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Tau Decays

Naive prediction: Including QED &

V QCD corrections:
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Lepton Flavor universality: muon vs electron (—”)
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Lepton Flavor universality: tau vs electron (g’”>

e

&1 Vv
—_—— — 2 S o s
g 7, n, f(m; /mﬂ)rEW
T u =) =—%G - Hov,)
8e T, m, | fmZimrgy
S Vi
f(x) =1—-8x+8x%—x*—12xInx (approximating all m, = 0)
g 1l V
U % e
g — Measure:
c v
T’ T’ @(T — //t UT)
Tau physics 5 Swagato Banerjee UofLL



Lepton Flavor universality: tau vs muon <ﬁ)
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Lepton Flavor universality: tau vs muon <§)
Eu
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Tau

) = 1.0019 4+ 0.0014

—) = 1.0009 4+ 0.0014

) = 0.9959 £ 0.0038

Lepton Flavor universality

(g_r
8e /) -

Eu

) = 1.0027 = 0.0014

(g_*r) — 0.9855 + 0.0075

(g_r
Eu

HFLAV

) = 1.0003 £ 0.0014
T+7m+K

Table 12: Universality coupling ratios correlation coefficients (%)
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T mass and lifetime

IIIIIIIIIIIIIIIIIIIIIIII | | | I | | | | | | | | I | | | | | | | | I | |
Fo PDG 2015 average P HFAG Summer 2014
1776.86 = 0.12 990.99 . 052
BES 2014
= 1776.91¢o.12t8-]g
—t- @ —| BaBar 2009 |
FOA
H—e—H KEDR 2007, 290.17 + 0.53 + 0.33
1776.81% 052 % 0.15 Delohi 2004
—o-+— Belle 2007 H—e—H 290p90 1.40 1.00
1776.61+ 0.13 = 0.35 90+ 1.40 = 1.
: OPAL 2000 H—@——H L3 2000
1775.10 + 1.60 = 1.00 B ol 20320 + 2.00 = 1.50
: CLEO 1997
' 1778.20 = 0.80 = 1.20 H—e—H ALEPH 1997
BES 1996 290.10 = 150+« 1.10
Hg 1776.96 * 038 * 09 H—e—H OPAL 1996
® ARGUS 1992 289.20 + 1.70 + 1.20
1776.30 = 2.40 = 1.40
DELCO 1978 ——e——+— =0 1999
1783 00 * 500 289.00 = 2.80 = 4.00
IIIIIIIIIIIIIIIIIIIIIIII . _4'00 | | I | | | | I 1 1 1 1 I 1
1776 1776.5 1777 1777.5 1778 285 290 295 HFAG-Tau
2 15
m. [MeV/c"] PDG 2015 T, [x10 7 8] Summer 2014
Most precise measurements Most precise measurement by
—_— _l_ o
at T~ 7" threshold Belle using 3-vs-3 topology
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Tau-pair event at Belle |l

1-vs-3 topology

T T TTT T | TT]I TT TT TTITT WTITT \TI TT TTT T TTT T T T W T T TT]I TTTTTT
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E 50 “ 50 :
: -50 -50 :
— -100 <100 —
E -150 150 —
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Exp 7, Run 3521 oo b boeccoo b oo o Lo v oo b
Started at 2019/04/30 06:18 JST
Stopped at 2019/04/30 07:06 JST
Run type: physics 2 a
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Tau Mass at Belle ||

The tau mass can be calculated as
m? = (p, + p,)* arXiv:2008.04665 [hep-ex]

=2E,(E, — E) + m; = 2| P, | (E, — E}) cos(P', P',)

600:—+
4 ¢ Belle Il (Preliminary)
—~ 500 p
“o : JLdt=8.8fb
® 400 |
= :
?_1 3005_ m, = 1777.28 + 0.75 MeV/c?
P [ ¢ Data
Vr 5 200F y2/dof =1.256
i oo Nows = 8742
0: :
= *4 + e
s ol b T R 8
S R U RS TR R A AVE AR SR
i7 172 174 976 178 18 182  1.84

M_. [GeV/c?]
As the direction of the neutrino is not known, the approximation

cos(p,, P) = lis taken, resulting in

M?. =2E,E —E)+m;—2|p,|(E,—E,) <m?

