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Initial State Radiation (ISR)
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Initial State Radiation (ISR)
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Fig. 4.16. The decay 7~ — 7 vr
in the rest frame of the r. The solid
arrows mark the spins of the parti-
cles, the open arrows their momen-
tum. The double arc indicates the
Gottfried—Jackson angle 6*. Boosting
the decay in the direction of the ar-
row on the dashed line corresponds
to the decay of a T with negative he-
licity in the upper plot and positive
helicity in the lower plot
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> Tau Lepton Flavor Violation
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> Lepton Universality
> Michel parameter (Lorentz Structure)
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> sospinM A AL : Second class current search
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Tau Lepton Flavor
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uLFV TIEBZoNLGWESIEITTE/JD

T ey, 17>0*h~h~  (h=n,K) T>hA/A  (h=rK)
Lre e”
LNV decay LNV&BNV decay
doubly LFV decay LNV: BNV: Baryon number violation

lepton number violation
total LF variation: 4

(A(t number):1, A(n number):2, A(e number):1)
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BAMIZIETEENENEE>TLVET,
LHCCHBelle THOYZFELI=HY,

look for BNV processes in 7, charm, B, and maybe in
the future in top decays. Although we find that all BNV
processes involving 7 and higher generation quarks are
too strongly suppressed by proton stability, such that
there seems no hope for observation at any future ma-
chine, redundancy is very important. In this vein, we

Baryon number violation involving higher generations,
Wei-Shu Hou, Makiko Nagashima, Andrea Soddu,
Phys.Rev.D 72 (2005) 095001

Once the effective action has been constructed we have proceeded to analyse proton decay
in this framework, together with correlated tau decays into baryons (plus mesons or leptons).
As expected the strong bound on the decay of the proton dominates clearly the information on
the couplings of the theory. Moreover it pushes any AB = AL = 1 tau decay beyond the reach
of any foreseen facility. However this should not discourage the experimental hunt for those

Instanton-mediated baryon number violation in non-universal gauge extended models,
Javier Fuentes-Martin, J. Portoles, P. Ruiz-Femenia, JHEP 01 (2015) 134
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U (3)5 flavor symmetry. Eur. Phys. J. C (2012) 72:2126
MEG(2011) 151 10,1 140/epic/s 10052-012-2126-7  BR(T—m7) MEGA(2002,1999)
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i ?’ 10 E Junji Hisano ef a/ JHEP12(2009)030 doi:10.1088/1126-6708/2009/12/030
Lo’ il = 1070 | MEG(2011)= Phys. Rev. Lett. 107, 171801 (2011)
""""""" oM | MEGA(2002)= Phys.Rev. D65, 112002 (2002)
e 3 MEGA(1999)= Phys.Rev.Lett. 83, 1521 (1999)
L Belle(2008)= Phys. Lett. B666,16(2008)
sael BaBar(2010)=Phys. Rev. Lett. 104, 021802 (2010)
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BERT IR CZELY, , _ B-factory
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A.Stahl: tau physics near threshold
Int.J.Mod.Phys.A 21 (2006) 5667-5674
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EDEATHIELVMEE D L.

T — pup from Belle 1l (424 fb™") arXiv:2405.07386
Inclusive approach Conventional New (Belle Il
- Allow at most 3 tracks in the tag side. s B & b
. o : 7\ Rest of E t
- High efficiency (~20%, x3 of Belle). ) % N
* Suppress background with BDT. Mg § o S / .
et \‘\\ € g‘\(
= 0.4 Bellell (Preliminary) — SR 2 :‘ s
515‘ [ Data: [Ldt = 424fb1 — 20§ SR s A At 2 Pthrust
= [ —— Sidcbands = . ;
&31 0.3 + Data §c ‘_% o A% sighal
a f . R Loy

NObS =1
R UL at 90% CL on B(7 — 3)
NEER — ppptia Belle 2.1 % 107% (Lins = 782fb77) [1]
bkg = BaBar | 3.3 x 10 (Lin = 468 ") [2]
i CMS 2.9 X 1078 (L4 = 131671 [3
UI_ 1 9 X1O 8 IS set LHCbH 4.6 x 10~8 (Lint = 2.0fb_1) {4}
Belle IT | 1.9 x 1078 (Lipe = 4247 1)

most stringent limit
with ~half of Belle {
data set. {

1] K. Hayasaka et al., Phys. Lett. B 687 (2010) 139
2] J. P. Lees et al., Phys. Rev. D 81 (2010) 111101
3] A. M. Sirunyan et al., JHEP 01 (2021) 163

4] R. Aaij et al., JHEP 02 (2015) 121

2024/8/21 R FYEFDERE2024


https://arxiv.org/abs/2405.07386

upupDEFSDEHZ EX A

3 Duhidh 45D TDalitz analysis HA A EE

T LB S e | T

™ T ™ T T T
L it it i 2
_ A R _ A o,
251 Cuir,CyaL=1- 108 rad 25 CuiL. Cvrp=1- 10% o
Ay ey EA9 GV Ay Taw 4| B9 08T)
2.0 20/ |
= 8 S [ 15
[5] [
@ 18 @ 15}
= 2
3 2
' 100 y 6 ' 10k ] 10
05 B 05 . 5
4
. P - n - : | YT I T e ey e
0.5 1.0 15 2.0 25 05 1.0 15 2.0 25
m?- - [GeV?]

m- - [GeV?]

Wop

T0EKL L HMNIERFIDEES(?)

1
ﬁg:ff} =Tz {Csri(@P ) (AP p) + Cspp (aPg7) (AP gpt)

+ Cy (ar" ) (AP o) (50ab T, #&RH BN F7%,Br=2x10°T101&)
+ Cyre (27" Pge) (7, Pri) PHYSICAL REVIEW D 89, 095014 (2014)
+ Cyr(fy* Pr7) (iy, Prit) Model-discriminating power of lepton flavor violating 7 decays

(2.8)

_ _ .
+ CV‘RL(‘“}' P Rf) (»ur.uP L*“) + H'C‘}‘ Alejandro Celis,"" Vincenzo Cirigliano,z"r and Emilie Passemar™

RAFYEZEDHER2024
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LCTEFIMNE?

