7WrpowiMLDfa2WL4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVC+VohePldoP2C4lm2bb0GyyJLNCKf0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v53c2vrG5lZ+u7Czu7d/UDw8ahmVasqaVAmlOyExTHDJmsBBsE6iGYlDwdrh6G7mt5+YNlzJRxgnLIjJQPKIUwJW8hu4ij18gxtVt1csuWV3DrxKvIyUUIZ6r/jV7SuaxkwCFcQY33MTCCZEA6eCTQvd1LCE0BEZMN9SSWJmgsn85Ck+s0ofR0rbkoDn6u+JCYmNGceh7YwJDM2yNxP/8/wUoutgwmWSApN0sShKBQaFZ//jPteMghhbQqjm9lZMh0QTCjalgg3BW355lbQuyl6lXHm4LNVuszjy6ASdonPkoStUQ/eojpqIIoWe0St6c8B5cd6dj0VrzslmjtEfOJ8/GBuPMg==</latexit>

S = 1 > S = 0



New phenomenology ?

✤ Deepening of binding energy as 
bottom quark becomes heavier

✤ Indicative of new mechanism 
of binding for heavy quarks ?
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Charm sector

≠clc≠clc

≠llc≠clc

✤ Binding energy at unphysically heavy charm quarks   



Outlook

✤ Bound states in spin-1 and spin-0 states of charm-bottom
<latexit sha1_base64="LHXL317/41O30g1oUkwyoZe3WyM=">AAACF3icbVDJSgNBEO1xjXGLevTSGIR4MMy4RA8KAXPwIkQwiZAJoadT0SY9C901YhjmL7z4K148KOJVb/6NneWgxgcFj/eqqKrnRVJotO0va2p6ZnZuPrOQXVxaXlnNra3XdRgrDjUeylBde0yDFAHUUKCE60gB8z0JDa93NvAbd6C0CIMr7EfQ8tlNILqCMzRSO1d0KyCRUddneMuZTCppO/F4Sk/p7uFewdnfoS51Ee4xuYB62s7l7aI9BJ0kzpjkyRjVdu7T7YQ89iFALpnWTceOsJUwhYJLSLNurCFivMduoGlowHzQrWT4V0q3jdKh3VCZCpAO1Z8TCfO17vue6Rycr/96A/E/rxlj97iViCCKEQI+WtSNJcWQDkKiHaGAo+wbwrgS5lbKb5liHE2UWROC8/flSVLfKzqlYunyIF8+GceRIZtkixSIQ45ImZyTKqkRTh7IE3khr9aj9Wy9We+j1ilrPLNBfsH6+AYIFJ3z</latexit>

�Dbc = �52(13) MeV
<latexit sha1_base64="xS4E4bCgfKUSs1WSaJB8uWsPL1k=">AAACF3icbVDLSgNBEJyN7/iKevQyGAQ9GHaj+AAFwRy8CBFMDGRDmJ10ksHZBzO9Ylj2L7z4K148KOJVb/6NszEHjRY0FFXddHd5kRQabfvTyk1MTk3PzM7l5xcWl5YLK6t1HcaKQ42HMlQNj2mQIoAaCpTQiBQw35Nw7d2cZf71LSgtwuAKBxG0fNYLRFdwhkZqF0puBSQy6voM+5zJpJK2E0+n9ITulI+2nN1t6lIX4Q6TC6in7ULRLtlD0L/EGZEiGaHaLny4nZDHPgTIJdO66dgRthKmUHAJad6NNUSM37AeNA0NmA+6lQz/SummUTq0GypTAdKh+nMiYb7WA98zndn5etzLxP+8Zozdw1YigihGCPj3om4sKYY0C4l2hAKOcmAI40qYWynvM8U4mijzJgRn/OW/pF4uOful/cu94unxKI5Zsk42yBZxyAE5JeekSmqEk3vySJ7Ji/VgPVmv1tt3a84azayRX7DevwAoJZ4H</latexit>

�Dbs = �29(13) MeV

<latexit sha1_base64="jEpKzyl05EPDt0BsniFJITi05zk="></latexit>

�E⌦bcb⌦bcb = �66(11) MeV
<latexit sha1_base64="xZk241kViGAD1XlGlxF8tJ0tL1A="></latexit>

�E⌦ccb⌦bcb = �48(13) MeV

✤ No clear indication in bottom-strange and charm-strange

✤ Trend of deepening of binding energy with heavy quark mass

✤ Perhaps evidence of new phenomenology … ?



Continuous temperature 
sampling in Lattice QCD

Phys. Rev. D 104, 014502 (2021)



Motivation
✤ Consider a lattice calculation of

<latexit sha1_base64="G6eMVoBDSrRpqrR1V+kcWltGKLU=">AAACCnicbVA9SwNBEN3zM8avqKXNahCswp1ItAza2BnBfEAuhLnNJFmyt3fs7gnhSG3jX7GxUMTWX2Dnv3EvSaGJDwYe780wMy+IBdfGdb+dpeWV1bX13EZ+c2t7Z7ewt1/XUaIY1lgkItUMQKPgEmuGG4HNWCGEgcBGMLzO/MYDKs0jeW9GMbZD6Eve4wyMlTqFI1+A7AukfghmwECkt+OOH6AB6quJ0ykU3ZI7AV0k3owUyQzVTuHL70YsCVEaJkDrlufGpp2CMpwJHOf9RGMMbAh9bFkqIUTdTievjOmJVbq0Fylb0tCJ+nsihVDrURjYzuxgPe9l4n9eKzG9y3bKZZwYlGy6qJcIaiKa5UK7XCEzYmQJMMXtrZQNQAEzNr28DcGbf3mR1M9KXrlUvjsvVq5mceTIITkmp8QjF6RCbkiV1Agjj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+AGGLmrg=</latexit>

hO�i

<latexit sha1_base64="2LsoPX0qtIJ1rWZ3InsjLtGgYfA="></latexit>

hO�i =
1

Z

Z
DUe��S[U ]

O[U ]
Single coupling 
corresponds to a 
single temperature

✤ We are interested in the temperature and cutoff dependence



Motivation
✤ Consider a lattice calculation of

<latexit sha1_base64="G6eMVoBDSrRpqrR1V+kcWltGKLU=">AAACCnicbVA9SwNBEN3zM8avqKXNahCswp1ItAza2BnBfEAuhLnNJFmyt3fs7gnhSG3jX7GxUMTWX2Dnv3EvSaGJDwYe780wMy+IBdfGdb+dpeWV1bX13EZ+c2t7Z7ewt1/XUaIY1lgkItUMQKPgEmuGG4HNWCGEgcBGMLzO/MYDKs0jeW9GMbZD6Eve4wyMlTqFI1+A7AukfghmwECkt+OOH6AB6quJ0ykU3ZI7AV0k3owUyQzVTuHL70YsCVEaJkDrlufGpp2CMpwJHOf9RGMMbAh9bFkqIUTdTievjOmJVbq0Fylb0tCJ+nsihVDrURjYzuxgPe9l4n9eKzG9y3bKZZwYlGy6qJcIaiKa5UK7XCEzYmQJMMXtrZQNQAEzNr28DcGbf3mR1M9KXrlUvjsvVq5mceTIITkmp8QjF6RCbkiV1Agjj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+AGGLmrg=</latexit>

hO�i

<latexit sha1_base64="2LsoPX0qtIJ1rWZ3InsjLtGgYfA="></latexit>

hO�i =
1

Z

Z
DUe��S[U ]

O[U ]
Single coupling 
corresponds to a 
single temperature

Simulate at every 
temperature and 
cutoff

Could be 
expensive if the 
temperature range 
is really large

Perhaps there is a better way ?



Temperature reweighting

✤ A novel way …. Sample temperatures continuously

✤ Employ a reweighting in temperature at a fixed cutoff

Could be very 
cost effective



Temperature reweighting
✤ Consider a lattice calculation of

<latexit sha1_base64="G6eMVoBDSrRpqrR1V+kcWltGKLU=">AAACCnicbVA9SwNBEN3zM8avqKXNahCswp1ItAza2BnBfEAuhLnNJFmyt3fs7gnhSG3jX7GxUMTWX2Dnv3EvSaGJDwYe780wMy+IBdfGdb+dpeWV1bX13EZ+c2t7Z7ewt1/XUaIY1lgkItUMQKPgEmuGG4HNWCGEgcBGMLzO/MYDKs0jeW9GMbZD6Eve4wyMlTqFI1+A7AukfghmwECkt+OOH6AB6quJ0ykU3ZI7AV0k3owUyQzVTuHL70YsCVEaJkDrlufGpp2CMpwJHOf9RGMMbAh9bFkqIUTdTievjOmJVbq0Fylb0tCJ+nsihVDrURjYzuxgPe9l4n9eKzG9y3bKZZwYlGy6qJcIaiKa5UK7XCEzYmQJMMXtrZQNQAEzNr28DcGbf3mR1M9KXrlUvjsvVq5mceTIITkmp8QjF6RCbkiV1Agjj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+AGGLmrg=</latexit>

hO�i

<latexit sha1_base64="2LsoPX0qtIJ1rWZ3InsjLtGgYfA="></latexit>

hO�i =
1

Z

Z
DUe��S[U ]

O[U ]

<latexit sha1_base64="rcqxe7q/ASCpayFmXabXZoBuZuQ=">AAACG3icbVDLSgMxFM34rPU16tJNsAhuLDNFqhuhqAuXFZ222BlLJr1tQzMPkoxQhvkPN/6KGxeKuBJc+DemD0RbDwQO59xLzj1+zJlUlvVlzM0vLC4t51byq2vrG5vm1nZNRomg4NCIR6LhEwmcheAopjg0YgEk8DnU/f750K/fg5AsCm/UIAYvIN2QdRglSksts+QGRPUo4elthk+xy0KFf6SLDDsYw1166PqgCL5uOl6GW2bBKloj4FliT0gBTVBtmR9uO6JJAKGinEjZtK1YeSkRilEOWd5NJMSE9kkXmpqGJADppaPbMryvlTbuREI/nW2k/t5ISSDlIPD15DC2nPaG4n9eM1GdEy9lYZwoCOn4o07CsYrwsCjcZgKo4gNNCBVMZ8W0RwShSteZ1yXY0yfPklqpaJeL5aujQuVsUkcO7aI9dIBsdIwq6BJVkYMoekBP6AW9Go/Gs/FmvI9H54zJzg76A+PzG/dqoB0=</latexit>

Z =

Z
DUe��S[U ]



Temperature reweighting
✤ Consider a lattice calculation of

<latexit sha1_base64="G6eMVoBDSrRpqrR1V+kcWltGKLU=">AAACCnicbVA9SwNBEN3zM8avqKXNahCswp1ItAza2BnBfEAuhLnNJFmyt3fs7gnhSG3jX7GxUMTWX2Dnv3EvSaGJDwYe780wMy+IBdfGdb+dpeWV1bX13EZ+c2t7Z7ewt1/XUaIY1lgkItUMQKPgEmuGG4HNWCGEgcBGMLzO/MYDKs0jeW9GMbZD6Eve4wyMlTqFI1+A7AukfghmwECkt+OOH6AB6quJ0ykU3ZI7AV0k3owUyQzVTuHL70YsCVEaJkDrlufGpp2CMpwJHOf9RGMMbAh9bFkqIUTdTievjOmJVbq0Fylb0tCJ+nsihVDrURjYzuxgPe9l4n9eKzG9y3bKZZwYlGy6qJcIaiKa5UK7XCEzYmQJMMXtrZQNQAEzNr28DcGbf3mR1M9KXrlUvjsvVq5mceTIITkmp8QjF6RCbkiV1Agjj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+AGGLmrg=</latexit>

hO�i

<latexit sha1_base64="2LsoPX0qtIJ1rWZ3InsjLtGgYfA="></latexit>

hO�i =
1

Z

Z
DUe��S[U ]

O[U ]

<latexit sha1_base64="rcqxe7q/ASCpayFmXabXZoBuZuQ=">AAACG3icbVDLSgMxFM34rPU16tJNsAhuLDNFqhuhqAuXFZ222BlLJr1tQzMPkoxQhvkPN/6KGxeKuBJc+DemD0RbDwQO59xLzj1+zJlUlvVlzM0vLC4t51byq2vrG5vm1nZNRomg4NCIR6LhEwmcheAopjg0YgEk8DnU/f750K/fg5AsCm/UIAYvIN2QdRglSksts+QGRPUo4elthk+xy0KFf6SLDDsYw1166PqgCL5uOl6GW2bBKloj4FliT0gBTVBtmR9uO6JJAKGinEjZtK1YeSkRilEOWd5NJMSE9kkXmpqGJADppaPbMryvlTbuREI/nW2k/t5ISSDlIPD15DC2nPaG4n9eM1GdEy9lYZwoCOn4o07CsYrwsCjcZgKo4gNNCBVMZ8W0RwShSteZ1yXY0yfPklqpaJeL5aujQuVsUkcO7aI9dIBsdIwq6BJVkYMoekBP6AW9Go/Gs/FmvI9H54zJzg76A+PzG/dqoB0=</latexit>

Z =

Z
DUe��S[U ]

<latexit sha1_base64="ixwgwcP90OfFzMLt77tYA3Z5t1s="></latexit>︸︷︷︸ <latexit sha1_base64="ixwgwcP90OfFzMLt77tYA3Z5t1s="></latexit>︸︷︷︸

Single     simulates single temperature
<latexit sha1_base64="70lLMPLx7Mn8duaeTWcRM/zSQaw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ74cc6aBac+vuAuQv8QpSgwKtQfWzP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkzCpDEiXalkKyUH9O5DQ2ZhqHtjOmODar3lz8z+tlGF0HuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urLf0n7ou416o37y1rzpoijDCdwCufgwRU04Q5a4AMDAU/wAq+Ocp6dN+d92Vpyiplj+AXn4xvHaI6v</latexit>

�

Action histogram 
approx gaussian



Temperature reweighting
✤ Consider a lattice calculation of

<latexit sha1_base64="G6eMVoBDSrRpqrR1V+kcWltGKLU=">AAACCnicbVA9SwNBEN3zM8avqKXNahCswp1ItAza2BnBfEAuhLnNJFmyt3fs7gnhSG3jX7GxUMTWX2Dnv3EvSaGJDwYe780wMy+IBdfGdb+dpeWV1bX13EZ+c2t7Z7ewt1/XUaIY1lgkItUMQKPgEmuGG4HNWCGEgcBGMLzO/MYDKs0jeW9GMbZD6Eve4wyMlTqFI1+A7AukfghmwECkt+OOH6AB6quJ0ykU3ZI7AV0k3owUyQzVTuHL70YsCVEaJkDrlufGpp2CMpwJHOf9RGMMbAh9bFkqIUTdTievjOmJVbq0Fylb0tCJ+nsihVDrURjYzuxgPe9l4n9eKzG9y3bKZZwYlGy6qJcIaiKa5UK7XCEzYmQJMMXtrZQNQAEzNr28DcGbf3mR1M9KXrlUvjsvVq5mceTIITkmp8QjF6RCbkiV1Agjj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+AGGLmrg=</latexit>

hO�i

<latexit sha1_base64="2LsoPX0qtIJ1rWZ3InsjLtGgYfA="></latexit>

hO�i =
1

Z

Z
DUe��S[U ]

O[U ]

<latexit sha1_base64="rcqxe7q/ASCpayFmXabXZoBuZuQ=">AAACG3icbVDLSgMxFM34rPU16tJNsAhuLDNFqhuhqAuXFZ222BlLJr1tQzMPkoxQhvkPN/6KGxeKuBJc+DemD0RbDwQO59xLzj1+zJlUlvVlzM0vLC4t51byq2vrG5vm1nZNRomg4NCIR6LhEwmcheAopjg0YgEk8DnU/f750K/fg5AsCm/UIAYvIN2QdRglSksts+QGRPUo4elthk+xy0KFf6SLDDsYw1166PqgCL5uOl6GW2bBKloj4FliT0gBTVBtmR9uO6JJAKGinEjZtK1YeSkRilEOWd5NJMSE9kkXmpqGJADppaPbMryvlTbuREI/nW2k/t5ISSDlIPD15DC2nPaG4n9eM1GdEy9lYZwoCOn4o07CsYrwsCjcZgKo4gNNCBVMZ8W0RwShSteZ1yXY0yfPklqpaJeL5aujQuVsUkcO7aI9dIBsdIwq6BJVkYMoekBP6AW9Go/Gs/FmvI9H54zJzg76A+PzG/dqoB0=</latexit>

Z =

Z
DUe��S[U ]

<latexit sha1_base64="ixwgwcP90OfFzMLt77tYA3Z5t1s="></latexit>︸︷︷︸ <latexit sha1_base64="ixwgwcP90OfFzMLt77tYA3Z5t1s="></latexit>︸︷︷︸

Single     simulates single temperature
<latexit sha1_base64="70lLMPLx7Mn8duaeTWcRM/zSQaw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ74cc6aBac+vuAuQv8QpSgwKtQfWzP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkzCpDEiXalkKyUH9O5DQ2ZhqHtjOmODar3lz8z+tlGF0HuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urLf0n7ou416o37y1rzpoijDCdwCufgwRU04Q5a4AMDAU/wAq+Ocp6dN+d92Vpyiplj+AXn4xvHaI6v</latexit>

�

Action histogram 
approx gaussian

To simulate continuous 
temperatures, simulate 
continuous 

<latexit sha1_base64="70lLMPLx7Mn8duaeTWcRM/zSQaw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ74cc6aBac+vuAuQv8QpSgwKtQfWzP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkzCpDEiXalkKyUH9O5DQ2ZhqHtjOmODar3lz8z+tlGF0HuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urLf0n7ou416o37y1rzpoijDCdwCufgwRU04Q5a4AMDAU/wAq+Ocp6dN+d92Vpyiplj+AXn4xvHaI6v</latexit>

�



Temperature reweighting
✤ Consider a lattice calculation of

<latexit sha1_base64="G6eMVoBDSrRpqrR1V+kcWltGKLU=">AAACCnicbVA9SwNBEN3zM8avqKXNahCswp1ItAza2BnBfEAuhLnNJFmyt3fs7gnhSG3jX7GxUMTWX2Dnv3EvSaGJDwYe780wMy+IBdfGdb+dpeWV1bX13EZ+c2t7Z7ewt1/XUaIY1lgkItUMQKPgEmuGG4HNWCGEgcBGMLzO/MYDKs0jeW9GMbZD6Eve4wyMlTqFI1+A7AukfghmwECkt+OOH6AB6quJ0ykU3ZI7AV0k3owUyQzVTuHL70YsCVEaJkDrlufGpp2CMpwJHOf9RGMMbAh9bFkqIUTdTievjOmJVbq0Fylb0tCJ+nsihVDrURjYzuxgPe9l4n9eKzG9y3bKZZwYlGy6qJcIaiKa5UK7XCEzYmQJMMXtrZQNQAEzNr28DcGbf3mR1M9KXrlUvjsvVq5mceTIITkmp8QjF6RCbkiV1Agjj+SZvJI358l5cd6dj2nrkjObOSB/4Hz+AGGLmrg=</latexit>

hO�i

<latexit sha1_base64="2LsoPX0qtIJ1rWZ3InsjLtGgYfA="></latexit>

hO�i =
1

Z

Z
DUe��S[U ]

O[U ]

<latexit sha1_base64="rcqxe7q/ASCpayFmXabXZoBuZuQ=">AAACG3icbVDLSgMxFM34rPU16tJNsAhuLDNFqhuhqAuXFZ222BlLJr1tQzMPkoxQhvkPN/6KGxeKuBJc+DemD0RbDwQO59xLzj1+zJlUlvVlzM0vLC4t51byq2vrG5vm1nZNRomg4NCIR6LhEwmcheAopjg0YgEk8DnU/f750K/fg5AsCm/UIAYvIN2QdRglSksts+QGRPUo4elthk+xy0KFf6SLDDsYw1166PqgCL5uOl6GW2bBKloj4FliT0gBTVBtmR9uO6JJAKGinEjZtK1YeSkRilEOWd5NJMSE9kkXmpqGJADppaPbMryvlTbuREI/nW2k/t5ISSDlIPD15DC2nPaG4n9eM1GdEy9lYZwoCOn4o07CsYrwsCjcZgKo4gNNCBVMZ8W0RwShSteZ1yXY0yfPklqpaJeL5aujQuVsUkcO7aI9dIBsdIwq6BJVkYMoekBP6AW9Go/Gs/FmvI9H54zJzg76A+PzG/dqoB0=</latexit>