Then, the distribution of the pseudomass is fitted to an empirical edge
function, and the position of the cutoff indicates the value of the mass.
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https://arxiv.org/abs/2008.04665

1773

Tau Mass at Belle ||

arXiv:2008.04665 [hep-ex]

Our result is still dominated by statistical
uncertainty, and consistent with previous
measurements:

PDG average $:1776.86 = 0.12 MeV/c?

BES 11l (2014) 1776 91+ 0.12 = 0.13 MeV/c?

ARGUS (1992)$:1776.3 = 2.4 = 14 MeV/c?

Belle (2007)
|

1776.68 = 0.12 = 0.41 MeV/c?

%1776 61+ 0.13 = 0.35 MeV/c?
BaBar (2009) %
I

Belle Il (2020)

| | I | l | I | l | I | | | I | I I | I 1

1777.28 + 0.75 = 0.33 MeV/c?

\ | I | I | T I

1774 1775 1776 1777 1778

m, [MeV/c?]

177 1780

Blue: statistical; Green: systematic

Tau physics

1781

|2

We expect significant reduction in the
main systematic uncertainties.

- == luminosity projection
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https://arxiv.org/abs/2008.04665

Tau Lifetime at Belle |l

The world-leading measurement by Belle?
uses a 3x3 topology, with both tau leptons

decaying to 3zv..

7.= 290.17 = 0.53(stat) = 0.33(syst) fs

1 PRL 112, 031801 (2014), arXiv:1310.8503 [hep-ex]

Strategy at Belle IlI:

1. Reconstruct vertex for 3-prong .
Only one 3-prong = higher statistics.

2. Estimate the z momentum p. "

Hadronic decays in both sides.

3. Find the production vertex.
Intersection of p’_ with the plane IP,.

Tau physics | 3

3-prong
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Tau Lifetime at Belle |l

Fit proper time distribution, subtracting

In MC simulations, the Belle Il proper time qG backgrounds

resolution is ~2x better than Belle.

Due to PXD and smaller beam pipe * Lifetime extraction:
diameter. - 1,=287.2 £0.5 (stat) fs

- Same statistical uncertainty of Belle.

Proper decay time resolution: (200 b1 vs 711 for!)

- Belle Il (Simulation E Belle Il (Simulat
[ ( ) :-“.. + 7t MC all = Je e (Slmu?tlon) DMC otal an q=U,d.s
. 105 | |Ldt=1001b
10* | X\ — Belle resolution (2014) = =
g : [ ]ad a=cb
10* E
©
g 10°
~
(V)]
= 102 F
~ J N3
L - / ) a
10 £ T | NG
= £ : A
E e he lE_' .\;l
# # TIH I h T
+Ma #m 10-1_" . L I‘---T’%.’H.m | P I

1 |IIII|IIII|IIII|IIII

= # il **1 +++} yda
-500 400 -300 -200 -100 O 100 200 300 400 50C - SE ﬂﬂb %#+*m+ﬁ+m -++++&HH+ f* ##+ *+t+i+

rec gen 4000 —500' o 500 1000 1500 2ooo 2500 3ooo
T 3-prong (ct™ -ct™) [um] { 3prong [fs]
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Lepton Flavor universality at Belle |l

Lepton flavor violating Z’ explanation of the muon anomalous magnetic moment

Wolfgang Altmannshofer!, Chien-Yi Chen®?, P. S. Bhupal Dev*, Amarjit Soni®

Z’ contribution to 0.3

the anomalous
magnetic moment

x 0.1F
of the muon Lt
Re — 14 M% i 192.9%|° i g7 |1 8miy, -
ot gs m2 1 1 1
e g2 vz go 9o mo, 0.03

BaBar: R .=0.976 + 0.004(=0.0016_ + 0.0036_)

sys

SM: R =0.972559 + 0.00005 (see here) 0.01¢

PDG: R,;=0.979 + 0.004
R,"°/R  "-1=0.0064+0.004

Tau physics

M,= 100 GeV/c?

