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Introduction

* Electric Dipole Moment
* Current Strongest CPV test

* Anomalous Magnetic Moment (g — 2)
* Most precisely measured observable
* Muon g-2 anomaly

* Low momentum transfer g—2 2ms

F(0)=1,F0) =a; =2 =, F(0) = dy—
2 e Qf
* BSM Contribution to EDM/g-2:
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Current Sensitivities
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Tau Measurement

° EDM: Be”e JHEP 04 (2022) 110

Phys.Lett.B 551 (2003) 16
cete” sy o 1hr”
8 different final states:
* (evv)(uvv), (evv)(mv), (uvv)(mv), (evv)(pv), x10°

Ny [/0.25(GeV/e)|
(6]
o

5 10
O_ [GeVl/e]
Re

(uvv) (pv), (mv) (pv), (pv) (pV), (mtv) (V) S s} (an
* Matrix Element 2 20f
MIQ)rod = M%I\I + RG(dT)M%?e r 3 Inl(dT)M%rrl + |dT12M(2lZ7 % (_)1:0 = - 0 > 3 70
. = O_ [GeVle
* Optimal Observable  OnlOeVH
DELPHI
* Average over undetectable configuration L
* Ambiguities of the tau direction ; ] ‘ S W V=Is27Gey
30 Vs=205.0 GeV
° (g-Z) DELPHI eric 35 (2004) 159 0 . i
* Measuring the total cross-section
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Current Studies
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== Theoretical prediction
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LHC /sxy = 5.02 TeV

ar DELPHIO4 | " : _
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Current Studies

JHEP 12 (2016) 111

4_ —
eH-o1t'1 YV uep2(2019)2, 5

* SMEFT Dim-6:

¢y Tro" B, H'L3 + ¢y Tro"” H'W,, L3 + h.c.

* g-2 related to Higgs coupling
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Measurement at eTe™ machine

* Process:

cete” sy o thr”

At STCF, about 3.5 billion pair of 77~ per year

e 7% Decay Channels:

e 7T 5 n+v (~1o 8%)
e ¥ > ir% (pT) (~25.4%) 6 Combination
e 7t > 7T+T[+T[+V (a®) (~9.3%)
e 7t 5 PEy,v (~17% X 2)

* Target:
* Reconstruct the neutrino «— Reconstruct the tau lepton



Tau Reconstruction

* The two-fold ambiguity
* Using only momeptum/Energy information

n;

C

P

it
—'fl-[,}
v
B

o;

e Extra information: the impact parameter
e 7% life time:
e 7=1(290.34+0.5)x10"1°s
e ¢t = 87.03um



Impact Parameters

* The ambiguity can be resolved by using the impact parameters

e
2

e Advancement in silicon trackers
e Much better resolutions

___nmm | a | b/Gev

c=a®b/(prsin'/?6)

do 0.015 0.007

Belle Zo 0.020 0.010 Belle Il TDR - 1011.0352



Impact parameter in reconstruction

* In transverse plane:

(b)

* Along z-axis:
. Z(];lt = L sinhn; — S sinh n¢pqck
e Contribution to y?:
: 2 .
dflt_d fit
* Xlzmp,i = ( : 0) + (ZO ZO)

Od




Performance

* The tau/neutrino momentum can be reconstructed by minimizing xy? event by
event

 Compared with two other cases:

* Random: Choose one of the two solutions randomly (PLB 313, 458)
* Resolved: no fitting, but using the impact parameter to resolve the two-fold ambiguity

— With Fit
- = Resolved

— With Fit
- = Resolved

—_—
A O

- = Random o - = Random

—_—
[\

Event Fraction (%) / (0.01)

ke
H

4 ! —E
) ]
= o = P N B

- e — g A IR
8.80.850.90.95 11.051.11.151.21.251.3 0.1 0.2 0.3 04 05 0.6 0.7 0.8

i h
pgt/p:/ml AR(Vm’vtruth)

* Fractions of good reconstructed neutrinos: 42% - 59% — 65%
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Sensitivities: Matrix Element/Optimal Observable

¢ With a“ momentum determined: Ll = _id}\'l’[_o_ ",'(Flw e s i\/§() (1)2(?\'[)(_0_ "/’(Fl“/
dy 9 pv' 5 - A O pv 15 ’

