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TUTl Thanks Akira.

From Kyoto...to Kyoto.
In memory of Akira.
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T|.|T| Multi-strange meson-baryon systems and exotic states

» Interactions between mesons and baryons involving strangeness
— Possibility to study nature and properties of exotic states

*  Presence of a rich coupled-channel dynamics

— Systems sharing same quantum numbers (B,S,Q),
relatively close in mass

K
\\ m

— On- and off-shell processes from one channel to / A /
N N

K

K
!
A
the other N

. Several candidates for exotic states with molecular nature
— Typically observed close to channel thresholds

— Main example given by the two-pole A(1405)
J. M.M. Hall et al. PRL 114 (2015) 13
U. G. MeifBner Symmetry 12 (2020) 6, 981

>

oday we will focus on
strange molecular states!

e W . )
K M. Mai EPJST 230 (2021) 6
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TI-ITI Strange molecular states and where to find them
Y. Kamiya Mo. 21 Oct
Interactions with rich coupled-channel dynamics — Typically observed close to channel thresholds

M. Mai Eur.Phys.J.ST 230 20216 /\(1405)

J.M.M. Hall et al. PRL 114 (2015) 13 _
AT ST [O] KN np nf »15
l l l

1250-1255  1327-1337 1432-1437 1633 1740 1815 Eneréy
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TI-ITI Strange molecular states and where to find them

Y. Kamiya Mo. 21 Oct

Interactions with rich coupled-channel dynamics — Typically observed close to channel thresholds

Photoproduction experiments
GLAS Coll. PRG 88 (2013)

Scattering experiments

M. Mai EPJST 230 (2021) 6
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Need for high-precision data close to KN threshold!!
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TI-ITI Strange molecular states and where to find them

Y. Kamiya Mo. 21 Oct

Interactions with rich coupled-channel dynamics — Typically observed close to channel thresholds

Photoproduction experiments Scattering experiments
CLAS Coll. PRC 88 (2013) M. Mai EPJST 230 (2021) 6
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Need for experimental constraints on as many channels as possible!

K valentina.mantovani-sarti@tum.de



T|.|T| More strange molecular states and where to find them

« Scattering experiments challenging with increasing strangeness
— Z(1620) lying across the KA threshold as molecular candidate, poorly known

* Intensive searches via spectroscopy measurements with different production mechanism

( Production \

process

Exotic

\ Decay channel

€=
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Combine different production mechanisms/decay channels
to reveal the state’s nature
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T|.|T| More strange molecular states and where to find them

« Scattering experiments challenging with increasing strangeness
— Z(1620) lying across the KA threshold as molecular candidate, poorly known

* Intensive searches via spectroscopy measurements with different production mechanism

/ Interacting \

constituents

-l'

( Exotic )
l

\ Decay channel /
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Accessing the interaction between the constituents
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T|.|T| Investigating exotic states with correlations

» Accessing interaction between the constituents with correlation functions measured in pp collisions
M.Lisa, S. Pratt et al, ARNPS. 55 (2005), 357-402, L. Fabbietti, VMS and O. Vazquez Doce ARNPS 71 (2021), 377-402

Nsame (k™)

. d37*
— T
Nmixed(k*)

C(k*)=N (k")

f S#) [k, 7)
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T|.|T| Investigating exotic states with correlations

» Accessing interaction between the constituents with correlation functions measured in pp collisions
M.Lisa, S. Pratt et al, ARNPS. 55 (2005), 357-402, L. Fabbietti, VMS and O. Vazquez Doce ARNPS 71 (2021), 377-402

Koonin-Pratt equation
*
Nsame(k™)

S. E. Koonin, Phys. Lett. B 70, 43 (1977)
» —
N mixed (k )

C(k*)=N (k")

2
d3r
)

Interaction

ALICE Coll. Nature 588 (2020) 232-238

C(k%)

i Attractive

_—
—_

- | T Repulsive
50 100 150 200
' ' - k*(MeV
Correlation mapping 1-to-1 (Mev/e)

the nature of the interaction

K valentina.mantovani-sarti@tum.de
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T|.|T| Investigating exotic states with correlations

Accessing interaction between the constituents with correlation functions measured in pp collisions
M.Lisa, S. Pratt et al, ARNPS. 55 (2005), 357-402, L. Fabbietti, VMS and O. Vazquez Doce ARNPS 71 (2021), 377-402

Ngame (k™) jf o o 2 e

*Y) — * — * k*, * d3 *

C(k ) N(k )Nmixed(k*) I\E(r_): |l/)( ! ) '
Emitting

source

« |t tells us on average at which relative r,5 distances the particles
> A and B are produced

» Acting as a probability density function in r*
- 2
— How much |(k*,77)| do we sample?

» |t depends on the collision system

What ranges of inter-particle distances are we probing at LHC?

K valentina.mantovani-sarti@tum.de
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TI'ITI Small and large colliding systems at LHC: from pp to Pb-Pb

By changing the colliding system
* Probe source sizes ranging from 1 fm up to 10 fm
» Interparticle distances from 2 to roughly 20 fm

source size (fm

periph. & ultra-periph central & semi-central
e YN
ol H@. WY @

70-90% 0-50%

inter-part. dist.(fm)

How does the signal in the correlation function changes with the source size”?

K valentina.mantovani-sarti@tum.de



TI'ITI Small and large colliding systems at LHC: from pp to Pb-Pb

source size (fm

periph. & ultra-periph central & semi-central
e "9
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he (common) emitting source in small colliding systems

ALICE Coll. PLB 811 (2020) 135849

%

d37*

. ,—— (" Y =[50 [k, 7)

r*ll / 2 g . Fixing the source — Very well known interaction
— 'l from a pair we can easily produce at LHC!

\ - .- aam "= = =
Emlttlng Well known
source interaction!

valentina.mantovani-sarti@tum.de
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T|.|T| he (common) emitting source in small colliding systems

ALICE Coll. PLB 811 (2020) 135849

%

[ Common ] — Primary particles from common Gaussian core source
S

gaussian ey . . .
Primary particle » Observed scaling with the transverse pair mass my

32x%

d>r

"= ==y CRD) = [SED) [k,

T l
[} 2 g 1. Fixing the source — Very well known interaction
| from a pair we can easily produce at LHC!

Emitting\  Well known 2. Modeling the source
source interaction! U. A. Wiedemann, U. W. Heinz, Phys.Rept. 319, 145-230 (1999)

_

' ® A
e
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T|.|T| he (common) emitting source in small colliding systems

ALICE Coll. PLB 811 (2020) 135849

%

[ ga%(;:;?]orn ] — Primary particles from common Gaussian core source
Primary particles| /. . » Observed scaling with the transverse pair mass mry
' . * Depending only on the mass of the pair
— Strongly decaying resonances with ct~1-2 fm (A — pn)
« Tail at large r*, effect. enlarging the source
* Depending on the particles in the pair

QPEES

"= ==y CRD) = [SED) [k,

T l
[} 2 g 1. Fixing the source — Very well known interaction
| from a pair we can easily produce at LHC!

Emitting\  Wellknown 2. Modeling the source
source interaction! U. A. Wiedemann, U. W. Heinz, Phys.Rept. 319, 145-230 (1999)

T Let‘s test our source hypothesis
[ ,Halo“ of strongly ]_3 on the da'ta|
decaying resonances

K valentina.mantovani-sarti@tum.de
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Baryon-baryon pairs

ALICE Coll. PLB 811 (2020) 135849
UNLELEN B B AL AL B AL DAL AL N

1.4
ALICE pp15 = 13 TeV

igh-mult. (0—0.17% INEL > 0)
Gaussian + Resonance Source
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Universal scaling of core source size
observed for baryons

Similar results obtained in Mihaylov, Gonzalez EPJC 83 (2023)
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High-mult. (0-0.17% INEL>0) |
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Gaussian Source

Slppepp q
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L 1
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L I
[ 50 100

he (common) emitting source in small colliding systems

Recipe to fix the source

’é\ 3 B T T T I T T T T I T T T T I T T T T I T T T T I T
S _ ALICE pp Vs =13 TeV _
8 N High Mult. (0-0.17% INEL>0) _
2.5 —
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B C ree=ac M +c .
2 T —
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0.5 1 15 2 2.5

2
(M) a5 m. (GeV/c?)