Z =

Z
DUe��S[U ]

✤ Replace the weight 
<latexit sha1_base64="r4hAX++IgSJpPTqoJzDjHAPTGW0=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2E2gjYvWIkwT8iA2VCAVnaKV2LwBk9KFfrrhVdw66SrycVEiORr/81RvEPI1AIZfMmK7nJuhnTKPgEqalXmogYXzMhtC1VLEIjJ/Nz53SM6sMaBhrWwrpXP09kbHImEkU2M6I4cgsezPxP6+bYnjtZ0IlKYLii0VhKinGdPY7HQgNHOXEEsa1sLdSPmKacbQJlWwI3vLLq6R1UfVq1dr9ZaV+k8dRJCfklJwTj1yROrkjDdIknIzJM3klb07ivDjvzseiteDkM8fkD5zPH8OtjzY=</latexit>

�S
<latexit sha1_base64="rcqxe7q/ASCpayFmXabXZoBuZuQ=">AAACG3icbVDLSgMxFM34rPU16tJNsAhuLDNFqhuhqAuXFZ222BlLJr1tQzMPkoxQhvkPN/6KGxeKuBJc+DemD0RbDwQO59xLzj1+zJlUlvVlzM0vLC4t51byq2vrG5vm1nZNRomg4NCIR6LhEwmcheAopjg0YgEk8DnU/f750K/fg5AsCm/UIAYvIN2QdRglSksts+QGRPUo4elthk+xy0KFf6SLDDsYw1166PqgCL5uOl6GW2bBKloj4FliT0gBTVBtmR9uO6JJAKGinEjZtK1YeSkRilEOWd5NJMSE9kkXmpqGJADppaPbMryvlTbuREI/nW2k/t5ISSDlIPD15DC2nPaG4n9eM1GdEy9lYZwoCOn4o07CsYrwsCjcZgKo4gNNCBVMZ8W0RwShSteZ1yXY0yfPklqpaJeL5aujQuVsUkcO7aI9dIBsdIwq6BJVkYMoekBP6AW9Go/Gs/FmvI9H54zJzg76A+PzG/dqoB0=</latexit>

Z =

Z
DUe��S[U ]

<latexit sha1_base64="ihBqcv0NwFu8Y0AZSuDEVfDYg/0=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpDFQJQoWxAgbGIuhDakLluE5r1XEi20Gqoiws/AoLAwix8g9s/A1OmwFajmTp6Jx75XOPFzEqlWV9G4WFxaXlleJqaW19Y3PL3N5pyTAWmDRxyELR8ZAkjHLSVFQx0okEQYHHSNsbXWZ++4EISUN+p8YRcQM04NSnGCkt9cx9h3IFnQCpIUYsuUphE5L75LhduT1Ke2bZqloTwHli56QMcjR65pfTD3EcEK4wQ1J2bStSboKEopiRtOTEkkQIj9CAdDXlKCDSTSZXpPBQK33oh0I/nWmi/t5IUCDlOPD0ZBZXznqZ+J/XjZV/7iaUR7EiHE8/8mMGVQizSmCfCoIVG2uCsKA6K8RDJBBWuriSLsGePXmetE6qdq1auzkt1y/yOopgDxyACrDBGaiDa9AATYDBI3gGr+DNeDJejHfjYzpaMPKdXfAHxucPz4aXfw==</latexit>Z
DUe�W (S)

<latexit sha1_base64="Xzy6ZjAjv6KZqpsS9vNlqJlTBoE=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoRgl48RmIekKxhdtJJhsw+mJlVwpL/8OJBEa/+izf/xkmyB00saCiquunu8iLBlbbtbyuzsrq2vpHdzG1t7+zu5fcPGiqMJcM6C0UoWx5VKHiAdc21wFYkkfqewKY3upn6zUeUiofBvR5H6Pp0EPA+Z1Qb6aFZrJ2SK9LxUFNS6+YLdsmegSwTJyUFSFHt5r86vZDFPgaaCapU27Ej7SZUas4ETnKdWGFE2YgOsG1oQH1UbjK7ekJOjNIj/VCaCjSZqb8nEuorNfY90+lTPVSL3lT8z2vHun/pJjyIYo0Bmy/qx4LokEwjID0ukWkxNoQyyc2thA2ppEyboHImBGfx5WXSOCs55VL57rxQuU7jyMIRHEMRHLiACtxCFerAQMIzvMKb9WS9WO/Wx7w1Y6Uzh/AH1ucPD+GQ9A==</latexit>

W (S) = �S

<latexit sha1_base64="drpy+CJCoQgWYYXJ5VIcWkCERBI=">AAACI3icbVBNS8NAFNz4bf2KevSyWAS9lESkiiCIXjxWam2hiWWzfdGlu0nY3Qgl5L948a948aAULx78L27aHNQ6sDDMzGPfmyDhTGnH+bRmZufmFxaXlisrq2vrG/bm1q2KU0mhRWMey05AFHAWQUszzaGTSCAi4NAOBpeF334EqVgc3ehhAr4g9xELGSXaSD37tH3nJZIJ2G8e4DPshZLQzBNEP0iR9XPcNnr+U2jmRSwATXp21ak5Y+Bp4pakiko0evbI68c0FRBpyolSXddJtJ8RqRnlkFe8VEFC6IDcQ9fQiAhQfja+Mcd7RunjMJbmRRqP1Z8TGRFKDUVgksWy6q9XiP953VSHJ37GoiTVENHJR2HKsY5xURjuMwlU86EhhEpmdsX0gZiatKm1Ykpw/548TW4Pa269Vr8+qp5flHUsoR20i/aRi47RObpCDdRCFD2hF/SG3q1n69UaWR+T6IxVzmyjX7C+vgGu4KO2</latexit>

W 0(S) =
dW (S)

dS
= �

Continuous 
temperatures 

Continuous 
gauge couplings

Continuous
<latexit sha1_base64="a34b8v3h1v9xEhz1f+tfZmMLjjo=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVqR6LXjxWtB/QXUs2zbahyW5IskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8UHKmjet+Oyura+sbm4Wt4vbO7t5+6eCwpZNUEdokCU9UJ8SachbTpmGG045UFIuQ03Y4upn67SeqNEviBzOWNBB4ELOIEWys5LcffamYoJX7M9Qrld2qOwNaJl5OypCj0St9+f2EpILGhnCsdddzpQkyrAwjnE6KfqqpxGSEB7RraYwF1UE2u3mCTq3SR1GibMUGzdTfExkWWo9FaDsFNkO96E3F/7xuaqKrIGOxTA2NyXxRlHJkEjQNAPWZosTwsSWYKGZvRWSIFSbGxlS0IXiLLy+T1nnVq1Vrdxfl+nUeRwGO4QQq4MEl1OEWGtAEAhKe4RXenNR5cd6dj3nripPPHMEfOJ8/3guQ7w==</latexit>

W 0(S)



Temperature reweighting

S

W
0 [S

]

Ø

Smin Smax

✤ Single temperature/coupling MC



Temperature reweighting

✤ Single temperature/coupling MC

S

W
0 [S

]

Ø

Ømax

Ømin

Smin Smax

✤ Define a range of continuous temperatures



Temperature reweighting

✤ Single temperature/coupling MC

S

W
0 [S

]

Ø

Ømax

Ømin

Smin Smax

✤ Continuous sampling of S, then samples continuous 
<latexit sha1_base64="70lLMPLx7Mn8duaeTWcRM/zSQaw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ74cc6aBac+vuAuQv8QpSgwKtQfWzP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkzCpDEiXalkKyUH9O5DQ2ZhqHtjOmODar3lz8z+tlGF0HuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urLf0n7ou416o37y1rzpoijDCdwCufgwRU04Q5a4AMDAU/wAq+Ocp6dN+d92Vpyiplj+AXn4xvHaI6v</latexit>

�



Temperature reweighting

✤ Single temperature/coupling MC

S

W
0 [S

]

Ø

Ømax

Ømin

Smin Smax

✤ Computing           from     
<latexit sha1_base64="pbl+9i6DertSpWcdcEO94Udbbuk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahbkoiUl0W3bisYB/YhDCZ3rRDJ5MwMxFqKP6KGxeKuPU/3Pk3TtostHpg4HDOvdwzJ0gYlcq2v4zS0vLK6lp5vbKxubW9Y+7udWScCgJtErNY9AIsgVEObUUVg14iAEcBg24wvsr97j0ISWN+qyYJeBEechpSgpWWfPPAjbAaEcyyu2nNDUBh3z7xzapdt2ew/hKnIFVUoOWbn+4gJmkEXBGGpew7dqK8DAtFCYNpxU0lJJiM8RD6mnIcgfSyWfqpdayVgRXGQj+urJn6cyPDkZSTKNCTeVa56OXif14/VeGFl1GepAo4mR8KU2ap2MqrsAZUAFFsogkmguqsFhlhgYnShVV0Cc7il/+SzmndadQbN2fV5mVRRxkdoiNUQw46R010jVqojQh6QE/oBb0aj8az8Wa8z0dLRrGzj37B+PgG45mU3g==</latexit>

Z(�0)

<latexit sha1_base64="ihBqcv0NwFu8Y0AZSuDEVfDYg/0=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpDFQJQoWxAgbGIuhDakLluE5r1XEi20Gqoiws/AoLAwix8g9s/A1OmwFajmTp6Jx75XOPFzEqlWV9G4WFxaXlleJqaW19Y3PL3N5pyTAWmDRxyELR8ZAkjHLSVFQx0okEQYHHSNsbXWZ++4EISUN+p8YRcQM04NSnGCkt9cx9h3IFnQCpIUYsuUphE5L75LhduT1Ke2bZqloTwHli56QMcjR65pfTD3EcEK4wQ1J2bStSboKEopiRtOTEkkQIj9CAdDXlKCDSTSZXpPBQK33oh0I/nWmi/t5IUCDlOPD0ZBZXznqZ+J/XjZV/7iaUR7EiHE8/8mMGVQizSmCfCoIVG2uCsKA6K8RDJBBWuriSLsGePXmetE6qdq1auzkt1y/yOopgDxyACrDBGaiDa9AATYDBI3gGr+DNeDJejHfjYzpaMPKdXfAHxucPz4aXfw==</latexit>Z
DUe�W (S) Assuming W(s) is known

<latexit sha1_base64="oNUamETy+nYP6WsrQXpkFnSisWY="></latexit>

Z(�0) =

Z
DUe�W (S) eW (S)��0S

<latexit sha1_base64="rdzBXdkUyaic4/8Q7wKa/p1RDtg=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUgSpBqDBWsDAWQR9SEyLHvWmtOg/ZDlIV9RNY+BUWBhBiZWTjb3DbDFA40pWOz7lXvvf4CWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2WjFNBoUljHouOTyRwFkFTMcWhkwggoc+h7Q8vJ377HoRkcXSrRgm4IelHLGCUKC155qGTiDhRMXZkGnrMwXCXtSs3Hjs6xo4PingW1q+xZ5atqjUF/kvsnJRRjoZnfjq9mKYhRIpyImXXthLlZkQoRjmMS04qISF0SPrQ1TQiIUg3mx40xgda6eEgFroihafqz4mMhFKOQl93hkQN5Lw3Ef/zuqkKzt2MRUmqIKKzj4KUYx3AJB3cYwKo4iNNCBVM74rpgAhClc6wpEOw50/+S1onVbtWrV2flusXeRxFtIf2UQXZ6AzV0RVqoCai6AE9oRf0ajwaz8ab8T5rLRj5zC76BePjG+dpm94=</latexit>

/
X

i

eW (Si)��0Si

✤ Overall normalization unknown

✤ Regularisation issues with 
<latexit sha1_base64="pbl+9i6DertSpWcdcEO94Udbbuk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahbkoiUl0W3bisYB/YhDCZ3rRDJ5MwMxFqKP6KGxeKuPU/3Pk3TtostHpg4HDOvdwzJ0gYlcq2v4zS0vLK6lp5vbKxubW9Y+7udWScCgJtErNY9AIsgVEObUUVg14iAEcBg24wvsr97j0ISWN+qyYJeBEechpSgpWWfPPAjbAaEcyyu2nNDUBh3z7xzapdt2ew/hKnIFVUoOWbn+4gJmkEXBGGpew7dqK8DAtFCYNpxU0lJJiM8RD6mnIcgfSyWfqpdayVgRXGQj+urJn6cyPDkZSTKNCTeVa56OXif14/VeGFl1GepAo4mR8KU2ap2MqrsAZUAFFsogkmguqsFhlhgYnShVV0Cc7il/+SzmndadQbN2fV5mVRRxkdoiNUQw46R010jVqojQh6QE/oBb0aj8az8Wa8z0dLRrGzj37B+PgG45mU3g==</latexit>

Z(�0)



Topological Susceptibility
✤ Compute QCD              at high temperatures : 

<latexit sha1_base64="j922Seyy/BBlyVIRiy0OycPhM2M=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoiUl0W3bisYB/QhDCZTtqhkwczN0IJBTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1+IrgCy/o2Siura+sb5c3K1vbO7p65f9BRcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x/f5H73gUnF4+geJglzQzKMeMApAS155pFDR9zLnJDASIYZxMl0WnN8BuTMM6tW3ZoBLxO7IFVUoOWZX84gpmnIIqCCKNW3rQTcjEjgVLBpxUkVSwgdkyHraxqRkCk3m/0wxadaGeAglroiwDP190RGQqUmoa8781vVopeL/3n9FIIrN+NRkgKL6HxRkAoMMc4DwQMuGQUx0YRQyfWtmI6IJBR0bBUdgr348jLpnNftRr1xd1FtXhdxlNExOkE1ZKNL1ES3qIXaiKJH9Ixe0ZvxZLwY78bHvLVkFDOH6A+Mzx+JZ5ga</latexit>

�top(�)
<latexit sha1_base64="A0d3rpsLVy4vktm9XNJAhVGweBk="></latexit>

�top(�)a
4(�) =

1

VL

Z1(�)

Z0(�)



Topological Susceptibility
✤ Compute QCD              at high temperatures : 

<latexit sha1_base64="j922Seyy/BBlyVIRiy0OycPhM2M=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoiUl0W3bisYB/QhDCZTtqhkwczN0IJBTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1+IrgCy/o2Siura+sb5c3K1vbO7p65f9BRcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x/f5H73gUnF4+geJglzQzKMeMApAS155pFDR9zLnJDASIYZxMl0WnN8BuTMM6tW3ZoBLxO7IFVUoOWZX84gpmnIIqCCKNW3rQTcjEjgVLBpxUkVSwgdkyHraxqRkCk3m/0wxadaGeAglroiwDP190RGQqUmoa8781vVopeL/3n9FIIrN+NRkgKL6HxRkAoMMc4DwQMuGQUx0YRQyfWtmI6IJBR0bBUdgr348jLpnNftRr1xd1FtXhdxlNExOkE1ZKNL1ES3qIXaiKJH9Ixe0ZvxZLwY78bHvLVkFDOH6A+Mzx+JZ5ga</latexit>

�top(�)
<latexit sha1_base64="A0d3rpsLVy4vktm9XNJAhVGweBk="></latexit>

�top(�)a
4(�) =

1

VL

Z1(�)

Z0(�)

✤ Computing ratios of  
<latexit sha1_base64="j922Seyy/BBlyVIRiy0OycPhM2M=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoiUl0W3bisYB/QhDCZTtqhkwczN0IJBTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1+IrgCy/o2Siura+sb5c3K1vbO7p65f9BRcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x/f5H73gUnF4+geJglzQzKMeMApAS155pFDR9zLnJDASIYZxMl0WnN8BuTMM6tW3ZoBLxO7IFVUoOWZX84gpmnIIqCCKNW3rQTcjEjgVLBpxUkVSwgdkyHraxqRkCk3m/0wxadaGeAglroiwDP190RGQqUmoa8781vVopeL/3n9FIIrN+NRkgKL6HxRkAoMMc4DwQMuGQUx0YRQyfWtmI6IJBR0bBUdgr348jLpnNftRr1xd1FtXhdxlNExOkE1ZKNL1ES3qIXaiKJH9Ixe0ZvxZLwY78bHvLVkFDOH6A+Mzx+JZ5ga</latexit>

�top(�)

<latexit sha1_base64="pl2T1L0Pyl+Qw+DKAKw8/CRmN6o="></latexit>

�top(�1)a4(�1)

�top(�2)a4(�2)
=

Z1(�1)

Z1(�2)

Z0(�2)

Z0(�1)
<latexit sha1_base64="ixwgwcP90OfFzMLt77tYA3Z5t1s="></latexit>︸︷︷︸ <latexit sha1_base64="ixwgwcP90OfFzMLt77tYA3Z5t1s="></latexit>︸︷︷︸

Allows for two single 
topology simulations



Topological Susceptibility
✤ Compute QCD              at high temperatures : 

<latexit sha1_base64="j922Seyy/BBlyVIRiy0OycPhM2M=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoiUl0W3bisYB/QhDCZTtqhkwczN0IJBTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1+IrgCy/o2Siura+sb5c3K1vbO7p65f9BRcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x/f5H73gUnF4+geJglzQzKMeMApAS155pFDR9zLnJDASIYZxMl0WnN8BuTMM6tW3ZoBLxO7IFVUoOWZX84gpmnIIqCCKNW3rQTcjEjgVLBpxUkVSwgdkyHraxqRkCk3m/0wxadaGeAglroiwDP190RGQqUmoa8781vVopeL/3n9FIIrN+NRkgKL6HxRkAoMMc4DwQMuGQUx0YRQyfWtmI6IJBR0bBUdgr348jLpnNftRr1xd1FtXhdxlNExOkE1ZKNL1ES3qIXaiKJH9Ixe0ZvxZLwY78bHvLVkFDOH6A+Mzx+JZ5ga</latexit>

�top(�)
<latexit sha1_base64="A0d3rpsLVy4vktm9XNJAhVGweBk="></latexit>

�top(�)a
4(�) =

1

VL

Z1(�)

Z0(�)

✤ Computing ratios of  
<latexit sha1_base64="j922Seyy/BBlyVIRiy0OycPhM2M=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoiUl0W3bisYB/QhDCZTtqhkwczN0IJBTf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1+IrgCy/o2Siura+sb5c3K1vbO7p65f9BRcSopa9NYxLLnE8UEj1gbOAjWSyQjoS9Y1x/f5H73gUnF4+geJglzQzKMeMApAS155pFDR9zLnJDASIYZxMl0WnN8BuTMM6tW3ZoBLxO7IFVUoOWZX84gpmnIIqCCKNW3rQTcjEjgVLBpxUkVSwgdkyHraxqRkCk3m/0wxadaGeAglroiwDP190RGQqUmoa8781vVopeL/3n9FIIrN+NRkgKL6HxRkAoMMc4DwQMuGQUx0YRQyfWtmI6IJBR0bBUdgr348jLpnNftRr1xd1FtXhdxlNExOkE1ZKNL1ES3qIXaiKJH9Ixe0ZvxZLwY78bHvLVkFDOH6A+Mzx+JZ5ga</latexit>

�top(�)

<latexit sha1_base64="pl2T1L0Pyl+Qw+DKAKw8/CRmN6o="></latexit>

�top(�1)a4(�1)

�top(�2)a4(�2)
=

Z1(�1)

Z1(�2)

Z0(�2)

Z0(�1)

✤ Temperature reweighting :
<latexit sha1_base64="YLMr6xLTSFhTOC1iZ89ZzDDsYXs="></latexit>

�top(�1)a4(�1)