7. Phys. C 68, 25-28 (1995)

A search for the lepton-flavour violating decays

T — eq, T — QL

472pb1
ARGUS Collaboration

al IR HEHIFATITERELLGLERIAD
R R F

B2 R TIILTI U DEEIEMN
T/ VAITAVIIIGHTESE

F|FAL T{E B Zextract
THLIDFRIERITENTZL...
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75 AT 3y decay 750D ?

HBIZEZBE ©» ODE=IT140MeV DT 3D nZE-TE
T3 12UV =LV20MeVT 1 DEE(ZIEESRIEAELY,

THEIT 1 >3 7 v BREIZIZIX r Sa,v HhBETLVS,

a;(1260) IG(JPC)y=1-(17")

See also our review under the a;(1260) in PDG 06, Journal of Physics G33 1 (2006)

a1(1260) MASS 1230 -+ 40 MeV
a1(1260) WIDTH 250 to 600 MeV

D—wave/S—wave AMPLITUDE RATIO IN DECAY OF a;(1260) — pm —0.062 4+ 0.020 (S = 2.3)

Decay Modes

Scale Factor/
Mode Fraction (T'; /T") Conf. Level P (MeV/c)
F] ata—x? 576
I'y 707070

577

a, DEEXIFIX1.2GeVIEDTRAVDEEZD 70%FEE,

_?h,f&b a, DAIZIXIZFIZZVDRIESZEBS>TELZZLGL\D
T(iféb\ﬁ\ ? <HATBr(t=>nnnv) IEFFEARE0Y (V10%)
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|=|_’? dbfi%%

FTLHEEERIT=>pvwy. (vWHEPHITY R Z LY

5 RIEZal, TRILF—ZVshbiRDT-
Cl ATCIEF=EZTDEFELL T,
(RXTAIDDATEEN=ZKDHT)
T WWLERTLIN OEBEERD D,
{Ma=0 '3'“'7@@5@@]3@%5#775% 1857
TR 5 FHICILNYMNTESL,

EEN S ([ e E SEIRILF—LEIEIEST

uDEFE (M5 12VFFIER) Bl -
Prap  [GeV/c] REMNKLESH? =ICRIE?

Arbitrary units
iy
=
=

2000 E
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0.06 T T T T -1 .
3 ; ARAR T Ofor o ; 472pb datz.a.
S sk W for - =4x10° t-pair
I 004 | : Br(t=>uvv/evv)=17%
§i 008 [ E UL<0.004 @95%CL
<§ 0.02 - =
T - :

001 F -
S
X I | O ! I I |

0 0.2 04 0.6 0.8 H 1.2 1.4 i.6
o Mass [GeV /c?]
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Belle IMLfaRMAHFELT-

T — ea Search T — ua search
14000F Beyte 1t " —— Data - Belle Il \ —4— Data
i . s Total uncertainty 14000 ; \ s+ Total uncertainty
12000} [Ldt =628 fbr I —evw [ [Ldt=628fb I v
-1 i I Other - 12000 [ Other
+— 10000 t—ea, M, = 1.6 GeV/c® - [ t—ua, M =16 Gev/c®
g : t—ea, M_ = 1.2 GeV/c? © 100001 t—ua, M_ = 1.2 GeV/c®
< so00f 0 &% . t—ea, M, = 0 GeV/c® = ' ceemee T—pa, M_ =0 GeV/C?
n - o, 8000F
~ B c [
g 6000 & 000
w : ks _
00, 4000}
2000} 2000} :
O- " - - ~ v Ve 0: '4‘ wl = ) L : - e . P s A ¥ ¥
0 02 04 06 08 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
Xe Xy
T->ae search T->au search
a0l a0l

)

s — Bellell asf  — Bellell

TNV, Vv,

30f = ARGUS 30 = ARGUS

25t Belle Il

i 25:
| [Ldt=62.81b? E

Belle 1l

20F [Ldt=62.8fb?

BT »€ea)B (T —>eV, V)
n

0.7 : : : 0 3 0.7

M, [GeV/c?] M, [GeV/c?]




ZTDHIZE...

> Signal efficiencies are 9.5% and 9.9% for T > Am and T - Am; Accepted by PRD 2407.05117

» Poisson counting experiment technique in signal region in the M (Ar) = \/ E2 — Pz and AE = EfM — \/s/2 plane;

> Expected events are 1 and 0.5 for 7 = Am and T - Am;

» No observed events;

> World's best upper limits at 90% C.L. of 4.7 x 1078 for B(t — Ar) and 4.3 x 1078 for B(r - An);

Belle Il (Preliminary) Data:fﬁdt= 364 fb~ Belle Il (Preliminary) Data:fﬁdt= 364 fb~?
0.4 —— Signal region e Simulated bkg - 0.4 —— Signal region e Simulated bkg -
—————— Sideband + Data ------ Sideband + Data
0.2 s o 0.2

AE [GeV]
R
o ©o
o0
L
N
° [ ]
o
A
AE [GeV]
T
[ ]
o0
o
[ ]
[ ]
==
[ ]
i &

~0.2 o o —0.2; . ° ¥ ¢ -l- o
________ PR S . S S
~0.4) -0.4; ® +
1.70 1.75 1.80 1.85 1.70 1.75 1.80 1.85
M(Am) [GeV/c”] M(A) [GeV/c?]
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https://arxiv.org/abs/2407.05117

ZTDHIZE...

® Untagged inclusive reconstruction, reconstruct signal side as phi meson + lepton candidate, assign everything else

(neutral clusters, tracks) to the rest of event (ROE):
arXiv:2305.04759

» higher signal efficiency (~16% improvement), more background,

» backgrounds reduced with pre selections and a BDT trained against qg events.