 Resonances yields and kinematics from
thermal and transport models constrained
to the dataset properties (e.g. multiplicity)

Interesting studies using a dynamical source on pd CF: Kuroki, Hirano arXiv:2410.01204

valentina.mantovani-sarti@tum.de

17



T|.|T| he (common) emitting source in small colliding systems

Baryon-baryon pairs Meson-baryon and meson-meson pairs
ALICE Coll. PLB 811 (2020) 135849 o pucE (?Ol,l' anv 2.31,1 14527, Elur.le:ysl.Jl.Cl 83 (2029) éll, 340
E 14 TR E T ALICE pp V5 = 13 TeV i
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Observation of a common emitting source for hadrons in pp collisions
Similar approach tested on p-p correlations in Pb-Pb by ALICE will become available soon!!
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TI-ITI Coupled-channels dynamics in femtoscopy

C(k") = J

C(k*)

1.2

1.1

d3r*

elastic
1 -1

0.9

0.8

0.7

0.6

I I LILILIL I LILILIL I LILILIL I LILILIL ] LI} IIIIIIIII

rg=11m ATt > RlN $On
: prod _ O 59 k* (MGV/C)
assuming w =1

j

IIIIIIIIIIIIIIIIIII
‘_
‘_

I PR T R T T U T T T NI T A
100 150 200 250 300

For more details: J. Haidenbauer NPA 981 (2019), Y. Kamiya et al. PRL 124 (2020)

k* (MeV/c) L. Fabbietti, VMS, O. Vazquez Doce Ann.Rev.Nucl.Part.Sci. 71 (2021)
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TI-ITI Coupled-channels dynamics in femtoscopy

C(k") = J

C(k*)

o

1.1

0.9

0.8

0.7

0.6

—~ 2
Bre Y o [, [y () @ ,
| j#1 | |
elastic inelastic
IR L |""W~
1.2 =1 K p, X m

C e + Kn E
N . Above threshold:
o E modify the shape of C_F
. — — cusp structure e.g. Kn
- fe=11m = AT T KN KOn
3 : ! || :
E " ........... — w]pmd B E 0 59 k* (MGV/C)
(_)' : 5'0 : '1 IOO : '1 '50 : 2'00 : 2'50 : 3'00_ For more details: J. Haidenbauer NPA 981 (2019), Y. Kamiya et al. PRL 124 (2020)

k* (MeV/c)

L. Fabbietti, VMS, O. Vazquez Doce Ann.Rev.Nucl.Part.Sci. 71 (2021)
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TI-ITI Coupled-channels dynamics in femtoscopy

= 2 3% 1 P1
- it GRS ity
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T—1 23,... — 1
[ LA LA B =~
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B O increase the strength of CF modify the shape of CF
: R — shift upward of CF e.g. 21t — cusp structure e.g. Kon
X 09F o -
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0O 50 100 150 200 2k§0(Me3\9/%) L. Fabbietti, VMS, O. Vazquez Doce Ann.Rev.Nucl.Part.Sci. 71 (2021)
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T|.|T| High-precision data on S=-1 sector above threshold

Scatt. data
g

* Most precise data above K-p threshold
» Crucial input for low-energy chiral effective potentials

1.2

—

©
(0]
oFET T

ALICE Coll. PRL124 (2020)

A 4

KN K-p femtoscopy
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||TT||II|III|I.I

j} ro=118+0.01+ 0.12 fm

ALICE pp Vs =13 TeV

A=0.6410.06
t Kp @K' assuming (opmd =
[ ]Coulomb
Coulomb+Strong (Kyoto Model)
V) Coulomb+Strong (Julich Model)

\Illl|II\|III||II|I|IIII|1

50 100 150 200 250
k* (MeVi/c)

—i

ALICE Coll. EPJC 83 (2023) 4

0 50 1 OO

150

200 250
k* (MeV/c)

o

;\3.5__' LA LA L DAL L DL | L
S ALICE D FPY S
©. ok p-Pb |5y = 5.02 TeV 0-20% \‘—_ﬁ Y
leore = (1.09 + 0.03 + 0.20) fm ]
2 5H RN = (1.34 + 0.03 + 0.20) fm -
F 3 =(1.50 £ 0.03 £ 0.22) fm 1
2.0F ° -
1.5F KO -
X N
N / g
1.0 "“*
07<S
1 . 0 1L | PR B I
10_'1':"'i'll'l.l"'i ........ .(IDE)rcl)d If|xed ;Brod flxed '.:_
5 L ] J >
Co‘” O:'=°'°'°' 'HI-...'-XZ/NDF 11.13
I Vo] EEURUUEUIY SO -.'. .XZ/NDF 122 _
| 1 | | 1 1 Ll

(Data-Model)/c

1.1

[S) I <)

o

0 50 100 50
k* (MeV/c)/

0-5%
- Kp ®KPp

50 700 -
k* (MeV/c) 1]

000 .“

= 8.9+ 0.23(stat)jf-§;(syst) fm

valentina.mantovani-sarti@tum.de

22



TUTI Accessing the =~K™ system with femtoscopy

Scatt. data
>

_ ( A
«  Most precise data at low momenta on the KN K-p femtoscopy =
interaction between = and kaons ! > R
— Input also for heavy A* and >2* resonances \—A Energy

Modeled assuming Lednicky-Lyuboshits

wavefunction with Coulomb (S-wave only) O | D N
R. Lednicky, Phys.Part.Nucl.40:307-352,2009 S 1.5 Cl ALIVC—E Preliminary )
_ C : || pp Vs =13 TeV i
Coulomb + strong repulsive interaction well o afl High Mult. (0-0.17% INEL >0) 4
in agreement with the data ]
1.3H] .
«  Determination of scattering length from best fit il
+0.02(stat) l.2g| o e9/0/6%:eﬁ?o%;g”b%’e:ae@ ]
— _ T0.0z(5ta | 0| e ety
mfo B 0'61i0-07(53’5t) 11H [ 5 ¢/9/¢ il E-K'®E-K ]
~f = 0 417004(stat) : H+ /,,/ Coulomb
Jfo — V. iO.ll(SySt) na % —33 — Coulomb + Strong
i Background

0 B0 100 150 200 250 300 350 400
k* (MeV/c)
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Extending previous Pb—Pb femtoscopic measurements

to pp collisions
ALICE Coll. PRC 103 (2021)

Several structures present in the measured correlation

C(k*)

1.4

1.3

1.2

1.1

0.9

T|.|T| Accessing the S=-2 meson-baryon interaction

=(1690)

1650 1700 1750 1800 1850 1900

Wt High Mult. (0-0.17% INEL >0) 1
(™ ? — ]

- R, - JA-K @ A-K .
[ , ]
[ w . —
1 * Q: ]
! w 210.7 MeV/c,:,° =(1690): .
[~ o, 243.5 MeV/c ]
[ °°°¢b°oopoooooooo°°00°°o° o@&momooomwo%% ]

ALICE pp Vs =13 TeV

|

valentina.mantovani-sarti@tum.de
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ALICE Coll. PLB 845 (2023) 138145 k* (MeV/c)
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T|.|T| Accessing the S=-2 meson-baryon interaction

=(1690)
« Extending previous Pb—Pb femtoscopic measurements
to pp collisions
ALICE Coll. PRC 103 (2021) >
. : Energy
« Several structures present in the measured correlation
> cor. k(MeVic?)
M, or «(MeVic) 1650 1700 1750 1800 1850 1900
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15 E o E 1.2 o o ° —
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10F =(1620): =(1690): ¢“¢ 3 1.1 ° I 1243.5MeVic -
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- 0000070 a° 0 3 2
oy T I TP AN IS TN TP NI B T T Y T T T T T T
0 50 100 150 200 250 300 350 400 450 500 0.9 50 100 ) 150 200 250 300 350 400 450 500

ALICE Coll. PLB 845 (2023) 138145 k™ (MeV/c)
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ALICE Coll. PLB 845 (2023) 138145

First experimental evidence of =(1620) decay into AK™

k* (MeV/c)

25



T|.|T| K™A correlations and the S=-2 meson-baryon sector

=1 _620) =(1690)

* Most precise data on K~A down to zero momenta
« Data modeled assuming effective scattering amplitudel

to constrain effective QCD models ™ |
and investigate the =(1620) nature? °

Non resonant Resonant
V + =(1620) ~ .
X 16 ALICE pp Vs =13 TeV -
Assuming the effective- Assuming a Flatté-like O High Mult. (0-0.17% INEL > 0) -
range expansion amplitude!? for =(1620) S A-K @ A-K' 7]
_ . 1.5 === Femtoscopic fit g
« =(1620) propgrhes and scattering parameters overall in Background 25=0.33+0.46 fm | 1
agreement with Belle and Pb-Pb results 1.4 Non resonant —
, . . — _ — Resonant -
— Indication of a large coupling of =(1620) to AK N M. re00) = 1618.49 = 0.28(stat) = 0.21(syst) MeV/c? ]
1.3 Hp ., = 1.01 = 0.14(stat) + 0.39(syst) MeV ]
] "*@‘ T, =115.99 = 8.56(stat) + 4.08(syst) MeV Z
Can we use these femtoscopic data 12 % : =

