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1. The Electric and Weak Dipole Moments of a Fermion

Classically a EDM D = [ d3z#p(Z) interacts with an electric field E
The interaction energy is given by H = 55, allowed by P and T symmetries.

Under P, D — —D and E — —E, H conserves both P and T. agnetic Dipole conserves P and T

e Hopam = dmg B.:
A fundamental particle, D is equal to dS, H.4,, = dS - E. L B B
Under P: B — B and under T: B -+ —-B

Since under P, S — S and under T, § — —-§ Relativistic expression: dm$o$F,,.

Tpt

H,.4m violates both P and T, CPT is conserved, CP is also violated!

Quantum field theory, Hedm = —i1dYo" P Frnuy = —i3ddbo* ysF,, —
ke P

In non-relativestic limit H.4m reduce to d g .E=dS-E. 1? "*
=9 h

One easily sees that H,4,, violates P and T, violates CP, but conserve CPT. I,

A non-zero fundamental particle EDM, violates P, T and CP! h




Ne lives long enough, can watch Lomor precission, and switch
electric field direction to measure. Proton 1s stable who EDM can be
measured 1n proton beams... But hyperon decays, need different methods to
measure 1t, through interactions

Electron EDM is usually not measured on free electrons, but instead on
bound, unpaired valence electrons inside atoms and molecules. In these,
one can observe the effect of U =-d, - E as a slight shift of spectral lines.

Muon EDM measured in Storage ring and measured the precisionby
looking its decay.

But for fast decaying particles like hyperons and tauon other methods are

ccacd, usuailly oug CI'a O gccay o1 produ OIT PTOTCSSCS.
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‘“-nstory of Neutron EDM measurement

1078

The first measreuiment started by Smith,
Purcell, and Ramsey in 1951 (and
published in 1957) obtaining a limit of

|d,| < 5X10-20 e-cm

1957, Landau realized edm of a
fundamental particle violates CP

In order to extract the neutron EDM, one measures the Larmor
precession of the neutron spin in the presence of parallel and

antiparallel magntic and electric fields.

hv =2u, B + 2d, E

h Av
4 F

d, =

Current Neutron d,< 1.8 x10-26 ecm



https://en.wikipedia.org/wiki/Larmor_precession
https://en.wikipedia.org/wiki/Spin_(physics)

No measurement of a fundamental particle EDM, yet!
Current 90% C.L. limits on EDM:
Proton |d,| < 2.1 x10-%5 ecm, Neutron |d,| < 1.8 x10-26 ecm,

Hyperon, like Lambda, measured long time ago with
Lambda |d,| < 1.5 x 10-'6 ecm,

Recently, BESIII improved the bound by more than two orders of magnitues

4 4
1d 1 <7.0x 107" ecm (95% CL) g é d




A njone zero value of EDM for a foundamental particle has not been measured!

auon EDM is very poor constrained compared with neutron and also its charge
lepton partners, the electron and muon because very short lifetime! Have to be
measured thorugh interactions throught scattering!

Electron |de| <1.1 x10-2? ecm, Muon [d,| <1.8 x10-1° ecm

Tauon Re(d,) 2.2 to 0.45 x10-7 ecm, —1.10x 107 < Red] < 3.33 x 1072,
Im(d,) —=2.5 to 0.08 x10-17 ecm BELLE —0.41 x 107° <Imd] < 1.86 x 107°.

SM: 10-37 — 10-34 ecm dT,Belle = —6(?2/(27717)

The WDM are also poorly constrained from ALEPH:
|IRed” | <091 x1073, |Imd"¥|<2.01x1073

Can still improve? Yesl!




Quantum field theory of EDM and WDM for a Tauon

The electric dipole moment: Photon interaction vertex with a tauon

3 =iy + ot

T+

Similarly
The weak dipole moment: Z-boson interaction vertex with a tauon

JW
[Z =ie[vry” — ary"y® + 52-7°0"g, |

In the Standard Model, tauon EDM and WDM are extremely small, four loop
effects. A good place looking for new physics beyond SM.

