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—0.052 < a; <0.013

DELPHI - EPJC 35 (2004) 159
Precise SM prediction: &> = 117721 (5) 1078
S. Eidelman, M. Passera, Mod.Phys.Lett. A22 (2007) 159




The 7 dipole moments: SM prediction A\‘(“

The Standard Model prediction for the tau g-2

SM
=

=  +117324(2)
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+337.5(3.7)

+7.6(2)
+5(3)

= 117721 (5)
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Eidelman & Passera, Mod.Phys.Lett. A22 (2007) 159

a (ITIT/IT'IH)2 ~ 283: good to l0ok for NP! iudice, Paradisi, Passera JHEP 1211 (2012) 113

Electron | Muon | Tau ]
a"™W/ghad | 1/56 | 1/45
a™WV/sad | 1.6 4
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a Lepton EDMs vanish up to 3 loop

Pospelov & Khriplovich, SUNP 53 (1991) 638

a d™M~ 1078 - 10" e.cm



Tau g-2 and EDM: Experimental Bounds
Challenges:

w7 =2903(5) x 107 "¥s
however g-2 measured for s+ baryon

Chen et al. Phys.Rev.Lett. 69 (1992) 3286

a How to produce polarized 7? ar = —0.018(17)
a,: © = uty,
ar:

inete™ - ete 77 atLEP 2
+ + + +
BT = 17v,, Dy =1,

DELPHI - EPJC35 (2004) 159
® Indirect bound from LEP1, SLC, and LEP2 data:

[ —0.007 < a¥ < 0.005 Gonzalez-Sprinberg et al., NPB 582 (2000) 2

@ Belle bounds on 7 EDM from et e~ — 777 inamietal, Phys.Leit8 551 (2003) 16

2.2 <Re(d;) <4.5(10""7e- cm)
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2.5 <Im(d;) <0.8(107""e-cm)
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What can be measured exactly?

Vertex Function:

M (6?) = 7"Fi (%) + Fa (&) (0" — 2meq") 75
Ny
~—au|iF2 (¢?) + Fa () s

+ 2my
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Direct Probes at LHC

Fu et al, Phys.Rev.Lett. 123 (2019) 1, 011801
Fomin, Korchin, Stocchi, Barsuk, Robbe, JHEP 1903 (2019) 156
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Indirect probes of ™ dipole moments A\K“

ete” wefe r7™ ete” =17~

= Not directly sensitive to the form factors at g° = 0.

m Processes are sensitive to F(g? > 0).

® F(g? > 0) are non physical, i.e. contains IR divergences.
a Higher QED corrections must be considered.
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Effective Lagrangian Approach A\‘(“

a d
L= Lo+ |e—To"'T — i=To"’~°1 FL
am, 2

Eidelman, Epifanov, MF, Mercolli, Passera, JHEP 03 (2016) 140
see also Bernabeu et al, NPB 790 (2008) 160; Gonzalez-Sprinberg, Santamaria, Vidal, NPB 582 (2000) 3; Escribano, Masso, Phys.Lett. B 395 (1997) 369.

® 3 and d,: BSM contributions to 7 dipole moments from heavy NP.
e

Fp(0) = &M + &
2( ) T + 2m7-

F3(0) = ™ 4 4,

a Indirect bounds at et e~ collider: ogy+3 o4+ d 04
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Complex formalism: A\KIT

Cr_ .,
L= Lq\+ KTO'M P.TF,, + h.c.

Real and imaginary part of c7:

WARNING
a Belle measurement of Re(d;), Im(d;) assumes non-Hermitian Lagrangian!
Inami, Phys.Lett.B 551 (2003) 16; Bernreuther et al., Phys.Rev.D 48 (1993) 78, Nucl.Phys.B 388 (1992) 53
® Im d, violates CPT.
a EFT for CPT/Lorentz violation: SM Extension

Colladay, Kostelecky, PRD 55 (11) 6760 9
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Dipole moments and SM EFT A\K"

Tree-level contribution to 7 dipole moments (dimension-six):

— 1
Qi = (Lo 7R)d oW, Loi = 5 [CHOE + CEQE +h.d]

33 __ () v
Qs = (LLo"'TR)PBu
Grzadkowski et al, JHEP10(2010) 085; Crivellin, Najjari, Rosiek, JHEP 04 (2014) 167; Eidelman, Epifanov, MF, Mercolli, Passera, JHEP 03 (2016) 140.