�top(�2)a4(�2)
=

P
iQ eW (SiQ)��1SiQ

P
iQ eW (SiQ)��2SiQ

P
i eW (Si)��1Si

P
i eW (Si)��2Si



How to simulate continuous 
temperatures 

✤ We would like to generate : 
<latexit sha1_base64="dwbf4KhMLh0IdU0KOE+gfDdzkGc="></latexit>

dP [U ] =
DU e�W (S[U ])

R
DU e�W (S[U ])

✤ Construct an MD Hamiltonian : 
<latexit sha1_base64="WCZ2qq2ENDpRGyYf8hGanyxx9Qc="></latexit>

H(⇡, U) =
X

x,µ

1

2

�
(⇡µ(x))

2 +W (S[U ])
�



How to simulate continuous 
temperatures 
✤ We would like to generate : 

<latexit sha1_base64="dwbf4KhMLh0IdU0KOE+gfDdzkGc="></latexit>

dP [U ] =
DU e�W (S[U ])

R
DU e�W (S[U ])

✤ Construct an MD Hamiltonian : 
<latexit sha1_base64="WCZ2qq2ENDpRGyYf8hGanyxx9Qc="></latexit>

H(⇡, U) =
X

x,µ

1

2

�
(⇡µ(x))

2 +W (S[U ])
�

✤ Solve Hamilton’s EOM : 
<latexit sha1_base64="1yszWEpnkbOQVuzZ221y8grFcLc=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUlEqhuh6MZlBdMWmlAmk0k7dDIJMxOhhHyDG3/FjQtF3Lpy5984abOorQcGzpxzL/fe4yeMSmVZP0ZlZXVtfaO6Wdva3tndM/cPOjJOBSYOjlksej6ShFFOHEUVI71EEBT5jHT98W3hdx+JkDTmD2qSEC9CQ05DipHS0sA8c0OBcOZGSI1ElAW5k899VA6vIYVuQqEzMOtWw5oCLhO7JHVQoj0wv90gxmlEuMIMSdm3rUR5GRKKYkbymptKkiA8RkPS15SjiEgvm56UwxOtBDCMhX5cwak635GhSMpJ5OvKYlu56BXif14/VeGVl1GepIpwPBsUpgyqGBb5wIAKghWbaIKwoHpXiEdIZ6R0ijUdgr148jLpnDfsZqN5f1Fv3ZRxVMEROAanwAaXoAXuQBs4AIMn8ALewLvxbLwaH8bnrLRilD2H4A+Mr1/ek54z</latexit>

dU

dt
= i⇡U

<latexit sha1_base64="pPrQ3nclfVS/jVQyRch4nxkDNmM="></latexit>

d⇡

dt
= iU † @W (S[U ])

@U
= iU † @W (S[U ])

@S[U ]

@S[U ]

@U

✤ Metropolis accept/reject : 
<latexit sha1_base64="so8BhDgRfOAv4WRPRERgqVutnhU=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VoQUsiUl0oFHXRZQXTFpoQJtNJO3TyYGYilNCfceOvuHFhEcGVv+KkzUJbD1w4nHMv997jxYwKaRhfWmFldW19o7hZ2tre2d3T9w/aIko4JhaOWMS7HhKE0ZBYkkpGujEnKPAY6Xiju8zvPBEuaBQ+ynFMnAANQupTjKSSXP3avidMItiEN9AOkBxixNLmpGLH1PVPoeX6VXi25NDMoVVXLxs1Ywa4TMyclEGOlqtP7X6Ek4CEEjMkRM80YumkiEuKGZmU7ESQGOERGpCeoiEKiHDS2ZcTeKKUPvQjriqUcKb+nkhRIMQ48FRndq5Y9DLxP6+XSP/KSWkYJ5KEeL7ITxiUEcwig33KCZZsrAjCnKpbIR4ijrBUwZZUCObiy8ukfV4z67X6w0W5cZvHUQRH4BhUgAkuQQM0QQtYAINn8ArewVR70d60D+1z3lrQ8plD8Afa9w/AQKL6</latexit>

�H = H(⇡f , Uf )�H(⇡i, Ui)



How to compute W(S)
✤ W(S) needs to be computed in a separate simulation :

✤ Initial W(S) obtained from interpolation :
<latexit sha1_base64="mLBgf5eulqrOflithlNvkQny32E="></latexit>

(�min,�mid,�max) �! (Smax, Smid, Smin)

✤ Action S is split in N intervals
<latexit sha1_base64="gqsBxjj8N88y1nzA+1XvnuRMGFI=">AAAB/3icbZDLSsNAFIYn9VbrLSq4cTNYhAqlJEWqy6IbV1KpvUAbwmQyaYdOMmFmIpTYha/ixoUibn0Nd76N0zYLbf1h4OM/53DO/F7MqFSW9W3kVlbX1jfym4Wt7Z3dPXP/oC15IjBpYc646HpIEkYj0lJUMdKNBUGhx0jHG11P650HIiTl0b0ax8QJ0SCiAcVIacs1j0pN1y7Dplstwz72uZKab89cs2hVrJngMtgZFEGmhmt+9X2Ok5BECjMkZc+2YuWkSCiKGZkU+okkMcIjNCA9jREKiXTS2f0TeKodHwZc6BcpOHN/T6QolHIcerozRGooF2tT879aL1HBpZPSKE4UifB8UZAwqDichgF9KghWbKwBYUH1rRAPkUBY6cgKOgR78cvL0K5W7FqldnderF9lceTBMTgBJWCDC1AHN6ABWgCDR/AMXsGb8WS8GO/Gx7w1Z2Qzh+CPjM8feiiT2w==</latexit>

(S1, S2, · · ·SN )
<latexit sha1_base64="Wgvoi5JOrzEvCQ+LFsvy074/Y88="></latexit>

W (S) =

8
><

>:

Wi + srx(Wi+1 �Wi), Smax < Si < Smin,

�maxS, S < Smin

�minS, S > Smax

✤ After S traverses all intervals and back,     is reduced <latexit sha1_base64="VOxwrGhCio8Xn+7Fn+xCP8cuSmQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9PX/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP2oojec=</latexit>sr

✤ Separate simulation needed for Q=0,1

<latexit sha1_base64="QAbmiOZ7g3XrtQVRbQxaDSR0vGo=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBEEaUmkVDdCwY3LSu0D2hAm00k7dDIJMxOxhKzc+CtuXCji1m9w5984abPQ1gMXzpxzL3Pv8SJGpbKsb2NpeWV1bb2wUdzc2t7ZNff22zKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxteZ37knQtKQ36lJRJwADTn1KUZKS6559HDV9wXCSbPcdGmaNN2EntkpLMPs6Zolq2JNAReJnZMSyNFwza/+IMRxQLjCDEnZs61IOQkSimJG0mI/liRCeIyGpKcpRwGRTjI9I4UnWhlAPxS6uIJT9fdEggIpJ4GnOwOkRnLey8T/vF6s/EsnoTyKFeF49pEfM6hCmGUCB1QQrNhEE4QF1btCPEI6FaWTK+oQ7PmTF0n7vGLXKrXbaqlezeMogENwDE6BDS5AHdyABmgBDB7BM3gFb8aT8WK8Gx+z1iUjnzkAf2B8/gC5n5f5</latexit>

x =
S � Si

Si+1 � Si



Results for action distribution

✤ Simulation with Wilson gauge action 

✤ Temperature 2.5 Tc - 9.4 Tc
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Results for Susceptiblity
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✤ Method accomplishes continuous sampling of temperatures.

✤ Results in agreement with topological reweighting.

✤ Scale agnostic determination.

✤ Method comparable to 
current methods for high 
statistics determination.

✤ Inefficient for less precise 
determination



Outlook 

✤ Needs to be simulated at every 
cutoff and temperature.

✤ No of simulations = x 

✤ Simulation for reweighting function 
cheap 

✤ Cheaper for lower statistics

✤ Needs to simulated at two 
topologies and every cutoff.

✤ No of simulations = x/2 

✤ Simulation for reweighting function 
expensive 

✤ Expensive for lower statistics

Topological reweighting Temperature reweighting



Scale setting at high 
temperature

Phys.Rev.D 108 (2023) 7, 074512



Motivation

✤ Determine lattice cutoff  — subpercent precision 

—  very fine lattices 
<latexit sha1_base64="0rvYN3qWPjYfPkJo13fZEthA4UE=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQS0eqx6MVjBfsBTSib7aZdupuE3YlYQi7+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBI9YEDoJ1EsWIDARrB6Obid9+YErzOLqHccJ8SQYRDzklYKSefehpLjF2qo57gT3sAXuELJR5z64YbQq8SNyCVFCBRs/+8voxTSWLgAqiddd1EvAzooBTwfKyl2qWEDoiA9Y1NCKSaT+bPpDjE6P0cRgrUxHgqfp7IiNS67EMTKckMNTz3kT8z+umEF75GY+SFFhEZ4vCVGCI8SQN3OeKURBjQwhV3NyK6ZAoQsFkVjYhuPMvL5LWWdWtVWt355X6dRFHCR2hY3SKXHSJ6ugWNVATUZSjZ/SK3qwn68V6tz5mrUtWMXOA/sD6/AFShJT9</latexit>

⇠ 0.015 fm

✤ Target — Full QCD determination of 
<latexit sha1_base64="FGw7X5ILZYNyLYrYLvAu8ZUCahE=">AAAB/HicbVBPS8MwHE3nvzn/VXf0EhyCp9GKTI9DLx4nuDlYS0mzdAtL0pKkQin1q3jxoIhXP4g3v43p1oNuPgg83vv9+L28MGFUacf5tmpr6xubW/Xtxs7u3v6BfXg0UHEqMenjmMVyGCJFGBWkr6lmZJhIgnjIyEM4uyn9h0ciFY3Fvc4S4nM0ETSiGGkjBXbTw1Ma5B5Heip5ruOkKAK75bSdOeAqcSvSAhV6gf3ljWOcciI0Zkipkesk2s+R1BQzUjS8VJEE4RmakJGhAnGi/HwevoCnRhnDKJbmCQ3n6u+NHHGlMh6ayTKkWvZK8T9vlOroys+pSFJNBF4cilIGdQzLJuCYSoI1ywxBWFKTFeIpkghr01fDlOAuf3mVDM7bbqfdubtoda+rOurgGJyAM+CCS9AFt6AH+gCDDDyDV/BmPVkv1rv1sRitWdVOE/yB9fkDzuCViw==</latexit>�top



Motivation
✤ Temperature dependence of 

<latexit sha1_base64="FGw7X5ILZYNyLYrYLvAu8ZUCahE=">AAAB/HicbVBPS8MwHE3nvzn/VXf0EhyCp9GKTI9DLx4nuDlYS0mzdAtL0pKkQin1q3jxoIhXP4g3v43p1oNuPgg83vv9+L28MGFUacf5tmpr6xubW/Xtxs7u3v6BfXg0UHEqMenjmMVyGCJFGBWkr6lmZJhIgnjIyEM4uyn9h0ciFY3Fvc4S4nM0ETSiGGkjBXbTw1Ma5B5Heip5ruOkKAK75bSdOeAqcSvSAhV6gf3ljWOcciI0Zkipkesk2s+R1BQzUjS8VJEE4RmakJGhAnGi/HwevoCnRhnDKJbmCQ3n6u+NHHGlMh6ayTKkWvZK8T9vlOroys+pSFJNBF4cilIGdQzLJuCYSoI1ywxBWFKTFeIpkghr01fDlOAuf3mVDM7bbqfdubtoda+rOurgGJyAM+CCS9AFt6AH+gCDDDyDV/BmPVkv1rv1sRitWdVOE/yB9fkDzuCViw==</latexit>�top

✤ Large power dependence on T

<latexit sha1_base64="vMkKbeA9JSLUG8Va4iyPnK/eIuo=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJqUqqqjBWsDAWiV6kJkSO67ZWbSeyHaQqyguw8CosDCDEys7G2+C0GaDllyx9+s858jl/GDOqtON8Wyura+sbm6Wt8vbO7t6+fXDYUVEiMWnjiEWyFyJFGBWkralmpBdLgnjISDecXOf17gORikbiTk9j4nM0EnRIMdLGCuxTD49pkHoc6bHkqY7iLIPovg49RbmB1K1lMLArTtWZCS6DW0AFFGoF9pc3iHDCidCYIaX6rhNrP0VSU8xIVvYSRWKEJ2hE+gYF4kT56eyaDJ4ZZwCHkTRPaDhzf0+kiCs15aHpzLdWi7Xc/K/WT/Tw0k+piBNNBJ5/NEwY1BHMo4EDKgnWbGoAYUnNrhCPkURYmwDLJgR38eRl6NSqbqPauK1XmldFHCVwDE7AOXDBBWiCG9ACbYDBI3gGr+DNerJerHfrY966YhUzR+CPrM8f2lmbZw==</latexit>

�topa
4 ⇠ a12

<latexit sha1_base64="lwIq9Oq2YeEAY8H6jxW4NyDlqn8=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolI7bLoxmWFvqCJYTKdtENnJmFmIpSQpRt/xY0LRdz6Ce78GydtF9p64MLhnHu5954wYVRpx/m2VlbX1jc2S1vl7Z3dvX374LCj4lRi0sYxi2UvRIowKkhbU81IL5EE8ZCRbji+KfzuA5GKxqKlJwnxORoKGlGMtJEC+8TDIxpkHkd6JHmm4yTPoacoh637rJ7DwK44VWcKuEzcOamAOZqB/eUNYpxyIjRmSKm+6yTaz5DUFDOSl71UkQThMRqSvqECcaL8bPpIDs+MMoBRLE0JDafq74kMcaUmPDSdxcFq0SvE/7x+qqO6n1GRpJoIPFsUpQzqGBapwAGVBGs2MQRhSc2tEI+QRFib7MomBHfx5WXSuai6tWrt7rLSuJ7HUQLH4BScAxdcgQa4BU3QBhg8gmfwCt6sJ+vFerc+Zq0r1nzmCPyB9fkD7mCZ6g==</latexit>

�top ⇠ T 8

✤ Worse dependence on lattice spacing



Motivation
✤ Temperature dependence of 

<latexit sha1_base64="FGw7X5ILZYNyLYrYLvAu8ZUCahE=">AAAB/HicbVBPS8MwHE3nvzn/VXf0EhyCp9GKTI9DLx4nuDlYS0mzdAtL0pKkQin1q3jxoIhXP4g3v43p1oNuPgg83vv9+L28MGFUacf5tmpr6xubW/Xtxs7u3v6BfXg0UHEqMenjmMVyGCJFGBWkr6lmZJhIgnjIyEM4uyn9h0ciFY3Fvc4S4nM0ETSiGGkjBXbTw1Ma5B5Heip5ruOkKAK75bSdOeAqcSvSAhV6gf3ljWOcciI0Zkipkesk2s+R1BQzUjS8VJEE4RmakJGhAnGi/HwevoCnRhnDKJbmCQ3n6u+NHHGlMh6ayTKkWvZK8T9vlOroys+pSFJNBF4cilIGdQzLJuCYSoI1ywxBWFKTFeIpkghr01fDlOAuf3mVDM7bbqfdubtoda+rOurgGJyAM+CCS9AFt6AH+gCDDDyDV/BmPVkv1rv1sRitWdVOE/yB9fkDzuCViw==</latexit>�top

✤ Large power dependence on T

✤ 2%     in T               24%      
<latexit sha1_base64="z/4ju/aPhdpUZFvRSlOzGto/N2I=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/ggvHhTx6u/x5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEuuk7sDwsSSVYbXm1b0F8F/iF6QGBVrD6udgFNNUMmWpIMb0fS+xQUa05VSweWWQGpYQOiVj1ndUEclMkC3OneMzp4xwFGtXyuKF+nMiI9KYmQxdpyR2Yla9XPzP66c2ug4yrpLUMkWXi6JUYBvj/Hc84ppRK2aOEKq5uxXTCdGEWpdQHoK/+vJf0rmo+4164/6y1rwp4ijDCZzCOfhwBU24gxa0gcIUnuAFXlGCntEbel+2llAxcwy/gD6+AdZ0j0I=</latexit>� <latexit sha1_base64="FGw7X5ILZYNyLYrYLvAu8ZUCahE=">AAAB/HicbVBPS8MwHE3nvzn/VXf0EhyCp9GKTI9DLx4nuDlYS0mzdAtL0pKkQin1q3jxoIhXP4g3v43p1oNuPgg83vv9+L28MGFUacf5tmpr6xubW/Xtxs7u3v6BfXg0UHEqMenjmMVyGCJFGBWkr6lmZJhIgnjIyEM4uyn9h0ciFY3Fvc4S4nM0ETSiGGkjBXbTw1Ma5B5Heip5ruOkKAK75bSdOeAqcSvSAhV6gf3ljWOcciI0Zkipkesk2s+R1BQzUjS8VJEE4RmakJGhAnGi/HwevoCnRhnDKJbmCQ3n6u+NHHGlMh6ayTKkWvZK8T9vlOroys+pSFJNBF4cilIGdQzLJuCYSoI1ywxBWFKTFeIpkghr01fDlOAuf3mVDM7bbqfdubtoda+rOurgGJyAM+CCS9AFt6AH+gCDDDyDV/BmPVkv1rv1sRitWdVOE/yB9fkDzuCViw==</latexit>�top

<latexit sha1_base64="z/4ju/aPhdpUZFvRSlOzGto/N2I=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A9ol5JNs21okl2SrFCW/ggvHhTx6u/x5r8x2+5Bqw8GHu/NMDMvTAQ31vO+UGltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrW24F6yWaERkK1g2nt7nffWTa8Fg92FnCAknGikecEuuk7sDwsSSVYbXm1b0F8F/iF6QGBVrD6udgFNNUMmWpIMb0fS+xQUa05VSweWWQGpYQOiVj1ndUEclMkC3OneMzp4xwFGtXyuKF+nMiI9KYmQxdpyR2Yla9XPzP66c2ug4yrpLUMkWXi6JUYBvj/Hc84ppRK2aOEKq5uxXTCdGEWpdQHoK/+vJf0rmo+4164/6y1rwp4ijDCZzCOfhwBU24gxa0gcIUnuAFXlGCntEbel+2llAxcwy/gD6+AdZ0j0I=</latexit>�

✤ Need % level determination of a.