Photon and Z offshell, g2 not equal to zero, crossing tau pair thresholds, EDM
and WDM can have imaginary parts




2. Measurements of Hyperons and Tau EDM and WDM at Low Energies

Hyperosn EDM at Low Energies: psi and upsilon region

A new test of CP violation for Hyperon production (method applicable to tauon)
X-G He, J-P Ma, B. Mckellar, PRD 47(1993) 1744; X-G He and J-P Ma, PLB839(2023)137834; Yong Du, X-G He, J-P
Ma, X-Y Du, PRD

Testing of P and CP symmetries with ete™ — J/¥ — AA

_ i
A = u(iq){V“Fv — 2—6””quh’a + yHysFa+ d“”quyer]v(kz),

ma
ki — ko)? 2e
P =rp+uf, cB=cp-Uflps =g 5
dmp M7

A=sp+morA—=p+m

fp, l5 and k momentum directions of p, p and A.




{e+ e- -> J/WV Density matrix

T = EPJA;M R(ﬁa ’;77 S1, 32) — TTT = pUMU,

M= LA g =éed. p?(p) = %‘Sij — idyeikpt — 2 (Azp] - 523)

d; induced by Z exchange in SM e+ e-->7->J/¥Y

: 2
3 — 8sin? Oy M/¢~253x10—

d
7 39 cos? O sin? Oy M2
A P A k A B Xk oA
P= 17 k:_a n = v w:pk
p| k| p x k|

R ﬁ, i’::, S1, 82) = CL((U) + 81 - Bl(ﬁ, i%?) + 8o - Bg(ﬁ, iﬂ) == sis%Cij(ﬁ, ’;3)

a, By, B, and Cii are functions of Fy 5, H T




. = y = oy - | - 5y ] [
O (p. ) = 6eo(w) + e (ples () + RFea(w) + Akes(w)) + (W - gcw) cafw) + (kk - gaw) o5(w)

bl o Bl o . b | o PP .
+ (ﬁw ki — gwaw) co(w) + (BRI + ipd) er(w) + (k“ﬁﬁ’ + ﬁ,”*k:J‘) ca(w),

a(w) = B2 [lGll2 (1+?) + |G 24201 _wz)] : cg(w) = 2E2 |p x fi:‘{?djymlm (G1G3) — Bwlm [Fa (G4 —ymGg)*]},
de):%de hﬂw):hﬂw%:ﬂﬁxklﬁmeMGﬂgL
c1(w) = —4E;BwRe (HrG}), bhﬂw)QEE{QydeRe(G1G§)+;&umee(FAGg)+2£khn(ﬂfcqﬂ},
co(w) = 4E2ymB4 Re (HrGS) + w?Re [Hr (G — G2)*]

cym 2 ) = 2B2{ 20 R0 (G1G5) + o e (FaG) — 2B (7 1)
alet) =0 hﬂw):2E2%MﬂuOGﬂ2—yf%«h@ﬂ)+3ReF}(l+w%Gl—w% ng
calw) = 2E2|Ga|?, ‘ o T _ "

- ; 2 . *

cs(es) = 282 [|Gf* = 42 |Gl +1G1 — ymGal*?] AT | R G L gl 1

b =282 {2d w (1G4 = y,,Re (G1G%)) + BR [F 1P =alye ]
-l ], ) =322 (sG55 T (496 -

(
I}
(
j

LA A [ R, + 1 — i o]
cr(w) = 2E%3 ¢ I 7 (W?G1 + (1 — w?)ymGa) _

b x k‘ Im (FaG?)




|On—she|| production of J/W and observables

e~ (p1) +eT(p2) = J/¥ — Aky,s1) + Aka, s2).
pt = (Ec,p), Py =(Ec,—p), K =@ k), k=" —EK).

A—-p+morA—>p+n

dl' p A " - 5 _ s
—(s1, 1)) x1 +asq-1,, —As,l~ xXx1—as;:I;
de(l p) 3 I, dQﬁ(z p) 2. "kp

I, and I; is the direction of the momentum of the proton or anti-proton in the rest frame of A or A

Nevent(o > 0) — Nevent(o < 0) = 1 kodQPdQﬁ

= Nevent (O > 0) + Neyent (O < 0) - F (4 )3

(9((9) = 9(—0))1/\?(9)




4043

P B2y (4ymRe (G1G3) + [GA[*)

9N
A 4o
(I - p) = 9_}\? Esz (4ymRe (G1G3) + |G| )
> 2 8063,8 2 % * *
(y - k) = — E? [Re (FaG?) — EJIm (H7G* + y, HrG3)]
5 a 6
(5 k) = 20 52 [Re (FaGY) + Eolm (Hr G5 + ym HrG3)].
A 160 g &
(I x I) - k) = — 27fj\/B,BymE3Re (HrG?),