[] R. Lednicky, V. Lyuboshits SINP 35 (1982) 050 {00 {50 200 250 300 350 400
CK [2] F. Giacosa et al. EPJA 57 (2021), 12, 336 ALICE Coll. PLB 845 (2023) 138145 k™ (MeV/c)
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T|.|T| Femtoscopy era in the S=-2 meson-baryon sector

VMS, A. Feijoo et al. PRD 110 (2024) 1, L0O11505

« First combined effort in constraining the low-energy constants
(and subtraction constants) of an effective chiral lagrangian to
correlation data

C(k™)

—C
—C

2 model
d3r*

Bt 4 Z w]pmdf S;(r") |qjj—>1(E-*, r*)

j#1

Cc(k*) = jS1(F*) |¢1—>1(E*’F*)

background

8,=0.23+0.45 fm

« Wavefunctions obtained in a coupled-channel approach
— State-of-the-art NLO effective lagrangian in UxPT

A. Fejjoo et al., PLB 841 (2023) ® °
@ _ . 7 ; ’
£ = i(Byu[D“,B])—M()(BB)—%D(Byu)’s{u",B}) Lop = boBlre, BN+ br(Blx., B]) + boBB)x.) \ =(1690)
1 ) +d(B{uy, [v*, B1}) + dof Blu, [v*, B]]) ?
—3 FCBYuysli, B , +d3(Bu,,)(u" B) + dy( BBY(uu,) . e, JE .
prod

» Data-driven estimate of w and emitting source

j ) | 50 100 150 200 250 300 350 400
ALICE Coll. Eur.Phys.J.C 83 (2023), VMS, A. Feijjoo et al. arXiv: 2309.08756 k* (MeV/c)
_ — , L . Work in collaboration with:
. :(16.20) and =(1690) properties overall in line with PDG and Dr. A. Feijoo, Dr. |. Vidana, Prof. A. Ramos,
previous measurements Prof. F. Giacosa,

— Tg(1620)= 24.7 MeV, tension with Belle's results Prof. T. Hyodo and Dr. Y. Kamiya

K valentina.mantovani-sarti@tum.de 27



T|.|T| Femtoscopy era in the S=-2 meson-baryon sector

First combined effort in constraining the low-energy constants  ~
(and subtraction constants) of an effective chiral lagrangian %

to correlation data

Today

S~
AK-femto

\
With NLO terms

valentina.mantovani-sarti@tum.de

VMS, A. Feijoo et al. PRD 110 (2024) 1, L0O11505

1.4 JA- K @ A- K" data _
1.35 4 - Cmodel —;
1.3 o Cbackground —;
=(1620) .

1.25 ap=0.23+i0.45 fm r
1.15 b . —;
1.1 \ " E(1600 :
\2‘ Tj ) 3(1820)_:

0 50 100 150 200 250 300 350 400
k* (MeV/c)

Work in collaboration with:

Dr. A. Feijoo, Dr. I. Vidana, Prof. A. Ramos,
Prof. F. Giacosa,

Prof. T. Hyodo and Dr. Y. Kamiya
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T|.|T| Femtoscopy era in the S=-2 meson-baryon sector

First combined effort in constraining the low-energy constants  ~

VMS, A. Feijoo et al. PRD 110 (2024) 1, L0O11505

E 3 -
n raction constan f an effective chiral lagrangian = — E
(and subt action consta ts) of an effective chiral lagrangia S 14 BA-K © A-K' data -
to correlation data.r— Belle Coll 3
-y eQe oll. 1.35 —C. odel E
\ g: ‘ 1.3 _Cbackground ‘;
'R 2(1620) :
b 1.25} 2g=0.23+0.45 fm | -
A. Ramos, E. Oset PRL 89 (2002) \ 1.2F Q) —
Only contact terms 115k | E
- . ! w -
Y =(1690) _
With NLO terms 105F  aet =(1820);
|S|=1 data : ;
A. Fejjoo et al. PLB 841 (2023) L T T T T T PO U T
0 50 100 150 200 250 300 350 400

Can we access other channels with
correlations at LHC?

¢

valentina.mantovani-sarti@tum.de

k* (MeV/c)

Work in collaboration with:

Dr. A. Feijoo, Dr. I. Vidana, Prof. A. Ramos,
Prof. F. Giacosa,

Prof. T. Hyodo and Dr. Y. Kamiya
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TUT The =+ correlation in op collisions

=(1620) =(1690)
 Most precise data for =t down to threshold = ]

* Observation of =(1620) and =(1690), in agreement — Ene:rgy
with Belle spectroscopy data

— Mass and widths in line with previous —~ .
spectroscopic measurements % 1.9F ALICE pp Vs =13 TeV o=t ® B

1.85 High Mult. (0-0.17% INEL > 0) _ 6 0mp (< 526 :
. Evidence of shallow strong attraction 1.7247 = Coul. + strong (<n >=15) -
+0.007(stat) 16 =(1530)] ek ;

Rfo = 0. 089+0 009(syst) 1.5F S g =

~ +0.003(stat) 1 aF T S A ] 13

Jf 0 — 0. OO7+O 005(syst) CEw oo % 2(1620) i

1.35 . tosf PoocoasiPo, Z(1690) 1

. . . 125 TP =

Novel high-precision data available AN Joe BT r g

to constrain this multi-strange PR e
meson-baryon sector! 0 50 100 150 200 250 300 350 400

k* (MeV/c)

CK valentina.mantovani-sarti@tum.de 30



TUTI

« Moving towards studies on the corresponding available spectroscopy data

Belle, PRL 122 (2019)

V/c?)

- 8 B 8 5 8 g
P

™~

A. Ramos, E. Oset PRL 89 (2002)

Only contact terms
IS|=1 data

Events/(0.003 Ge!

o

(a)

1 55

Belle Coll.

17 175

5 1 16 165
Mz [GeVic) \

NAK- femto

Towards a combined fit of all available
data in this sector!!

With NLO terms
|S|=1 data
A. Fejjoo et al. PLB 841 (2023)

Yield / (10 MeV)

10°

10?

—
= —«— Data9 fb™ -
Ea P
LHCb = 5(1690)
....... 5(1820)
= 8 A E(1950) 3
E(2030)
I B NR
PN £
k %
E | Q‘mﬂ E
o | ; 1% I i
2.0 2.5
m (GCV) &
(&]
>
[0
0]
3
=1t femto 5
\ g
o
>
LU

(Preliminary work done on contact terms for p/A\, see backup)

Mihaylov, Haidenbauer, VMS PLB 850 (2024) 138550

owards a new femtoscopy-spectroscopy alliance!

N

S

:;g Work in progress on

<  LHCDb data comparison

= with Dr. Feijoo and

@ BCN group

S

T

-
600_—‘"""""""wnnwuu..,__

-(a) ]
500— —
400 N

i t
300 M at
o f0 T E
100[- E

ot : :1..53"‘ L il ;

PN BRIt T DT TY RPN APRROR B
1.55 1.6 1.65 1.7 1.75
M..,. [GeV/c?]

Belle, PRL 122 (2019)

31



TI-ITI Conclusions and outlooks

Most precise data on =K and =t at low momenta available
— Novel high-precision constraints on S=-1 and S=-2 baryon interactions available with correlation data

— Input for low-energy effective chiral lagrangians
«  Femtoscopy as a complementary tool to provide important input for searches and studies of exotic states

PIEDY TP IITPY 1759 i

2009-2013 2015-2018 2022-2025 2029-2032 from 2035

L2

. == Outlooks and (soon) future with Run 3 \
Many more correlations to » Soon available A" correlation datal

« Possibility to reconstruct £* via kink-topology

come with on-going Run 3 method with ITS2 in Run 3

and future LHC runs — Access to Tz, K2 | |
« Continuing the effort to measure interactions
Moving to three-body dynamics: \_ With charm hadrons v
R. Del Grande Wed. 30 Oct -

K valentina.mantovani-sarti@tum.de
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TI-ITI Many experimental and theoretical activities...