; - reliminar = MC backgronn — RS % [ Belle Il (Preliminary) = MC background === RSB _ _
i Lo ]—B]:':e'}(;”elj :]:U);)'-l . DI:‘\:rn * ‘ _E;:B ‘\'2‘ 0'67 Data: [Ldt = 190!:;)’1 * Data sk . Lum .Bg[l)‘ (6¢) (x 10 8) Blg]?‘ (u¢) (X 10 8)
© os[ MC: i = 2an! N R L Experlment |
5 3 oaf (fb 1) exp. / obs. exp. / obs.
0 Toed "
o S BaBar[1] | 451 5.0/3.1 8.2/19
00 ; oop Tt <L i |; P Belle 854 43/3.1 49/84
~02 N LT
N o Belle II 190 15/23 9.9/9.7
“ —oal
—08F P R T B S PP I B N I S A I . .
16 17 18 19 2.0 1675 1700 1725 L750 1775 1800 1825 1.850 1875 Results not competltlve yet (Small data Set);
M, [GeV /e M, [GeV /e
= 1.00 ’ - 1.00
5 i Belle Il (Preliminary) = CLsobs 5 Belle Il (Preliminary) — ClLione
PoJLd = 190t -= Lo [ Lt = 190 ! = Clow .
ol 120 CLy, . £20 CL First, successfully untagged strategy approach for tau
i N oL, 0T B o Ol .
T eq') — a=10% T— u¢ — e 10% phys1cs at Belle II;
0.50 1 U.EiU} 1
ol ol exploited for other measurements;
_____________ _ : ~[1] B. Aubert, ef al., (BaBar Collaboration), Phys. Rev. Lett.
| e (- S R x10-7 000 =107
0 2 4 0 2 4
Upper limit on B(T — e) Upper limit on B(T — ) 1 03 5 02 1 801 (2009) .
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Tau CPV, EDM
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CPV in tau decays

LFVREI#RL Tho 03 —IZCPVIER A TULEEA
S>HER=BSMODEFHE
—DDFEELTWORDYICAAT—HFNIRATZEEZIZCPYVLEEZZD
EATGE—FT?
Q’Ei%niK OV (Phys. Rev. Lett. 107, 131801 (2011))
EDLVORTCPVER LD M ?
ST ETDRRRTARAESTDENERS
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CPV search in T=2>71tK v

-Effective Hamiltonian Scalar Boson
G - —
M o = sin. —=(v(1+ 75 ) (S, + 1,75

H., =Sing. %{Eﬂl— ;:i}r) [E;.»Fu —7s)u)

o NP
I =(K(p)x(p,) | sy,ul0) r g Q.Q
=(p,-Pp,)'T, F(Q)+QF(Q%) T
MRETF:F (R94—) ) N oy s e :
L 075 R@) 5 F@) =A@+ (@)

3 [

Fi(@) = (K(p)x(p,)| 5] 0)
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57 RRIREELECPV

dr(z’) - [A{sz —B(Q*)(3cos* ¥ -1)(3cos? 8 —1}]- | FI?+m? | F< P

d@*d cos 6d \
Q*d cos 8d cos B ) CPVACZIZEH N
~C(Q%)cos peosy -Re(FF:(n,)) &= Z,

Q=M. > A(Q?),B(Q?), C(Q?): known function.

B: direction of Ks in K. rest frame KnDERBEDAZY 3

'V: direction of tin the K.t rest frame.
(0: direction of K_xt system in the trest frame. Correlated with 'V )

2
5" cos 3 cos r_ dw
[11g: ) (S - )

szf%z (dI‘ _ dI‘ )dm

~ 4 [ o ’/1 - S Il,-" '0S - /T .
~ (cos 3 cos )L (cos [ cos g})TJr\ =ER A=
AL5DEIHB

Cp __

with dw = dQ?*dcos fdcos 3.
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{Fof=T—REERFHE

BelleXRER TUNE =N T-700fb?

—— data

“ _ :lr.—ﬂ-'h'.l'n:
E*ﬁ[ﬂ]f __;_-t_;vhl{ul{lml;'mzﬂ}
2 E i H i Bl - v Kt ()
E-‘“"]]]: A 'T_t—??hl{n“ulﬂﬂ:hﬂ}
535[!]]2 PJ __i_-uﬂ'm'tdataye
Sa0000f 4
o = | i

000 = .

000 :

048 0349 05 M

um{ﬁewé.}
FIERFA4AR(3—1) KsZfE D EE N
Kshdh b, (BE. MEEEE) . nID SKSOL L BGIKIFEAELELY

tag sidelIL T b=y HRiE
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CPVEHII[ZfEo =AM Nk

—4— data
T v m K K (nz0)

m T SK v, : (162,168 403) (~LkE

T 5Ky, (161,982 403) A AUk §
® Background: total (22.1£3.6)% 310’ _
v T KK v (9.5%3.2)% g

v rKnantv,: (3.7x1.2)% 1!

vete>qq: : (3.4x1.0)% 10

0.8 1
m CPrate-asymmetry (Observed level)

_ME o ksatv) - N > Ksav.) _ 4 6710.25)%

A = N(t"t > Ksa'v,)+ N(t— > Kszv,)

PRI B =i B b X 2
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B < v. Ky = ne® (n>0)
| KRN
-1—hv,:l(.l(.m'[lﬁﬂ]
I cther « decays

B K, skieband data
B v, 43, s3

B

14 16
M(Ksm) [GeVic)




fH1E ?

EHE5>0(103)
AN O TIEWLNZEDFHIE

cEZETDARTRENI—TIREWIENMHIE

F-B asymmetry (y-ZD F ) >0(104)
°Lab® GRITE) ECMZ (FE{fh) DELY

v R ILD

© KsOEZZLMAS=0) A FIRRE X EF EEIL

=>1->nrnv® AcpZ Bl TEL TH L
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Expanded view
0.03r
E;cn.wt - v, Kgnt (a) 8 1t — v, Kant (b)
0.1f| —#— data 0.02| 8- data
-| —k— control sample [
0.06 ___:__m; with Im(n_=0.1) oot —— control sample
m; : ; _-_m+m ﬂr—_ _:t— —_— ]
[ —— _Y_ -
-u.usz— ot —+—
0.1} :
| |
L ¥ R R R S Y S
M (Km)  (GeVic?) 0 1 12 1.4 1.6 ]
2-R8BT—4 M (Kr) (GGVIC )

o et A, = (1.8+2.1(stat) +1.4(sys))x10°”

8720V TBelle ITTYOMN (B
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NIZHRSEHET

[Im(n.) | < (0.012-0.026) at 90 %C.L.

cEEINH LD IEHARE FDRNEEEFABEDTE
IR HADENAD, (FEEENA L T

m Application: In the 3HDM

m_m,
n. = 7 X'z

M. :mass of lightest charged Higgsin MHDM

Z : complex coupling constant btw Higgs and lepton.
X : complex coupling constant btw Higgs and down-type quark