2.9 2 | 9 2
N = B2 (2161 + 42, 1Ga )




+

P violating observable

w . owm 4o
A(ly -p — 1z - D) EAS\), ~ 3./\? EQdJ (4ymRe (G1G3) + |G4| )

8035
3N

Ally -k — 1z - k) = AZ) ~ Re (F4G?Y),

CP violating observable

A A A A 4
Aly - k+1;- k) = Agf);‘v ~ — ;_f/'ﬁ EIm (HrG: + ym HrG3)
N i A S8and g
A((ly x T5) - k) = AZhy ~ — 22 By, E3Re (HrGy)

IN




EA in the SM

On-shell ete™ — J/¢ by a photon (s = m?,,)and J/¢ decays into AA
Z. (eQQqu

p evte < J/W|cy,clO >)

2 ¢ 4
: gngA - UV A —
X1 | — <0 J/IU >< AAGy,v59|0 >
Z( Tcos? Oy (5 — ) [ey"clJ/ a7 Y54 )

g% = (1 —4sin*Oy)/2, g% = —g% = —g5 = 1/2

< 0|g7v*vs5q|A >= Dw,Av*~v5A. Here D =~ 0.80, w, = wg = 1/6 and ws = 4/6
< 0[eyuclJ /¥ >= €,gv, gv = 1.25GeV?

PR g% g%(1 — 8sin” Oy /3)

B D
47 5 Mg + imy el spe /2 24 cos? O (s — my)




ﬁpole moment contribution to Hy

H+ is flavor conserving CP violating. It is extremely small in the SM.

Beyond SM, it may be large. Consider now A edm contribution.

. dA J/y G, "

ed
Exchange a photon —Aéfy eAJW%Aq
S
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From 1010 J/psi collected
Improved by more than 2 orders of magnitudes
compared with previous measurement

—-19 —19
Re(d,)=(-3.1+32+05x10"" ecm —-86x10 7 <Re(dy)<33x10 ~ ecm

s ~19
Im(d,)=29+26+06)x1072 eecm  —22X10 7 <Im(d,) <72x10 ™ ecm

d 1< 7.0x107" ecm (95% CL)




EDM of hyperon and quarks
alence quark model

dp QM Reduced Results dp NR QCD & QM Reduced Results
d3EPM 1(4d, — da) — dg oo™ —5 (4Qafa — Qufu) -
dOI.EDM 1(4dy — du) _ d;}CDM -3 (4Qufu Qafa) .
R ik Dot i el “gele
ZEDM E(Qilu +2dd _ds) _§ds d;CDM _§(2Q1ufu+2Qdfd _sts) _?efs
2EDM 3(4da — d) —3ds dp —3 (4Qafa — Qs fs) —gels
a3 L (ad, — du) 14, dgerM L g — e tef,
qaEPM L (4d, — d) id, oM 5 (4Qsf: — Qafa) gefs
35N ds ds dgeoM —Qs /s sefs

Perturbative QCD calculations

KB Chen, XG He, JP Ma and XB Tong, PRL 136(2026)051902

- - - L B a4 o~

boo(po) = 4.75 x 1073, ¢10(po) = 0.563 x 107> , 11 (o) = 0.242 x 107>,  m19(po) = 0.237 x 1073

again in GeV?. Using these lattice results at u = Q = M /4, we find

da =5.29 x 107%d, + 4.61 x 107%(d,, + dg) + 6.21 x 10 %ed, + 1.98 x 10 %ed; — 2.14 x 10~ %ed,,




ﬁTCF sensitivities to Hyeron EDMs
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e, CW Liu, LP Ma and ZY Zou JHEP04(2025)001

llar method replacing J/psi -> hyperon pairs by psi(2S) -> 1+ T
% Or just ete -> y* -> T+ T -

STCF 10 year running, expect 2x1010 psi(2S)

JTau EDM measurement at ete- -> 1+ 1 -
U i

But because tauon decays always has a neutrino in the final state,
harder to reconstruct moments, for eaxmple using t(k) —> tt(l) + v.