ALICE Collaboration:

PRC 99 (2019) 2, 024001
PLB 797 (2019) 134822
PRL 123 (2019) 112002
PRL 124 (2020) 09230
PLB 805 (2020) 135419
PLB 811 (2020) 135849
Nature 588 (2020) 232-238
PRL 127 (2021), 172301
PLB 822 (2021), 136708
PRC 103 (2021) 5, 055201
PLB 833 (2022), 137272
PLB 829 (2022), 137060
PRD 106 (2022), 5, 05201
PL B 844 (2023) 137223
EPJA 59 (2023) 145

EPJC 83 (2023) 4, 340
PLB 845 (2023) 138145
EPJA (2023) 59:298

arXiv: 2311.14527 [hep-ph]
arXiv: 2401.13541 [nucl-ex]
arXiv:2308.16120 [nucl-ex]

= = =

€=

STAR Collaboration:
Nature 527 (2015) 345-348
PRL 114 (2015), 022301
PLB 790 (2019) 490-497

HADES Collaboration:
PRC 82 (2010) 021901
PRC 94 (2016) 2, 025201

Cl

Latest theoretical studies on exotics and correlations:
Liu et al. Phys.Rev.D 107 (2023) 7, 074019 0
Albaladejo et al. Phys.Rev.D 108 (2023) 1, 014020

Kemchandani et al. arXiv:2312.11811

lkeno et al. Phys.Lett.B 847 (2023) 138281
Torres-Rincon et al. Phys.Rev.D 108 (2023) 9, 096008
Kamiya et al. Eur.Phys.J.A 58 (2022) 7, 131

Vidanfa, Feijoo et al. Phys.Lett.B 846 (2023) 138201
Albaladejo, Feijoo et al. arXiv:2307.09873

Liu et al. Phys.Rev.D 108 (2023) 3, L031503

Feijoo et al. Phys.Rev.D 109 (2024) 1, 016014

Liu et al. Phys.Rev.D 109 (2024) 1, 016014

M. Z. Liu et al. arXiv: 2404.06399 [hep-ph]

Li et al. arXlv: 2311.14365 [hep-ph]

Molina et al. Phys.Rev.D 109 (2024) 5, 054002

Krein Few Body Syst. 64 (2023) 3, 42

valentina.mantovani-sarti@tum.de

Embaryon-baryon
meson-meson

oo DUK D O —————
]
(kR | k] b
PP oA || pA,ps0 /\/\ = pQ, A=
mp, AK, pd ' pK ; AK ;
0 | 1 I I S|

Three-body dynamics:
Pd, pPP, PPA, PpK*

pd: ALICE Coll. PRX 14 (2024) 3, 031051
ppp,ppA\: ALICE Coll. EPJA 59, 145 (2023)
ppK: ALICE Coll. EPJA 59,12 (2023)

Theoretical papers:

M. Viviani et al, Phys.Rev.C 108 (2023) 6, 064002
A. Kievsky, et al., Phys.Rev.C 109 (2024) 3, 034006
E. Garrido et al., arXiv: 2408.01750 (2024)
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Additional slides
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T|.|T| Basics of femtoscopy — Experimental definition
Pairs AB produced in the same event

*__ |E_I7b|
K'="=p—"

C(k*) x

B

Beam

r_» — they interact!!

Nsame (k™)
Particles A and B from different events

N mixed(k*)
</ — No interaction!
— Description of the underlying phase space
A attractive
’5 —— repulsive
i:f 7 ---- no interaction
5| /7 A and B push each other away €@
“ ' Less pairs at small k*
How does this translate to the

correlation function?

k* (MeV/c)
35

!
!
!
1
]
]
1
I
1
1
I
I
I
1
1
I
1
I
)
I
1
!
/

200

N———

femtoscopic region
vdalcel il ia.lrialiiouvdl li-sdl Lwidl i 1. ue



T|.|T| Basics of femtoscopy — Experimental definition

*__ |m_m|
K'==5=

Beam

( L .
«~ (> 1 Attractive interaction : A
.« Nsame(k™) | | Mapping 1-to-1 the
C(k*) o —3 = 1 No interaction nature of the
Nmixed(k ) <1 o , : .
B \ Repulsive interaction Interaction
attraCtive R LR DL L L LR IR IRLEL L DL L B
A - ]
5 — repulsive % 30 ]
i:/ 7 ---- no interaction - —— Repulsive §
b= 7 i Attractive .
= / [ ]
8 ,’I 21 .
,,,' ‘ 1.52— —
/ 05—_/’—
200 o (MeV/e) R I I T ST kiG(ZMleSS/ / Cz)oo
femtoscopic region . L. Fabbietti et al., Ann.Rev.Nucl.Part.Sci. 71 (2021) 877-402,




Common
gaussian foe
Primary particles

he emitting source Iin pp collisions

* Modeled in a data-driven way using p-p correlations,

most known interaction!!

Based on ALICE Coll. PLB 811 (2020) 135849
() U. A, Wiedemann, U. W. Heinz, Phys.Rept. 319, 145-230 (1999)

I
ol
—>
S———— C TR R
Emitting Well known R e s
source interaction! 25\ mppers 1l /77T

— Coulomb + Argonne v, (fit)

I T T T T I
ALICE pp Vs =13 TeV
High-mult. (0-0.17% INEL > 0)

10" p—p Argonne v,
- Parametrization

ALICE Coll. Nature
588 (2020) 232-238

L 1
mrp = ’k%+m2

— Direct access to the interaction
— Interparticle distances ~1-2 fm

,Halo“ of strongly
~ decaying resonances!)

valentina.mantovani-sarti@tum.de

1
kr =E|P’r,1 + pral

2 2.5

m; (GeV/c?)

« Fixing of the source at corresponding <m+>
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TI-ITI The source function - Effect of short-lived resonances

Protons

[—

I

= Primordial = Primordial

= From resonances = From resonances
mcr>2fm

1<ct<2fm

mct>2fm
1<ct<2fm

mcrt<1lfm mct<1lfm

Particle | M5 [MeV] | Tres [fm]

e For = and Q" no contributions!
e Average mass and average cT determined by the
weighted average values of all resonances A 1462.93 4.69

»0 1581.73 4.28

K valentina.mantovani-sarti@tum.de 38
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TI-ITI Genuine and not genuine...that is (not) the problem!

~ 35S T T ]
% C ALICE pp Vs = 13 TeV -
3L /8 High-mult. (0-0.17% INEL>0) 1
i i ! Blp-pepp )
i Coulomb + Argonne v, (fit)
25 8 105F T ' — ]
: i (5] ’ L]
2 B Y-
- ]
- e  095F ) -
1.5 o 100 200 300 i
- Y k* (MeVic) -
1+
1 1 'l I L L I L L L L I L L L L I L L
50 100 150 200
k* (MeV/c)

Unfortunately in our p-p pairs sample
we do not have only primary
produced protons undergoing the
genuine interaction we aim at
measuring

€=

ALICE Coll. PRC 99 (2019) no.2, 024001

A\

Ctot(k*) — lo Co

/

D LG

D 1,6 + -

N ]

(Genuine correlation

3.

Contributions from secondaries

and impurities

These residual correlations dilute the signal, need to be
constrained as much as possible (modeling interaction when

possible, e.g. p/\)

Each contribution is weighted taking into account purity and

origin of the particles in the pair

A = Pi,1fi,1 ) Pi,zfi,z

Both the purities and the fractions of particles coming from

primary, secondaries, etc. can be determined using using

Monte Carlo simulated data
valentina.mantovani-sarti@tum.de
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T|.|T| Moving to K'A correlations...

. . . ALICE Coll. PRC 103 (2021)
e (Correlations measured in Pb-Pb collisions F-——=====

— No particular cusps or structure visible —~ 14

— First measurements of AK scattering parameters! 2‘*—5

AK*@KK' 010% r:— AK‘@M* 010%~¥L
+- -

S — _‘:—':___ -

1.1

: * ALICE AK®AR K
How does the correlation ool - gg;;gdwgg?ognpr:; i ]
look like in pp collisions? g L “Eg- ........ T
-I

Can we shed light on the nature 05
of =(1620) and =(1690) states 08
with correlations? 14

------------

AK‘ eKK* 30 50%—:

0.9

0.8

= KA K30 KOs n=

0 034 247 448 Kk* (MeV/o)
K valentina.mantovani-sarti@tum.de 40




TI-ITI Fixing the source in AK correlations

Core-halo resonance model anchored to p-p CF

rcore (fm)

lcore = 1.11 £ 0.04 (<mT>/\K =1.35 GeV/C2)

Long-lived strongly decaying resonances feeding to A

fit with effective double gaussian

Stot (N)=As [wsS(r1)+(1-ws)-S(r)]

Parameter Value
Teore |f] 1.117004
rief [fm] | 1.20270 00
roef [fm] | 2.33070 008
w 0.7993 75 0027
A 0.980670 0oos

4 712 S(r) (1/fm)

valentina.mantovani-sarti@tum.de

1.4

0.3

0.25

0.2

0.15

0.1

0.05

1.2

L L " | 1 L
1 1.5 2 2.5

ALICE Collaboration Phys. Lett. B 811

T T T T T T T T T T T T T T

ALICE pp Vs =13 TeV
B I High-mult. (0-0.17% INEL>0) |

O p—p Argonne v, o
\:] Parametrization

.‘V.l....l...

m+ (GeV/c?)