N T

"1 Bellell g, /g,=1+0.0011
--- Belle Il g /g =1+0.0007

I ] | E L
0.01 0.03

0.1

|5

Ir
10+
102
103
10*
10

10°

arXiv:1607.06832 [hep-ph]

T Vp(r)

Vr(w)

Feynman diagram for the
7.’ contribution to the
lepton flavor universality
violating tau decay.
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https://arxiv.org/abs/1607.06832

Leptonic branching fractions

We plan to use both 3-prong (LFU+BF) and 1- prong (LFU) tag side

others

3nt1nv

leptonic
127 mode

hadronic mode
3zt + na’

1t 1m0 1ty

Bt~ - p o)

Rﬂ

Bt~ = e U,l,)

Belle IT will significantly improve the precision on inputs to lepton-flavor
universality-violating quantities yielding some of the most stringent
constraints on non-SM deviations from charged current lepton universality.
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The |Vus| element of CKM Matrix

Vij: Mixing between Weak and Mass Eigenstates

ud ‘ub -@ »
Ve n |l 9

V = Ved
Vid " ts  Vib w2 [

b ~

- —

)
/‘7 /‘7 //"7 = —
Lz.zd T Ius T I ub| 1

® |Vul=0.97373 +0.00031 (from nuclear B decays)
).C.Hardy & 1.5.Towner, PRC 102 (2020) 045501

® V| =(3.82+£0.24) x 103 (from B — Xy £ v decays)
Particle Data Group 2021

= |Vys| KM = (.2277 £ 0.0013

Precision measurement of IVsl is a test of CKM unitarity

Tau physics | 7 Swagato Banerjee UofLL



CKM Unitarity

V-A interaction via W-exchange with quarks have V;;

/\ N

)--—

v, e SUSY, Z',
X charged
- — e )
| | Higgs,
—_——— leptoquark,

at low
. o >__</

Gf ~ 2Vij/Mw2 ~1/v? | /\?
Standard New
Model Physics

Ackm ~ (V/A)? sensitive to new physics in large class of models

CKM Unitarity violation: |Vug|?2 + |Vus|? + |Vuw|>? =1 + Ackm

Tau physics | 8 Swagato Banerjee UofLL



Approaches to |V

KI3 decays:

? las
KOZ ' ZW— K+§._.<;<.Z 0 = Vus| f+(0)

Kl2 decays:
5 7 d 7 Vis| Fi
K+ UM+ - UM+ = s 2

Hyperon decays:

= \Vu5|f1(0)

T decays:

= Mg, |Vius]

Tau physics |9 Swagato Banerjee UofLL



Hadronic width of the T lepton

Parton model:

1"(1" —>V_+ hadrons)

R =

T

1"(1" —> VTe_‘_/e)

QCD: R =R+ R} =V, N.+V,]' N,

<|Vud|?  x|Vus|?

Tau physics 20 Swagato Banerjee UofLL



Hadronic width of the T lepton

2

N, +

C

()

2

Spectral Moments: Rk — fol dz(1 — )kl dBe o @

; 2
dz m=

QCD corrections : R_ =V,

Zeroth order moments are simply the t branching fractions

Finite energy sum rules = SU(3) breaking sensitive to ms '

ki ki 00 _
5Rkl RT .hnon—strange Rr Strange 5R th = 0.1544 <37) +9.3 (3 4)
r L 7 + 0.0034 (28) = 0.238 + 0._033
“d ms = 93.00 & 8.54 MeV  [PDG2020]

E.Gamiz, M.Jamin, A.Pich, J.Prades & F. Schwab, arXiv 0709.0282 [hep-ph]
Truncation errors studied with QCD lattice inputs 1n terms of weights:

Ry ‘U (SO) w -
Vis| = \/ Vi aus(S0)/ VF/A- dTQ 5vafE( 0)

R. J. Hudspith, R. Lewis, K. Maltman, and J. Zanotti, arXiv:1702. 01767 [hep ph]
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|Vus| from inclusive strange decays