® The result (Im(n,)<0.026) limits the coupling
M?, 10 20 30 40 50 60 70 80 90 100
(1Gel/)? Im(XZ*)

| Im(XZ")|<0.15
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CPV In 1=KV

12KsnvERICRERLZM, S EIFRADT—TIILGERDT—MN

Kmt tgdlERTD
KETDETFEED
EBRARURILE
CMZTHDKT T 2D KHHE

~ DIEITARZERETSHE
cosP>0 <0 JExt FRi4

+ DT+/-TOHOEEZRDE
CPVARZ %,

~ F Kn n##IERTOD
KDREZYET HE

Jt = (K~ (p1)7 (p2)7 ™ (p3) | 5 Sinysing

= [F1(s1,82,Q%)(p1 — p3)v + Fa(31.82,Q%)(p2 — pa)V]Tuvs'”VCOSB’ECP’EW%)

Belle, BaBarTl&

+iF3 (51,52, Q1) P prupaopse HFals1,52,QY)Q" ISR TV
>BGHF L V/Belle IDPIDIZEATE
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BaBar® t CPVD &SR

Z DA HY
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BaBar® t CPVD &SR

Phys. Rev. D85 (2012) 031102
500fbt DT —RTT 2 AN —Z 51 (37=17)

4 LT = aKew) — T — 7 Kovr)  ag = (0.33+£0.01)% in SM due to CPV
¢ I — 7 KOp,) + (77 = 7 K}v,)  in K°— K mixing.

OEE2TAITE. FEDHDZELELEMZEL TS !

Ag = (—0.36 £0.23 £ 0.11)%
2.8 O from SM prediction

BREROIAFELFIEXRLRESTHERXID
TERE =,

(Belle D EZHTIZKOD CPVIZ B AR U VERHT)
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A AN MUNZ D H ?

1=K, =2 Kanv TALD (&

ENTENANT—  BEAHT—,
EEDHDOOZTEATZRENTIE
EATGYEZERTLNSDMN?

(HEBAHA ., purel ZKDCPVD N RITR TS, )
ETVWZREFEIXFITEZNEWNFEZLNDT

Belle ITTHEITH
SECHNTHIDOMNSLIZHREIET A2 EHY
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A DEI[IIBFE—AFDAITE (1)

tDEDM L 7 +t24 3 —T-Violation

RAFYEZEDHER2024

CPVIRTEZ1BFE I NLILCP-Violation

rr%%@fihﬁﬂﬁ’@
SHERETmEmiE 2

> &Y

observab

% E DS optimal

e




A7) DEIIIBFE—HA2EDEITE(2)

Optimal Observable [Z &5 BI%E
TR REMDIRIEIE
M2, q = My + Re(d-)M%, + Im(d.) M7,
My = i [ﬁtﬁ +m? + [K%(kp)? — S..S_|k[*(1 - ((kp)?)
+2(kS ) (kS-) (K[* + (ko — m-)?(kp)?)
—2ko(ko — m.) (kp)((kS)(BS-) + (kS )(pS-))
+2k2(pS. ) (pS-) S, 77 MREY
M3, = 4 |K|[—(m, + (ko — m.) (kp)®)(Sy x S-)k
+ko(kp)(S+ x S_)p.

2
ORB — ﬂ <0Re> x fORedJ & -/OREMPTOdd(;b b\bEDMglzsllE-g—é

— 2 (Tj‘t"Jl\, ILM
ERHELT = [ M) G 7 T s
A7tvbh  LEebv REE

15N
2024/8/21 RAFYEZEDHER2024
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T

YD EZNBFE—AFDEIE(2)

833fb?, t=>evv,uvv,nv,pv JHEP04(2022)110
{HL . bhabha, di-muonFBE R Z & T 5= . 1=evv/i=evy, t2ouvv/ir2uvvlEE 7%

1

< O 3
5 0 OF: — 100 — X
S 300 m > [ S 40 (h)mm
5 B S of S
E:zuo'— = o ! g 20
s | e s | S
S100F- —2 - [ ) —— —_
£ 2 | MC ;3 910 5 0 3 205 0 5 70
zZ | | - 0)\\ = O_ [GeVle] < O_ [GeVle]
L — 4 ‘6""“6[(; 'w'1]0 L\f:)\ : Re 103 Re
p |GeV/c X
g 600F - %%}E IJ/\% % E 20 3 ’
s > S gk (W)
e | . cLT g 8 Lol
& 400/ 7 \ B st 3
g })JL -t- ;“ g 5-
£ | <% G o — y: . .
Z 200 Z =20 -10 0 10 20 2 220 -10 0 10 20
; O, [GeV/e] O, [GeV/e]
01 -

095 0 05 3
coso
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https://link.springer.com/article/10.1007/JHEP04(2022)110

T

A7) DEIIIBFE—A2FDEIE (4)

Th R

d;)(10~ " ecm) Im(d,)(10717 ecm)

Mode Re(

el —3.24+25+£3.6
e 0.7+2.3+48
T 1.0+22+4.3
ep —1.2+0.8+1.0
(Lp 0.7+£1.0+£22
TP —0.6 £0.7£1.0
pp —0.4+05+0.9
T —2.2+4.34+5.2

0.6 £04+1.8
24+0542.2
244+05+£2.6
—1.1+0.3£0.6
—0.5+£0.3+£0.8
04+0.3+1.2
—0.3+0.3+£04
—09+09+£1.2

2024/8/21

—1.85 x 107" < Re(d,) < 0.61 x 10" ecm
~1.03 x 107" < Im(d;) < 0.23 x 107" ecm
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tau MDM®D A TE

EDMER = LSRR L
o ’C’CE}%EZ&@*}I‘Z“]EE (i L= f(i@—eA)r—%A,ujo*‘vr F.

2m 2m
Moy + TT Re(Ap) Mger, + TT IM(AL) M i,

My = g lkd +m? + [K](kp)* — S..S-[k|*(1 — ((kp)?) pre’ OEHE
+2(k8.) (kS_) (P2 + (ko — m, )2(kp)?) 7 oBBE
—2ko(ko — m.)(kp)((kS.)(S_) + (kS.)(pS-))  S,:T" DREY
+2k3(9S.) (pS-)

2e*

Mpop, = ——[ 2mko — 2(k-S4)(k-S_) (ko — my)* (k-P)* + 2mko(p-S4) (- S—

mk‘o

+ (ko —m.)*(k-p)((k-S3)(p-S_) + (k-S_)(p-S+)) ],
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Belle I TIZ...