— ry=1.20 fm

-~ r,=2.33fm
—— Total gaussian
—— Epos source

<ct~ 4.2 fm
<ct>p,~ 4.7 fm

IIIIIIIIIIIIIIIIIIT

_lllllllll
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T|.|T| Modeling the correlation function

ALICE Coll. PLB 845 (2023) 138145

)= ' . N e e
C(k ) B ND . Cmodel (k ) . Cbckg (k ) O High Mult. (0-0.17% INEL > 0) :
BIA-K @ A-K' ]
1.5 -
Background -
1.4 _:
* .
1.3 +1|n. =
#'. E
1.2 ® . =
g i
1.1 Qeee o E
*@@Mee@g? e Opeen,_ %
1 —
* Residual background due to initial parton scattering S N v o o v o AR aRg Y s

— Typically observed in meson-baryon correlations awice con. prys.Rev.Lett. 124 2020) k* (MeV/c)
— Modeled using Monte-carlo simulations

o Addition of Q, =* resonances observed in the CF modeled with BW
— Values of (M,I') to be extracted with fit to the data

K valentina.mantovani-sarti@tum.de
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TI-ITI NAK™ correlation: including the

\:(1620) / Vak

RESONANT ] NON RESONANT

K K

—(1620) resonance

C(k”)

SE ALICE Preliminary E

14R pp Vs =13 TeV =

8o High Mult. (0-0.17% INEL > 0) 3

130 o am O A-K®A-K =

n o 3

C C‘bOD =

120 ® 1) —
J CDo ©

11 Q °© —
1— —

0.9F -

0.8:""|""| ............ I....I....;

0 50 100 1 50 200 250 300 350
K*

Cm,odel(k*) — /\qencqen(k*) + AEKCEK(k*) + Aflat

Modeled with Lednicky-Lyuboshits analytical formula

Cgen(k*) — anon—res (k*) + (1 — w)C'res (k*)

Cron-res — LL with ERE scatt. amplitude
— LL with Flatte-like scatt. amplitude (. Giacosa et al. EurPhys.J.A 57 (2021) 12, 336)

C res

20

ch.1=n=

fk) =

h.2 = AK
E2— M2 +i0y\[E — B}, +ils\ [E2— B}, "2

€=

valentina.mantovani-sarti@tum.de

Thanks to Prof. F. Giacosa for the discussion
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T|.|T| Modeling the correlation function

ALICE Coll. PLB 845 (2023) 138145

% X X i6F. = ALCEppVs=13Tev .
Cmodel (k ) . Cbckg (k ) &) High Mult. (0-0.17% INEL > 0) ]
A A-K @ A-K* .
1.5 ]
[1 ] Background _
1.4 — Non resonant —
AO CO (k ) + Al Cl (k )] T AZ Cl (k ) Hﬁ — Resonant .
0 1.3 -
Ao=51% // / = // o, ]
®, 5
1.2 ® o —
® .
«  Genuine correlation of interest N, I E
— Modeled with the Lednicky-Lyuboshits formulal® \ oo N N ]
Non resonant Resonant 1
vV + =(1620) 0 50 100 150 200 250 300 350 400
k* (MeV/c)
Assuming the effective- Assuming a Flatte-like
range expansion amplitudet® for =(1620)

» Contributions from secondaries, impurities, etc..

— Modeled when possible or assumed flat [1] ALICE coll. Phys.Rev. C99 (2019)
[2] R. Lednicky, V. Lyuboshits SUNP 35 (1982)

[2] F. Giacosa et al. EPJA 57 (2021), 12, 336

K [4] CATS: D. Mihaylov et al., EPJC 78 (2018), 5, 394
valentina.mantovani-sarti@tum.de 44



TI-ITI Scattering parameters

. Indication of an attractive non-resonant
interaction
— |In agreement with ALICE Pb-Pb

results(]

*  Available models far from converging on
similar results

— Parameters fixed based on SU(3)
flavour symmetry, isospin symmetry

— Mainly anchored to niN or KN data

— =(1620) typically lying below threshold

for AK™

ALICE Coll. PLB 845 (2023) 138145

/é l LI I 1T 1 I LI ] LI I LI | T 1T 1 I LI l T T I_ B ]
= 1.4 ALICE pp V5= 13 Tev Pb-Pb data_ —1F —
L N 17e ¢ A-K ®@A-K H1E i
WO - High Mult. (0-0.17% INEL > 0) Kk erk 1r +‘_
© 1.2 pp data h - 1 —
Sk er peonpmatere o 1
1 ® A-K & A-K" (nonres.) o Mai et ai. A_K* dr B
O O Mai etal. A-K~ 1k .
B O Ramos et al. A-K™ q9r .
0.8 O Nishibuchi etal. A=K~ [ n
08 0 i -
" B * iy .
0.4~ . + —EF ]
. + (o) =] o 15 ]
0.2 ¥ 0 o —r ]
- ¢ 1 _
OT L1 1 I | | I | I I | I L1 1 | || | I 1 1 I | || | || I_ B ]

08 -06 04 -02 0 02 04 0.6

EKfO (fm)

UxPT at LO: Ramos et al. PRL 89 (2002), Nishibuchi et al. EPJ Web Conf 271 (2022)
xPT at NLO: Liu et al. PRD 75 (2007), Mai et al. PRD 80 (2009)

valentina.mantovani-sarti@tum.de
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TI-ITI Overview on S=-2 meson-baryon sector

Belle Coll. PRL 122 (2019)
600I_IllIIIIIIIIIIIlllllllllllllll_

«  Poorly constrained experimentally : (@) §=(1530
— Effective lagrangians anchored to S=-1 sectorl'l 500 |

D
o
o

« =(1620) and =(1690)?l dynamically generated states
within coupled-channel models
=(1620) observed by Belle in = decay but currently
only 1 star in PDG, JP = 7?7, B.R. not quantit. known.

Events/(0.003 GeV/c?)
N w
8 8

100

M =1610.4 4+ 6.075 MeV,
[ =59.94+4.872¢ MeV

= 4
S
a 51’
: #WW@ M W##ﬂ
1
B i #
-3
LO xPT calculations: -4 6 1 65
[1] A. Ramos er al. PRL 89 (2002) C. Garcia-Recio et al. PLB 582 (2004)
[2] LHCb coll. Sci.Bull. 66 (2021) D. Gamermann et al. PRD 84 (2011) M_ - [GeV/c ]

[3] A. Feijoo et al. PLB 841 (2023) T. Sekihara PTEP 2015 (9) (2015)
CK T. Nishibuchi and T. Hyodo, EPJ Web Conf 271 (2022)
valentina.mantovani-sarti@tum.de



TI-ITI Overview on S=-2 meson-baryon sector

Poorly constrained experimentally
— Effective lagrangians anchored to S=-1 sector!'!

=(1620) and =(1690)?I dynamically generated states
within coupled-channel models
— =(1690) observed by LHCb in AK decay, currently 3

star in PDG, JP = ?7, B.R. not quantit. known.

M = 1692.0

14.0
F — 25.9 . 9.5_1_135

- 131_(1)2 MeV,
MeV.

Recent development of chiral calculations at NLOE!

[1] A. Ramos er al. PRL 89 (2002)
[2] LHCDb coll. Sci.Bull. 66 (2021)
[3] A. Feijoo et al. PLB 841 (2023)

LO xPT calculations:

C. Garcia-Recio et al. PLB 582 (2004)
D. Gamermann et al. PRD 84 (2011)
T. Sekihara PTEP 2015 (9) (2015)

T. Nishibuchi and T. Hyodo, EPJ Web Conf 271 (2022)
valentina.mantovani-sarti@tum.de
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Belle Coll. PRL 122 (2019)

T T
—«— Data 9 fb!