[Preliminary] Rua
’VUS’TS — Rs/ 5 5Rtheory
Table 13: HFLAV 2021 7 branching fractions to strange final states. ‘ Vud‘
Branching fraction HFLAV 2021 fit (%) BS - (2908 4+ 0048)%
K~ v, 0.6957 =+ 0.0096
K~ v, 0.4322 +0.0148 _ ~ — 0
K= 21%, (ex.K°) 0.0634 + 0.0219 Bva= Bhadrons - Bs = (61.83 £ 0.10)%
K~ 37%, (ex.K° n) 0.0465 + 0.0213 .
w‘ﬁzw 0.8375 + 0.0139 To get R, we normalize by
7~ Kor, 0.3810 £ 0.0129 .
=K 21%; (ex.K?) 0.0234 + 0.0231 (Be)univ = (17.812 £ 0.022)%
K°h~hh*v, 0.0222 = 0.0202 o _
K~nws 0.0155  0.0008 The error on B¢ 1s improved using lepton
i e universality & improved measurements
7~ Konv, 0.0094 + 0.0015 .
K—wy. 0.0410 + 0.0092 of mass (mr) and lifetime (Tr).
K= p(KT K™ )v, 0.0022 =+ 0.0008
K~ o(K2KD)v, 0.0015 + 0.0006 B
K n ntu, (ex.KO,w) 0.2924 + 0.0068 = |Vus| o (02 1 84 == 00021)
K m ntn%;, (ex.K°, w,n) 0.0387 + 0.0142 . . .
K= 2n2r v, (ex.K°) 0.0001 :+ 0.0001 Dominant contribution to error on |V
—a. . —n 4+ 0 0
- = comes from error on the measured B,
X v, 2.9076 + 0.0478 :
= ORtheory contributes to A|Vys| = 0.0011.
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|Vus| from exclusive T decays

W- vud d] W- vu S|

u u

¥R Y
B(t— =7 v,) f2|Vul|? (m2 — m2

G
16mh

* Independent of convergence of OPE, as electroweak corrections cancel
* Radiative corrections Sew=1.02320 + 0.00030 [Erler 2004]

* L ong Distance effects (Rrk/n) known [Decker & Finkmeier 1995, Marciano 2004]

2
B(r~ — K~1,) = —CE_£2_|V,.[2r, m? (1 . _g) Sew(1+ 0R.K)

T

* All non-perturbative QCD effects encapsulated as ratio of meson decay constants:
f/fr=1.1932 £ 0.0021, fk = 155.7 £ 0.3 MeV [FLAG 2019 Lattice Averages]
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Summary of |Vys| results

Cabibbo-angle anomaly

TrrrJrrrrrrrrrrg

&.Qlf\ﬁl

P Vie K, N = 24141, 2021 update  |-3.20
0.2231 0.0006

.>,\< N . Voo Kg, N =2+1+1,PDG 2020 |-2.70
0‘2252i_ 0‘9005 M. Moulson, E. Passemar
—o— CKM unitarity &V _ &V, CKM202|
= udd + ViusS 0.2277 + 0.0013
>\ 8( ' —— T — XV _
0.2184 + 0.0021 3.70
—— T o> Kv/1tonv 21
0.2229 + 0.0019 ~<.10

—— T — Kv
0.2219+ 0.0017 -2.60
—a—] T exclusive average
0.2222+ 0.0017 -2.50
——] 1 average
0.2207 + 0.0014 -3.50
y 2 1 2 s s 3 1l g PR I
0.22 0.225 0.23 —ry
V o e
Vs [Preliminary]

* |Vus| from kaon and tau falls short of CKM unitarity value by ~3c

* |Vus| from 1nclusive tau decays independent of Lattice errors used for kaons
* New physics affecting 3rd generation only affects |Vys| from taus

 Tau decays at Belle II offers unique and complementary insight
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Search for lepton number/flavor violation in T decays

B(Tj: — ,U,j:",/)[Lee-Shrock, Phys. Rev. D 16, 1444 (1977)]

Ay 2 2
30 A77123

5 2 . —
= 5o ( e ) sin® 20mixB(T — pv,v-)

With A ~ 107 % eV?, Mw ~ O(10'") eV
~ 0(10_34) (anix : maX)

v Vi Vu M many orders below experimental sensitivity!