✤ Temp 1 GeV — Box size

<latexit sha1_base64="vMkKbeA9JSLUG8Va4iyPnK/eIuo=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJqUqqqjBWsDAWiV6kJkSO67ZWbSeyHaQqyguw8CosDCDEys7G2+C0GaDllyx9+s858jl/GDOqtON8Wyura+sbm6Wt8vbO7t6+fXDYUVEiMWnjiEWyFyJFGBWkralmpBdLgnjISDecXOf17gORikbiTk9j4nM0EnRIMdLGCuxTD49pkHoc6bHkqY7iLIPovg49RbmB1K1lMLArTtWZCS6DW0AFFGoF9pc3iHDCidCYIaX6rhNrP0VSU8xIVvYSRWKEJ2hE+gYF4kT56eyaDJ4ZZwCHkTRPaDhzf0+kiCs15aHpzLdWi7Xc/K/WT/Tw0k+piBNNBJ5/NEwY1BHMo4EDKgnWbGoAYUnNrhCPkURYmwDLJgR38eRl6NSqbqPauK1XmldFHCVwDE7AOXDBBWiCG9ACbYDBI3gGr+DNerJerHfrY966YhUzR+CPrM8f2lmbZw==</latexit>

�topa
4 ⇠ a12

<latexit sha1_base64="lwIq9Oq2YeEAY8H6jxW4NyDlqn8=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolI7bLoxmWFvqCJYTKdtENnJmFmIpSQpRt/xY0LRdz6Ce78GydtF9p64MLhnHu5954wYVRpx/m2VlbX1jc2S1vl7Z3dvX374LCj4lRi0sYxi2UvRIowKkhbU81IL5EE8ZCRbji+KfzuA5GKxqKlJwnxORoKGlGMtJEC+8TDIxpkHkd6JHmm4yTPoacoh637rJ7DwK44VWcKuEzcOamAOZqB/eUNYpxyIjRmSKm+6yTaz5DUFDOSl71UkQThMRqSvqECcaL8bPpIDs+MMoBRLE0JDafq74kMcaUmPDSdxcFq0SvE/7x+qqO6n1GRpJoIPFsUpQzqGBapwAGVBGs2MQRhSc2tEI+QRFib7MomBHfx5WXSuai6tWrt7rLSuJ7HUQLH4BScAxdcgQa4BU3QBhg8gmfwCt6sJ+vFerc+Zq0r1nzmCPyB9fkD7mCZ6g==</latexit>

�top ⇠ T 8

✤ Worse dependence on lattice spacing

<latexit sha1_base64="sDNynKy7aJrIJKg+XLoTFkCDKbU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4UAl48SQTzgGQJs5PZZMjs7DLTK4SQj/DiQRGvfo83/8ZJsgdNLGgoqrrp7goSKQy67reTW1vf2NzKbxd2dvf2D4qHR00Tp5rxBotlrNsBNVwKxRsoUPJ2ojmNAslbweh25reeuDYiVo84Trgf0YESoWAUrdS67+GNVyG9Ysktu3OQVeJlpAQZ6r3iV7cfszTiCpmkxnQ8N0F/QjUKJvm00E0NTygb0QHvWKpoxI0/mZ87JWdW6ZMw1rYUkrn6e2JCI2PGUWA7I4pDs+zNxP+8TorhlT8RKkmRK7ZYFKaSYExmv5O+0JyhHFtCmRb2VsKGVFOGNqGCDcFbfnmVNC/KXrVcfaiUatdZHHk4gVM4Bw8uoQZ3UIcGMBjBM7zCm5M4L86787FozTnZzDH8gfP5A/KYjqg=</latexit>

Nt = 14
<latexit sha1_base64="wmt/mG7Gy3haFbKZvQb4QYMa2Pc=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSiFQPHgpePFawH9CEstlu2qW7SdidiCXk4l/x4kERr/4Mb/4bt20O2vpg4PHeDDPzgkRwDY7zbZVWVtfWN8qbla3tnd09e/+greNUUdaisYhVNyCaCR6xFnAQrJsoRmQgWCcY30z9zgNTmsfRPUwS5ksyjHjIKQEj9e0jgj3NJXZqjos97AF7hCyUed+uGmkGvEzcglRRgWbf/vIGMU0li4AKonXPdRLwM6KAU8HyipdqlhA6JkPWMzQikmk/mz2Q41OjDHAYK1MR4Jn6eyIjUuuJDEynJDDSi95U/M/rpRBe+RmPkhRYROeLwlRgiPE0DTzgilEQE0MIVdzciumIKELBZFYxIbiLLy+T9nnNrdfqdxfVxnURRxkdoxN0hlx0iRroFjVRC1GUo2f0it6sJ+vFerc+5q0lq5g5RH9gff4AlXeVIw==</latexit>

a ⇠ 0.01 fm



Scale setting in Lattice QCD
✤ Lattice calculations use bare parameters

<latexit sha1_base64="sT44IdzoWpF8f6E1V5sW1Dscc8I=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoYKURKS6LLpxWcE+oA1hMp22Q2eSMDMRSujGX3HjQhG3foY7/8ZpmoW2HpjL4Zx7uXNPEHOmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZCbCinIW0qZnmtBNLikXAaTsY38789iOVikXhg57E1BN4GLIBI1gbybePKkPfOUdY+DyrKqvkzLfLTtXJgJaJm5My5Gj49levH5FE0FATjpXquk6svRRLzQin01IvUTTGZIyHtGtoiAVVXpodMEWnRumjQSTNCzXK1N8TKRZKTURgOgXWI7XozcT/vG6iB9deysI40TQk80WDhCMdoVkaqM8kJZpPDMFEMvNXREZYYqJNZiUTgrt48jJpXVTdWrV2f1mu3+RxFOEYTqACLlxBHe6gAU0gMIVneIU368l6sd6tj3lrwcpnDuEPrM8frpiUkA==</latexit>

(g0, aml, ams, amc)

Parameters need to 
describe physics.



Scale setting in Lattice QCD
<latexit sha1_base64="sT44IdzoWpF8f6E1V5sW1Dscc8I=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoYKURKS6LLpxWcE+oA1hMp22Q2eSMDMRSujGX3HjQhG3foY7/8ZpmoW2HpjL4Zx7uXNPEHOmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZCbCinIW0qZnmtBNLikXAaTsY38789iOVikXhg57E1BN4GLIBI1gbybePKkPfOUdY+DyrKqvkzLfLTtXJgJaJm5My5Gj49levH5FE0FATjpXquk6svRRLzQin01IvUTTGZIyHtGtoiAVVXpodMEWnRumjQSTNCzXK1N8TKRZKTURgOgXWI7XozcT/vG6iB9deysI40TQk80WDhCMdoVkaqM8kJZpPDMFEMvNXREZYYqJNZiUTgrt48jJpXVTdWrV2f1mu3+RxFOEYTqACLlxBHe6gAU0gMIVneIU368l6sd6tj3lrwcpnDuEPrM8frpiUkA==</latexit>

(g0, aml, ams, amc)

✤ Determine the renormalized trajectory

✤ Determining the cutoff  - “Set” the scale

✤ Lattice calculations use bare parameters



Scale setting in Lattice QCD
<latexit sha1_base64="sT44IdzoWpF8f6E1V5sW1Dscc8I=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoYKURKS6LLpxWcE+oA1hMp22Q2eSMDMRSujGX3HjQhG3foY7/8ZpmoW2HpjL4Zx7uXNPEHOmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZCbCinIW0qZnmtBNLikXAaTsY38789iOVikXhg57E1BN4GLIBI1gbybePKkPfOUdY+DyrKqvkzLfLTtXJgJaJm5My5Gj49levH5FE0FATjpXquk6svRRLzQin01IvUTTGZIyHtGtoiAVVXpodMEWnRumjQSTNCzXK1N8TKRZKTURgOgXWI7XozcT/vG6iB9deysI40TQk80WDhCMdoVkaqM8kJZpPDMFEMvNXREZYYqJNZiUTgrt48jJpXVTdWrV2f1mu3+RxFOEYTqACLlxBHe6gAU0gMIVneIU368l6sd6tj3lrwcpnDuEPrM8frpiUkA==</latexit>

(g0, aml, ams, amc)

✤ Determine the renormalized trajectory

✤ Determining the cutoff  - “Set” the scale

✤ Tune bare parameters to physical observables 

✤ One observable for each parameter

✤ Determine the Line of Constant Physics - Renormalised Trajectory

✤ Lattice calculations use bare parameters



Scale setting in Lattice QCD
<latexit sha1_base64="sT44IdzoWpF8f6E1V5sW1Dscc8I=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoYKURKS6LLpxWcE+oA1hMp22Q2eSMDMRSujGX3HjQhG3foY7/8ZpmoW2HpjL4Zx7uXNPEHOmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZCbCinIW0qZnmtBNLikXAaTsY38789iOVikXhg57E1BN4GLIBI1gbybePKkPfOUdY+DyrKqvkzLfLTtXJgJaJm5My5Gj49levH5FE0FATjpXquk6svRRLzQin01IvUTTGZIyHtGtoiAVVXpodMEWnRumjQSTNCzXK1N8TKRZKTURgOgXWI7XozcT/vG6iB9deysI40TQk80WDhCMdoVkaqM8kJZpPDMFEMvNXREZYYqJNZiUTgrt48jJpXVTdWrV2f1mu3+RxFOEYTqACLlxBHe6gAU0gMIVneIU368l6sd6tj3lrwcpnDuEPrM8frpiUkA==</latexit>

(g0, aml, ams, amc)

✤ Determine the renormalized trajectory

✤ Determining the cutoff  - “Set” the scale

✤ Tune bare parameters to physical observables 

✤ One observable for each parameter

✤ Determine the Line of Constant Physics - Renormalised Trajectory

✤ Lattice calculations use bare parameters

✤ Lattice quantities computed as a ratio with the cutoff 

✤ Determines the overall precision 



Scale setting in Lattice QCD
<latexit sha1_base64="sT44IdzoWpF8f6E1V5sW1Dscc8I=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoYKURKS6LLpxWcE+oA1hMp22Q2eSMDMRSujGX3HjQhG3foY7/8ZpmoW2HpjL4Zx7uXNPEHOmtON8W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZCbCinIW0qZnmtBNLikXAaTsY38789iOVikXhg57E1BN4GLIBI1gbybePKkPfOUdY+DyrKqvkzLfLTtXJgJaJm5My5Gj49levH5FE0FATjpXquk6svRRLzQin01IvUTTGZIyHtGtoiAVVXpodMEWnRumjQSTNCzXK1N8TKRZKTURgOgXWI7XozcT/vG6iB9deysI40TQk80WDhCMdoVkaqM8kJZpPDMFEMvNXREZYYqJNZiUTgrt48jJpXVTdWrV2f1mu3+RxFOEYTqACLlxBHe6gAU0gMIVneIU368l6sd6tj3lrwcpnDuEPrM8frpiUkA==</latexit>

(g0, aml, ams, amc)

✤ Determine the renormalized trajectory

✤ Determining the cutoff  - “Set” the scale

✤ Tune bare parameters to physical observables 

✤ One observable for each parameter

✤ Determine the Line of Constant Physics - Renormalised Trajectory

✤ Lattice calculations use bare parameters

✤ Lattice quantities computed as a ratio with the cutoff 

✤ Determines the overall precision 

✤ Closer look at scale setting



Scale setting observables 
✤ Desirable properties : 
✤ Low numerical effort ✤ Good statistical precision ✤ Small systematic error

✤ Weak quark mass dependence

R.Sommer, arXiv:1401.3270v1



Scale setting observables 
✤ Desirable properties : 
✤ Low numerical effort ✤ Good statistical precision ✤ Small systematic error

R.Sommer, arXiv:1401.3270v1

✤ Classification of observables 

Phenomenological scales Direct experimental observables

Theory scales Observables defined from phenomenology. 

Indirectly related to experiment.

✤ Weak quark mass dependence



Phenomenological Scales
✤ Most Naive observable — Proton

Compute proton 
mass on lattice  

Compare it to 
experiment

<latexit sha1_base64="Wu5XJe78ze+QHOiWSXAOn2JS9gI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04kWpYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8NOME/YgOJA85o8ZKLUruetn9pFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOJVK9WHi3LtOo+jAMdwAmfgwSXU4Bbq0AAGI3iGV3hzEufFeXc+5q0rTj5zBH/gfP4AzmSPPg==</latexit>

aMN

<latexit sha1_base64="n+RDYcD/eX13gmuz9vPV3rmqors=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiFy9KBdMW2lA22227dLMJuxOhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZFyZSGHTdL6ewsrq2vlHcLG1t7+zulfcPmiZONeM+i2Ws2yE1XArFfRQoeTvRnEah5K1wfD3zW49cGxGrB5wkPIjoUImBYBSt5N/2srtpr1xxq+4c5C/xclKBHI1e+bPbj1kacYVMUmM6nptgkFGNgkk+LXVTwxPKxnTIO5YqGnETZPNjp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif10lxcBlkQiUpcsUWiwapJBiT2eekLzRnKCeWUKaFvZWwEdWUoc2nZEPwll/+S5pnVa9Wrd2fV+pXeRxFOIJjOAUPLqAON9AAHxgIeIIXeHWU8+y8Oe+L1oKTzxzCLzgf374Rjqk=</latexit>

MN

<latexit sha1_base64="op2oU28hP3O+OxHEmRq3nZECP/0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRKR6kYounHTUsU+oAlhMp20QycPZiZCGbJ246+4caGIW7/AnX/jpO1CWw9cOJxzL/fe4yeMCmlZ30ZhaXllda24XtrY3NreMXf32iJOOSYtHLOYd30kCKMRaUkqGekmnKDQZ6Tjj65zv/NAuKBxdC/HCXFDNIhoQDGSWvLMQydEcogRU3cZvIROwBFWCNY91cgyVfcamWeWrYo1AVwk9oyUwQxNz/xy+jFOQxJJzJAQPdtKpKsQlxQzkpWcVJAE4REakJ6mEQqJcNXklQwea6UPg5jriiScqL8nFAqFGIe+7swPF/NeLv7n9VIZXLiKRkkqSYSni4KUQRnDPBfYp5xgycaaIMypvhXiIdJpSJ1eSYdgz7+8SNqnFbtaqd6elWtXsziK4AAcgRNgg3NQAzegCVoAg0fwDF7Bm/FkvBjvxse0tWDMZvbBHxifP7/lmlI=</latexit>

R =
aMN

MN



Phenomenological Scales
✤ Most Naive observable — Proton

Compute proton 
mass on lattice  

Compare it to 
experiment

<latexit sha1_base64="Wu5XJe78ze+QHOiWSXAOn2JS9gI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04kWpYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8NOME/YgOJA85o8ZKLUruetn9pFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOJVK9WHi3LtOo+jAMdwAmfgwSXU4Bbq0AAGI3iGV3hzEufFeXc+5q0rTj5zBH/gfP4AzmSPPg==</latexit>

aMN

<latexit sha1_base64="n+RDYcD/eX13gmuz9vPV3rmqors=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiFy9KBdMW2lA22227dLMJuxOhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZFyZSGHTdL6ewsrq2vlHcLG1t7+zulfcPmiZONeM+i2Ws2yE1XArFfRQoeTvRnEah5K1wfD3zW49cGxGrB5wkPIjoUImBYBSt5N/2srtpr1xxq+4c5C/xclKBHI1e+bPbj1kacYVMUmM6nptgkFGNgkk+LXVTwxPKxnTIO5YqGnETZPNjp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif10lxcBlkQiUpcsUWiwapJBiT2eekLzRnKCeWUKaFvZWwEdWUoc2nZEPwll/+S5pnVa9Wrd2fV+pXeRxFOIJjOAUPLqAON9AAHxgIeIIXeHWU8+y8Oe+L1oKTzxzCLzgf374Rjqk=</latexit>

MN

<latexit sha1_base64="op2oU28hP3O+OxHEmRq3nZECP/0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRKR6kYounHTUsU+oAlhMp20QycPZiZCGbJ246+4caGIW7/AnX/jpO1CWw9cOJxzL/fe4yeMCmlZ30ZhaXllda24XtrY3NreMXf32iJOOSYtHLOYd30kCKMRaUkqGekmnKDQZ6Tjj65zv/NAuKBxdC/HCXFDNIhoQDGSWvLMQydEcogRU3cZvIROwBFWCNY91cgyVfcamWeWrYo1AVwk9oyUwQxNz/xy+jFOQxJJzJAQPdtKpKsQlxQzkpWcVJAE4REakJ6mEQqJcNXklQwea6UPg5jriiScqL8nFAqFGIe+7swPF/NeLv7n9VIZXLiKRkkqSYSni4KUQRnDPBfYp5xgycaaIMypvhXiIdJpSJ1eSYdgz7+8SNqnFbtaqd6elWtXsziK4AAcgRNgg3NQAzegCVoAg0fwDF7Bm/FkvBjvxse0tWDMZvbBHxifP7/lmlI=</latexit>

R =
aMN

MN

✤ Highly sensitive to quark mass

✤ Issue with precision — Low signal/noise



Phenomenological Scales
✤ Most Naive observable — Proton

Compute proton 
mass on lattice  

Compare it to 
experiment

<latexit sha1_base64="Wu5XJe78ze+QHOiWSXAOn2JS9gI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04kWpYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8NOME/YgOJA85o8ZKLUruetn9pFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOJVK9WHi3LtOo+jAMdwAmfgwSXU4Bbq0AAGI3iGV3hzEufFeXc+5q0rTj5zBH/gfP4AzmSPPg==</latexit>

aMN

<latexit sha1_base64="n+RDYcD/eX13gmuz9vPV3rmqors=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiFy9KBdMW2lA22227dLMJuxOhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZFyZSGHTdL6ewsrq2vlHcLG1t7+zulfcPmiZONeM+i2Ws2yE1XArFfRQoeTvRnEah5K1wfD3zW49cGxGrB5wkPIjoUImBYBSt5N/2srtpr1xxq+4c5C/xclKBHI1e+bPbj1kacYVMUmM6nptgkFGNgkk+LXVTwxPKxnTIO5YqGnETZPNjp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif10lxcBlkQiUpcsUWiwapJBiT2eekLzRnKCeWUKaFvZWwEdWUoc2nZEPwll/+S5pnVa9Wrd2fV+pXeRxFOIJjOAUPLqAON9AAHxgIeIIXeHWU8+y8Oe+L1oKTzxzCLzgf374Rjqk=</latexit>

MN

<latexit sha1_base64="op2oU28hP3O+OxHEmRq3nZECP/0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRKR6kYounHTUsU+oAlhMp20QycPZiZCGbJ246+4caGIW7/AnX/jpO1CWw9cOJxzL/fe4yeMCmlZ30ZhaXllda24XtrY3NreMXf32iJOOSYtHLOYd30kCKMRaUkqGekmnKDQZ6Tjj65zv/NAuKBxdC/HCXFDNIhoQDGSWvLMQydEcogRU3cZvIROwBFWCNY91cgyVfcamWeWrYo1AVwk9oyUwQxNz/xy+jFOQxJJzJAQPdtKpKsQlxQzkpWcVJAE4REakJ6mEQqJcNXklQwea6UPg5jriiScqL8nFAqFGIe+7swPF/NeLv7n9VIZXLiKRkkqSYSni4KUQRnDPBfYp5xgycaaIMypvhXiIdJpSJ1eSYdgz7+8SNqnFbtaqd6elWtXsziK4AAcgRNgg3NQAzegCVoAg0fwDF7Bm/FkvBjvxse0tWDMZvbBHxifP7/lmlI=</latexit>

R =
aMN

MN

✤ Highly sensitive to quark mass

✤ Issue with precision — Low signal/noise

✤ Use Omega baryon — scale setting 



Phenomenological Scales
✤ Most Naive observable — Proton

Compute proton 
mass on lattice  

Compare it to 
experiment

<latexit sha1_base64="Wu5XJe78ze+QHOiWSXAOn2JS9gI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04kWpYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wmV5rF8NOME/YgOJA85o8ZKLUruetn9pFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzvOJVK9WHi3LtOo+jAMdwAmfgwSXU4Bbq0AAGI3iGV3hzEufFeXc+5q0rTj5zBH/gfP4AzmSPPg==</latexit>

aMN

<latexit sha1_base64="n+RDYcD/eX13gmuz9vPV3rmqors=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiFy9KBdMW2lA22227dLMJuxOhhP4GLx4U8eoP8ua/cdvmoNUHA4/3ZpiZFyZSGHTdL6ewsrq2vlHcLG1t7+zulfcPmiZONeM+i2Ws2yE1XArFfRQoeTvRnEah5K1wfD3zW49cGxGrB5wkPIjoUImBYBSt5N/2srtpr1xxq+4c5C/xclKBHI1e+bPbj1kacYVMUmM6nptgkFGNgkk+LXVTwxPKxnTIO5YqGnETZPNjp+TEKn0yiLUthWSu/pzIaGTMJAptZ0RxZJa9mfif10lxcBlkQiUpcsUWiwapJBiT2eekLzRnKCeWUKaFvZWwEdWUoc2nZEPwll/+S5pnVa9Wrd2fV+pXeRxFOIJjOAUPLqAON9AAHxgIeIIXeHWU8+y8Oe+L1oKTzxzCLzgf374Rjqk=</latexit>

MN

<latexit sha1_base64="op2oU28hP3O+OxHEmRq3nZECP/0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRKR6kYounHTUsU+oAlhMp20QycPZiZCGbJ246+4caGIW7/AnX/jpO1CWw9cOJxzL/fe4yeMCmlZ30ZhaXllda24XtrY3NreMXf32iJOOSYtHLOYd30kCKMRaUkqGekmnKDQZ6Tjj65zv/NAuKBxdC/HCXFDNIhoQDGSWvLMQydEcogRU3cZvIROwBFWCNY91cgyVfcamWeWrYo1AVwk9oyUwQxNz/xy+jFOQxJJzJAQPdtKpKsQlxQzkpWcVJAE4REakJ6mEQqJcNXklQwea6UPg5jriiScqL8nFAqFGIe+7swPF/NeLv7n9VIZXLiKRkkqSYSni4KUQRnDPBfYp5xgycaaIMypvhXiIdJpSJ1eSYdgz7+8SNqnFbtaqd6elWtXsziK4AAcgRNgg3NQAzegCVoAg0fwDF7Bm/FkvBjvxse0tWDMZvbBHxifP7/lmlI=</latexit>

R =
aMN

MN

✤ Pseudoscalar decay constants — 

✤ Match lattice computations of           to experiment.
<latexit sha1_base64="WcWxqXHGrhh9jvpeKDNJ/Hdi6Yo=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdkeqx6EXwUsF+YLss2TTbhmazIckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz80LJmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUsnqSK0SRKeqE6INeVM0KZhhtOOVBTHIaftcHQz9dtPVGmWiAczltSP8UCwiBFsrPQYBT3JzlAU3AXlilt1Z0DLxMtJBXI0gvJXr5+QNKbCEI617nquNH6GlWGE00mpl2oqMRnhAe1aKnBMtZ/NLp6gE6v0UZQoW8Kgmfp7IsOx1uM4tJ0xNkO96E3F/7xuaqIrP2NCpoYKMl8UpRyZBE3fR32mKDF8bAkmitlbERlihYmxIZVsCN7iy8ukdV71atXa/UWlfp3HUYQjOIZT8OAS6nALDWgCAQHP8ApvjnZenHfnY95acPKZQ/gD5/MHnuOQPw==</latexit>

f⇡, fK

✤ Reliable lattice calculation —- Good chiral behavior. 