Still if spacial resoltution in better than 38.6 um (the flying lenth of
tauon from psi(2S) decay, there are substantial '

event to recustract tauon momentu,

STCF can reach a better resoltuion than
current best bounds. v



(k) —> m(l) + v, p(l) + v

~ For the the imaginary part, we have

m(d,) — —e(3s + 6m2) ((Zh_ k) N (I k)) ©

4sy/s — 4m2 ap, Q!

There are two different methods to extract the real
part of the EDM from the distributions:

9 2m>
Re(d;)* = e— 5T oMy
4 apapm./s? —4dsm

(- x 1) k), (7

T

and

45 (s+2m2)((3- B0 x 1)) - p)

Re(d,)? = —e .
(d-) 4 apapm,(v/s—2m;)/s — 4m?2

(8)




A s 1 AE-m2/\/s — m2 —m?

Z:F'kzi 5
\/EgF_m}zl 2m,+/1 — 4m2 /s

k = ul, +vl_ +sgn ((f_ x 1) - l%) wi_ x 1

We note tAhat it suffices for measurements to determine
sgn(({— x [}) - k) for reconstructing k. The proportion of

k being measured is then given by

— (% ["om (L) dz)z, -

where [y = vy/I" with T the total decay width of 77,
v = +/8/(2m.), and v = \/v%2 —1/7. ly is the 7 mean
pass length. The integral represents the probability of
7~ decaying before its flight distance reaches D in the
lab frame, and the square is because it suffices to probe
the momenta of either 7= or 7.

Im(dt) easy to measure.
Re(dt) needs to reconstruct the
momentum direction k.




_ 3s+6m?2 4

Ofy, =
: 4s4/s —4m?2 kL

T'he event number is given by

NIhm = eLoB(t~ = h7v,;),

N?m = 6LO‘B(T+ — h+y;) :

The standard deviations of Re(d;)*" in order are

\ 3 Z (Q%Nﬂ'n + ahN?m)
h

3¢ s+2m? 2
Sro(D)® = = T ,
Re(D) 4 m,/s2 —4sm2 \| N§1
and
Sre(D) = 3e /82 + 3sm2 + 2mi 20

4 m, (Vs —2m,)\/s —am2 \| N§E’

where the effective number of events is given by

N = PreL (2B(1™ = 7 vr) + a2B(r™ — p_yT))z

6.0 ! '\‘ — Om
‘ \ A ===~ 0Re(30pm)
- Ge(130um)

3.6 5.4 7.0
/5(GeV)

Fig. 1. The expected precision of d, with Le = 0.63ab™".

Ore(10 ¥ ecm)

—T>4.1

1201
ré\ 90 -

= F3:D
Q 60-
30 1

2.9

4 5 6 7

Vs(GeV)

Fig. 2. The precision of Re(d,) may be achieved with Le =
0.63ab™!. The color indicates the values of érc, as shown in
the color bar on the right.




Table I. The precision of d, that may be achieved with Le =

0.63ab~*! is given in units of 10~ '®e cm. The absolute value is
defined as 5|2dT| (D) = 6re(D)? 4 01m(D)?, where D is in units
of um. The case D = 0 corresponds to situations where the 7-
lepton momentum can be reconstructed with 100% accuracy

which is shown only as a reference number.

Vs |myes) 4.2 GeV 4.9 GeV 5.6 GeV 6.3 GeV 7 GeV
OIm 3.9 1.8 1.4 1.3 1.3 1.4
Sre(180)| 234 147 66 49 43 41
Sre(130)| 82 94 5.0 4.0 3.7 36
Sre(80) | 20 6.2 3.9 3.3 32 3.2
Sre(30) | 11 4.4 3.2 2.9 29 3.0
Sre(0) | 77 4.0 3.0 2.8 28 2.9
54./(80)| 30 65 41 36 35 35

Can reach a sensitivity one order better than current BELLE bounds
Using similar method, BELLE can improve their sensitivies




eortically how large tau EDM can be, reaching current bounds?

Z1. Huang, XY Du, XG He, CW Liu, ZY Zou, CPL 43(2026)030201
XY Du, XG He, ZL Huang, ZY Zou, arXiv: 2606.0178

In beyond SM, like two Higgs doublet model, the answer is YES.!