LNV/LFV 1s NOT forbidden by any continuous symmetry
= most New Physics (NP) models naturally include such processes

Any observation of LNV/LFV
= unambiguous signature of NP

Mass dependent couplings enhance tau LE'V w.r.t. lighter leptons

Some models predict LE'V up to existing experimental bounds

e o @

eg. SUSY models: non-diagonal slepton mass matrix = LFV

°

Normal (Inverted) hierarchy for slepton = 7 — uvy (7 — ev)

Tau physics 25 Swagato Banerjee UofL.



New Physics expectations

® Neutrinoless 2 and 3 body T decays have different sensitivity

B(r — lv) | B(t — £00)
MSUGRA+seesaw (EPJC14(2000)319, PRD66(2002)115013) 10-8 10~7
SUSY SO(10) (NPB649(2003)189, PRD68(2003)033012) 10~8 10—10
SUSY Higgs (PLB549(2002)159, PLB566(2003)217) 10—10 108
Non-Universal Z' (PLB547(2002)252) 10—° 108
SM+Heavy Majorana v (PRD66(2002)034008) 1077 10— 10

® 7 final state enhanced due to color factor and Higgs-ss vertex

®» MSSM + seesaw: (M.Sher, PRD66 (2002) 057301)

6 4
B(r — um) = 0.84 x 10-6x ( 220 (100 GeV
60 ma

where m 4 is the pseudoscalar Higgs mass and tang = (Hy)/(Hg)

= B(t — un) : B(t — py) : B(t — pup) =8.4:1.5:1
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New Physics expectations

Tree level :
T e T * q T° * e
q q 9 ' e q ' q
Compositeness Leptoquarks Heavy gauge bosons

Loop 1induced :

Ol

Supersymmetry Heavy neutrinos Extended Higgs models

Tau physics 27 Swagato Banerjee UofLL



e et - 17 ¢t

e Known 1nitial conditions (beam energy constraint)
® (lean environment (less backgrounds)

(7' — 57) [’7‘ — L (T — Ehh’)]
l : 1 or 3 prong
Y = Ay
Signal-Side Tag-Side || Signal-Side Tag-Side
Backgrounds: Backgrounds:
D ey (t— py): ® Vit
#» Radiative Bhabha (di-muon) #® Bhabha, di-muon
®» 7T y(T — D) ® 0T, T — ChR:
$ qq(v) » 1. qa
# of v(s) in Signal-side | Signal: 0 | 7t7—: 1-2 | Bhabha, di-muon, ¢g: 0
# of v(s) in Tag-side Signal: 1-2 | 7777: 1-2 | Bhabha, di-muon, ¢g: 0
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Mbc \/ ( Ebeam )

Signal characteristics

N

—t

mec (GeV/c?)
©

-
oo

=N
N

1.6

AE (GeV)
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Upper limit estimation

By, = Nup/(N- x €)

® . high statistics signal MC simulated for different Data-taking periods

90% 70% 70% 90%

90%

¢ = Trigger . Reco . Topology . PID . Cuts . Sighal-Box
50%

Cumulative:

90% 63% 44% 22% 11%

\ J
/_\
- N o -8
20 signal ellipse € UL ( X 1079%) M_Ode — ¢ (%) Ngc Osyst (%) Nobs ﬁs (x10™)
Decay modes obs exp (%) obs exp T~ —>eete 6.0 021+0.15 9.8 0 <27
T puptps 7.6 0.13+0.06 7.4 0 <21
™ —e"y 0 1.6 = 0.4 3.9+0.3 3.3 0.8 T e utp” 6.1 0.10+0.04 9.5 0 <27
= —uty 2 3.6+ 0.7 6.1+ 0.5 4.4 8.2 T~ > puete” 9.3 0.04+004 7.8 0 <18
X / T setuT o 10.1 0.02+002 7.6 0 <17
Gie \_/ T~ — pte e 11.5 0.01 £0.01 7.7 0 <15
Phys. Rev. Lett.
N:=963 M o = Phys. Lett
104 (2010) 021802 E <O ' ' —
BABAR ( ) BELLE B687 (2010) 139 A 1438 M
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Current status of LFV limits

Approximate number of T decays studied

10° 10° 10’ 10° 10° 10"

.2 10—2 g IlIlIll | | IIIIII| | | IIIIIII | | IIIIII| | | IIIIII| | | IIIIII| | | Ig
— — —
& - Markil *TSNY =
o0 = =
= - . ARGUS TR S
'§ 10 = ¢  oDELPHI R TR TR