] EE 2., E
r=(1690) LHCb == E
=100 = Z(1820)
3 ~(1820) oo E(1950) E
- gk Z(2030)" ]
R + By :1 _______ NR :
", &
| 20 — s
m - (GeV)

LHCb, Sci.Bull. 66 (2021)



TI-ITI Constraining effective QCD lagrangians with correlations

C0) =[5 [y (10 0) [ @ Tl [ 56 [ (1) e 1220~ :

. 5
I ] | =1 | "‘f;$
] | ) 2)
?Iastf: inelastic
E: 1.8 F T T T T ' ' 2’3’_)1
G - AK \@ 1 Wavefunctions obtained in a coupled-channel approach
1-6 - ‘\ — | ' ' '
--- +Em *‘,\ — State-of-the-art NLO effective lagrangian in UxPT
g 1620) — +En® _ i A. Feijoo et al., PLB 841 (2023)
148N J - +Egn'+En°+ZgK o —
o\ — + BT+ = ’ : 1 2 _ B B B
[\ tEW :_nz + ZOK_ +2K ~ ] L9 = KBy, D Bl - Mo(BB) - %D Byaysl BY L = bD(Bi,\q,B}) +br(Blxs, 13]> +bo(BB)(x+)
12 B —— +En +Ex+ 2K +ZK + En b L +dy(Bfu,, [, BI}) + do(Blu,, [u", B]])
<L R=1.2fm, R =2.3 fm i 3 F By BY) +d3(Bu, Y BY + di( BBY(u'u,) .
i «— =(1690) I - - ,
L S v \Salalatatett TS S e — =(1620) and =(1690) dynamically generated states
o L ] . . d .
0.8 s 1 Conversion weights w; " and source studies
el S SR TR TR (NN TR SR SR TN NN T SN SN SN SN RN SN SN S SN T T S W
0 100 200 300 400 500 — Detailed data-driven study using thermal and
k™ (MeVic) transport models
VMS, A. Feijoo et al. PRD 110 (2024) 1, LO11505 ALICE Coll. Eur.Phys.J.C 83 (2023), VMS, A. Feijjoo et al. arXiv: 2309.08756
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TI-ITI Constraining the S=-2 meson-baryon sector

[1] A. Feijoo et al., PLB 841 (2023)

State-of-the-art UxPT at NLO availablel!
— Low energy constants (LECs) fixed to S=-1 sector

— Two sets of subtraction constants (SCs) values
— Widths of =(1620) too large wrt to Belle’s results!®!

Use the high-precision femtoscopic data
to fix LECs and SCs!

Work in collaboration with:

Dr. A. Feijoo, Dr. I. Vidana, Prof. A. Ramos,
Prof. F. Giacosa,

Prof. T. Hyodo and Dr. Y. Kamiya

Table 3: Comparison of the pole positions between the models: Model I and
Model II (in MeV) with their couplings g; and the corresponding modulus found

inJ" =37, (L,S) = (3.-2).

Model I 2(1620) Z(1690)
M [MeV] 1599.95 1683.04
I' [MeV] 158.88 11.51
8i |gil 8i |gil
= 209+i1.00 232 | -0.30-i0.12 0.33
KA -2.11-i0.09 2.11 | —-0.49+i0.05 0.50
K> -0.90 +i0.34 0.97 1.57 —i0.24 1.59
n= -0.23+i0.13 0.26 | 0.74 —-i0.11 0.74
Model 11 2(1620) Z(1690)
M [MeV] 1608.51 1686.17
I' [MeV] 170.00 29.72
8i |gil 8i |gil
= 2.11 +i1.07 2.37 | -0.36 -i0.24 043
KA -2.10-i0.09 2.10 | -0.81 +i0.02 0.81
KX —-0.86 +i0.38 0.94 | 2.26 +i0.03 2.26
n= -0.19+i0.12 0.23 1.04 —i0.07 1.04

[2] A.Feijoo et al PRC 99 (2019)
[3] Belle coll. PRL 122 (2019)

valentina.mantovani-sarti@tum.de
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TI-ITI Extension to S=-2 and Q=-1 sector

* The interaction kernel for the S=-2, Q=-1 sector can be built from the S=-2, Q=0 employing
Isospin symmetry arguments:

Vii(S = —2,Q = 0) = Vi(I = 1/2), Vi;(I = 3/2) = Vij(S = —2,Q = —1)
* Once again, the Bethe-Salpetter equation is solved in the same footing to get the T-matrix:
Vi = Vi T+ VE VS 4V = T=(1-VO) 'V = T,

AK~ CF data available —» unprecedented opportunity to fit a model for the first time in this sector

Ck)~1+ foo Amr2drSyo(r) [Zw5|\11a5(r)|2 — |j0(kr)|2]
0 8
1

1
Uop(r) = dapji(kar) + — / ji(gr)dqq” ,
U E — E{ (q) — E5 (q) + ie

Taﬂ;l (q7 ka; E)

K valentina.mantovani-sarti@tum.de



T|.|T| Fantastic LECs and SCs and where to find them

valentina.mantovani-sarti@tum.de

f WT Born V NLO )
(i) (ii) (iii) (iv)
\_ AL Yy,
1 2(2) = bp(B{x+,B}) + bp(Blx+,Bl) + b (BBXX?
= iByu[D", B) - Mo(BB) - 5 D(By,ys{u", BY) ZEE P 0 *
1 +d(B{uy, (W, Bl}) + d2(Blu,, [, B]])
— 5 F(By,ys[v", B]) = —

g TS B . +d3(Bu,Y(u* BY + dy({ BB)(u'u,,) .

[1] A. Feijoo et al., PLB 841 (2023)
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T|.|T| Fantastic LECs and SCs and where to find them

WT Born NLO
\\\ // \\\ // \\\\ /”’ \\\ ///
N v N e iy - N Vs
< .7 N s Py N
N A S — e ——
(i) (ii) (iii) (iv)

0 - - -
L8 = iKBy,D*,BY) ~ Mo(BB) ~ 5 D{By,ysluc' B) Log = bo(Blxe. BY) +bp(Blx. B + bo(BB)x+)
+dl(B{u,u9 [uﬂ, B]}> + d2<B[u[.t’ [uﬂa B]])

1 -
3 FBraysl', B, +dy(Bu, Y BY + du(BBY(u,) .

Overall 12 input parameters to be fixed!

MEMECENTER.COM

valentina.mantovani-sarti@tum.de [1] A. Feijoo et al., PLB 841 (2023)



T|.|T| Femtoscopy era in the S=-2 meson-baryon sector

VMS, A. Feijoo et al. PRD 110 (2024) 1, L0O11505

» First combined effort in constraining the input parameters

% .
. : . . X .
of an effective chiral lagrangian to correlation data S 14 BA-K ® A-K' data -
TABLE 1. Extracted fit parameters with LECs and subtraction 1.35 * Cm0d9| ]
constants of the VBC § = —2 meson-baryon interaction at NLO 1.3 — Cbackgroun d 3
and normalization constant Np. The bootstrap method [62—-64] = ( 162 0) :
was employed to determine the errors of the parameters. 1.25F = =
as, —-2.96 +0.11 r ]
rg ~1.87 +0.10 1.2F Q) E
asi -1.32 £ 0.02 . | ]
as, ~2.42 4 0.03 1.15F ® o e
1.000 £ 0.001 a ! 3
I 1.9 \ 2(1690) ]
by [GeV™'] -2.997 + 0.002 - ) P )_
bp [GeV™!] 1.20 £ 0.09 1.05} SHPUS o =
br [GeV™!] -0.30 £ 0.12
d, [GeV~!] —0.69 £ 0.18 1t -
d [GeV~'] —0.21 +£0.06 0 50 100 150 200 250 300 350 400
d; [GeV™'] 0.08 £0.20 k* (MeV/c)
d, [GeV!] -0.39 £+ 0.05 | | |
Work in collaboration with:
Np 1.0015 & 0.0004

Dr. A. Feijoo, Dr. I. Vidana, Prof. A. Ramos,
Prof. F. Giacosa,
Prof. T. Hyodo and Dr. Y. Kamiya
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T|.|T| Femtoscopy era in the S=-2 meson-baryon sector

» First combined effort in constraining the input parameters
of an effective chiral lagrangian to correlation data

* How does the =(1620) pole scenario look like?