2 2 v
\P \P € NPy ) IOV
-' L, DO —a, lo, lF*.
|M|") x MZ — \[d - \[d . T dmy -
; W
4NP NP 2 JE(TH = ) = pls,
2 a a T a !
|M|a ‘[() 5 \I 9,” T ‘1._ (9171 ) ) ]“(7‘ — 7Ti7T()I/) —p/"' —p“o TauDecay: EPJC 73 (2013) 2489
. T 7 5

JE(T* = nimyniv) = FP (gl — ¢ — GPOM) + (1 < 2),
* Construct Optimal Observable:

(7)) —
OO ="r

* Ignore high order terms
Phys. Rev. D 45 (1992) 2405

Phys. Lett. B 306 (1993) 411
Z. Phys. C 62 (1994) 397

2024-01-16 FTCF 2024 ycwu@njnu.edu.cn 12



Sensitivities: OO distributions

Probability
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* For small c; and a;, the ratio of the distribution of different value can be

parameterized as

¢ ROO =1 +b(00 _XO)
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Sensitivities
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Comparison with Belle is also performed, factor of 4 better
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Tau g-2 in 2HDM + Singlet (NMSSM)

* Model

D, cosfB sinB 0 b,
* Two Doublets + Singlet , , P2 | = | —sinfeosfO || Lo
Higgs Basis S 0 0 1 S
'+ H* 1
~ T ~ A )
W ) 7"' ‘,v' ]".
(I)l — v+ +iGO . (I)2 f— bo+ics . b — —\/z (u_) -+ Dq -+ 1‘9)5)
V2 V2 |

* Mixings to Mass Eigenstates h;: ¢; = R;;h;
* Couplings for Mass Eigenstates:

: h: 2mé h; m2
* Gauge Couplings: gy = TWRli, g, = TZRu'

* Yukawa Couplings:
. ya'f" = % (Ry; + €4(Ry; + iR3)))

. Yzili — % (Rli + & (Ry; — iRgi)) Consider Type-Il Yukawa Couplings:
h; m . * gd,{’ = _tanﬁ
* Yy = 7{) (Ryi + &2(Ro; + iR3y)) . &, =cotf
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Tau g-2 in 2HDM + Singlet (NMSSM)

* Model
 Two Doublets + Singlet Higgs Basis
) >+ . H* .1 -
by = vt +i0 | P2 = gotries | S = —(w‘ + Q4 + ’1‘(;95)
V2 V2 V2
* Contribution to g-2: L

y(y - 1)|yg | +(y—DRe <(yg )2>

alioor -5 Zj dxf dy mily(y —x) + (1 —y) + mjy

OAF O NN O
a7 =3 T et R () o) = m (5 )aend)] S

(00} G f i _ i
{%IW ' = (2\’;21]723) Z 2 gW Re lgf(ZWh ) + _g(ZWh ) + — h( Zwh; ) (ZWh) g(ZWh)

mW /v 2Zyyp, ] JHEP 09 (2018) 059
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Tau g-2 in 2HDM + Singlet (NMSSM)

* Compare with muon and electron

a, in Type I1 2HDM+CS

0.5 I —— 10,
04 a, 4
au 5

0.3 ae E
S :‘ 1

0.2 =
0.4
0.1 )
(a) 0.2
9 2 4 0 20 40 100 4

Tanp
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Summary

 EDM/Anomaly Magnetic Moment are sensitive to BSM

* Room of improvement for tau lepton measurement

* Maybe more sensitive to BSM — Larger mass

e Reconstruction of the neutrinos

e Full matrix element — Optimal Observable

* |In some case, tau lepton measurement can be more sensitive than

muon/electron measurements
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Event Selections
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Event Counts

Table 1. The effective cross sections for different processes after the selection cuts, in different

-+

777~ decay modes.

Mode  Signal 777~ (pb) Background 777~ (pb) Continuum (pb) Upsilon (fb)

a) + a; 3.09 0.00 0.22 0.37
a + p 16.14 0.39 0.73 1.16
a+m 9.30 0.70 0.42 0.59
O S 7.42 2.50 0.51 0.68
T +p 24.13 3.16 0.98 1.01
p +p 20.96 1.20 0.73 1.19

Total 81.04 7.95 3.58 4.99
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