— Py =
& - = = —
== =3 4 —
o — oN ® CLEO —
S T m —
s 10° = * =
= = Belle =
. _ : ¢ ¢ BaBar LHCb ATLAS CMS 7
B E ‘g g - o =
=¥ 8 | Be"e__
e 107 = SM + seesaw =
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Current and future prospects

Background limited search

Background free search

2.44 [Feldman — Cousins for N, = 0]
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Synergy with other experiments
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Tau to electron transitions

Model-independent probes of new physics at scale (A)
encoded as Wilson coefficients (C,) via EFT approach

e-Print: 2203.14919 [hep-ph]
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Tau to muon transitions
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https://arxiv.org/abs/2203.14919

Electric dipole moment of T

e (Charge asymmetry along spin direction

O &

e EDM # 0 = P, T violation. Search for CP violation in -7 7y vertex.

et +

e  SM prediction ~ G(1073"e - cm) far below experimental sensitivity

e New Physics contributions in loops can enhance EDM ~ O(10~"%¢ - cm)

W. Bernreuther, A. Brandenburg, and P. Overmann, Phys. Lett. B 391,413 (1997).
Huang, W. Lu, and Z. Tao, Phys. Rev. D 55, 1643 (1997).

e EDM # 0 = unambiguous signature of New Physics
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Electric dipole moment of T

e (Current Status:

— Belle; 29.5fb ! data [PLB 551(2003)16]

- ~17
107 o e 2.2 < Re(d,) < 45 (10" " ecm)

OPAL 14 Re(d,) 2.5 < Im(d;) < 0.8 (107" ecm)
]. Im(d,)
107" [ e Belle; 833 fb-1 data (arXiv:2108.11543 [hep-ex])
y Belle
o Belle®™  — 95% confidence intervals

1077 —1.85x 107" < Re(d,;) < 0.61 x 107! ecm,

—1.03x 107" < Im(d,) <0.23 x 107'" ecm.
107" e (Consistent with zero EDM

e Systematic errors similar to statistical
SUSY  leptoquark e Dominant systematics: Data-MC mismatch

107" multi-Higgs doublet in momentum/angular distributions

* Future Projections:
e Preliminary studies at Belle Il show much better control of data-MC mismatch
e After improved control of systematics, extrapolation based on statistical errors only

e Probe ~ O(10~"¢ - ¢m) with 50 ab-! data at Belle IL.
e Further improvement expected from proposed upgrade of polarized e- beams.
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https://arxiv.org/abs/2108.11543

Magnetic dipole moment of T

a. Harvard06 (error bar x 10%) |- " -

a, BNLO6 (error bar x 10°) |- " _ T
a, DELPHIO4 [ ; , B

SM aP™d (error bar x 10%) |- " . 4“
—0.06 —0.05 —0.04 —0.03 —0.02 —-0.01 0.00 0.01 0.02 @ \
U
ag = (90— 2)/2

e TJensions are seen In electron and muon.
e (Current bound in tau ~ 10-2 [DELPHI, Eur. Phys. J. C 35, 159 (2004)].
 Belle Il will explore (g-2).. Polarized beam can enhance sensitivity.

EFT Extension for 7-Pair Production

a=ki+ko; @ 24m? e>0 oM = [y,

e (p-) T~ (k-)
A (r= (k=) , 7+ (k1) out|J4|0) = —e@ (k—) T*v (k+)
1
o 2 w 2 2 uv
e* (p+) T (k+) = F (¢°) v +F (q)gm Fs (q)zmT" Qw75
iyl EDM
Fy (qz), Fy (qz) are called the Dirac and Pauli; F;(0) = 1; F5(0) = a-
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Magnetic dipole moment of T

4.1. Transverse asymmetry 4.2. Longitudinal asymmetry
To get an observable sensitive to the relevant signal define the azimuthal transverse asymmetry Then, we define the longitudinal asymmetry as
- +
o (+) [Po1 — 0 (—)Ipol
- + - it = Fi|* 4+ 2Re{F»}]
UR |P01 — GL IPOI 37[ 2 2 2 q:a:I: 2 [l 1| + € 25
= = ——[|F 2— Re{F}], 29 o 40 09
. asgi g, (AP + 2= 87 Re(F)] (29)
1 oS
37/2 B OFB
N d(cosby) ————