—_— =
mass M: ,’ 1612.68 MeV M 1670.28 MeV
width T: 24.57 MeV 7.44 MeV

Riemann sheet:| (—=—=—4++4+) : (———4+++)
: l9:  [92dG/dE| | |g:| |g7dG/dE]|

n~2°(1454)  |0.51 0014 022  0.002

=" (1456)  1/0.36 0007 1039  0.007

K~ A(1609)  1/0.94 0162  10.07  0.000

K~-x°(1686)  1/0.17 0.002 :2.20 0.761

K'Y (1695) 1/0.21 0003 4137  0.230

n=" (1868) 115.86 0.937 3/0.05  0.000

Experimental 2t 2(1620) [18] | 2(1690) [56]

mass M: | 1610.4 £ 6.0752 MeVp 1690 & 10 MeV
widthT: Y _59.9+4.8728 MeV/y, 2015 MV

3
[
[
[
[
l
[
[
=

=i

=(1620) pole
Mainly molecular nature
composed of n=z and AK

=(1690) pole
Virtual state
Mainly coupled to K>

valentina.mantovani-sarti@tum.de

VMS, A. Feijoo et al. PRD 110 (2024) 1, L0O11505

1.15}

1.1
1.05}
1k

B A-K @ A-K' data _

4 - Cmodel —;
o Cbackg round _:

=(1620) E

" 0

5 | E
-
=(1690) ]

0

50 100 150 200 250 300 350 400
k* (MeV/c)

Work in collaboration with:

Dr. A. Feijoo, Dr. I. Vidana, Prof. A. Ramos,
Prof. F. Giacosa,

Prof. T. Hyodo and Dr. Y. Kamiya
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TI-ITI Subtraction constants

» Unitarized scattering amplitude from Chiral Lagrangian (WT+Born+NLO)

Vij =Vi/" + Ii;;+ VE+ VY = T=(1-VG) V= Ty

Only S-wave contribution is taken into account

s \
2 2 2 2 2 2 212
__ 2M, M; m; —M; +s my dcm (s+2+/5qcm ) — (M —m])
G = (47)2 \ al(,LL)—FlH 2 T 2s In M? T Vs In (s—24/8Gcm )2 —(M7E—m?)?
\ J
An0=0 = Qrp+z—- = QrE w
Ao — QA subtraction constants for the dimensional
~ . o <€ regularization scale u = 630MeV in all the
aKOZO - aK_ E+ - aKZ With isospin symmetry “|” Channels.

(Thanks to Dr. Feijoo)

K valentina.mantovani-sarti@tum.de



TI-ITI Comparison BCN and VBC model

K A correlation function

W ie

I ! I I N I !

— Model I1 _
- ALICE data

k [MeV]

750 100 150 200 250 300 350 400 450 500

K A Correlation Function

1351

wersd

- ALICE data
— VBC Model

e "

valentina.mantovani-sarti@tum.de

0 50 100 150 200 250 300 350 400 450 500 550 600

k™ [MeV/c]
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TUTI

he AK* correlation in pp collisions

ALICE Coll. PLB 845 (2023) 138145

. . . . . — 11_ LI DL BN LA BN B L | ]
Correlation below unity at low k* — Repulsive interaction Xx - ;
O 105F -
Y\ __ * * - o =
0.95 s =
Residual background due to initial parton scattering 09 7 —
— Typically observed in meson-baryon and 085F < ALICE pp Vs =13 TeV =
, . ' = ngh Mult. (0—0.170/0 INEL > 0) -]
baryon-antibaryon correlations(.2 3 o A-K' ® K- K- -
— Modeled using Monte-carlo simulations!? 0-8¢ — Femtoscopic fit E
0.75 = Background E
Genuine correlation modeled with the 07 - -
Lednicky-Lyuboshits formulal2:3! i e—— ; ; — ; ; ]
— Assuming the scattering amplitude within 8E E
the effective range expansion e BE E
2 =
-4 = -
_6 __. PRI ST S T SN T SN U NSNS T U [N T T TN N ST W N SN U SN SR N ?
0 50 100 150 200 250 300 350 400
k* (MeV/c)
[1] ALICE Coll. Phys.Rev.Lett. 124 (2020)
[2] ALICE Coll. PLB 829 (2022)
valentina.mantovani-sarti@tum.de
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T Constraining the scattering parameters of =~ K™ pairs

«  Comparison of data with modeling assuming

different values of (Rf,, 3/o) ALICE Preliminary

Delivered in terms of number of standard
deviations (no) in k* € [0,250] MeV/c

«  Allowed values for f, from state-of-the-art chiral —
calculations at next-to-leading order and
phenomenological potentials constrained to
available scattering data

Higher precision constraints can be
delivered with correlation data

pp IS = 13 TeV High Mult. (0-0.17% INEL > 0)

=K' @ K" 7
— PRC99, 035211 (2019)
e m PRC90, 065204 (2014)

valentina.mantovani-sarti@tum.de

06 05 04

R T, (fm)
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T|.|T| From small to large colliding systems

“What's inside the integral® N - Tx 2|2 352
gral’ C(k)_fS(r)|¢(k,r) a3r
400: lllllllllllllllllll \ | couN FLELLE BN I BLELELE BLELELE BLELELE UL UL ILRL I
3002— 5 E
= ooF E 25f N0

ézoog == Attractive g f —Tfo=11m “:jﬁ\

- g 2 7]
: : :
- E
0.55— —

0 20 40 50 30 100 120 140 160 180 200
k* (MeV/c)

— Accessing short-range dynamics

INn pp collisions

K L. Fabbietti, VMS and O. Vazquez Doce ARNPS 71 (2021), 377-402
valentina.mantovani-sarti@tum.de
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T|.|T| From small to large colliding systems

“What's inside the integral £ _ - Tx 2ay |2 132
gral” C(k)_fS(r)|¢(k,r) d37
400_ IIIIIIIIIIIIIIIIIIIIIII \ % LN L L LA L L LR LR L L DL DL
300F- 5 3
S 500l = 2.53—
éZOOE === Attractive - = —fo=11m
— —; o N, T
i_ """" : 1.53—
- 13_ _____ L E T T T ... :
0.56— —
O 20 10 50 80 100 120 140 160 180 200
k* (MeV/c)
— Decrease of signal strength for

large source sizes

K L. Fabbietti, VMS and O. Vazquez Doce ARNPS 71 (2021), 377-402
valentina.mantovani-sarti@tum.de



T|.|T| From small to large colliding systems

“What's inside the integral®

gy |

400 s e _
300 @
S 200t = Repulsive -
= 200F o :
= == Attractive -
< 100 :
S F :
oF--\--- :
~1001= : , : : | E
2:_ —:0.4§
T 1.5F 1€
| _ i =
x‘ : - N
= P2
o 029
0.5 01 %
Ofmmpmer 7 D .
0 ] > .

? 37

C(k™) = f S |k, 7

3

C(k*)

2.5

;IIIIIII‘I

llllllllllllllllllllll

|||||
vt
e

(A}
||||||

T

O 1
0O 20 40 60 80 100 120 140 160 180 200
k* (MeV/c)

.~ | > 1 Attractive (no BS)
C(k ) < 1 Repulsive

L. Fabbietti, VMS and O. Vazquez Doce ARNPS 71 (2021), 377-402
valentina.mantovani-sarti@tum.de
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T|.|T| A clear signature for bound states

“What's inside the integral®

)
D

=== Repulsive

m Attractive

=== \Nith a bound state

B

? 37

C(k™) = f S |k, 7

3

C(k*)

A d el il Lt Ll L P IR RRRRERRRRRLRL )]

II'I;IIIIIIIIIII|IIII|IIII|IIIII

IIII|III1IIII|II

20 40 60 80 100 120 140 160 180 200
k* (MeV/c)

Correlation flips around unity when
a bound state is present!

L. Fabbietti, VMS and O. Vazquez Doce ARNPS 71 (2021), 377-402

OO
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T|.|T| K —p femtoscopy In different colliding systems

L 4.0/

Fit the scaling factor needed for the model to reproduce the data

C(k™)= j

T ‘ T T T T ‘ T T T T

ALICE
pp Vs=13 TeV

r'eore = (0.82 £ 0.03 + 0.18) fm
rKn = (1.08 + 0.04 + 0.18) fm

r’% =(1.23 + 0.05 + 0.21) fm

¢ Kp ®@K'p |
[ ]Coulomb+Strong, m/‘,’“’d‘f'xed

prod,fixed jprod, free
|_|Coulomb+Strong, ) , o

O.7<STs1

prod, fixed

:

#
s

k\‘ﬁ\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\A

1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1

\{——I‘\\\\‘\\\\‘\\\\‘\\\\\\

n
z | ,,,,.....o.'. rrrrr i P

T T T ‘ T T T T ‘ T

LT R e o
d,fixed

Py (D[‘)I’O IXe

rod,fixed rod, fixed
P ,of -

prod, free —

X, ]
'.o' m 2/NDF =11.74 |

‘ ‘ MEE o NDF=1.16 -

0

50 100 150 200 250
k* (MeV/c)

d3r+ Z Q. u)]PrOd

J

j=21,Kn

e N N B BN B B B
< 0 ALICE ]
03 of p-Pb Sy =5.02 TeV 0-20% ]
’ Feore = (1.09 + 0.03 + 0.20) fm -
2 5f RN = (1.34 + 0.03 + 0.20) fm =
) OE_ r’* =(1.50 + 0.03 + 0.22) fm _
1.5F -
1.0F o s
- 0.7< 5; =14
Il A 1 1 | IR
10_.'..f.f...'".'...'...'..'..!.." '_;D;f:)réd,'ﬁx'ed' " prod, fixed | ..
B - g B J ! -
& O:'=°""r':=l-.:.: m 5%/NDF = 11.13 7]
IUUT TR TT TR =" o 2NDF=1.22
_10|||||||||||||||.|>|(|I| 11 1
0 50 100 150 200 250
k* (MeV/c)