;—%m[ ‘i%ﬁn-l_?b\ih\;hv(ilu 12:6%75‘\6
Belle#58 Tldlow momentum tracklZxt 4 Ak )H— <
Sal—ia v OBRENRYY

V2L —a BYDECHNHLHDT, +H7FIal—
AT —ANERTESLIMNNRE (FHENIZLBE=/MIZE)
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Lepton Universality




_epton universality(1)
VIR DU TRy BRRD 7 I8 L (BB R D A=

[(A = vapv,(7)) = 5
mry

B(A = vapv,)  GrG,m3 WSS
TA 19273 w2 ) Rk

gp 3 4 2
= f(x) =1—8x+8x”> — x" — 12x“Inx
P 1
4\/§MEV
3 m? a(my) (25
A 1 2 my A 2

EREG, (BRHLF) &G, BRKLF) (LR — R T DDA,
EXATHIIZLTHS
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T

Lepton universality(2)

upu=>evv,t=>uvv,t>evv® 73K EE AV is

(?) = 1.0010 + 0.0015 , (?) = 1.0029 + 0.0015 , (i_“) — 1.0019 + 0.0014 .
e o ;

HLLIET=>nv, 12 KvD I EE A is

2
(&)2 _ B(r = hvy)  2mpm, 1 —my/mj OR;/r = (0.16 £ 0.12)%
gu)  Blh— pwu) (L+0R:p)mire \ 1 — mj/m3 SR,k = (0.90 + 0.22)%

(?) — 0.9961 + 0.0027 (&) — 0.9860 + 0.0070
H 5 K

HTLHTI=L?

ECFEFT1IEDFAN? (g—"’) = 1.0000 + 0.0014
gﬂ' T+m4+K
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Leptonic decayl&...

FR15[ZLEPAYE&L Y

r(l"— vy l"‘r) /Ttotal rs/r
To minimize the effect of experiments with large systematic errors, we exclude exper-
iments which together would contribute 5% of the weight in the average.

VALUE (%) EVTS DOCUMENT ID TECN  COMMENT
17.39 +£0.04 OURFIT

17.33 +£0.05 OUR AVERAGE

17.3194+0.070+£0.032 54k 1 SCHAEL 05C ALEP 1991-1995 LEP runs

ABBIENDI 03 OPAL 1990-1995 LEP runs
2 ACCIARRI 01F L3 1991-1995 LEP runs
ABREU 99X DLPH 1991-1995 LEP runs

17.34 £0.09 +0.06 31.4k
17.3424+0.1104+0.067 21.5k
17.325+£0.095+0.077 27.7k

r(e_ Ve u.,)/rm.. s/l
To minimize the effect of experiments with large systematic errors, we exclude exper-
iments which together would contribute 5% of the weight in the average.

VALUE (%) EVTS DOCUMENT ID TECN  COMMENT
17.82 +£0.04 OURFIT

17.82 +0.05 OUR AVERAGE

17.837+0.072+0.036 56k 1 SCHAEL 05C ALEP 1991-1995 LEP runs

2 ACCIARRI 01F L3 1991-1995 LEP runs
ABBIENDI 994 OPAL 1991-1995 LEP runs
ABREU 99X DLPH 1991-1995 LEP runs

17.806+0.104+0.076 24.7k
17.81 4+0.09 +0.06 33.1k
17.877+0.109+0.110 233k

RAFYEZEDHER2024

2024/8/21

Low energyld...

rp vy vr) /T (e~ Tervy) r3/ls
Standard Model prediction including mass effects is 0.9726.
VALUE (units 10 2) EVTS DOCUMENT ID TECN COMMENT

97.62+0.28 OUR FIT

97.9 +0.4 OUR AVERAGE

97.96+0.16+0.36 731k 1 AUBERT 10F BABR 467 fb—1 EES,= 10.6 GeV
97.774+0.634+0.87 2 ANASTASSOV 97 CLEO EEe — 10.6 GeV

99.7 +35 +4.0 ALBRECHT 92D ARG EE&§,= 9.4-10.6 GeV




Belle I Tl&

362fb'10) 7_:—9721EO—C Accepted by JHEP

(arXiv:2405.14625)

R L BF[’T_ — U Uy 1/7-] (&) _ BF([t= = p~ vy f(m2/m2)
M BF [’r— — e Vg yT] - BF[r~ = e Vev;] f(m2/m2)
RS =0.9726
a | CLEO (1997)
. CLEO (1997) e 1.0026 + 0.0055
0.9777 +0.0063 + 0.0087 =
| | BaBar (2010)
H : ——
B Badar 20k} ; 1.0036 % 0.0020
0.9796 = 0.0016 = 0.0036 5
| 467 fo', 3x1 | o
Belle Il Preliminary (2023) P R IRy ER e
| 0.9675 + 0.0007 + 0.0036 | 0.9974+£0.0019
362 fb!, 1x1 i
5 combination | combination
e »-
5 0.9735 +£0.0026 1.0005 = 0.0013
L | L L ; L | L L . | L . L l L L . | . L " " i L 1 " 1 " " " 1 L L L | "
0.96 0.98 1.00 1.02 1.04 0.98 1.00 1.02 1.04 1.06
RH |gl.l / gelr
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Loboa=/\—5)T DIt B

Br(z-evw)  tTisem

= 2 p(y /(s

Br(u—oew)  t,Tysevy  7,ms

= 2L )/f( )}—’TDL"C’VJ%)&

Tmu

0.1790 -
Br(t - evv) = art T
T measured BR
0.1785 - | + |
’5 i 1 (&.\
e
=N v o
J=3 1 0.1780 - (Q'b"
O
Mass m = 0.1134289259 + 0.0000000025 u and \¥a 5
Mass m = 105.6583755 -+ 0.0000023 MeV o \O Tr My
o8 X" By x B —=
Mean life 7 = (2.1969811 + 0.0000022) x 10~° s 0.1775 - @ % ue 5
e T, M
. o K
& ey
Mass m = 1776.86 + 0.12 MeV 0.1770 1 Spring 2017
(m7-+ - mT—)/maverage < 2.8 X 10_41 CL = 90% 289 290 291 292