= / do+ [di } -/ (c0s6) d(cos 0%) |poy(e-)

- Ao+ |poi(e-) 0 2

. - L
=:tBr(1:+ > h"T),)Br(t_ —>h_vr) = Fo+ Bf(f+ = h+Vr)Br(T —>h VI)K,BUFHZ +2R3{F2}], (35)
(ma)?’B 1. , o 0
X Ol —(1F1I”+(2—B7)y“Rei F>t|, doS
syl +E-F)y RelRl] Ol = [[dle0s62) 75| = oy 36)

7/2 (c0861) [poi(e-)

/ dO’S —1
= do [— ] =— ;

do+ Pol(e™)
2
Tau anomalous magnetic moment form factor ~ Combining Eq. (29) and Eq. (34) one can determine the real part of F>(s).
at super B/flavor factories ey e s Nucl.Phys.B790:160-174,2008
J. Bernabéu *°, G.A. Gonzélez-Sprinberg ¢, J. Papavassiliou *°, - 3nyB 2 oL 4 2y tr

s ——

TABLE II: Contributions to Re F£f(s) in units of 107°.
s =0 s = (10GeV)?

1-loop QED 1161.41 —265.90
Andreas Crivellin, e loop 10.92 -243  Precision 2~ @(10_5)
Martin Hoferichter, 1 loop 1.95 —0.34 . ]
J. Michael Roney 2-loop QED (mass independent) —0.42 —0.24 Wlth 40 ab_ Of data
arXiv:2111.10378 [hep-ph] HVP 3.33 -0.33  with polarized beam
EW 0.47 0.47
total 1177.66 —268.77
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http://www.hep.caltech.edu/~hitlin/tau_polarization_bibliography/bernabeu_NPB_790_08_160.pdf
https://arxiv.org/search/hep-ph?searchtype=author&query=Crivellin%2C+A
https://arxiv.org/search/hep-ph?searchtype=author&query=Hoferichter%2C+M
https://arxiv.org/search/hep-ph?searchtype=author&query=Roney%2C+J+M
https://arxiv.org/abs/2111.10378

Second class currents

Hadronic current in T decays: Jpt = (O|V# — AH|ud)
Charge Conjugation: O[VHud) <5 —(0|VE[ud) (0]A*|ud) <> (0| A*|ud)
Isospin Rotation: R(ud) : e™2|nt) = (1) |7~) = —|77)

G-Parity combines C & R:  (0|V#|udy -5 (0|V#|ud) (0]A*|ud) = —(0| A¥|ud)

Classification of weak currents according to their ' parity
Current Class | Vector | Axial Vector
Second r=-1 = +1

S. Weinberg, Phys. Rev. 112, 1375 (1958).

C. Leroy and J. Pestieau, Physics Letters B 72,398 (1978).
Isospin violating Second Class Current (SCC) in T — 7 nu_decays:

® expected at the level of (m, — mgq) ~ 107°
#® cnhanced by new physics contributions
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Scalar contributions from extended Higgs/Leptoquark sector

Charged Higgs exchange Leptoquark exchange
T P
> i H™ 3 /
e,

x107°

Expected UL, Median

- Expected UL + 10
Expected UL + 2 ¢

| Belle Il Simulation

—— BaBar UL

E SM predictions il

0.1}

Expected significance

UL of BR(t — n wt v) at 95% CL
o o
o —
o o

= - - e e s e s s s s E -

; I BT T B T B S B
5x10" 5 10 50 5 10 15 20 25 30

Integrated Luminosity (ab™ Integrated luminosity [ab™]

A precision measurement, accompanied by improved theoretical knowledge of the scalar form
factor, will set stringent bounds on charged Higgs exchange competitive to those obtained

from B~ — 1t~ vy data, even if no excess is seen over second class current predictions.
E. A. Garc’es, M. H. Villanueva, G. L. Castro, and P. Roig, J. High Energy Phys. 12,027 (2017).
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Lots of interesting physics with tau’s
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