0-20%\@[ "
vaIentina.rﬁMarti@tum.de

XEFT Kyoto model:

lkeda et al. NPA 881 (2012),
PLB706 (2011)

Kamiya et al. PRL 124 (2020)

Mihayara et al. PRC95 (2017)

d3r

| —
1

"ALICE =
Pb-Pb \Sy, = 5.02 TeV 60-70%
Feore = 1.53 + 0.05 + 0.24 fm

Kn =177 + 0.06 + 0.24 fm

I’K n_
eff
rex =2.00 + 0.06 + 0.27 fm

o LS R I e

f

LI B B B B - prod,fixed prod, fixed _]
"an J L i
vual i ¥?/INDF =2.04 -]
e ¥2/NDF =0.98 ]

ALICE Coll. Eur.Phys.J.C 83 (2023) 4, 340

50 100 150 200 250 |
k* (MeV/c)

r (fm)
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TUTI Extracted strong weights for 2t and K° n channels

ALICE Coll. Eur.Phys.J.C 83 (2023) 4, 340

« K- - K°n coupling too weak in chiral
potentials 2

» update the scattering amplitude of KN-tt2—tA

Unigue constraint and direct access to K-p« Kon T L B B
and K-p—>1t dynamics 4 ALICE TF+BW -
I ° Kon KOn ]

— 31 consistent with unity I (K (»> [ nZ ]
3r B

— deviation from unity for KO n - ' -

"Iy
system by including correlation measurements .

i ¢
to available kaonic hydrogen and scattering 1 \§®§\ \Q:\\\\\%Q\ S&\&f

7,
A

V

data

08 1 12 14 16

rcore (fm)

- N
w 1'0“ &
. *‘3\ A !& v ~%
K valentina.mantovani-sarti@tum.de




TUTI High-precision data on AN-2N interaction at LHC

3 LA L DL DL L B
~— ' ' ' I ' ' ' ! I ' ' ' i I ' ' ! i I | é -
X 2.2{ a) ALICE pp V5 = 13 TeV . o o ) - Scattering data -
O L high-mult. (0-0.17% INEL>0) = xtension of kinematic Ap -> Ap
= o . -] raﬂge ® Sechi-Zorn et al.
1.8 _—+ ° pA © pA pairs — u ilexgn%:ler ettal.I
[ _ o Hauptman et al.
1.6 = -4 ¢ Measurement down to 200 - & Piekenbrock 2
e E zero momentum " TR
e o : \ i
12 | o =+ Factor 20 improved |
1 i S precision in data (<1%)
g 1.06 ' — —_ 100 1
o 104 —| -+ First experimental
1.021— 3 evidence of N cusp in 2-
= oo ] body channel
0.98 — — :
0 100 200 300 400 ol o
k* (MeV/c) 45 135 220 310 385
ALICE Coll. PLB 833 (2022), 137272 k* (MeV/c)

@ valentina.mantovani-sarti@tum.de



TUTI High-precision data on AN-2N interaction at LHC

P-20XEFT p-30 flat
r 2""[""I""I""l"-""I""l""l" I
New scenario arising for AN-2N interaction = E a) ALICEpp Vs =13 TeV :B b)  Assume a negligible ]
. . high-mult. (0-0.17% INEL>0)}] i | ]
— NLO19 potentials favoured 1'8: %;— lj\t(;r)_x :);rs H 9 i strong Inferacon ]
— Sensitivity to residual p-2° interaction 1.6F s Fit NLO19 (600) e B
— Crucial input from several measurements: N e Vf?:éEFIO ik ]
— p2*- correlations in LHC Run 2/Run 3 -\ _CEZ; cubaaspe_l; . | \
— p>+- scattering data J-PARC E40 1-2p
Deviations with correlation data observed GO L] S | A
S 1.04F no (<110 MeV): 32 - no (<110 MeV): 2.2 -
1.02 o I ¢ .
' : - 1 N\ : % _ ?:’/00”4_&
First-ever combined analysis 0.98k B el | o e ]
using available p/\ scattering S R |
and correlation data o __
0 100 200 300 400 0 100 200 300 400 |
k* (MeV/c) k* (MeV/c)

ALICE Coll. PLB 833 (2022), 137272

valentina.mantovani-sarti@tum.de
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TI-ITI Quantifying the two-body contribution of U,

Combined

2.0

25 3.0

: 3.5
fo (fm)

'3.0
2.5

201
101
2.0
1.5 & % 0]
1.0 =
0.5 ?_10
0.0 N
S

ypA

UZBF (py) = —36.3 +

NLo1o IN MoOmM. space
via G-matrix approach

23 (syst) MeV

—0.

D. Mihaylov, J. Haidenbauer and VMS PLB 850 (2024) 138550

0 Tuned NLO19 - Cutoff dependence
Tuned NLO19 - Data uncertainty

¥ Upatpo

_ g //
y
- SNM
0 05 1.0 15 2.0 2.5
P/Po
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T|.|T| p/\ scattering parameters from combined fit

Table 1

Summary table showing the compatibility of different scattering parameters to
the femtocsopy data (noy,,), scattering data (no,,) as well as the combined
analysis from the present work (no ). If the combined estimator no,, is con-
sidered, solutions ii, v and vii represent a set of “best” solutions.

Usmani fo (fm) fy (fm) noy no,, no,,,
parameterization

NLO13(600) 291 1.54 5.2 0.0 4.6
NLO19(600) 291 1.41 1.7 0.4 1.1
N2LO(550) 2.79 1.58 5.4 0.0 4.8
i 2.10 1.44 0.2 2.1 1.0
ii 2.10 1.56 0.0 0.9 0.0
iii 2.10 1.66 1.8 0.2 1.0
iv 2.50 1.32 0.2 2.2 1.1
v 2.50 1.46 0.2 0.8 0.0
vi 2.50 1.55 1.8 0.2 1.0
vii 2.91 1.32 0.1 1.5 0.3
viii 3.34 1.18 1.2 0.9 1.0

K valentina.mantovani-sarti@tum.de



TI-ITI Accessing the interaction between light and charm hadrons

C. o (k")

ALICE Coll. PRD 106 (2022), 5, 052010

T .
ALICE pp Vs = 13 TeV 1
4 High-mult. (0-0.17% INEL >0) ]
* pD @pD*
L —— Coulomb -
3 _ —— C. Fontoura et al. pD_
L <4 Y. Yamaguchi et al. °
i J. Hofmann and M. Lutz i
2+ J. Haidenbauer et al. (g§/4n =2.25) -
1t \;jV— : + +' +—*—+—'—_
TR + vl by oy ]
0 100 200 300 400
k* (MeV/c)

Moving towards a
charming future

First measurements of interaction between D(*) mesons and light hadrons

Several predictions of exotic states, crucial input for charm nuclei and
heavy-flavor observables in heavy-ions

Femtoscopy can be extended to the charm sector
More results to come with the LHC Run 3 and Run 4 statistics
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T|.|T| Measuring the scattering length for Dt and D*mt systems

1/2) (fm)

(I =

Dr
0

Extracted scattering lengths compatible with zero
— No influence of the hadronic phase on heavy-flavour observables in heavy-ions

Tension with available theoretical models
— Novel possibility to constrain effective QCD models in the charm sector!
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T|.|T| Accessing the strong interaction with charm hadrons

« First measurement of the genuine correlation between
protons and D™ mesons
— Important input in studies and searches for charm
nuclear states!!!

« Comparison with available models

— Indication of an attractive interaction
— Compatible also with the formation of bound state

TABLE .  Scattering parameters of the different theoretical models for the ND interaction [22-25] and degree of
consistency with the experimental data computed in the range k* < 200 MeV/c.

Model fo(I=0) fo(I=1) ng,
Coulomb (1.1-1.5)
Haidenbauer et al. [22] (g2/4x = 2.25) 0.67 0.04 (0.8-1.3)
Hofmann and Lutz [23] -0.16 -0.26 (1.3-1.6)
Yamaguchi et al. [25] -4.38 -0.07 (0.6-1.1)
Fontoura et al. [24] 0.16 -0.25 (1.1-1.5)

Cﬁ Hosaka et al. Prog. Part. Nucl. Phys. 96 (2017), 6, 062C01
valentina.mantovani-sarti@tum.de
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