Mean life 7 = (290.3 + 0.5) x 1071% s : T¢ [fS]




Michel parameters, Vus
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T

Lorentz Structure&Michel parameters
T%l%_ tonic decayD B EERS T 07 o Ex—HRIEL TWELS D

ER0 il IS
M(t > v, vp) = z gij[ €T ve| [V Ty )]
l] L,R
N=SV,T

b differential decay widthZEtE 95 &
dl'(t*) 4Gfm.E 2
(t7) _ 3Gim, max\/xz—xo [x(l—x)+ p(4x? — 3x — x§)

dQdx (2m)*4
_1 '
+nx0(1—x)+§PTc059{)€\/x2—xé{l—x+§6(4x—4+Jl—x%)}l
E
X =—" x9g = —
Emax Emax

p,1, &, 8% Michel parameter&EFFUIEAERR B = Lp —z =0,=16="=
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T

BIR

Michel par. Measured value Experiment SM value
) 0.747 4+ 0.010 = 0.006 CLEO-97 3/4
(eor ) 1 .20/0

7] 0.012 4+ 0.026 = 0.004 ALEPH-01 0
(eor ) 2.60/0

g 1.007 £ 0.040 £+ 0.015 CLEO-97 1
(eor ) 4.30/0

&:O 0.745 4+ 0.026 = 0.009 CLEO-97 3/4
(eor ) 2.80/0

gh 0.992 4 0.007 = 0.008 ALEPH-01 1
(all hadr.) 1 . 1 0/0

51z [£Type Il 2HDM F2&n = 2
Belle CTH#EITH

2024/8/21

tan?p

2

(2 E DMEYRE L

M

RAFYEZEDHER2024

;

ALEPH ——
5210
DELPHI
.T30-I-0.038
L3 -
.TE2=I-0.035
OPAL
| TE1=i-0.033
SID — =+
"2+{-0.09
CLED -
|7 =I-0.071.
ARGUS —
+-0.0
-
P 0.7504-0.011
ALEPH ——
00 =i-0.07E
DELPHI —-
0.374=i0.
L3 D —
07001
OPAL JR
0.98+/-0.24
SLD —_—
1.05+/-0.35
CLED
010=i-0.043
ARGUS ——
1.03+40.1
-
£ 0.988+.0.029

ALEPH
DELPHI
L2

OPAL

CLEO

ARGUS
n

ALEPH
DELFHI
L3
OPAL
SLD
CLEO

ARGUS

£6

ﬂﬂﬂﬂﬂﬂﬂ

EMNIENENAT RZED)




Vus® Al TE
ES%erusyg,,uéa

Vs Kz, N = 2+1+1, 2021 update

//\II -2 7’—‘ 0) & 7'—: %E % “ 0.2231% 0.0006

Y] Vs Kas Nf =2+1+1, PDG 2020

0.2252+ 0.0005

‘ f&é(’]‘é(a\) —e—| C.KMun_ita.rity&Vud&Vub

0.2277+ 0.0013

"_ﬁ‘mﬁlprongUﬂ*’C e 8.;;(;1 0.0021

—e— T —=>Kv/t—=mv

1_]' 75\ % é D 75\ ? o Sizzr?vi 0.0019

0.2219+ 0.0017

(fa] ﬁ‘?’hék 2D HIE e 022225 00017

—e— T average

0.22 0.225 0.23
V] HFLAV
”
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tC/A\NAOV IR

PIEEVSHIICEARNGED
Al TE

K*(892)

14Py = 3(17)

Mass (T-Matrix Pole /s) = (890 + 14) — i (26 + 6) MeV
K*(892)* hadroproduced mass m — 891.67 + 0.26 MeV
K*(892)* in 7 decays mass m = 895.5 + 0.8 MeV
K*[SQQ}D mass m — 895.55 + 0.20 MeV (S = 1.7)
K*(892)* hadroproduced full width I = 51.4 + 0.8 MeV
K*(892)" in T decays full width ' = 46.2 + 1.3 MeV
K*(892)° full width I = 47.3 + 0.5 MeV (S = 1.0)

p

K*(892) DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
Km ~ 100 % 289
KO~ ( 2.46+0.21) x 10~3 307

2024/8/21

I(JPy = $0%)

PRODUCED BY K—, BACKWARD SCATTERING, HYPERON EXCHANGE
VALUE (MeV) _EVTS DOCUMENT ID TECN  CHG COMMENT

K1(1270) MASS

The data in this block is included in the average printed for a previous datablock.

1275+10 700 GAVILLET 78 42 K—p — = (Krm)*t

PRODUCED BY K BEAMS
VALUE (MeV) DOCUMENT ID TECN  CHG COMMENT

HBC +

The data in this block is included in the average printed for a previous datablock.

1270+10 1 paum 81C CNTR — 63K p— K 2mp

PRODUCED BY BEAMS OTHER THAN K MESONS
VALUE (MeV) EVTS  DOCUMENT ID TECN  CHG COMMENT

1248.1+ 33x14 GULER 11 BELL Bt - JjpKtata—

PRODUCED IN 7 LEPTON DECAYS
VALUE (MeV) EVTS DOCUMENT ID

TECN  CHG COMMENT

1254433434 Tk ASNER oo CLEO =+ ™ > K-ata v

RAFYEZEDHER2024

T



T

=t

2024/8/21

Ky (1270) WIDTH

PRODUCED BY K—, BACKWARD SCATTERING, HYPERON EXCHANGE
VALUE (MeV) EVTS DOCUMENT ID TECN CHG COMMENT

The data in this block is included in the average printed for a previous datablock.
75115 700 GAVILLET 78 HBC + 42 K—p— = Knm

PRODUCED BY K BEAMS
VALUE (MeV) DOCUMENT 1D TECN  CHG  COMMENT

The data in this block is included in the average printed for a previous datablock.

90+ 8 6 pAUM 81C CNTR — 63K p— K 2xp

PRODUCED BY BEAMS OTHER THAN K MESONS
VALUE (MeV) EVIS  DOCUMENT ID TECN  CHG COMMENT

119.5+ 52x6.7 GLULER 11 BELL B+ - JjvKtata—

PRODUCED IN T LEFTDH DECAYS

VALUE (MeV) DOCUMENT 1D TECN CHG COMMENT

mt%:.:m Tk ASNER oor CLEQ <+ T —
K—ataw

RAFYEZEDHER2024
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T

(a,°M Error)?

