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Anomalous magnetic moment definition:
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In Quantum Field Theory (with C, P invariance )k = p’'— p
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What’s the running in the loop?
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Total anomaly can be written as:
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The magnetic moment from such a loop enter as functions of:
2
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Muon is more sensitive than electron 1n sensing a heavy unknown particle:

m2

—/; ~ 43000

e

But 7 is so short-lived (10~ !3seconds) that no practical experiment can be
designed with the current technology, current experimental bound i1s

~0.052 < a, < 0.013

S Even the sign is not known experimentally!!!

...... This leaves us with the only choice u.
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The Muon g-2 anomaly oo

Standard Model Result (SM )

LO QED LO weak LO hadronic
Y Y ’7 Y
%4 W
Y Z v Y Y
had
H H H H H H K H

CLSM _ CLQED 4+ aweak 4+ ahad

I v % v
<1010
QED Contribution 11658 471.895 (0.015) Aoyama et al (5-loop)
_EW Contribution 154 (0.1) Grendiger et al (Higgs mass)
e Hadronic Contribution
LO hadronic 694.9(4.3) HLMNT11
.- --+  NLO hadronic -9.8(0.1) HLMNT11
Diiil Lightby-light  105(26) | Prades, de Rafael &
.+ ...+  Theory Total 11659182.3(4.9)
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The Muon g-2 anomaly

Positive value and a 4.2 o (Fermilab + Brookhaven)

Aa,=a® —a=(25.1£59)x 107"
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The Scalar for Muon g-2 ~ :iiiiiiiiin

The (pseudo)scalar Yukawa coupling to lepton 4

gyuk — gbg (gR + ig,}/5) 4

\~'/a

The 1-loop contribution to g-2

1Y A=0*((1+xgk— (1 —xg})
Aaf = 8_71-2 dx >
0 (1-x)2+x <m¢/m,f>
SN e Forscalar, Aa, > 0

e For (psudo)scalar, Aa, < 0
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Further requirement for pseudo-scalar

L | R
Z = l)’ay/al//}’s‘//"‘ Zga;/yFF

17 g 17 y

\h'la //t 7

e Assumes 8ayy remains essentially constant throughout
the integration over virtual photon-loop momentum

...... 8ary

and y_, can adjust its sign to give positive result
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The axion-like particle Lagrangian

C a - aC
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WX T e G T e Aa,” o =
S o Different sign for Cuu and C,y IS needed
S * The 3rd diagram subtlety:




The axion-like particle Lagrangian

Cy otg _ aC,, . aC, g . aC,, a -
ghs =y HLZE R e —Z S gy 22 2g w
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...... Moz = e ARy
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S acZm? (452 —1)°
...... Aay, = — |H,(twg Joop) + 1(counter term)
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In g-2 solution region,
mostly decay to

a— purpu
The inclusion of Z diagram

makes some difference for
large m,

Exotic Z decay should
happen



)2 decay C,,, =0 il

ALP production from Z decay ,a
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Branching a—- uu,ma=5GeV
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e (Constraining a-y coupling only:
e Belle-ll, LEP:
ete” = ay = (yn)y
* LHC:pp — ay — (yy)y
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1952

/) Existing constraints C,,

Constraining a-u coupling only:
BaBar: recast ee”™ — utu~7

CMS@pu):pp = u p=¢
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Constraining both coupling

CMS(tt + 2u):
pp = ttp — tt(u ™)
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Combined Constraints C,, = 0::::::::00
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e TheexoticZdecay:Z—> a+y
andZ > a+ut+pu”

o With ALP decay: a — utu=/(yy)

e Relevant SM background: u* "y
and 4u

o Cuts: E, > 2GeV, p/. > 5GeV,

7| <3,AR,, > 0.1,

dimuon resolution:

mﬂﬂ

e My

<0.19%
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Searching at CEPC C,,, = :
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Searching atCEPC C,, 70 o
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The free parameters are
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) Summary e

e Muon g-2 experiments show 4.2 discrepancy with SM

o ALP can provide a solution with couplings C,, and C,,

e InUV model, C,, comes from Cyy, and Cgp, leads to C,,

e At Z-factory, it leads to exotic Z decay:
» Z-ay,autp”
 Future Z factory can provide sensitivity covers most of the

g-2 region for m, < m,,

------ sg Thank you!g o ]
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