03[ I I— Z—;‘r*‘r":ﬁ;c | = 200 200
m, = 3.0 GeV — m, =3.0 GeV
02k = m, = 1.5 GeV — m, =15 GeV
% 150- i —_— m,=0.5 GeV % 150- m, = 0.5 GeV
o - o2 T Belle II sensitivity . I Belle II sensitivity
T 1001 I STCF sensitivity < 1004 I STCF sensitivity
o J L)
s of = : =
/ x 501 ; : % 50 -
ol g fal ) kol
= e A Y~ T o~ I -
g o i i = g 9
03} . | } ‘ | E -50 1 . . ‘ : : ' —50 1 B i . ) ] |
e e e e —-20 0 20 40 60 80 100120 -20 0 20 40 60 80 100120

ma=2GeV, my=my: =500 GeV qz(GeVZ) qz (GeVQ)




A|two Higgs doublet model realization

|
@f — G+ @f — H+
P\ E +h+iG0) ) T\ S5 (H +44)

V (@), ®h)= M2 00} + ML ) — (Mfﬂ)'f@'z 4. c.c.)

1 I'}';z]- r}-;z A Y 1T 51 T/ 5%
+ 30 ((Dl @1) + 34, (@2 @2) + As (@1@1) (@2 @2) + Ay (@1 @2) (@2 @1)

1 2
z (§A5 (@1*@’2) + (Aﬁcp’f‘@’l + A7<1>;,’f<1>;) (cb’f@;) —l—c.c.) .

—Ly =Ml +Z(Rg2) +z'1mg2)75) [H+1 (—Imm) I8 'R’e(yz)fyg,) 1A

vz e
L m(Ya)ss  Re(Ya)ss
V2 V2

The model satisfies known constraints!




aT|: (g-2)/2 of tauon

1wt q,
T = F1(¢*)v" + F2(q°) 2mq

g-2 of tauon 1s a fundamental
property, CP conserving, and
can be generated at one loop
QED level

+ F5(¢%)o™ quys + Fa(q®) (4" — a*d)vw

a-(¢%) = Fz(q°) W<
QED, ; Aem /87‘ — 1
> oop — 1 :
¢ (8) wsPr N (1 + /B'r)
2

Re :agEDl—loop (8): — AOem

- QED Qe M2

Im|a, 7°P(s)] = TO(s — 4m?).

3+

Theoretical one loop value: 1.1614x10-3

Experimental constraint:

~0.057 < a, < 0.024, C.L.=95%.

Not a satisfactory situation! Can we improve this? Yes




Ngw method to measure a, in e* e~ — y*/psi(2S)-> T+1-

A _ (@-R)[lz- (P x k)]
05—(?"3), O = bk :

2s+2m3)(s+m2)  B(s+2m2)® /o N2\ A (s +2m2) [32m% + 64m2s + 17s2
— T T/ T . R s = ,
B e Sy ((BR) ) ARelen) = ST 1N O
64m.,(2m?2 + s) (- k) [i:F (P x ’%)]
Tap++/3(s — 4m?2)

64m. dm2 + 6m2s + 2s2
(s —4m2)y/s 30N 2

Im (a;) = —

> . Alm(a;) =

D x K

V/q? [GeV] IRe(a®FP)| ARe(a,) [Im(a®®P)| Alm(a.)
My (25)(3.686GeV) 1.11 x 1072 2.17 x 1072 6.39 x 107> 4.90 x 107
My (4s)(10.58GeV) 2.44 x 107* 6.29 x 107° 2.18 x 10~* 5.02 x 10~°

STCF 2x1010, BELLE 4.5x101° tau pairs

Can also probe g2 dependence!




+

%4
Tauon WDM: T7" = e [m" — a7y + fﬁy“”a”’qﬂ]

At low energies not a good place to look for tauon WDM
Change ete- -> y* ( W(2s)) -> Tt T to
ete -> /* -> 1+t 1"

there is a (M2y,5) /M2, ) suppression!




3.|Meauremants of Tau EDM and WDM at/near Z pole

XY Du, ZY Zou, XG He, KP Xie, arXiv:2609.18892

For ete- machine at the Z pole, a lot of Z boson will be produce which has
large branching ratio of 3.37% to tau+* tau-

FCCee and CEPC will run at the Z pole and collect of order 6.0x10!2 and
4.1x1012 Z bosons. These provide excellet opportunities to study WDM and

also EDM W
I‘f:i’/ — fe I:UT7V . GT’}’V’)’E) n gdﬁ')’g)aqup]

vy = —0.04431, ay = —0.60039,
WDM weakly constrained:

WDM bounds (ALEPH data) |Red”V| < 0.91x 1072,  |Imd"| < 2.01 x 1073,
~1.10 x 1072 < Red? < 3.33 x 1072,

EDM bounds (BELLE II) —0.41 x 1073 < Imd? < 1.86 x 10~3.