Four independent parameters:

- 2 2 . ~ 2 .
a, = ZIT \j\;v Re [cosOwCE —sinwChy|  d- = \{\;V Im [cos O Cs — sin Ow Cjiy
. 2m, v2v _ N Vv .
W — eT “rz Re [sin 0w CE + cosOwChy] dY = —— Im [sin 0w CE + cos O Ciiy |
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Leptonic Tau Decays KT

Karlruhe Institute of Technology

a Michel decay 7 — fvi

a Radiative decay 7 — (v a Precise SM predictions diff. rate
a 7 — {yvi up to NLO

MF, Mercolli, Passera, JHEP 07 (2015) 153;
Pruna, Signer, Ulrich, Phys.Lett.B 772 (2017) 452

w7 — (00" v up to NLO
Greub, MF, JHEP 1701 (2017) 084,
Pruna, Signer, Ulrich, Phys.Lett. B765 (2017) 280;
MF, SciPost Phys.Proc. 1 (2019) 009,

m Optimal probe of NP effects

a Michel Parameters
Shimizu (Belle coll.), PTEP 2018 (2018) 023C01;
Arbuzov, Kopylova, JHEP 09 (2016) 109;
Flores-Tlalpa, Lopez Castro, Roig, JHEP 04 (2016) 185

a SMEFT
a Dipole moments

MF, Eidelman, Epifanov, Mercolli, Passera, JHEP 03 (2016) 140
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T — evvy T — Uy

Bo 1.834 x 1072 3.663 x 1073

Bloc 1.728 (10)¢1n(3), x 1072 3.605 (2):n(6), x 1073
BExe 1.645(19)n(3), x 1072 3.572(3)¢n(6), x 1073
K(lnc) 0.94 0.98

K (Exc) 0.90 0.97

Babarf  (1.847 +0.015+0.052) x 1072  (3.69 +0.03 £ 0.10) x 1073
Belle*  (1.79+0.0240.10) x 1072 (3.63+0.02+0.15) x 1073

*
TBABAR - PRD 91 (2015) 051103 N. Shimizu - Belle - PTEP 2018 (2018) 023C01

a E, > 10MeV
m Exclusive BR: n = 1 photon
a Inclusive BR: n > 1 photons

See also: L. Mercolli, MF, M. Passera JHEP 1507 (2015) 153
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Bro dBNLO 0Bhad oB/B

T — eeevii  4.2488(4) x 107° —4 3(1) x 1078 —1.0x107° —0.1%

T — peevv  1.989(1) x 107° 3(1)x1078 —-6.6x1071"  0.2%

T — epuv  1.2513(6) x 1077 2. 31 (1)x107° -36x10"10 1.8%

T — pppry 1.1837(1) x 1077 1.925(2) x107° —-35x 1070  1.6%

u— eeeviv  3.6054(1) x107° —6.69(5) x 1078 —1.8x 107"  0.2%
1

MF, SciPost Phys.Proc. 1 (2019) 009

a Belle expect to observe first two modes, upper limits on the last two.

Sasaki (Belle) J.Phys.Conf.Ser. 912 (2017) 012002
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Tau Dipole Moments in 7 — éyvi A\‘(“

m Suggested already in the '80

Laursen et al., PRD 29 (1984) 2652

a Exploit the amplitude’s radiation zeros:

2 2
ms+m
cos tlp, ~ —1 E, ~ 7T2m ¢
3

m Achievable sensitivity at Belle
1

& <2 T — byvw

Eidelman, Epifanov, MF, Mercolli, Passera, JHEP 03 (2016) 140

1.6x1072 + 3,86x107% J=e
36x107° 4+ 3,82x107% [=pu

14

BR = / dLips (dFM + &, dl, + d, dlg) =

M. Fael Sept. 72021 Anomalies and Precision in the Belle Il Era



Feasibillty Study at Belle and Belle Il AT

Eidelman, Epifanov, MF, Mercolli, Passera, JHEP 03 (2016) 140

a Exploit polarised fully differential rate, taus spin correlation.

w Goal 1073 precision target: dI' = dlsy + &,dlM 5 + d,dr .
Include NLO QED + m2 /M3, corrections

MF, Mercolli,Passera, PRD 88 (2013) 093011; JHEP 07 (2015) 153

_ LH _, RH I-

- 14 Tt T / } Signal side
p-tag { P \ |
0

« RH LH
m 3 Neutrinos: taus’ direction constrained on an arc.

w Strategy: extract 3, and d; via unbinned maximum likelihood.
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Feasibility study: results

m 7777 events with
KKMC/TAUOLA/PHOTOS

a Events processes by GEANT3 based
program

m Analyzed (¢FTviry, 7T 700) events in the

12-dimensional space.
Two scenarios:
T — pvy, BR= 25.5%.
a full-tag mode: six modes, BR= 90%.

a p-fag mode:

M. Fael Sept. 72021 Anomalies and Precision in the Belle Il Era

Stat. sensitivity to , and d-

a, d-(2m;)/e
Belle (p-tag) 0.16 0.15
Belle-Il (p-tag) | 0.023  0.021
Belle (full tag) 0.085 0.080
Belle-II (full tag) | 0.012 0.011
DELPHIf 0.017 —
Belle* — 0.0015

Eidelman, Epifanov, MF, Mercolli, Passera, JHEP 03 (2016) 140

*
T DELPHI - EPJC35 (2004) 159 Belle coll. PLB 551 (2003) 16.



