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Preamble: lepton g-2

a,= 11596521807.3 (2.8) x 1013

0.24 parts per billion !! (Hanneke et al., PRL100 (2008) 120801)

a,= 116592089 (63) x 10"

0.5 parts per million !! (E821 - Final Report: PRD73 (2006) 072003)

a.=-0.018 (17)

Well, not much yet.... (PDG 2015)
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The SM prediction of the tau g-2

The Standard Model prediction of the tau g-2 is:
asM = 117324 (2) x 108 QED
47.4(0.5) x 108 EW
337.5(3.7) x 108 HLO

7.6(0.2) x 108 HHO (vac)

5 (3) x 108 HHO (Ibl)

+ + 4+ + 1

aTSM — 1 1 7721 (5) X 10-8 Eidelman & MP

2007

(m+/my)? ~ 280: great opportunity to look for New Physics,
and a “clean” NP test too...

Muon Tau
aEW/aH 1/45 1/7
aEW/ daH 3 10

...if only we could measure it!!
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The tau g-2: experimental bounds

® The very short lifetime of the tau makes it very difficult to
determine ar measuring its spin precession in a magnetic field.

® DELPHUI’s result, from ete- — e*e 11 total

cross-section measurements at LEP 2 (the
PDG value): e g

a_ = -0.018 (1 7) PDG 2014

® With an effective Lagrangian approach, using data on tau lepton
production at LEP1, SLC, and LEP2:

-0.007 < aTNP <0.005 (95% CL) Gonzales-Sprinberg et al 2000

® Bernabéu et al, propose the measurement of F2(g%=My?) from
e*e" = T'T production at B factories. nps 790 (2008) 160
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A new proposal: the T g-2 via T radiative leptonic decays

® a:via the radiative leptonic decays 7 — evvy, ™ — prry comparing
the theoretical prediction for the differential decay rates with precise
data from high-luminosity B factories:

2
dl’ = dl'y + (—> dl'w + %dFNLo + &,dl', + d- dTy

® Detailed feasibility study (unbinned maximum likelihood fit) performed
in Belle-ll conditions: we expect a modest improvement of the present
PDG bound on the tau g-2 (but not on the tau EDM).

Eidelman, Epifanov, Fael, Mercolli, MP, arXiv:1601.07987 (JHEP 2016)
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Differential decay rates: SM at NLO

Fischer et al., PRD 49 (1994) 3426; Arbuzov, Scherbakova, PLB 597 (2004) 285
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Differential decay rates: SM at NLO (ll)

» Extra soft photon emission w' < w( integrated analytically:

wo
dl_"sy?yft(wé)) = / dw'dTyy (W < M /2)
0

» IR divs of soft bremsstrahlung and virtual corrections cancel.

» Double “hard” bremss integrated numerically (w' > wy).
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Inclusive and exclusive branching ratios at NLO

The branching ratio of radiative u and 7 leptonic decays
for a minimum photon energy wo:

B(wo) XX / dq>4 (d]-_‘LO + d]-_‘virt) + / dq)5d]._‘77

w2

» B"*(wo): only one v of energy w > wo,
additional second soft photon w’ < wq.

B¥*(wo) = M
» B™(wp): at least one y of energy w > wo.

B (wo) =M + W

w1
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Branching ratios: SM vs measurements

B.R. of radiative 7 leptonic decays (wo = 10 MeV)

T — evvy T — Uvvy
B.o 1.834x 1072 3.663 x 10~2
Blnc  —1.06(1),(10)xy x 1072  —5.8(1),(2)y x 107°
Brrs  —1.89(1)a( )n(3)y x 1075

BB 1.728(10)4n(3), x 1072 3.605(2)tn(6); x 1073

)tn(6
BEx¢ 1.645(19)n(3), x 1072 | 3.572(3)4wn(6), x 1073
Ble 1.847(15)st(52)sy x 1072] 3.69(3)(10)sy x 1073

)

19)y x 1073 —9.1(1
)r
)r

(n): numerical errors (th): combined (n) & (N)
(N): uncomputed NNLO corr. (7): experimental error of 7
~ (a/7) In7In(wo /M) x Brl™e lifetime: 7, = 2.903(5) x 10713 s

T BaBar, PRD 91 (2015) 051103;

B. Oberhof, arXiv:1502.01810. Fael, Mercolli and MP, 1506.03416 (JHEP 2015)

Fael and MP, 1602.00457

M. Passera Padova 31.05.2016



Branching ratios: SM vs measurements (ll)

Tau radiative leptonic decays (E, > 10 MeV)

Teyvv[107

Topuyvv[107

LB LN BLEL L BLELELELE ELELE 1 1 1

I } P } i CLEO 2000 PN } CLEO 2000
1.750+0.060 £ 0.170 3.610 £0.160 + 0.350
BaBar 2015 ——i 1 BaBar 2015
1.847 £ 0.015 + 0.052 0 ’ 0 3.690 + 0.030 + 0.100
Fael & Passera 2015 Fael & Passera 2015
1.645+0.019 £ 0.003 3.572 +£0.003 + 0.006

16 17 1.8 19 36 37 38

(see also M.Passera presentation in this workshop)
CLEO 2000: T. Bergfeld et al., PRL 84 (2000) 830
BABAR 2015: PRD 91, 051103 (2015)
Fael & Passera 2015: NLO calculation, JHEP 07 (2015) 153, arXiv:1602.00457 [hep-ph]
3.50 discrepancy between BABAR 2015 and NLO calculation, to be investigated

New Vistas in Low-Energy Precision Physics (LEPP), 4-7 April 2016, Mainz, Germany
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Branching ratios: SM vs measurements (lll) T

® Discrepancy between SM and BaBar’s measurements (E,>10MeV):

T — evvy T — UVvYy
AExe 2.02(57) x 1073 — 350 1.2(1.0) x 1074 = 1.10

Fael, Mercolli & MP, 1506.03416 (JHEP 2015), Fael & MP, 1602.00457

B(t — evvy)gxp/B(T — evvy)sm

RE/e —
' B(t — pvvy)exe/B(T — prvy)sm

= 1.09 = 0.05

ie |gu/ge| ~1.04(2), a (possibly) huge Lepton Universality violation!?
Compare it with LU tests via ordinary (inclusive) tau leptonic decays:

F‘r—m/FT—)e
gu/9.l  1.0018 (14)

Tre/Tumre
l9-/9,] 10011 (15)
FT-—P/.L/P;L—)G
9-/9] 10030 (15)  A.Pich, arXiv:1310.7922

® Agreement with MEG’s recent p—evvy measurement [EPJC (2016) ]
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Conclusions

— | —

New proposal to determine the tau g-2 via precise
measurements of radiative leptonic tau decays. Feasibility
study shows that Belle Il can improve the present bound.

BABAR'’s precise measurement of BR(T — ev vy) for E, >
10 MeV in the T rest frame differs from our SM prediction
by 3.5 o! BABAR'’s result for BR(T — pv vy) agrees within
~10. Belle Il should measure them!
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The End
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