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Physics thrives on crisis. We all recall the great
progress made while finding a way out of the

various crises of the past.

Steven Weinberg
Rev. Mod. Phys. 61,1(1989)



H i %A 225 _Licrisis ?

(BRiELHCD3, 22212.0915275 &
THZHRBLR e FIR e WRCHY)




1 W-mass anomaly

W-mass measurement

The Standard Model
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B oK SL5 S Tevatron X AL A 25(CDF)  (Collider Detector at Fermilab)
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1.2 W-mass in the SM
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The UA1l experiment (an abbreviation of
Underground Area 1) was a high-energy
physics experiment that ran at CERN's
Proton-Antiproton  Collider (SppS), a
modification of the one-beam Super
Proton Synchrotron (SPS). The data was
recorded between 1981 and 1990. The
joint discovery of the W and Z bosons by
this experiment and the UA2 experiment in
1983 led to the Nobel Prize for physics
being awarded to Carlo Rubbia and Simon
van der Meer in 1984.

Volume 122B, number 1 PHYSICS LETTERS 24 February 1983

EXPERIMENTAL OBSERVATION OF ISOLATED LARGE TRANSVERSE ENERGY ELECTRONS
WITH ASSOCIATED MISSING ENERGY AT /s = 540 GeV

UA1 Collaboration, CERN, Geneva, Switzerland
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Exp: Th:

The result of a fit on electron angle and energy and rroperties o1 [V Hs become betler speciried within
neutrino transverse energy with allowance for system the theoretical frame of the unified weak and electro
e magnetic theory and of the Weinberg—Salam model
= (8125) GeV/e? , [2]. The mass of the IVB is precisely predicted [3):

in excellent agreement with the expectation of the T
Weinberg—Salam model [2]. Mu:s =(8222.4) GeV/c

0
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The gauge group is SU (2) x U (1)

with gauge bosons A, and B,

1
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Ly
Fi, = 0,AL — 0, Al + gellk A, Ak
Gy = 3,8, — 3,8,

gauge coupling for the SU (2) group
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scalar fields is SU (2) doublet ( ¢t ) Y = 1/2

O=Ts+Y

Lagrangian containing ¢ is
Ly = (Dup)" (D) =V (¢)

V(@) = 2 (¢') + 2 (o)

D, =0, —igt"A}, —ig'Y B,
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V(9) =1 (¢7¢) + 1 (')
o= =—=( ) e

Write the scalar fields
Goldstone bosons
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called Higgs field
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myy = 80.357 £ 0.006 GeV

m4uPT = 80.4335 4 0.0094 GeV

Science, 2022, CDF Collaboration

Go721]




1.3 Implication for new physics
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The W boson Mass and Muon g — 2: Hadronic Uncertainties or New Physics?

Peter Athron (Nanjing Normal U.), Andrew Fowlie (Nanjing Normal U.), Chih-Ting Lu (Nanjing Normal U.), Lei Wu (Nanjing Normal
U.), Yongcheng Wu (Nanjing Normal U.) et al. (Apr 8, 2022)

e-Print: 2204.03996 [hep-ph]

To appear in «Nature Communication»
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Science Bulletin 67 (2022) 1430-1436
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Low energy SUSY confronted with new measurements of W-boson mass
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Chinese Physics C  Vol. 46, No. 10 (2022) 103105

Joint explanation of W-mass and muon g-2 in the 2HDM"

Xiao-Fang Han(#/NJ5)'  Fei Wang(E K)® Lei Wang(E#)  Jin-Min Yang(#% %)™ Yang Zhang(3KFH)
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Electroweak phase transition in 2HDM under Higgs,
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B RRERN:

Inert Higgs Dark Matter for CDF Il W-Boson Mass and Detection
Prospects

Yi-Zhong Fan, Tian-Peng Tang, Yue-Lin Sming Tsai, and Lei Wu
Phys. Rev. Lett. 129, 091802 — Published 24 August 2022
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Low energy SUSY confronted with new measurements of W-boson mass and muon g-2
Jin Min Yang (Beijing, Inst. Theor. Phys. and Beijing, GUCAS), Yang Zhang (Zhengzhou U.) (Apr 8, 2022)
Published in: Sci.Bull. 67 (2022) 14, 1430-1436 « e-Print: 2204.04202 [hep-ph]
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W-mass in SUSY:
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Low energy SUSY confronted with new measurements of W-boson mass and muon g-2
Jin Min Yang (Beijing, Inst. Theor. Phys. and Beijing, GUCAS), Yang Zhang (Zhengzhou U.) (Apr 8, 2022)
Published in: Sci.Bull. 67 (2022) 14, 1430-1436 » e-Print: 2204.04202 [hep-ph]
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(W-mass®@muon g-2 @ DM)

* In the parameter space allowed by current experimental constraints
from colliders and dark matter detections, MSSM can simultaneously
explain both measurements at 20 level.