HVP 82%

2024/8/21

Muon g-2 £HVP

Contribution Value a, x 101! Error §a, x 101!
QED 116 584718.931 0.104
HVP LO (Leading-Order) 6931 40
HVP HO (Higher-Order) -85.9 1.2
HLbL (Light-by-Light) 92 19
EW (Electroweak) 1563.6 1
SM total (Dispersive) 116591810 43
Experiment (BNL+FNAL) 116592061 41
Experiment — SM 251 29

q D weak HVP HLbL

ﬂ + Clu + au + au

SRRFYIEFOER2024

HLbL




EKEREEHVP
Low energyD JL—TJ I/ \FAV DEMN
TMHLD T, QCDTEE T HDIEHELL

SEEREZED
ete” > nmnm - DEMMEENCOFTEIZEZS

/

/Im

<~

Im Hhad (qz)

auHVP KK, Ty E>1.8 GeV (auHVP Erro r)2

T T TTHT

l 2024/8/21 SRRFYIEFOER2024



Radiative returnik
e+e‘ > an - DEREFEBEDREIIEFKe e DI RILTF—%
BAIEHBITHOTLV:
HHEE, MERFBODREITZEDEEFTete” > - y&LYD BFET
L\E/\Jﬁl*)l/;\'— Dy Aldete DI RILTF—%F
ZZ5DERMEFL LI ? EK/DUV=>Radiative returnik
¥BaBartKLOEEER CTRIEMNITHN TE1=, Belle[XE% 5T L I8

. hadrons
+ hadrons EM Cal. (ECL)

T o= “Wer\,
P Umr

Energetic ISR photon ISR photon




CMD3NEATERVERZHUL

e 30[ | -
= I - CMD-2 = .. before CMD2
B | - BABAR = N cmMp2
451 2 > SND = B SND
I S 1 > SND2k - __._ KLOE comb
40 *f_% - : - BES e | BABAR
/ I = - KLOE10 e BES
35! G.= + KLOE12 3 — CLEO
/ i A = } - CMD3 = — — SND2k
r g E —— CMD3
301 . o, 560 365 570 575 380 585 390
- Anm E a™™ (0.6 <is <0.88 GeV ), 10"°
25 C i ﬁé_ﬁ
28-Ja_| 1 [T L1 1 [ B L1 I N TR : ! -ﬂ-ﬁtjb\*[n:u,z\tj
.68 0.7 0.72 074 076 0.78 0.8 0.82 0.84

/s, GeV

l 2024/8/21 SRRFYIEFOER2024



€29 dL?

FAEDHITTBelle 1HZND1EFEE

[ = N\ =
< 500 > BETHIEENSFEFO>TLET,
Significance will likely decrease Fermilab 1+2+3 T: Tf#% ;§ < %ﬁ l.z LY
with an updated SM prediction 2023 ~ o
; (> ) Belle Il M5 (Xee>nnimPDFFERHAHELT=,
510
o I I 2404.04915
SM: e+e- HVP World Average — T
T.I. White Paper (2023)
(2020) . Tt ALEPH
_____________________________________________________________________________________ —— t CLEO
Sﬁalectecl new results O * T OPAL
since White Paper (2020) SM: Lattice HVP < Belle
o BMW Collab.

No official (2020)

Tl predictions: SM: e:e_ HVP ee BABAR
using only CMD-3 ee CMD-2
data below 1 GeV

: : : ‘ ‘ : : ee SND

17.5 18.0 18.5 19.0 19.5 20.0 20.5 21.0
9 ee KLOE
a, X 10 - 1165900

500 520 540 560
a 2«0 (10719

l 2024/8/21 SRRFYIEFOER2024
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Muon g-2 &l .“ﬁ"%fliﬁt\

Conserved Vector Current (CVC) wazens e Bhoonon

CLEO
2544012042

- BBRED © 1B SR T i

—— 22.31=020=0.14

L

2462035050

ete>n EIERIZEBTULNS, | ) e

2546=x017=z0.29

- - - T average
T7v-oW~ - P rei  ayeragce
e'e” CVC el CMD?2 03 (0.61-0.96)

25.032022=:0.22
CMD206(037 0.52, 0.6-1.38)

ete” -y - p’

Tau leptonMFE R IN-ERZIZZOBEEIS T || dhesaEl

H—e 24472022£0.2

ﬁj\mitth‘\_d—<¢‘:%§émf: —e——  BABARO09 (0.3:m)

——ir KLOE 10 032092
2453 = 022( 0.2 )

T IIRERIZEHETESIDITHST=hY. e || s

O = A ~ o 23.5 24 24.5 25 25.5 26 26.5 27 27.5
t D:E) = *)EL\ B(r —>v.nn’) (%)

BelleDFHIREANDNDFTEIE O BER
SBelle 1ZEX2ERBZRIZTEEFS
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BILT U EFESTEHEMEBENELHET

° LFV, CPV, Lepton Universality, Lorentz Structure, Vi,

5D EZAB-factoryNEx5E T

o LFV(FF(Z3p) [Fo oML Toniglhyvmg

Belle THIBIDHHEDIEILE/ T2 LERENFTEES,
cBelle TR THLDIITATT7HRBEMIE

EEMEDHGESAICIERBRDEFA—23 0 R 5 X T ELVTLY
=13 6&ELLVT Y, (ELTIToZFYHATIZELY, )

T 2024/8/21 RAFYEZEDHER2024
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+=
(=]
(=]
[=]

9 l'7 E % 0) 5E|] J:FE | PRL99, 011801(2007)

L
n
L=}
L=

414fbt t=>nnv/ 128vv

7T__“HH+E|Em ...... I
My = \JM% + 2(Epeam, — Ex)(Ex — Py), (1)

L]
=1
=]
L=

2500 |

1T

2000 |

Entries/0.8MeV/c?