Dipole Momentsinete™ — 777~ A\K"‘

u Idea: M» m ?

u Fy(g? = MZ) physical and measurable at B factories in ete™ — T — 7777,

Bernabéu, Gonzalez-Sprinberg, Papavassiliou, Vidal, NPB 790 (2008) 160.

m Expected sensitivity: |Fo(My)| < O(1078) with £ = 15 ab~".
a Beam energy spread oy at Belle (Belle-I):

rT(1S),’T‘(28),T(SS) ~ O(10keV) < ow =5.24(5.45) MeV

M. Fael Sept. 72021 Anomalies and Precision in the Belle Il Era



. . + o +
Dipole Moments in ete™ — 717 AUT

Chen, Wu, JHEP 10 (2019) 089

Use effective Lagrangian approach (a-, d;).

Strategy: construct optimal observables for
ete” — 777 events.

a Focus on hadronic tau decays for the reconstruction

T — T, T — 71U, T — TATD.

Full 77~ reconstruction using impact parameters.

a Neutrino momenta determined minimising

fit 2 fit 2
pevt,i — Pevt,i m‘r1,2 — My j : 2
- + - + XIP,/'
i

Oevt Om,
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Optimal Observable

Matrix element prediction

2m.

IM|? = Msy + &M, + - —— My

Optimal Observable

Ma(p:+, pr--)
MSM (Pr+ y Pr— )
00,

~ 00,]a—0
=1+ b(00; — x)

Ooa(p7+a pr—) =
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Probability

Ry/(0.027)

Chen,

AT

Karlruhe Institute of Technology

T T
_— at"’:o

rrrrr alP=2.56x102

08— __. aNP=.2 56x10 -
06— -
04— —
02— —
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00
T T T |
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04F o0 PRLE
1, bty o+ . Tt 3
i et vy ettt =
E 4 ¥R El
0.98 %*++H + 4+ H¢++ 4 4t bt
096 + {
094 E
097 = =] B 07 oz
00
Wu, JHEP 10 (2019) 089
19



m Statistical sensitivity

L 1ab™’ 10 ab™! 50 ab~'
d,| (e-cm) | 1.44 x 10718 456 x 10°1® 2.04 x 1071
EX 1.24 x107* 3.92x10° 1.75x 10°°

Chen, Wu, JHEP 10 (2019) 089

a Open questions:

a Accuracy in Mgy prediction, e.g. radiative corrections, tau decay modelling.
a Experimental systematic.



Conclusions A\KIT

ONE DOES NOT SIMPLY l'th

m Tau lepton g-2 would be a clean test of NP, if only
we could measure it!

a Indirect searches at Belle Il cannot directly probe Ny u:f&
F>(0) and F3(0).

A TAU LEPTON INTO A MAGNETIC FIELD

a NP contributions to the tau dipole moments can be constrained via an EFT approach.

a Measurement strategy is closely related to NP searches in B decays, i.e. we
parametrize NP contributions in terms of Wilson coefficients.

m Belle Il has the potential to improve upon current bound from LEP.

= Radiative tau decays and e"e~ — 77 offers two independent avenues to the
measurement of tau dipole moments.

21
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PRINCIPLE OF MEASUREMENT: The idea of setup
Target

pp—Df... 1T = 2nT ™
Silicon Telescope

p i —
4 D
-

® we need to select events: Dyt ~ 7+ = 2+ x— out of the background: X+~ 2x+ n—

® directions of D¢+ and 7+ momenta should be measured very accurately A6 <100 urad
Fomin, Korchin, Stocchi, Barsuk, Robbe, JHEP 1903 (2019) 156




SENSITIVITY STUDIES: Precision of anomalous MDM versus number of protons on target.

Aa 1 _ 2 g @N* , p2 f 4 a
o setup — m R -
Np 77de‘cS2 7] setup P @ a (l + a )2
Aa. MDM Ad,ecm EDM
Ss Ss
Al 20
107! A s~p°s°°'s s 00"“«7
0.55 Sty 10715 - S0 5 ss;%
DELPHI O
107 TEElEs 777 = '"'seq
107 &S
1024 SM value BELLE &
107 t t t 1077 t t Y
10 10% 10 Neor 10% 10% 102 Neor
® Target (W) = Double Crystal Setup at LHC Ds*= 1+v;, T+*=m+m+mn-— V;
Lar=1cm = DELPHI: limit on aMDM from LEP2 experiment yy = T+ T-

® Crystal1 (Ge) ® Crystal 2 (Ge)
Lp=3cm, L =10cm,
Rp=10m, R=7m,
Fom\gp@rqmij%\. Barsuk, mbb__egdliﬁ.é%])ii (2019) 156

J. Abdallah et al. Eur. Phys. J., C35:159-170, 2004

BELLE 2: limit on aMDM expected for the BELLE 2 experiment
S. Eidelman, et al. JHEP, 03:140, 2016.

SM value: aMDM value predicted by a Standard Model

S. Eidelman et al. Mod. Phys. Lett., A22:159-179, 2007.
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