✤ Experimental results depend on precision of 
<latexit sha1_base64="M7s7DZQZG0jVmMTsYRh8GHeMUIM=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1gEF1ISkeqy6MZlBXuBNoTJZNoOnUzCzKRQQt7EjQtF3Pom7nwbJ20W2vrDwMd/zuGc+YOEM6Ud59taW9/Y3Nqu7FR39/YPDu2j446KU0lom8Q8lr0AK8qZoG3NNKe9RFIcBZx2g8l9Ue9OqVQsFk96llAvwiPBhoxgbSzftjt+lob5JRqgglTu2zWn7syFVsEtoQalWr79NQhjkkZUaMKxUn3XSbSXYakZ4TSvDlJFE0wmeET7BgWOqPKy+eU5OjdOiIaxNE9oNHd/T2Q4UmoWBaYzwnqslmuF+V+tn+rhrZcxkaSaCrJYNEw50jEqYkAhk5RoPjOAiWTmVkTGWGKiTVhVE4K7/OVV6FzV3Ua98Xhda96VcVTgFM7gAly4gSY8QAvaQGAKz/AKb1ZmvVjv1seidc0qZ07gj6zPH+2Lkzk=</latexit>

Vud, Vus



Theory scales
✤ Observables defined from phenomenology

Indirectly related to experiment

✤ Sommer parameters :

✤ Gradient flow observables :

<latexit sha1_base64="aAtICIkHRY2mH6JmZupAKUyOEDU=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4kJKIVI9FLx4r2A9oQ9hsN+3SzSbuToRS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMM95giUx0O6SGS6F4AwVK3k41p3EoeSsc3k791hPXRiTqAUcp92PaVyISjKKV2jpwz4kOvKBUdivuDGSZeDkpQ456UPrq9hKWxVwhk9SYjuem6I+pRsEknxS7meEpZUPa5x1LFY258cezeyfk1Co9EiXalkIyU39PjGlszCgObWdMcWAWvan4n9fJMLr2x0KlGXLF5ouiTBJMyPR50hOaM5QjSyjTwt5K2IBqytBGVLQheIsvL5PmRcWrVqr3l+XaTR5HAY7hBM7AgyuowR3UoQEMJDzDK7w5j86L8+58zFtXnHzmCP7A+fwBvuSPJA==</latexit>r0, r1

✤ Related to the spectra of            to  Cornell potential 

✤ Use static quark potential to define a hadronic scale.

✤ Defined as                                  ,   choice 
<latexit sha1_base64="Q23/DAIm0IxoIZFKG8divGW5vVM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR2k1JilQ3haIgLqvYB7QxTKaTduhkEmYmQkm78FfcuFDErb/hzr9x2mahrQcuHM65l3vv8SJGpbKsbyOzsrq2vpHdzG1t7+zumfsHTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5w6up33okQtKQ36tRRJwA9Tn1KUZKS655JB7K8LogimM3EdW7Ai5OYBVi18xbJWsGuEzslORBirprfnV7IY4DwhVmSMqObUXKSZBQFDMyyXVjSSKEh6hPOppyFBDpJLP7J/BUKz3oh0IXV3Cm/p5IUCDlKPB0Z4DUQC56U/E/rxMr/8JJKI9iRTieL/JjBlUIp2HAHhUEKzbSBGFB9a0QD5BAWOnIcjoEe/HlZdIsl+xKqXJ7lq9dpnFkwTE4AQVgg3NQAzegDhoAgzF4Bq/gzXgyXox342PemjHSmUPwB8bnD/NxlCU=</latexit>

r2F (r)|r=R(c) = c
<latexit sha1_base64="FQPoJF8FGi2P6OBbG0Z/fi1Qw00=">AAACE3icbZC7SgNBFIZn4y3G26qlzWAQxGLZFY02QtDGMoK5QHZZZiezyZDZCzNn1bDkHWx8FRsLRWxt7HwbJ5dCE38Y+PnOOZw5f5AKrsC2v43CwuLS8kpxtbS2vrG5ZW7vNFSSScrqNBGJbAVEMcFjVgcOgrVSyUgUCNYM+lejevOOScWT+BYGKfMi0o15yCkBjXzziOIL7FiVU+xK3u0BkTK5x9K3NbYtTbEL7AHyMBr6Ztm27LHwvHGmpoymqvnml9tJaBaxGKggSrUdOwUvJxI4FWxYcjPFUkL7pMva2sYkYsrLxzcN8YEmHRwmUr8Y8Jj+nshJpNQgCnRnRKCnZmsj+F+tnUF47uU8TjNgMZ0sCjOBIcGjgHCHS0ZBDLQhVHL9V0x7RBIKOsaSDsGZPXneNI4tp2JVbk7K1ctpHEW0h/bRIXLQGaqia1RDdUTRI3pGr+jNeDJejHfjY9JaMKYzu+iPjM8filKbgg==</latexit>

c = 1.65 ! r0 = 0.5 fm
<latexit sha1_base64="b+Ttt/bSADYnNLohjvuTI9kbN1s=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEF1ISkeqy6MZlBfuANpTJdNIOnUzCzEQoMQt/xY0LRdz6G+78G6dpFtp6uAOHc+7l3jl+zJnSjvNtLS2vrK6tlzbKm1vbO7v23n5LRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74Zuq3H6hULBL3ehJTL8RDwQJGsDZS3z7s+VimfmbqDOWcZKb6dsWpOjnQInELUoECjb791RtEJAmp0IRjpbquE2svxVIzwmlW7iWKxpiM8ZB2DRU4pMpL8/szdGKUAQoiaZ7QKFd/T6Q4VGoS+qYzxHqk5r2p+J/XTXRw5aVMxImmgswWBQlHOkLTMNCASUo0nxiCiWTmVkRGWGKiTWRlE4I7/+VF0jqvurVq7e6iUr8u4ijBERzDKbhwCXW4hQY0gcAjPMMrvFlP1ov1bn3MWpesYuYA/sD6/AF4T5Zq</latexit>

b̄b, c̄c

✤ Cheap computation,  high statistical precision



Gradient flow

✤ Gradient flow - smoothing procedure for gauge fields
<latexit sha1_base64="19x12rlsShQ6I0XPyoFrLh22rTw="></latexit>

@tB⌫(x, t) = DµGµ⌫ , Bµ(x, 0)|t=0 = Aµ. Covariant diffusion equation

<latexit sha1_base64="/G4qz/Wc72jrM3AbUvC9uQQE9QE="></latexit>

Bµ(x, t) =

Z
d4y

e�(x�y)2/4t

(4⇡t)2
Aµ(y)

LO in coupling - diffusion equation

Compute YM energy at LO

<latexit sha1_base64="lpU1kcu+vWD/w7TPODQwxGuhkTs="></latexit>

hEti =
24

128⇡2

g2

⌧2f

Use this to define the coupling 

<latexit sha1_base64="IRQ6j1mbEqSvmzuTkHJXQSAzbwY="></latexit>

g2flow(⌧f ) ⌘
128⇡2⌧2f hEt(⌧f )i

24



Gradient flow observable
✤ Use simple prescriptions

<latexit sha1_base64="s4c6rWBBHturxUzNR/mBCUN6DgM=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgIeEuSLSwCNhYRjAfkBzH3mYvWbK7d+7uCeHIn7CxUMTWv2Pnv3GTXKGJDwYe780wMy9MONPGdb+dwtr6xuZWcbu0s7u3f1A+PGrrOFWEtkjMY9UNsaacSdoyzHDaTRTFIuS0E45vZ37niSrNYvlgJgn1BR5KFjGCjZW6JPAuEAlqQbniVt050CrxclKBHM2g/NUfxCQVVBrCsdY9z02Mn2FlGOF0WuqnmiaYjPGQ9iyVWFDtZ/N7p+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7n9VITXfsZk0lqqCSLRVHKkYnR7Hk0YIoSwyeWYKKYvRWREVaYGBtRyYbgLb+8Stq1qlev1u8vK42bPI4inMApnIMHV9CAO2hCCwhweIZXeHMenRfn3flYtBacfOYY/sD5/AGSJI8C</latexit>c1, c2 are chosen to reduce FV, discretization effects. 

✤ At a given lattice spacing, 
measure               at different 

<latexit sha1_base64="bdNmtXt9xjxGWf42YsWJuTG4kjo="></latexit>

⌧2hEti|⌧=⌧0 = c1,

✓
⌧
d(⌧2hEti)

d⌧

◆

⌧=w2
0

= c2

<latexit sha1_base64="rFWAv90VxkCZv5Fp/R9o80RwnXg=">AAAB/3icbVDJSgNBEO1xjXGLCl68NAbBgyQzItGDh4AXjxHMApkw1HQ6SZOexe4aJYw5+CtePCji1d/w5t/YWQ6a+KDg8V4VVfX8WAqNtv1tLSwuLa+sZtay6xubW9u5nd2ajhLFeJVFMlINHzSXIuRVFCh5I1YcAl/yut+/Gvn1e660iMJbHMS8FUA3FB3BAI3k5fZdfacwdRESzx4W4YQ+eHYRvFzeLthj0HniTEmeTFHxcl9uO2JJwENkErRuOnaMrRQUCib5MOsmmsfA+tDlTUNDCLhupeP7h/TIKG3aiZSpEOlY/T2RQqD1IPBNZwDY07PeSPzPaybYuWilIowT5CGbLOokkmJER2HQtlCcoRwYAkwJcytlPVDA0ESWNSE4sy/Pk9ppwSkVSjdn+fLlNI4MOSCH5Jg45JyUyTWpkCph5JE8k1fyZj1ZL9a79TFpXbCmM3vkD6zPH9SZlVE=</latexit>p
⌧0/a, w0/a

<latexit sha1_base64="9yy/o681xT1VERaLQLGnLuUbV5I=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6MFDwIvHiOYByRJmJ7PJkHmsM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2T7kXvsVcq+xV/BrRMgpyUIUe9V/rq9hVJBZWWcGxMJ/ATG2ZYW0Y4nRS7qaEJJiM8oB1HJRbUhNns1Ak6dUofxUq7khbN1N8TGRbGjEXkOgW2Q7PoTcX/vE5q46swYzJJLZVkvihOObIKTf9GfaYpsXzsCCaauVsRGWKNiXXpFF0IweLLy6R5XgmqlerdRbl2ncdRgGM4gTMI4BJqcAt1aACBATzDK7x53Hvx3r2PeeuKl88cwR94nz9dso3a</latexit>mq

✤ Perform a        extrapolation   
<latexit sha1_base64="VHCBNZhoE9XeGXYxFOrcGjrBrwI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6MFDwIvHCHlBdg2zk9lkyOyDmV41LPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5FCo21/Wyura+sbm4Wt4vbO7t5+6eCwpeNUMd5ksYxVx6eaSxHxJgqUvJMoTkNf8rY/upn67QeutIijBo4T7oV0EIlAMIpGunfZUBAX+RNm9cakVyrbFXsGskycnJQhR71X+nL7MUtDHiGTVOuuYyfoZVShYJJPim6qeULZiA5419CIhlx72ezqCTk1Sp8EsTIVIZmpvycyGmo9Dn3TGVIc6kVvKv7ndVMMrrxMREmKPGLzRUEqCcZkGgHpC8UZyrEhlClhbiVsSBVlaIIqmhCcxZeXSeu84lQr1buLcu06j6MAx3ACZ+DAJdTgFurQBAYKnuEV3qxH68V6tz7mrStWPnMEf2B9/gBuEJJ4</latexit>

�PT

<latexit sha1_base64="e6D+Zng2EVc4tgStePvzrdwxI80=">AAACGXicbZC7SgNBFIZn4y3G26qlzWAQIkjYFYkWFgEbywjmAsmyzE4myZDZizNn1WXZ17DxVWwsFLHUyrdxcilM4g8DH/85hzPn9yLBFVjWj5FbWl5ZXcuvFzY2t7Z3zN29hgpjSVmdhiKULY8oJnjA6sBBsFYkGfE9wZre8GpUb94zqXgY3EISMccn/YD3OCWgLde0OupOQtoBErtW5mpgj5BGg0Rl2QkuPbjW8azpmkWrbI2FF8GeQhFNVXPNr043pLHPAqCCKNW2rQiclEjgVLCs0IkViwgdkj5rawyIz5STji/L8JF2urgXSv0CwGP370RKfKUS39OdPoGBmq+NzP9q7Rh6F07KgygGFtDJol4sMIR4FBPucskoiEQDoZLrv2I6IJJQ0GEWdAj2/MmL0Dgt25Vy5easWL2cxpFHB+gQlZCNzlEVXaMaqiOKntALekPvxrPxanwYn5PWnDGd2UczMr5/AZ/yoe4=</latexit>p
⌧0phys, (w0)phys Obtained from 

decay constants 

✤ Compute scale by matching.



Issues with scale observables
✤ Phenomenological scales 

✤ Baryon masses :  Signal/noise problem prohibits precision

✤ Decay constants : determined from weak processes   

Precision is depended on precision of  

<latexit sha1_base64="m3i/JURvDUnWcYnD29oNmmR9Gqo=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgKUhKR6rLoxmUF+4AmhMlk0g6dTOI8lBL6DW78FTcuFHHryp1/47TNQlsPDBzOOZc794QZo1I5zre1sLi0vLJaWiuvb2xubds7uy2ZaoFJE6csFZ0QScIoJ01FFSOdTBCUhIy0w8HV2G/fEyFpym/VMCN+gnqcxhQjZaTAPvYyCj1Be32FhEgfIIMe1yfQu9Mogq0g19EIxoFJBXbFqToTwHniFqQCCjQC+8uLUqwTwhVmSMqu62TKz5FQFDMyKntakgzhAeqRrqEcJUT6+eSkETw0SgTjVJjHFZyovydylEg5TEKTTJDqy1lvLP7ndbWKL/yc8kwrwvF0UawZVCkc9wMjKghWbGgIwoKav0LcRwJhZVosmxLc2ZPnSeu06taqtZuzSv2yqKME9sEBOAIuOAd1cA0aoAkweATP4BW8WU/Wi/VufUyjC1Yxswf+wPr8AVZFnUg=</latexit>

⇡ ! l⌫, Vudf⇡
<latexit sha1_base64="66ulEIC4XA86A9Dxx0Vi8RbpiAk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VbFpoQ9lsNu3azW7Y3Qgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZTW1jc2t8rblZ3dvf2D6uGRr2WmCG0TyaXqhlhTzgRtG2Y47aaK4iTktBOOb2d+54kqzaR4MJOUBgkeChYzgo2VfH+QZ9F0UK25dXcOtEq8gtSgQGtQ/epHkmQJFYZwrHXPc1MT5FgZRjidVvqZpikmYzykPUsFTqgO8vm1U3RmlQjFUtkSBs3V3xM5TrSeJKHtTLAZ6WVvJv7n9TITXwc5E2lmqCCLRXHGkZFo9jqKmKLE8IklmChmb0VkhBUmxgZUsSF4yy+vEv+i7jXqjfvLWvOmiKMMJ3AK5+DBFTThDlrQBgKP8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwDFsI9H</latexit>

Vud

✤ Theory scales :

✤ Sommer parameter : poor behavior at fine lattice spacings - Small S/N

✤ New method : Relative scale setting with gradient flow

✤ Topological freezing problem at fine lattices with gradient flow



Systematics of coupling
✤ Lattice spacing effects : 

✤ Thermal effects : Lattice spacing effects

Thermal effects



Systematics of coupling

<latexit sha1_base64="m24Oi9zJ4ShC0O7zK85dRsSJsUI="></latexit>

hEtilatt = hEticont

 
1 +

a2

⌧f
C1 +

a4

⌧2f
C2 +O

 
a6

⌧3f

!!

C1 and C2 depend on lattice QCD action, flow type and observable

<latexit sha1_base64="/Kq+PRKqJW/8ciKqBUukY9qpu3Y="></latexit>

Rlatt ⌘
hEtilatt
hEticont

✤ Lattice spacing effects : 

✤ Thermal effects :



Systematics of coupling

<latexit sha1_base64="m24Oi9zJ4ShC0O7zK85dRsSJsUI="></latexit>

hEtilatt = hEticont

 
1 +

a2

⌧f
C1 +

a4

⌧2f
C2 +O

 
a6

⌧3f

!!