New methods to measure WDM

. % . D1 Xk_ . s s
z=k_, y=131 —, =YXz,
P1 X k| i5
_ _2PUr AW . v Y
O =@ +£%)-2=cosO_+cosf, (0= 55, it et "
R R ’ (Oy) = —28Y pe [dY +ie,d2], (12
Oy =" x£T).-2=sinf_sinf, sin(¢, — ¢_), 9 Ag 2
. mmz a”TAE/B ) 7.7 S~ 5
=({{~4+28%)- -2 =sinf_cos¢_ +sinbcosd,, ‘=735, ~a, ™ [dY +ie,dY], (12
~ ~ 2 ~
Oy =sgn(cos@) (£~ +£7) - 4§ = sgn(cos ) Os, (O4) = —%27:””2 % Re [dY +ie,d)], (14
= (0~ 4+4%) - §=sinf_sing_ +sinb, sing,. (O5) = _ngmZ ”Tﬁeﬁ(;{e [ +ied?] + € Tnd”).
T 0

O, , similar to the ones used for low energy EDM measurement,
but chirally surpressed, Os 45 no chiral supression, need non-zero a,




Nz = 6.0(4.1) x 10'* at FCC-ee (CEPC)

Can increase the sensitivity

by as high as 3 orders of

manitudes!

Sample Estimator Re&?v Imc?f’ Re J;Y Im Jl
FCC-ee 02,04 45%x107* 7.5x 107° 2.3 x 1072 1.3 x 107!
04,05 44%x10771.3x107% 41x107° 1.3 x 107
Cramér—Rao 41x 1077 1.1x107° _— —
5 moments, peak 2.9 x 107° 3.7x 107° 1.2 x 10°* 8.5 x 107*
5 moments + scan 4.5 x 1077 2.7 x 1079 9.6 x 107° 2.1 x 107°
CEPC ,, 0, 54x 1074 9.2x107° 27 x 1072 1.6 x 1071
04,03 52x1077 1.5x107° 5.0 x 107% 1.6 x 1074
Cramér-Rao 49x 1077 1.3x 1076 — —
5 moments, peak 3.5 x 107 4.5x107° 1.5 x 107* 1.0 x 1073
5 moments + scan 5.5 x 1077 3.2 x 1076 1.2 x 107% 2.6 x 107°
ALEPH published stat. 1.6 x 1072 2.6 x 1073 — —
Cramér—-Rao 9.7x107% 1.6 x 1073 — —
Belle  published limit — — 1.1x107% 5.8 x 10~*
1072 FRELEEL L BN L BN R E L WL L L L 1072 L T T T T
grule‘ 1% normalization 9,0 1(
T ey S\ I
107 £ j \ 198 IR -
r : 1 Elirllv (10.58GeV) \\ ﬂ ]
Pidae s R : 1 F 04,05 (dV=0) 1
~ 10-4 :_m O, (d@=0) : 5 10-4 E__ ''''''' ~ : -
IE\~ ?_ _____ \‘ j i zlg« E
0 b 0n0@=0) - 10-5 k I J
F == == = 5 moments, peak (2-dipole) 1 3 E | ]
[ s 5 moments + scan (2-dipole) 1] F I
:— ------ Cramér—Rao bound | L |
| 1 |
1076 F=oay, [ 1076 I E
F £ | | 3 F | ]
N | | | |
F (a) 1 | 1 1
10—7 _7- . " In-nnnl n --uml_ L n--nul_3n nlnu g 10—7 - T P ....I_I " ....l_ 11 3
10 107 1073 1074 10 1072 1077 107 1075 104 1073 10
IRed"| IRe d|

1o statistical reach

: il i " broad | (40,70.40)ab-'i 9

[ peak only, Imd" optimum split 1
e e o S - ] :____:

1

]