1500 |

T LIRS THIERE -

psalde mass DXL T soo
(NFO) = (Py + Pux)arctan[(x — P1)/P,] + Ps + Pex. 3 ) O T e ire i s 7 is
- M (GeV/c?)
THit. fit bias, RMIREZZEEL T
(FELREEANDFEIFIE—LIRILEF—DSDDE, PDG2022:
RSwAs, 5 (IR ) M.=1776.86%0.12 (MeV/c?)
M_ =[1776.61 = 0.13(stat) = 0.35(sys)] MeV/c?, BES”m\ﬁﬁﬂi”*ir_

M =1776.91%0.12°010 .. (MeV/c?)
M+ — M,-|/M, <2.8 X 10™* at90%C.L., i 0.13

2024/2/15 RERFEFRERE 3




PDG Average (2022)
1776.86+ 0.12
+ Trrees 08
BELLE (2007) i
nm 177661+ 0.13+0.35 ]
KEDR (2007) .
1776.81 022+ 0.15 !
T - 7T7T7TV§ EIJ 1& BaBar (2009) 5
1776.68+ 0.12 + 0.41 !
-
M B MZ 2(\/5 R ) (E . . ) <m ??l'f_éﬁri'_'ég'flrﬁf(’”’ -
min 31T 2 3 37 3T T — e s
*\1 m, [MeV/c?]
x10°
16E- Belle Il Preliminary + Data — Fit M nin — P1
..... F(Muyin) = 1— P3-arctan
4 _iBackground min .
14 det=190fb Po

—
N

m, = 1777.09 + 0.08 = 0.11 MeV/c + Py(Mpin — P1) + Ps(Mpin — P1)2

Events / (1.5 MeV/c?)
=

8
6 T4, PONEEIZHETS
|

S of

17 172 174 1'76 178 18 182 184

M_. [GeV/c?]
T 2024 3 85



BES Il DFEER

Tau-charm factoryziE> TS B FIGE FEIELEERINH S,

SH. ERIELcharmDEAE (X MY,

1 DT HAHTIDFEERD...

_ e MEE OB DT AL —ERASRALEZ TN ST
‘-E* 5] ] Tt DE T EIEZ AT

g HAHECAETIT T~ DERBITEFEO,

I HEHECAMNLIRARITEZ T

g o F1)FJOLLLLGEHECHDITRILF—H

O of 2ERTrNDE=

W (MeV)

T 2024/2/15 EHRFESEE 3



RRIEIZ K BBAITEEERIZESEITEDELN

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
1776.86 + 0.12 OUR AVERAGE
1776.91 +0.12 *3-19 1171 I ABLKIRA 2 7 A 20 L@ 9 BES3 23.3pb~1, B =3.54 — 3.60 GeV
1776.68 £0.12 +0.41 682k 2 AUBERT 2009AK BABR 423 ﬂ::_l, Eg,;=m.6 GeV
1776.81 1022 +0.15 81 ANASHIN 2007  KEDR 6.7 pb1, B = 3.54 — 3.78 GeV
1776.61 +0.13 +0.35 2 BELOUS 2007  BELL A14 b 1E®“ =10.6 GeV

= 1777.09 £+ 0.08 £ 0.11 MeV/c? Belle Il

T 2024/2/15 EHRFESEE 3



T LFV decay at LHC

T — Ul search results >

Best mass resolution categories e Hea Pl
JHEP 01 (2021) 163  33.2fb" 13 TeV
T T rrrr T

* CMS Results:

e . > F 3 - ey TP
* Observed (Expected) limitis 8.0 (6.9) x 10® @ 90% C.L. 2 “0F cms Category A1 (IFIC, U. of Valencia=CSIC)
3 35F i Data =
. . 8 0, o g ]
W boson channel: 20 (13) x 10° @ 90% C.L. A S Signal (Biz —» 3p) = 107) 3 on behalf of the ATLAS and CMS Collaborations
* HF channel: 9.2 (10.0) x 10® @ 90% C.L. 8 255 e UICCR (R - e e
0;," HF channel
w20
15F TAU2021 Workshop
- 3 th
Results comparison T - 3u 10¢ 2o SERiember 208
90% CL Limits St Ay 3 :
0' PR PRI Wi PRI T . v
1.7 1.8 1.9 2 Iz |
Belle 2.1x10°® m(3u) [GeV] supported by; RTI20180942708100| | F | C @ e
Phys.Lett.B687:139-143 (2010) ’ g CsIC
JHEP 01 (2021) 163 33.2fb" 13 TeV
- [ T I T
§ s CMS Barrel N
o C § Data a
_ — e Signal (B(t — 3u) = 107) ]
LHCb 4.6x107® ; ar —— Background-only fit g
JHEP 02 (2015) 121 (8 TeV) "g
> 3r N
w .
[ W— v
2:_ channel E
CMS 8.0x1078
JHEP 01 (2021) 163 (W - 1v and hadrons, 13 TeV)




T MDM measurement at LHC

. Feasibility of tau g-2 measurements with
Conclusions ultraperipheral collisions of heavy ions

Evgeny Kryshen!
* ATLAS/CMS statistics from Run2 can be used to improve a_limits riookforafiomit Nazaniurmasor’, Paul Buehle and{ Roman(lmdclo?
 ALICE can help to extend a_ measurements down to low p; pb\&f/;pbi
* precision is limited by systematic uncertainties ' —‘4
. . o da- Ve
* Expected limits on a_ at least x2 better compared to DELPHI results L= K
The 16" International Workshop on Tau Lepton Physics
ctober
ATLAS/CMS ALICE LHCb ooz
OPAL 1998 " w 2
k31998 SMEFTpredictionsi Anrosey AsEoee [
DELPHI 2004 - DELPHI

DELPHI e —

4 LHCb 2 nb™!, 5% sys
Pb+Pb, 2 nb™, 5% sys —_—

ALICE 2.7 nb”', 5% sys
Pb+Pb, 2 nb”, 1% sys

ALICE 2.7 nb", 3% sys ———— LHCb 2 b, 3% sys IR
Pb+Pb, 20 b, 1% sys . 00 S Sy |
- A ) \ : \ \ \ 1140 . 1o N
008 —006 001 003 0 007 004 008 008 ALICE 2.7 nb", 1% sys LHCb 2 nb™, 1% sys
o, imi n Loy a PRI B 1 T n N
s cLimtona, 008 006 004 08 0 00z 004 008 aoé losi Te0s 0 002 ood
& a,
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