C1 and C2 depend on lattice QCD action, flow type and observable

<latexit sha1_base64="/Kq+PRKqJW/8ciKqBUukY9qpu3Y="></latexit>

Rlatt ⌘
hEtilatt
hEticont

✤ Lattice spacing effects : 

✤ Thermal effects :
<latexit sha1_base64="lWhs/EkniwYshyJ0u04DniXMwWY="></latexit>

hEti(T ) = hEti(T = 0)
X

n2Z

e�n2/8⌧fT
2

<latexit sha1_base64="oEpSxWHmbVkVUor9gNaupBRIZkU="></latexit>

RT ⌘ hEti(T )
hEti(T = 0)

Computed from LO perturbative free theory
<latexit sha1_base64="GwLUs4aN/AGgX0RlpYypcyqtFY8="></latexit>

g2flow(⌧f ) =
128⇡2

24⌧2f

hEtiT,latt

RlattRT
+ (higher order).✤ Full coupling



Relative Scale setting
✤ Two lattice ensembles at same temperature

<latexit sha1_base64="R/w/rkn9aogf+j4P5I6AroVF+MY=">AAACAnicbVDLSgMxFM3UV62vUVfiJliECqXMFKkui25cSQX7gM4wZNK0Dc08SO4IZShu/BU3LhRx61e4829M21lo64ELJ+fcS+49fiy4Asv6NnIrq2vrG/nNwtb2zu6euX/QUlEiKWvSSESy4xPFBA9ZEzgI1oklI4EvWNsfXU/99gOTikfhPYxj5gZkEPI+pwS05JlHJcdnQLxqGd96qQMk8aqTsn6feWbRqlgz4GViZ6SIMjQ888vpRTQJWAhUEKW6thWDmxIJnAo2KTiJYjGhIzJgXU1DEjDlprMTJvhUKz3cj6SuEPBM/T2RkkCpceDrzoDAUC16U/E/r5tA/9JNeRgnwEI6/6ifCAwRnuaBe1wyCmKsCaGS610xHRJJKOjUCjoEe/HkZdKqVuxapXZ3XqxfZXHk0TE6QSVkowtURzeogZqIokf0jF7Rm/FkvBjvxse8NWdkM4foD4zPH9jLldA=</latexit>

(�2, N⌧2 , a2)

<latexit sha1_base64="koyaBZhFLauxO9SzoFmTnc31ID0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQoZREpLosunElFewDmhAm00k7dPJg5kYoobjxV9y4UMStX+HOv3HaZqGtBy6cOede5t7jJ4IrsKxvY2l5ZXVtvbBR3Nza3tk19/ZbKk4lZU0ai1h2fKKY4BFrAgfBOolkJPQFa/vD64nffmBS8Ti6h1HC3JD0Ix5wSkBLnnlYdnwGxLMr+NbLHCCpZ48r+n3qmSWrak2BF4mdkxLK0fDML6cX0zRkEVBBlOraVgJuRiRwKti46KSKJYQOSZ91NY1IyJSbTU8Y4xOt9HAQS10R4Kn6eyIjoVKj0NedIYGBmvcm4n9eN4Xg0s14lKTAIjr7KEgFhhhP8sA9LhkFMdKEUMn1rpgOiCQUdGpFHYI9f/IiaZ1V7Vq1dndeql/lcRTQETpGZWSjC1RHN6iBmoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/1CeVzQ==</latexit>

(�1, N⌧1 , a1)<latexit sha1_base64="drGvets+KJpHALdFxONk5W6j9nY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TyAuSJcxOOsmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByP/fbT6g0j2TDTGP0QzqSfMgZNVaqN/rFklt2FyDrxMtICTLU+sWv3iBiSYjSMEG17npubPyUKsOZwFmhl2iMKZvQEXYtlTRE7aeLQ2fkwioDMoyULWnIQv09kdJQ62kY2M6QmrFe9ebif143McNbP+UyTgxKtlw0TAQxEZl/TQZcITNiagllittbCRtTRZmx2RRsCN7qy+ukdVX2KuVK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPszuM4w==</latexit>

T



Relative Scale setting
✤ Two lattice ensembles at same temperature

<latexit sha1_base64="R/w/rkn9aogf+j4P5I6AroVF+MY=">AAACAnicbVDLSgMxFM3UV62vUVfiJliECqXMFKkui25cSQX7gM4wZNK0Dc08SO4IZShu/BU3LhRx61e4829M21lo64ELJ+fcS+49fiy4Asv6NnIrq2vrG/nNwtb2zu6euX/QUlEiKWvSSESy4xPFBA9ZEzgI1oklI4EvWNsfXU/99gOTikfhPYxj5gZkEPI+pwS05JlHJcdnQLxqGd96qQMk8aqTsn6feWbRqlgz4GViZ6SIMjQ888vpRTQJWAhUEKW6thWDmxIJnAo2KTiJYjGhIzJgXU1DEjDlprMTJvhUKz3cj6SuEPBM/T2RkkCpceDrzoDAUC16U/E/r5tA/9JNeRgnwEI6/6ifCAwRnuaBe1wyCmKsCaGS610xHRJJKOjUCjoEe/HkZdKqVuxapXZ3XqxfZXHk0TE6QSVkowtURzeogZqIokf0jF7Rm/FkvBjvxse8NWdkM4foD4zPH9jLldA=</latexit>

(�2, N⌧2 , a2)

<latexit sha1_base64="koyaBZhFLauxO9SzoFmTnc31ID0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQoZREpLosunElFewDmhAm00k7dPJg5kYoobjxV9y4UMStX+HOv3HaZqGtBy6cOede5t7jJ4IrsKxvY2l5ZXVtvbBR3Nza3tk19/ZbKk4lZU0ai1h2fKKY4BFrAgfBOolkJPQFa/vD64nffmBS8Ti6h1HC3JD0Ix5wSkBLnnlYdnwGxLMr+NbLHCCpZ48r+n3qmSWrak2BF4mdkxLK0fDML6cX0zRkEVBBlOraVgJuRiRwKti46KSKJYQOSZ91NY1IyJSbTU8Y4xOt9HAQS10R4Kn6eyIjoVKj0NedIYGBmvcm4n9eN4Xg0s14lKTAIjr7KEgFhhhP8sA9LhkFMdKEUMn1rpgOiCQUdGpFHYI9f/IiaZ1V7Vq1dndeql/lcRTQETpGZWSjC1RHN6iBmoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/1CeVzQ==</latexit>

(�1, N⌧1 , a1)

✤ Relation between           and             for given                                   

<latexit sha1_base64="drGvets+KJpHALdFxONk5W6j9nY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TyAuSJcxOOsmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByP/fbT6g0j2TDTGP0QzqSfMgZNVaqN/rFklt2FyDrxMtICTLU+sWv3iBiSYjSMEG17npubPyUKsOZwFmhl2iMKZvQEXYtlTRE7aeLQ2fkwioDMoyULWnIQv09kdJQ62kY2M6QmrFe9ebif143McNbP+UyTgxKtlw0TAQxEZl/TQZcITNiagllittbCRtTRZmx2RRsCN7qy+ukdVX2KuVK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPszuM4w==</latexit>

T

<latexit sha1_base64="Uk1ENYPZIyf8LZnyn1Frn76jdzk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETzUpUj0WvXisYD+gjWGz3bRLN5uwOyvU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhSlnClz32yqsrW9sbhW3Szu7e/tl++CwrRItCW2RhCeyG2JFORO0BQw47aaS4jjktBOOb2Z+55FKxRJxD5OU+jEeChYxgsFIgV3uA9ZBFnnTcxx4D7XArrhVdw5nlXg5qaAczcD+6g8SomMqgHCsVM9zU/AzLIERTqelvlY0xWSMh7RnqMAxVX42P3zqnBpl4ESJNCXAmau/JzIcKzWJQ9MZYxipZW8m/uf1NERXfsZEqoEKslgUae5A4sxScAZMUgJ8YggmkplbHTLCEhMwWZVMCN7yy6ukXat69Wr97qLSuM7jKKJjdILOkIcuUQPdoiZqIYI0ekav6M16sl6sd+tj0Vqw8pkj9AfW5w/UvZKQ</latexit>

⌧f1/a
2
1

<latexit sha1_base64="4jIFkyXLAc3ZZEYhCkvopd6WEJY=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInuJukOgx6MVjBPOAZF1mJ7PJkNkHMz1CXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91dQSq4Asf5tgpr6xubW8Xt0s7u3n7ZPjhsq0RLylo0EYnsBkQxwWPWAg6CdVPJSBQI1gnGNzO/88ik4kl8D5OUeREZxjzklICRfLvcB6L9LKxNz4lfe6j5dsWpOnPgVeLmpIJyNH37qz9IqI5YDFQQpXquk4KXEQmcCjYt9bViKaFjMmQ9Q2MSMeVl88On+NQoAxwm0lQMeK7+nshIpNQkCkxnRGCklr2Z+J/X0xBeeRmPUw0spotFoRYYEjxLAQ+4ZBTExBBCJTe3YjoiklAwWZVMCO7yy6ukXau69Wr97qLSuM7jKKJjdILOkIsuUQPdoiZqIYo0ekav6M16sl6sd+tj0Vqw8pkj9AfW5w/XzpKS</latexit>

⌧f2/a
2
2



Relative Scale setting
✤ Two lattice ensembles at same temperature

<latexit sha1_base64="R/w/rkn9aogf+j4P5I6AroVF+MY=">AAACAnicbVDLSgMxFM3UV62vUVfiJliECqXMFKkui25cSQX7gM4wZNK0Dc08SO4IZShu/BU3LhRx61e4829M21lo64ELJ+fcS+49fiy4Asv6NnIrq2vrG/nNwtb2zu6euX/QUlEiKWvSSESy4xPFBA9ZEzgI1oklI4EvWNsfXU/99gOTikfhPYxj5gZkEPI+pwS05JlHJcdnQLxqGd96qQMk8aqTsn6feWbRqlgz4GViZ6SIMjQ888vpRTQJWAhUEKW6thWDmxIJnAo2KTiJYjGhIzJgXU1DEjDlprMTJvhUKz3cj6SuEPBM/T2RkkCpceDrzoDAUC16U/E/r5tA/9JNeRgnwEI6/6ifCAwRnuaBe1wyCmKsCaGS610xHRJJKOjUCjoEe/HkZdKqVuxapXZ3XqxfZXHk0TE6QSVkowtURzeogZqIokf0jF7Rm/FkvBjvxse8NWdkM4foD4zPH9jLldA=</latexit>

(�2, N⌧2 , a2)

<latexit sha1_base64="koyaBZhFLauxO9SzoFmTnc31ID0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQoZREpLosunElFewDmhAm00k7dPJg5kYoobjxV9y4UMStX+HOv3HaZqGtBy6cOede5t7jJ4IrsKxvY2l5ZXVtvbBR3Nza3tk19/ZbKk4lZU0ai1h2fKKY4BFrAgfBOolkJPQFa/vD64nffmBS8Ti6h1HC3JD0Ix5wSkBLnnlYdnwGxLMr+NbLHCCpZ48r+n3qmSWrak2BF4mdkxLK0fDML6cX0zRkEVBBlOraVgJuRiRwKti46KSKJYQOSZ91NY1IyJSbTU8Y4xOt9HAQS10R4Kn6eyIjoVKj0NedIYGBmvcm4n9eN4Xg0s14lKTAIjr7KEgFhhhP8sA9LhkFMdKEUMn1rpgOiCQUdGpFHYI9f/IiaZ1V7Vq1dndeql/lcRTQETpGZWSjC1RHN6iBmoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/1CeVzQ==</latexit>

(�1, N⌧1 , a1)

✤ Relation between           and             for given                                   

<latexit sha1_base64="drGvets+KJpHALdFxONk5W6j9nY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TyAuSJcxOOsmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByP/fbT6g0j2TDTGP0QzqSfMgZNVaqN/rFklt2FyDrxMtICTLU+sWv3iBiSYjSMEG17npubPyUKsOZwFmhl2iMKZvQEXYtlTRE7aeLQ2fkwioDMoyULWnIQv09kdJQ62kY2M6QmrFe9ebif143McNbP+UyTgxKtlw0TAQxEZl/TQZcITNiagllittbCRtTRZmx2RRsCN7qy+ukdVX2KuVK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPszuM4w==</latexit>

T

<latexit sha1_base64="Uk1ENYPZIyf8LZnyn1Frn76jdzk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETzUpUj0WvXisYD+gjWGz3bRLN5uwOyvU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhSlnClz32yqsrW9sbhW3Szu7e/tl++CwrRItCW2RhCeyG2JFORO0BQw47aaS4jjktBOOb2Z+55FKxRJxD5OU+jEeChYxgsFIgV3uA9ZBFnnTcxx4D7XArrhVdw5nlXg5qaAczcD+6g8SomMqgHCsVM9zU/AzLIERTqelvlY0xWSMh7RnqMAxVX42P3zqnBpl4ESJNCXAmau/JzIcKzWJQ9MZYxipZW8m/uf1NERXfsZEqoEKslgUae5A4sxScAZMUgJ8YggmkplbHTLCEhMwWZVMCN7yy6ukXat69Wr97qLSuM7jKKJjdILOkIcuUQPdoiZqIYI0ekav6M16sl6sd+tj0Vqw8pkj9AfW5w/UvZKQ</latexit>

⌧f1/a
2
1

<latexit sha1_base64="4jIFkyXLAc3ZZEYhCkvopd6WEJY=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInuJukOgx6MVjBPOAZF1mJ7PJkNkHMz1CXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91dQSq4Asf5tgpr6xubW8Xt0s7u3n7ZPjhsq0RLylo0EYnsBkQxwWPWAg6CdVPJSBQI1gnGNzO/88ik4kl8D5OUeREZxjzklICRfLvcB6L9LKxNz4lfe6j5dsWpOnPgVeLmpIJyNH37qz9IqI5YDFQQpXquk4KXEQmcCjYt9bViKaFjMmQ9Q2MSMeVl88On+NQoAxwm0lQMeK7+nshIpNQkCkxnRGCklr2Z+J/X0xBeeRmPUw0spotFoRYYEjxLAQ+4ZBTExBBCJTe3YjoiklAwWZVMCO7yy6ukXau69Wr97qLSuM7jKKJjdILOkIsuUQPdoiZqIYo0ekav6M16sl6sd+tj0Vqw8pkj9AfW5w/XzpKS</latexit>

⌧f2/a
2
2

<latexit sha1_base64="aSFLihkSeu3hR3Q+BQtC7lvsgXc=">AAACNHicbVBNS8MwGE79nPOr6tFLcAieRltkehGGXgRBJrgPWGdJs3QLS9OSpMIo/VFe/CFeRPCgiFd/g9nag9t8IOR5n/d5Sd7HjxmVyrLejKXlldW19dJGeXNre2fX3NtvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfXU367UciJI34vRrHpBeiAacBxUhpyTNv3EAgnLoKJV4a2FmW3j44Xl7bGUS60NcFnLE5MzYntzmZZ1asqjUFXCR2QSqgQMMzX9x+hJOQcIUZkrJrW7HqpUgoihnJym4iSYzwCA1IV1OOQiJ76XTpDB5rpQ+DSOjDFZyqfydSFEo5Dn3tDJEayvneRPyv101UcN5LKY8TRTjOHwoSBlUEJwnCPhUEKzbWBGFB9V8hHiIdj9I5l3UI9vzKi6TlVO1atXZ3WqlfFnGUwCE4AifABmegDq5BAzQBBk/gFXyAT+PZeDe+jO/cumQUMwdgBsbPL00HqzQ=</latexit> ⌧f1
N2

⌧1a
2
1

=
⌧f2

N2
⌧2a

2
2



Relative Scale setting
✤ Two lattice ensembles at same temperature

<latexit sha1_base64="R/w/rkn9aogf+j4P5I6AroVF+MY=">AAACAnicbVDLSgMxFM3UV62vUVfiJliECqXMFKkui25cSQX7gM4wZNK0Dc08SO4IZShu/BU3LhRx61e4829M21lo64ELJ+fcS+49fiy4Asv6NnIrq2vrG/nNwtb2zu6euX/QUlEiKWvSSESy4xPFBA9ZEzgI1oklI4EvWNsfXU/99gOTikfhPYxj5gZkEPI+pwS05JlHJcdnQLxqGd96qQMk8aqTsn6feWbRqlgz4GViZ6SIMjQ888vpRTQJWAhUEKW6thWDmxIJnAo2KTiJYjGhIzJgXU1DEjDlprMTJvhUKz3cj6SuEPBM/T2RkkCpceDrzoDAUC16U/E/r5tA/9JNeRgnwEI6/6ifCAwRnuaBe1wyCmKsCaGS610xHRJJKOjUCjoEe/HkZdKqVuxapXZ3XqxfZXHk0TE6QSVkowtURzeogZqIokf0jF7Rm/FkvBjvxse8NWdkM4foD4zPH9jLldA=</latexit>

(�2, N⌧2 , a2)

<latexit sha1_base64="koyaBZhFLauxO9SzoFmTnc31ID0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQoZREpLosunElFewDmhAm00k7dPJg5kYoobjxV9y4UMStX+HOv3HaZqGtBy6cOede5t7jJ4IrsKxvY2l5ZXVtvbBR3Nza3tk19/ZbKk4lZU0ai1h2fKKY4BFrAgfBOolkJPQFa/vD64nffmBS8Ti6h1HC3JD0Ix5wSkBLnnlYdnwGxLMr+NbLHCCpZ48r+n3qmSWrak2BF4mdkxLK0fDML6cX0zRkEVBBlOraVgJuRiRwKti46KSKJYQOSZ91NY1IyJSbTU8Y4xOt9HAQS10R4Kn6eyIjoVKj0NedIYGBmvcm4n9eN4Xg0s14lKTAIjr7KEgFhhhP8sA9LhkFMdKEUMn1rpgOiCQUdGpFHYI9f/IiaZ1V7Vq1dndeql/lcRTQETpGZWSjC1RHN6iBmoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/1CeVzQ==</latexit>

(�1, N⌧1 , a1)

✤ Relation between           and             for given                                   

<latexit sha1_base64="drGvets+KJpHALdFxONk5W6j9nY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TyAuSJcxOOsmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByP/fbT6g0j2TDTGP0QzqSfMgZNVaqN/rFklt2FyDrxMtICTLU+sWv3iBiSYjSMEG17npubPyUKsOZwFmhl2iMKZvQEXYtlTRE7aeLQ2fkwioDMoyULWnIQv09kdJQ62kY2M6QmrFe9ebif143McNbP+UyTgxKtlw0TAQxEZl/TQZcITNiagllittbCRtTRZmx2RRsCN7qy+ukdVX2KuVK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPszuM4w==</latexit>

T

<latexit sha1_base64="Uk1ENYPZIyf8LZnyn1Frn76jdzk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETzUpUj0WvXisYD+gjWGz3bRLN5uwOyvU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhSlnClz32yqsrW9sbhW3Szu7e/tl++CwrRItCW2RhCeyG2JFORO0BQw47aaS4jjktBOOb2Z+55FKxRJxD5OU+jEeChYxgsFIgV3uA9ZBFnnTcxx4D7XArrhVdw5nlXg5qaAczcD+6g8SomMqgHCsVM9zU/AzLIERTqelvlY0xWSMh7RnqMAxVX42P3zqnBpl4ESJNCXAmau/JzIcKzWJQ9MZYxipZW8m/uf1NERXfsZEqoEKslgUae5A4sxScAZMUgJ8YggmkplbHTLCEhMwWZVMCN7yy6ukXat69Wr97qLSuM7jKKJjdILOkIcuUQPdoiZqIYI0ekav6M16sl6sd+tj0Vqw8pkj9AfW5w/UvZKQ</latexit>

⌧f1/a
2
1

<latexit sha1_base64="4jIFkyXLAc3ZZEYhCkvopd6WEJY=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInuJukOgx6MVjBPOAZF1mJ7PJkNkHMz1CXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91dQSq4Asf5tgpr6xubW8Xt0s7u3n7ZPjhsq0RLylo0EYnsBkQxwWPWAg6CdVPJSBQI1gnGNzO/88ik4kl8D5OUeREZxjzklICRfLvcB6L9LKxNz4lfe6j5dsWpOnPgVeLmpIJyNH37qz9IqI5YDFQQpXquk4KXEQmcCjYt9bViKaFjMmQ9Q2MSMeVl88On+NQoAxwm0lQMeK7+nshIpNQkCkxnRGCklr2Z+J/X0xBeeRmPUw0spotFoRYYEjxLAQ+4ZBTExBBCJTe3YjoiklAwWZVMCO7yy6ukXau69Wr97qLSuM7jKKJjdILOkIsuUQPdoiZqIYo0ekav6M16sl6sd+tj0Vqw8pkj9AfW5w/XzpKS</latexit>

⌧f2/a
2
2

<latexit sha1_base64="aSFLihkSeu3hR3Q+BQtC7lvsgXc=">AAACNHicbVBNS8MwGE79nPOr6tFLcAieRltkehGGXgRBJrgPWGdJs3QLS9OSpMIo/VFe/CFeRPCgiFd/g9nag9t8IOR5n/d5Sd7HjxmVyrLejKXlldW19dJGeXNre2fX3NtvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfXU367UciJI34vRrHpBeiAacBxUhpyTNv3EAgnLoKJV4a2FmW3j44Xl7bGUS60NcFnLE5MzYntzmZZ1asqjUFXCR2QSqgQMMzX9x+hJOQcIUZkrJrW7HqpUgoihnJym4iSYzwCA1IV1OOQiJ76XTpDB5rpQ+DSOjDFZyqfydSFEo5Dn3tDJEayvneRPyv101UcN5LKY8TRTjOHwoSBlUEJwnCPhUEKzbWBGFB9V8hHiIdj9I5l3UI9vzKi6TlVO1atXZ3WqlfFnGUwCE4AifABmegDq5BAzQBBk/gFXyAT+PZeDe+jO/cumQUMwdgBsbPL00HqzQ=</latexit> ⌧f1
N2