» The favored parameter space, characterized by a compressed
spectrum between (bino, wino, stau), with top-squark around 1 TeV.
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1.4 Summary
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2 Muon g-2 anomaly

2.1 What is muon g-2
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For a charged lepton ¢ the magnetic moment:

spin
—

eh
g‘

2myc

ﬁé = gy

gy = 2 attree level (classical level)
from Dirac Equation (Dirac 1928)



The anomalous magnetic moment is defined as

fine structure constant

one-loop result
Schwinger 1948

engraved on his tombstone




The anomalous magnetic moment of a charged lepton ¢
IS a probe to new physics
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muon g-2 is a best probe to NP
(tau lepton is too short-lived)
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2.2 Muon g-2 measurement
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Naturalness and the muon magnetic moment
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2.3 Implication for new physics

SUSY can explain muon g-2, but not so easy

PAVAVAVES

[l. ,/I' \\\\ [1
o 0 \
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wsy 100GeV\? oo
5a# =14 ta.nﬂ ( A/[SUSY 10 hep—ph/9512396

Require light slepton, light electroweakino

(uncolored sparticles are light)



2104. 03262
Wang, Wu, Xiao, Yang, Zhang

tanfB = 50, M; = 220 GeV, M; = 219 GeV

MSSM e
g-2 is OK 1000

900
800

700

XENONILT

600

M; (GeV)

500

400
P

a
/ATLAS 21 + E7'%5 (lower)

300

1000 1500 2000 2500 3000

u (GeV)

Figure 2. FNAL+BNL and BNL Aa, constraints for the BW scenario in the pMSSM. The
orange and dark green regions can explain the BNL and the FNAL+BNL Aa, measurements at
20 CL. The black region is excluded by Xenon-1T at 90% CL, while in the brown region the LSP
is not bino-like neutralino. The areas between the two ATLAS 2¢ + EFss limits (red dash lines)
are excluded by 13 TeV LHC searches for slepton-pair production at 95% CL. The regions on the
right of blue dash lines spoil stability of the electroweak vacuum.
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MSSM: muon g-2 and electron g-2 simultaneously OK !

A P—SM — gBxp _ SM(Cg) = (—8.8 £3.6) x 10712 2107. 04962
Li, Xiao, Yang
from measurement of fine-structure constant using

33Cs atoms at Berkeley is 2.40 below SM prediction
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Running Mass (GeV)
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CMSSM/mSUGRA, GMSB, AMSB: g-2 not OK

Log,(Q/GeV)

125 GeV Higgs - heavy top squarks
- my is large
- heavy sleptons

—> cannot explain g-2



GMSB/AMSB: g-2 not OK

Baer, Barger, Mustafayev, 1202.4038

To give a 125 GeV Higgs, SUSY particles are above 10 TeV

- g-2 cannot be explained



GMSB/AMSB: g-2 not OK

1203. 2336
Kang, Li, Liu, Tong, Yang

A Heavy SM-like Higgs and a Light Stop from Yukawa—Doﬁcctod

Gauge Mediation

W, = )\US(T)L.H,J + /\dg(I)LHd.
can have large A;, giving 125 GeV Higgs without very heavy stops

- g-2 can be explained



GMSB/AMSB: g-2 not OK

xXtend AMSB:

1505. 02785
- CAdlll Wang, Wang, Yang, Zhang

Heavy colored SUSY partners from deflected anomaly mediation

Deflected AMSB

- g-2 can be explained
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CMSSM/mSUGRA: g-2 not OK
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CMSSM/mSUGRA: g-2 not OK

tanB=50, Ap=0TeV, sign{u)= +1
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CMSSM/mSUGRA: g-2 not OK

Reconcile muon g-2 anomaly with LHC data in Wang, Wang, Yang, 1504.00505
SUGRA with generalized gravity mediation Wang, Wang, Yang, Zhu, 1808.10851

Gluino-SUGRA scenarios in light of FNAL muon g-2

i Li, Liu, Wang, Yang, Zhang, 2106.04466
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Implication for MSSM search at LHC

1909. 07792
Abdughani, Hikasa, Wu, Yang,
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2.4 Summary

e Muon g-2 implication for SUSY:

CMSSM/mSUGRA, GMSB, AMSB: need to be extended

MSSM: ok
> light electroweakinos
> light sleptons ] Most hopefully accessible at LHC

* New results from muon g-2 experiment at Fermilab
will be unveiled in a scientific seminar on August 10,
2023 at 10:00am US central time:

https://muon-g-2.fnal.gov/?fbclid=lwAR3DzsYngx-DilZ8BfEEKk7t5g-2dmYP202y TSROkyspglLf1augkdea8o4wA
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