1

'
-5 L x14 L P—
107 E =
W fit (solid) _Ii/:
L peak only, Rcrj‘,' i o
6 frrrerrererareernr s e et : i
10 E d’=0 (dotted) x6.3 ! F
P —— /{/
L - = { .
1 1 L I | il L 1 PR I B

107! 10° 10!
off-peak luminosity [% of total]




Mejuremants of Tau Magnetic dipole and Magnetic Weakdipole at Z pole
i (the CEPC/FCCee)

Jw
dr

IZ" =ie :vr'r" — a7y’ + ;—“,,%a""qp + o 'r”a"”qp] SM preditions:
( a)(0) = 1177.171(39) x 10~°

T2 =ie|Q (v + 2-0"%q,) + 51°0"q,|, :
90"+ 3000 + 2 p] al (m%) = —(2.10 + 0.611) x 10~°
Current bounds: QEDpnsy,  Oemm? | (B —1
ar (s) = -y 1n<1+ﬂT>,
—0.057 < a, < 0.024, C.L.=95%. qop, oo (12 B,
Relas (s)] = s ln<1+ﬂ7>,
|Real| < 1.14x 1073, |IIma)’| < 2.65x 1072, Im|[a?"" (5)] = QZ%TEG(S—4m,2_).
. . _ (/- g+ A
Measuring various moments Gr=(t" L") 2,
&= 0T+ 68T,
Can improve the bound at the E=(" -4,
£ = sgn(cosd) (£~ —£F) - & = sgn(cosb) &s,
CEPC and FCCee! Es=0"—1%)- 3,

Es = sgn(cos@) (£~ — ) - = sgn(cos B) &s.




602

(&1) ~ _8a.5 [’U»,— + (1 - —T) Re (a) + iQTevaZ)],

3A¢ Ap
(13) Iz Qeve -3
a‘r,B W, €y = D) 5 = 3.35 x 1077,
(E2) =~ [Qrfv + Im( a; + IQ‘rﬁvaz)]: (14) mz Vg + Qe
r r
(£g) ~ — 20 A.B [4m Q.c B = Qe _ = 0.309, £ = Tz QQr _ 7.0,
3 dm, Ay LmZ *" €a mz 2V, myz 2VeVr
2
w oy —
+ Im (a +1QTeaaT)], (15) fy = ( Z ) (Qze-{c_)—r)2 — 907 x 103,
mz v a
mza B [4m? ) e e
£ [ R reval ] 16
(E4) ~ — +Re (a) +iQreya]) (16)
2 12
(6,) = T2V Ac 4mf,, Nz = 6.0(4.1) x 10*? at FCC-ee (CEPC)
7 T 4m, Ag m2
+(2- 52){ Re ( +iQreqal ) + & Im GW}] Sample Estimator Rea? Ima¥ Rea? Ima)
(17) FCC-ee £1,&: (1 dipole) 28x107% 33x107° 3.7x107® 85x107*
2 &£3,&4 (1 dipole) 44x1077 13x107% 41x10% 13x10°*
(E6) ~ — mzp [UT Im (a,,W + iQTE’Ua:,):) Cramér-Rao (1 dipole) 4.0x1077 99x107" — —
3m-Ao 6 moments, peak (2 dipoles) 4.9x 1077 32x107° 11x107° 7.2x107°
—Q,e,Read” + £, Im av] (18) 6 moments + scan (2 dipoles) 4.4 x 1077 24x107%® 88x107° 20x107°
TV & {
CEPC &,&; (1 dipole) 34x107% 40x107° 45x107® 1.0x1073
&3, &4 (1 dipole) 53x1077 15x107® 50x107% 1.6x107*
Cramér-Rao (1 dipole) 49x1077 1.2x107° — —
6 moments, peak (2 dipoles) 6.0x 1077 3.8x107°® 1.3x10"° 87x107°°
= —0.04431, ag; = —0.60039. 6 moments + scan (2 dipoles) 5.4 x1077 29x107% 11x107° 24x107°
ALEPH 95% CL/1.96 58x107*  14x107° — —
CMS  a}(0), 1o — — 32x107° —
SM one loop —2.10 x 107% —0.61 x 107° —6.95 x 107° 2.77 x 10°°

where DY/D% =il /my gives
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There are great potentials at the STCF, FCCee

and CEPC for studying the Hyperons and tau
EDM and WDM, improving sensitivities by
orders of magnitudes!