⌧1a
2
1

=
⌧f2

N2
⌧2a

2
2

<latexit sha1_base64="lL3QfthijN3Cy+6FkeB1aLI4mS8="></latexit>

⌧f1
a21

= s2
⌧f2
a22

, s =
N2

⌧1

N2
⌧2

=
a22
a21



Relative Scale setting
✤ Two lattice ensembles at same temperature

<latexit sha1_base64="R/w/rkn9aogf+j4P5I6AroVF+MY=">AAACAnicbVDLSgMxFM3UV62vUVfiJliECqXMFKkui25cSQX7gM4wZNK0Dc08SO4IZShu/BU3LhRx61e4829M21lo64ELJ+fcS+49fiy4Asv6NnIrq2vrG/nNwtb2zu6euX/QUlEiKWvSSESy4xPFBA9ZEzgI1oklI4EvWNsfXU/99gOTikfhPYxj5gZkEPI+pwS05JlHJcdnQLxqGd96qQMk8aqTsn6feWbRqlgz4GViZ6SIMjQ888vpRTQJWAhUEKW6thWDmxIJnAo2KTiJYjGhIzJgXU1DEjDlprMTJvhUKz3cj6SuEPBM/T2RkkCpceDrzoDAUC16U/E/r5tA/9JNeRgnwEI6/6ifCAwRnuaBe1wyCmKsCaGS610xHRJJKOjUCjoEe/HkZdKqVuxapXZ3XqxfZXHk0TE6QSVkowtURzeogZqIokf0jF7Rm/FkvBjvxse8NWdkM4foD4zPH9jLldA=</latexit>

(�2, N⌧2 , a2)

<latexit sha1_base64="koyaBZhFLauxO9SzoFmTnc31ID0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQoZREpLosunElFewDmhAm00k7dPJg5kYoobjxV9y4UMStX+HOv3HaZqGtBy6cOede5t7jJ4IrsKxvY2l5ZXVtvbBR3Nza3tk19/ZbKk4lZU0ai1h2fKKY4BFrAgfBOolkJPQFa/vD64nffmBS8Ti6h1HC3JD0Ix5wSkBLnnlYdnwGxLMr+NbLHCCpZ48r+n3qmSWrak2BF4mdkxLK0fDML6cX0zRkEVBBlOraVgJuRiRwKti46KSKJYQOSZ91NY1IyJSbTU8Y4xOt9HAQS10R4Kn6eyIjoVKj0NedIYGBmvcm4n9eN4Xg0s14lKTAIjr7KEgFhhhP8sA9LhkFMdKEUMn1rpgOiCQUdGpFHYI9f/IiaZ1V7Vq1dndeql/lcRTQETpGZWSjC1RHN6iBmoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/1CeVzQ==</latexit>

(�1, N⌧1 , a1)

✤ Relation between           and             for given                                   

<latexit sha1_base64="drGvets+KJpHALdFxONk5W6j9nY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TyAuSJcxOOsmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByP/fbT6g0j2TDTGP0QzqSfMgZNVaqN/rFklt2FyDrxMtICTLU+sWv3iBiSYjSMEG17npubPyUKsOZwFmhl2iMKZvQEXYtlTRE7aeLQ2fkwioDMoyULWnIQv09kdJQ62kY2M6QmrFe9ebif143McNbP+UyTgxKtlw0TAQxEZl/TQZcITNiagllittbCRtTRZmx2RRsCN7qy+ukdVX2KuVK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPszuM4w==</latexit>

T

<latexit sha1_base64="Uk1ENYPZIyf8LZnyn1Frn76jdzk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETzUpUj0WvXisYD+gjWGz3bRLN5uwOyvU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhSlnClz32yqsrW9sbhW3Szu7e/tl++CwrRItCW2RhCeyG2JFORO0BQw47aaS4jjktBOOb2Z+55FKxRJxD5OU+jEeChYxgsFIgV3uA9ZBFnnTcxx4D7XArrhVdw5nlXg5qaAczcD+6g8SomMqgHCsVM9zU/AzLIERTqelvlY0xWSMh7RnqMAxVX42P3zqnBpl4ESJNCXAmau/JzIcKzWJQ9MZYxipZW8m/uf1NERXfsZEqoEKslgUae5A4sxScAZMUgJ8YggmkplbHTLCEhMwWZVMCN7yy6ukXat69Wr97qLSuM7jKKJjdILOkIcuUQPdoiZqIYI0ekav6M16sl6sd+tj0Vqw8pkj9AfW5w/UvZKQ</latexit>

⌧f1/a
2
1

<latexit sha1_base64="4jIFkyXLAc3ZZEYhCkvopd6WEJY=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInuJukOgx6MVjBPOAZF1mJ7PJkNkHMz1CXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91dQSq4Asf5tgpr6xubW8Xt0s7u3n7ZPjhsq0RLylo0EYnsBkQxwWPWAg6CdVPJSBQI1gnGNzO/88ik4kl8D5OUeREZxjzklICRfLvcB6L9LKxNz4lfe6j5dsWpOnPgVeLmpIJyNH37qz9IqI5YDFQQpXquk4KXEQmcCjYt9bViKaFjMmQ9Q2MSMeVl88On+NQoAxwm0lQMeK7+nshIpNQkCkxnRGCklr2Z+J/X0xBeeRmPUw0spotFoRYYEjxLAQ+4ZBTExBBCJTe3YjoiklAwWZVMCO7yy6ukXau69Wr97qLSuM7jKKJjdILOkIsuUQPdoiZqIYo0ekav6M16sl6sd+tj0Vqw8pkj9AfW5w/XzpKS</latexit>

⌧f2/a
2
2

<latexit sha1_base64="aSFLihkSeu3hR3Q+BQtC7lvsgXc=">AAACNHicbVBNS8MwGE79nPOr6tFLcAieRltkehGGXgRBJrgPWGdJs3QLS9OSpMIo/VFe/CFeRPCgiFd/g9nag9t8IOR5n/d5Sd7HjxmVyrLejKXlldW19dJGeXNre2fX3NtvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfXU367UciJI34vRrHpBeiAacBxUhpyTNv3EAgnLoKJV4a2FmW3j44Xl7bGUS60NcFnLE5MzYntzmZZ1asqjUFXCR2QSqgQMMzX9x+hJOQcIUZkrJrW7HqpUgoihnJym4iSYzwCA1IV1OOQiJ76XTpDB5rpQ+DSOjDFZyqfydSFEo5Dn3tDJEayvneRPyv101UcN5LKY8TRTjOHwoSBlUEJwnCPhUEKzbWBGFB9V8hHiIdj9I5l3UI9vzKi6TlVO1atXZ3WqlfFnGUwCE4AifABmegDq5BAzQBBk/gFXyAT+PZeDe+jO/cumQUMwdgBsbPL00HqzQ=</latexit> ⌧f1
N2

⌧1a
2
1

=
⌧f2

N2
⌧2a

2
2

<latexit sha1_base64="lL3QfthijN3Cy+6FkeB1aLI4mS8="></latexit>

⌧f1
a21

= s2
⌧f2
a22

, s =
N2

⌧1

N2
⌧2

=
a22
a21

✤ Can use this to set scale



Relative Scale setting
✤ Two lattice ensembles at same temperature

<latexit sha1_base64="R/w/rkn9aogf+j4P5I6AroVF+MY=">AAACAnicbVDLSgMxFM3UV62vUVfiJliECqXMFKkui25cSQX7gM4wZNK0Dc08SO4IZShu/BU3LhRx61e4829M21lo64ELJ+fcS+49fiy4Asv6NnIrq2vrG/nNwtb2zu6euX/QUlEiKWvSSESy4xPFBA9ZEzgI1oklI4EvWNsfXU/99gOTikfhPYxj5gZkEPI+pwS05JlHJcdnQLxqGd96qQMk8aqTsn6feWbRqlgz4GViZ6SIMjQ888vpRTQJWAhUEKW6thWDmxIJnAo2KTiJYjGhIzJgXU1DEjDlprMTJvhUKz3cj6SuEPBM/T2RkkCpceDrzoDAUC16U/E/r5tA/9JNeRgnwEI6/6ifCAwRnuaBe1wyCmKsCaGS610xHRJJKOjUCjoEe/HkZdKqVuxapXZ3XqxfZXHk0TE6QSVkowtURzeogZqIokf0jF7Rm/FkvBjvxse8NWdkM4foD4zPH9jLldA=</latexit>

(�2, N⌧2 , a2)

<latexit sha1_base64="koyaBZhFLauxO9SzoFmTnc31ID0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQoZREpLosunElFewDmhAm00k7dPJg5kYoobjxV9y4UMStX+HOv3HaZqGtBy6cOede5t7jJ4IrsKxvY2l5ZXVtvbBR3Nza3tk19/ZbKk4lZU0ai1h2fKKY4BFrAgfBOolkJPQFa/vD64nffmBS8Ti6h1HC3JD0Ix5wSkBLnnlYdnwGxLMr+NbLHCCpZ48r+n3qmSWrak2BF4mdkxLK0fDML6cX0zRkEVBBlOraVgJuRiRwKti46KSKJYQOSZ91NY1IyJSbTU8Y4xOt9HAQS10R4Kn6eyIjoVKj0NedIYGBmvcm4n9eN4Xg0s14lKTAIjr7KEgFhhhP8sA9LhkFMdKEUMn1rpgOiCQUdGpFHYI9f/IiaZ1V7Vq1dndeql/lcRTQETpGZWSjC1RHN6iBmoiiR/SMXtGb8WS8GO/Gx6x1ychnDtAfGJ8/1CeVzQ==</latexit>

(�1, N⌧1 , a1)

✤ Relation between           and             for given                                   

<latexit sha1_base64="drGvets+KJpHALdFxONk5W6j9nY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4TyAuSJcxOOsmY2dllZlYIS77AiwdFvPpJ3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByP/fbT6g0j2TDTGP0QzqSfMgZNVaqN/rFklt2FyDrxMtICTLU+sWv3iBiSYjSMEG17npubPyUKsOZwFmhl2iMKZvQEXYtlTRE7aeLQ2fkwioDMoyULWnIQv09kdJQ62kY2M6QmrFe9ebif143McNbP+UyTgxKtlw0TAQxEZl/TQZcITNiagllittbCRtTRZmx2RRsCN7qy+ukdVX2KuVK/bpUvcviyMMZnMMleHADVXiAGjSBAcIzvMKb8+i8OO/Ox7I152Qzp/AHzucPszuM4w==</latexit>

T

<latexit sha1_base64="Uk1ENYPZIyf8LZnyn1Frn76jdzk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETzUpUj0WvXisYD+gjWGz3bRLN5uwOyvU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhSlnClz32yqsrW9sbhW3Szu7e/tl++CwrRItCW2RhCeyG2JFORO0BQw47aaS4jjktBOOb2Z+55FKxRJxD5OU+jEeChYxgsFIgV3uA9ZBFnnTcxx4D7XArrhVdw5nlXg5qaAczcD+6g8SomMqgHCsVM9zU/AzLIERTqelvlY0xWSMh7RnqMAxVX42P3zqnBpl4ESJNCXAmau/JzIcKzWJQ9MZYxipZW8m/uf1NERXfsZEqoEKslgUae5A4sxScAZMUgJ8YggmkplbHTLCEhMwWZVMCN7yy6ukXat69Wr97qLSuM7jKKJjdILOkIcuUQPdoiZqIYI0ekav6M16sl6sd+tj0Vqw8pkj9AfW5w/UvZKQ</latexit>

⌧f1/a
2
1

<latexit sha1_base64="4jIFkyXLAc3ZZEYhCkvopd6WEJY=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInuJukOgx6MVjBPOAZF1mJ7PJkNkHMz1CXPIlXjwo4tVP8ebfOEn2oIkFDUVVN91dQSq4Asf5tgpr6xubW8Xt0s7u3n7ZPjhsq0RLylo0EYnsBkQxwWPWAg6CdVPJSBQI1gnGNzO/88ik4kl8D5OUeREZxjzklICRfLvcB6L9LKxNz4lfe6j5dsWpOnPgVeLmpIJyNH37qz9IqI5YDFQQpXquk4KXEQmcCjYt9bViKaFjMmQ9Q2MSMeVl88On+NQoAxwm0lQMeK7+nshIpNQkCkxnRGCklr2Z+J/X0xBeeRmPUw0spotFoRYYEjxLAQ+4ZBTExBBCJTe3YjoiklAwWZVMCO7yy6ukXau69Wr97qLSuM7jKKJjdILOkIsuUQPdoiZqIYo0ekav6M16sl6sd+tj0Vqw8pkj9AfW5w/XzpKS</latexit>

⌧f2/a
2
2

<latexit sha1_base64="aSFLihkSeu3hR3Q+BQtC7lvsgXc=">AAACNHicbVBNS8MwGE79nPOr6tFLcAieRltkehGGXgRBJrgPWGdJs3QLS9OSpMIo/VFe/CFeRPCgiFd/g9nag9t8IOR5n/d5Sd7HjxmVyrLejKXlldW19dJGeXNre2fX3NtvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfXU367UciJI34vRrHpBeiAacBxUhpyTNv3EAgnLoKJV4a2FmW3j44Xl7bGUS60NcFnLE5MzYntzmZZ1asqjUFXCR2QSqgQMMzX9x+hJOQcIUZkrJrW7HqpUgoihnJym4iSYzwCA1IV1OOQiJ76XTpDB5rpQ+DSOjDFZyqfydSFEo5Dn3tDJEayvneRPyv101UcN5LKY8TRTjOHwoSBlUEJwnCPhUEKzbWBGFB9V8hHiIdj9I5l3UI9vzKi6TlVO1atXZ3WqlfFnGUwCE4AifABmegDq5BAzQBBk/gFXyAT+PZeDe+jO/cumQUMwdgBsbPL00HqzQ=</latexit> ⌧f1
N2

⌧1a
2
1

=
⌧f2

N2
⌧2a

2
2

<latexit sha1_base64="lL3QfthijN3Cy+6FkeB1aLI4mS8="></latexit>

⌧f1
a21

= s2
⌧f2
a22

, s =
N2

⌧1

N2
⌧2

=
a22
a21

✤ Can use this to set scale

✤ Two Issues : 

✤ Assumes      is tuned  
<latexit sha1_base64="2hhDZ3BtxH6R6+GVKdZKzqHyAso=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnX7AkQ5qg3LFrboLkHXi5aQCOZqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxbnzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPEzoZIUuWLLRWEqCcZk/jsZCs0ZyqkllGlhbyVsTDVlaBMq2RC81ZfXSbtW9erV+sNVpXGbx1GEMziHS/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP/Fkj1Q=</latexit>

�2

✤ Exists a procedure that accomplishes this



Gauge coupling tuning
✤ Relative scale setting implies prior knowledge of LCP
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Ø1 = 7.77

Ø1 = 7.86

✤ MILC provides LCP data up to 0.04 fm

✤ Interpolate LCP data to target lattice spacing 

✤ With 20% deviation, 
choose two couplings

✤ Interpolate in beta over 
several flow depths 



Scale determination procedure
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Lattice B1

Lattice B2✤ Two gradient flows

✤ B1 has well determined scale

✤ Need to set the scale for tuned B2

✤ Chi-square like minimization for matching flows

✤ Would like to match two flows

<latexit sha1_base64="9mP08CwzTufe133HgJazfO7xFc0="></latexit>

�G(g21(xi), xi, s) =
1p
xi

�
g21(xi)� p(xi/s

2)�(A,B, xi)
�

<latexit sha1_base64="5R644J8/CO02lvYV5LWzb/W69aU="></latexit>

�2(s,A,B, p(x)) = �G(g21(xi), xi, 1) C
�1
1,ij �G(g21(xj), xj , 1)

<latexit sha1_base64="A6utsAVZW6REmL3jROuTgrj6xEU="></latexit>

+�G(g22(s xl), s xl, s) C
�1
2,lm �G(g22(s xm), s xm, s)



Scale determination procedure
✤ Two gradient flows

✤ B1 has well determined scale

✤ Need to set the scale for tuned B2

✤ Chi-square like minimization for matching flows

✤ Would like to match two flows

<latexit sha1_base64="9mP08CwzTufe133HgJazfO7xFc0="></latexit>

�G(g21(xi), xi, s) =
1p
xi

�
g21(xi)� p(xi/s

2)�(A,B, xi)
�

<latexit sha1_base64="5R644J8/CO02lvYV5LWzb/W69aU="></latexit>

�2(s,A,B, p(x)) = �G(g21(xi), xi, 1) C
�1
1,ij �G(g21(xj), xj , 1)

<latexit sha1_base64="A6utsAVZW6REmL3jROuTgrj6xEU="></latexit>

+�G(g22(s xl), s xl, s) C
�1
2,lm �G(g22(s xm), s xm, s)
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Quark mass tuning

✤ Tune quark masses in                       set up 

<latexit sha1_base64="Ug6EBh3dmjgtJscCvOSWMTma72k=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0VwISFppe1GKLpxWcE+oA1hMp20Q2eSODMRSsifuPFX3LhQRNz1b5w+FrX1wIXDOfdy7z1+zKhUtj0xchubW9s7+d3C3v7B4ZF5fNKSUSIwaeKIRaLjI0kYDUlTUcVIJxYEcZ+Rtj+6m/rtZyIkjcJHNY6Jy9EgpAHFSGnJMyvcY/AG9gKBcMo9maWlqlXOrmDvKUF9qJUlF2ep41jVWjnzzKJt2TPAdeIsSBEs0PDMn14/wgknocIMSdl17Fi5KRKKYkayQi+RJEZ4hAakq2mIOJFuOvsvgxda6cMgErpCBWfq8kSKuJRj7utOjtRQrnpT8T+vm6ig5qY0jBNFQjxfFCQMqghOw4J9KghWbKwJwoLqWyEeIh2G0pEWdAjO6svrpFWynIpVebgu1m8XceTBGTgHl8ABVVAH96ABmgCDF/AGPsCn8Wq8G1/G97w1ZyxmTsEfGJNfvQGg8A==</latexit>

ml =
ms

27.3
, ms =

mc

11.783
✤ Tune only charm quarks and the rest from 

<latexit sha1_base64="U5Tad4HvU4sPjDpHu5FkCuizQmM=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIsgFMpukepFKHrxJBXsB2yXkk2zbWg2WZJZoZT+DC8eFPHqr/HmvzFt96CtDwYe780wMy9MBDfgut9Obm19Y3Mrv13Y2d3bPygeHrWMSjVlTaqE0p2QGCa4ZE3gIFgn0YzEoWDtcHQ789tPTBuu5COMExbEZCB5xCkBK/n3vegaV8te2cO9YsmtuHPgVeJlpIQyNHrFr25f0TRmEqggxviem0AwIRo4FWxa6KaGJYSOyID5lkoSMxNM5idP8ZlV+jhS2pYEPFd/T0xIbMw4Dm1nTGBolr2Z+J/npxBdBRMukxSYpItFUSowKDz7H/e5ZhTE2BJCNbe3YjokmlCwKRVsCN7yy6ukVa14tUrt4aJUv8niyKMTdIrOkYcuUR3doQZqIooUekav6M0B58V5dz4WrTknmzlGf+B8/gB1Ho9t</latexit>

Nf = 2 + 1 + 1

✤ Compute screening correlation functions of :
<latexit sha1_base64="ilkGZKI06Ta/CPCoJvmTJngYtwE="></latexit>

Ds(x) = c̄j↵(�5)↵�s
j
�(x)

<latexit sha1_base64="fWJSiWH4J4kI/3WDj9LDUlBFPSQ="></latexit>

Dc(x) = c̄j↵(�5)↵�c
j
�(x)

Complementary check 
✤ Maintain z direction 6X longer than other spatial

✤ Generate 5 guesses with 20% deviation from original 



Quark mass tuning
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0.3556 ± 0.0014 ¬2/dof = 1.31

✤ Momentum projected 12 equidistant sources

✤ Correlators averaged 
over sources

✤ Uncertainties account 
for autocorrelations

✤ Correlated two 
exponential fit.



Quark mass tuning 
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mc = 0.0748 ± 0.0018

✤ Blue band — Screening mass corresponds to tuned quark 
mass

✤ Data points — Screening 
mass from each guess 

✤ Green band — Linear 
fit to the data

✤ Shaded overlapping 
region — tuned quark mass



Final results 

435 MeV

341 MeV

511 MeV

<latexit sha1_base64="SCp9Y5mlEff+Nhj19dLpIu+O0X8=">AAACFHicbZDJSgNBEIZ7XGPcoh69NAYhooSZqBMvQtCLxwgmCpkQejo12qRnobtGDEMewouv4sWDIl49ePNt7CwHt4KGj/+vorp+P5FCo21/WlPTM7Nz87mF/OLS8spqYW29qeNUcWjwWMbqymcapIiggQIlXCUKWOhLuPR7p0P/8haUFnF0gf0E2iG7jkQgOEMjdQq7ng/I6DF1y9XKHvXokO2yfei6lZKzv2MUD+EOsyAcdApF44yK/gVnAkUyqXqn8OF1Y56GECGXTOuWYyfYzphCwSUM8l6qIWG8x66hZTBiIeh2NjpqQLeN0qVBrMyLkI7U7xMZC7Xuh77pDBne6N/eUPzPa6UYHLUzESUpQsTHi4JUUozpMCHaFQo4yr4BxpUwf6X8hinG0eSYNyE4v0/+C81K2XHL7vlBsXYyiSNHNskWKRGHVEmNnJE6aRBO7skjeSYv1oP1ZL1ab+PWKWsys0F+lPX+BRqzmeo=</latexit>

� = 6.72, a = 0.05662(13) fm

<latexit sha1_base64="D6YnYrznQWJyLyDCCQgUpEOuZqI=">AAACFHicbZDJSgNBEIZ74hbjNurRS2MQFCXMxCW5CEEvHiMYFTIh9HRqTJOehe4aMQx5CC++ihcPinj14M23sbMc3AoaPv6/iur6/UQKjY7zaeWmpmdm5/LzhYXFpeUVe3XtUsep4tDgsYzVtc80SBFBAwVKuE4UsNCXcOX3Tof+1S0oLeLoAvsJtEJ2E4lAcIZGatu7ng/I6DGtlMrVPerRITslZ7/sHm67+ztG8RDuMAvCQdsuGmdU9C+4EyiSSdXb9ofXiXkaQoRcMq2brpNgK2MKBZcwKHiphoTxHruBpsGIhaBb2eioAd0ySocGsTIvQjpSv09kLNS6H/qmM2TY1b+9ofif10wxqLYyESUpQsTHi4JUUozpMCHaEQo4yr4BxpUwf6W8yxTjaHIsmBDc3yf/hctyyT0qHZ0fFGsnkzjyZINskm3ikgqpkTNSJw3CyT15JM/kxXqwnqxX623cmrMmM+vkR1nvXxFEmeQ=</latexit>

� = 7.28, a = 0.03215(13) fm

<latexit sha1_base64="D6YnYrznQWJyLyDCCQgUpEOuZqI=">AAACFHicbZDJSgNBEIZ74hbjNurRS2MQFCXMxCW5CEEvHiMYFTIh9HRqTJOehe4aMQx5CC++ihcPinj14M23sbMc3AoaPv6/iur6/UQKjY7zaeWmpmdm5/LzhYXFpeUVe3XtUsep4tDgsYzVtc80SBFBAwVKuE4UsNCXcOX3Tof+1S0oLeLoAvsJtEJ2E4lAcIZGatu7ng/I6DGtlMrVPerRITslZ7/sHm67+ztG8RDuMAvCQdsuGmdU9C+4EyiSSdXb9ofXiXkaQoRcMq2brpNgK2MKBZcwKHiphoTxHruBpsGIhaBb2eioAd0ySocGsTIvQjpSv09kLNS6H/qmM2TY1b+9ofif10wxqLYyESUpQsTHi4JUUozpMCHaEQo4yr4BxpUwf6W8yxTjaHIsmBDc3yf/hctyyT0qHZ0fFGsnkzjyZINskm3ikgqpkTNSJw3CyT15JM/kxXqwnqxX623cmrMmM+vkR1nvXxFEmeQ=</latexit>

� = 7.28, a = 0.03215(13) fm

Extension of MILC scale to 0.013 fm

Tuned coupling, known lattice spacing

Tune at finer lattice spacing



Final results 

435 MeV

341 MeV

511 MeV

<latexit sha1_base64="SCp9Y5mlEff+Nhj19dLpIu+O0X8=">AAACFHicbZDJSgNBEIZ7XGPcoh69NAYhooSZqBMvQtCLxwgmCpkQejo12qRnobtGDEMewouv4sWDIl49ePNt7CwHt4KGj/+vorp+P5FCo21/WlPTM7Nz87mF/OLS8spqYW29qeNUcWjwWMbqymcapIiggQIlXCUKWOhLuPR7p0P/8haUFnF0gf0E2iG7jkQgOEMjdQq7ng/I6DF1y9XKHvXokO2yfei6lZKzv2MUD+EOsyAcdApF44yK/gVnAkUyqXqn8OF1Y56GECGXTOuWYyfYzphCwSUM8l6qIWG8x66hZTBiIeh2NjpqQLeN0qVBrMyLkI7U7xMZC7Xuh77pDBne6N/eUPzPa6UYHLUzESUpQsTHi4JUUozpMCHaFQo4yr4BxpUwf6X8hinG0eSYNyE4v0/+C81K2XHL7vlBsXYyiSNHNskWKRGHVEmNnJE6aRBO7skjeSYv1oP1ZL1ab+PWKWsys0F+lPX+BRqzmeo=</latexit>

� = 6.72, a = 0.05662(13) fm

<latexit sha1_base64="D6YnYrznQWJyLyDCCQgUpEOuZqI=">AAACFHicbZDJSgNBEIZ74hbjNurRS2MQFCXMxCW5CEEvHiMYFTIh9HRqTJOehe4aMQx5CC++ihcPinj14M23sbMc3AoaPv6/iur6/UQKjY7zaeWmpmdm5/LzhYXFpeUVe3XtUsep4tDgsYzVtc80SBFBAwVKuE4UsNCXcOX3Tof+1S0oLeLoAvsJtEJ2E4lAcIZGatu7ng/I6DGtlMrVPerRITslZ7/sHm67+ztG8RDuMAvCQdsuGmdU9C+4EyiSSdXb9ofXiXkaQoRcMq2brpNgK2MKBZcwKHiphoTxHruBpsGIhaBb2eioAd0ySocGsTIvQjpSv09kLNS6H/qmM2TY1b+9ofif10wxqLYyESUpQsTHi4JUUozpMCHaEQo4yr4BxpUwf6W8yxTjaHIsmBDc3yf/hctyyT0qHZ0fFGsnkzjyZINskm3ikgqpkTNSJw3CyT15JM/kxXqwnqxX623cmrMmM+vkR1nvXxFEmeQ=</latexit>

� = 7.28, a = 0.03215(13) fm

<latexit sha1_base64="D6YnYrznQWJyLyDCCQgUpEOuZqI=">AAACFHicbZDJSgNBEIZ74hbjNurRS2MQFCXMxCW5CEEvHiMYFTIh9HRqTJOehe4aMQx5CC++ihcPinj14M23sbMc3AoaPv6/iur6/UQKjY7zaeWmpmdm5/LzhYXFpeUVe3XtUsep4tDgsYzVtc80SBFBAwVKuE4UsNCXcOX3Tof+1S0oLeLoAvsJtEJ2E4lAcIZGatu7ng/I6DGtlMrVPerRITslZ7/sHm67+ztG8RDuMAvCQdsuGmdU9C+4EyiSSdXb9ofXiXkaQoRcMq2brpNgK2MKBZcwKHiphoTxHruBpsGIhaBb2eioAd0ySocGsTIvQjpSv09kLNS6H/qmM2TY1b+9ofif10wxqLYyESUpQsTHi4JUUozpMCHaEQo4yr4BxpUwf6W8yxTjaHIsmBDc3yf/hctyyT0qHZ0fFGsnkzjyZINskm3ikgqpkTNSJw3CyT15JM/kxXqwnqxX623cmrMmM+vkR1nvXxFEmeQ=</latexit>

� = 7.28, a = 0.03215(13) fm

<latexit sha1_base64="MiZShAPPY1vARljzl5odIYL1t8s=">AAACFHicbZC7SgNBFIZnvcZ4W7W0GQyCooTdmEQthKCNZQSjQjaE2clZM2T2wsxZMSx5CBtfxcZCEVsLO9/GSUzh7cDAx/+fw5nz+4kUGh3nw5qYnJqemc3N5ecXFpeW7ZXVCx2nikODxzJWVz7TIEUEDRQo4SpRwEJfwqXfOxn6lzegtIijc+wn0ArZdSQCwRkaqW3veD4go0e0Wjys7FKPDtkpOuXKnrtVqm4bxUO4xSwIB227YJxR0b/gjqFAxlVv2+9eJ+ZpCBFyybRuuk6CrYwpFFzCIO+lGhLGe+wamgYjFoJuZaOjBnTTKB0axMq8COlI/T6RsVDrfuibzpBhV//2huJ/XjPF4KCViShJESL+tShIJcWYDhOiHaGAo+wbYFwJ81fKu0wxjibHvAnB/X3yX7goFd1qsXpWLtSOx3HkyDrZIFvEJfukRk5JnTQIJ3fkgTyRZ+veerRerNev1glrPLNGfpT19gkfqZnt</latexit>

� = 6.95, a = 0.04531(26) fm
<latexit sha1_base64="0S4hoXFt1Txd7tB02FJMAU0otkg=">AAACFHicbZC7SgNBFIZnvcZ4i1raDAZBUcJuIkkaIWhjGcGYQDaE2clZHTJ7YeasGJY8hI2vYmOhiK2FnW/j5FJo9MDAx/+fw5nze7EUGm37y5qbX1hcWs6sZFfX1jc2c1vb1zpKFIcGj2SkWh7TIEUIDRQooRUrYIEnoen1z0d+8w6UFlF4hYMYOgG7CYUvOEMjdXNHrgfI6CmtFJzSMXXpiO2CXapUywdO8dAoLsI9pn4w7ObyxhkX/QvOFPJkWvVu7tPtRTwJIEQumdZtx46xkzKFgksYZt1EQ8x4n91A22DIAtCddHzUkO4bpUf9SJkXIh2rPydSFmg9CDzTGTC81bPeSPzPayfoVzupCOMEIeSTRX4iKUZ0lBDtCQUc5cAA40qYv1J+yxTjaHLMmhCc2ZP/wnWx4JQL5cuTfO1sGkeG7JI9ckAcUiE1ckHqpEE4eSBP5IW8Wo/Ws/VmvU9a56zpzA75VdbHNxp1meo=</latexit>

� = 7.13, a = 0.03786(12) fm

<latexit sha1_base64="ixwgwcP90OfFzMLt77tYA3Z5t1s="></latexit>︸︷︷︸

<latexit sha1_base64="69LiIOFrLOYbqAS5ssT3O3m1wCI=">AAACE3icbZA9SwNBEIb34nf8OrW0WQyCioS7qIkWgmhjqWBiIBfC3mbOLNn7YHdODEf+g41/xcZCEVsbO/+Nm5hCjQMLD+87w+y8fiKFRsf5tHITk1PTM7Nz+fmFxaVle2W1puNUcajyWMaq7jMNUkRQRYES6okCFvoSrv3u2cC/vgWlRRxdYS+BZshuIhEIztBILXvH8wEZPaaVonuwSz06YKfo7JVL5a2jbSN4CHeYBWG/ZReMMSw6Du4ICmRUFy37w2vHPA0hQi6Z1g3XSbCZMYWCS+jnvVRDwniX3UDDYMRC0M1seFOfbhqlTYNYmRchHao/JzIWat0LfdMZMuzov95A/M9rpBgcNjMRJSlCxL8XBamkGNNBQLQtFHCUPQOMK2H+SnmHKcbRxJg3Ibh/Tx6HWqnolovly/3CyekojlmyTjbIFnFJhZyQc3JBqoSTe/JInsmL9WA9Wa/W23drzhrNrJFfZb1/AaTbmbE=</latexit>

� = 7.15, a = 0.03626(9) fm
<latexit sha1_base64="hnCOmbr3CKy0mMaJS7JVuBdJ6sU=">AAACFHicbZDJSgNBEIZ7XGPcRj16aQxCRAkzUZJ4UAQvHhXMApkQejo12qRnobtGDEMewouv4sWDIl49ePNt7MQc3AoaPv6/iur6/UQKjY7zYU1Nz8zOzecW8otLyyur9tp6Q8ep4lDnsYxVy2capIigjgIltBIFLPQlNP3+6chv3oDSIo4ucZBAJ2RXkQgEZ2ikrr3r+YCMHtFqaf9wj3p0xE7JKdeq1aLr7BjFQ7jFLAiHXbtgnHHRv+BOoEAmdd61371ezNMQIuSSad12nQQ7GVMouIRh3ks1JIz32RW0DUYsBN3JxkcN6bZRejSIlXkR0rH6fSJjodaD0DedIcNr/dsbif957RSDWicTUZIiRPxrUZBKijEdJUR7QgFHOTDAuBLmr5RfM8U4mhzzJgT398l/oVEuuZVS5eKgcHI8iSNHNskWKRKXVMkJOSPnpE44uSMP5Ik8W/fWo/VivX61TlmTmQ3yo6y3TyM3mew=</latexit>

� = 7.39, a = 0.02877(10) fm
<latexit sha1_base64="YE96LYT6NdJOP37MAXw+I6F8D8g=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAihLAb8jooBLx4VDAmkA1hdtIbB2cfzPSKYclPePFXvHhQxKvgzb9xEnNQY0FDTVU3011eLIVG2/60FhaXlldWM2vZ9Y3Nre3czu6VjhLFocUjGamOxzRIEUILBUroxApY4EloezenE799C0qLKLzEUQy9gA1D4QvO0Ej9XNH1ABk9ofVS3akWqUsnD7tkl+1GpeBUj4ziItxh6gfjfi5vnCnoPHFmJE9mOO/nPtxBxJMAQuSSad117Bh7KVMouIRx1k00xIzfsCF0DQ1ZALqXTq8a00OjDKgfKVMh0qn6cyJlgdajwDOdAcNr/debiP953QT9Ri8VYZwghPz7Iz+RFCM6iYgOhAKOcmQI40qYXSm/ZopxNEFmTQjO35PnyVW55NRKtYtKvnk8iyND9skBKRCH1EmTnJFz0iKc3JNH8kxerAfryXq13r5bF6zZzB75Bev9C5NrmiA=</latexit>

� = 7.715, a = 0.02084(15) fm
<latexit sha1_base64="ixwgwcP90OfFzMLt77tYA3Z5t1s="></latexit>︸︷︷︸

<latexit sha1_base64="FpCY0JOXRbHQll1C2cmKoRuTkkY=">AAACE3icbZDJSgNBEIZ73I1b1KOXxiBEkWEmhMSDguDFYwSzQGYIPZ0abexZ6K4Rw5B38OKrePGgiFcv3nwbO8vBraDh4/+rqK4/SKXQ6Dif1szs3PzC4tJyYWV1bX2juLnV0kmmODR5IhPVCZgGKWJookAJnVQBiwIJ7eDmbOS3b0FpkcSXOEjBj9hVLELBGRqpVzzwAkBGT2jdrjmH1KMjdmynUnWccnXfCB7CHeZhNOwVS8YYF/0L7hRKZFqNXvHD6yc8iyBGLpnWXddJ0c+ZQsElDAtepiFl/IZdQddgzCLQfj6+aUj3jNKnYaLMi5GO1e8TOYu0HkSB6YwYXuvf3kj8z+tmGB75uYjTDCHmk0VhJikmdBQQ7QsFHOXAAONKmL9Sfs0U42hiLJgQ3N8n/4VWxXZrdu2iWjo9nsaxRHbILikTl9TJKTknDdIknNyTR/JMXqwH68l6td4mrTPWdGab/Cjr/QuJ45mb</latexit>

� = 7.60, a = 0.02400(4) fm
<latexit sha1_base64="Kdw4nadVHUtLwAvg95fwOLEVezw=">AAACFHicbZDLSgNBEEV74ivG16hLN41BiChhRiVGUBDcuFQwiZAJoadTkzTpedBdI4YhH+HGX3HjQhG3Ltz5N3ZiFr4KGg73VlFd10+k0Og4H1Zuanpmdi4/X1hYXFpesVfX6jpOFYcaj2Wsrn2mQYoIaihQwnWigIW+hIbfPxv5jRtQWsTRFQ4SaIWsG4lAcIZGats7ng/I6Ak9LFf3dqlHR+yUHfdov1Jyj7aN4iHcYhaEw7ZdNM646F9wJ1Akk7po2+9eJ+ZpCBFyybRuuk6CrYwpFFzCsOClGhLG+6wLTYMRC0G3svFRQ7pllA4NYmVehHSsfp/IWKj1IPRNZ8iwp397I/E/r5liUG1lIkpShIh/LQpSSTGmo4RoRyjgKAcGGFfC/JXyHlOMo8mxYEJwf5/8F+p7ZbdSrlweFE+PJ3HkyQbZJCXikkNySs7JBakRTu7IA3kiz9a99Wi9WK9frTlrMrNOfpT19gkljJns</latexit>

� = 7.82, a = 0.01936(19) fm
<latexit sha1_base64="m/4g/oRva8cFFATEuK3aTUtiMtQ=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAihLArURNQCHjxGMEYIRvC7KQ3Dpl9MNMrhiU/4cVf8eJBEa+CN//GScxBEwsaaqq6me7yYik02vaXNTe/sLi0nFnJrq6tb2zmtravdZQoDg0eyUjdeEyDFCE0UKCEm1gBCzwJTa9/PvKbd6C0iMIrHMTQDlgvFL7gDI3UyRVdD5DRM1op2eWjInXp6GGXbOeoWi04lQOjuAj3mPrBsJPLG2cMOkucCcmTCeqd3KfbjXgSQIhcMq1bjh1jO2UKBZcwzLqJhpjxPutBy9CQBaDb6fiqId03Spf6kTIVIh2rvydSFmg9CDzTGTC81dPeSPzPayXoV9qpCOMEIeQ/H/mJpBjRUUS0KxRwlANDGFfC7Er5LVOMowkya0Jwpk+eJdeHJee4dHxZztdOJ3FkyC7ZIwXikBNSIxekThqEkwfyRF7Iq/VoPVtv1vtP65w1mdkhf2B9fAOi/poq</latexit>

� = 8.045, a = 0.01599(18) fm
<latexit sha1_base64="fkHPQm6RpEQuBYQOVGMwdRVgUPU=">AAACFHicbZDJSgNBEIZ74h63qEcvjUFQlDATRT0oCF48RjALZIbQ06lJGnsWumvEMOQhvPgqXjwo4tWDN9/GniQHt4KGj/+vorp+P5FCo21/WoWp6ZnZufmF4uLS8spqaW29oeNUcajzWMaq5TMNUkRQR4ESWokCFvoSmv7NRe43b0FpEUfXOEjAC1kvEoHgDI3UKe25PiCjZ/SkUq3uU5fmbFds5+C4uuM4u0ZxEe4wC8Jhp1Q2zqjoX3AmUCaTqnVKH2435mkIEXLJtG47doJexhQKLmFYdFMNCeM3rAdtgxELQXvZ6Kgh3TZKlwaxMi9COlK/T2Qs1HoQ+qYzZNjXv71c/M9rpxiceJmIkhQh4uNFQSopxjRPiHaFAo5yYIBxJcxfKe8zxTiaHIsmBOf3yX+hUa04R5Wjq8Py+ekkjnmySbbIDnHIMTknl6RG6oSTe/JInsmL9WA9Wa/W27i1YE1mNsiPst6/AAdSmdk=</latexit>

� = 8.22, a = 0.01372(11) fm

<latexit sha1_base64="ixwgwcP90OfFzMLt77tYA3Z5t1s="></latexit>︸︷︷︸

Extension of MILC scale to 0.013 fm
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