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* LHC discover a 125 GeV Higgs boson

A great triumph of SUSY !

SUSY predicts 5 Higgs bosons

At tree level:

At loop-level:
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* LHC discover a 125 GeV Higgs boson
A great triomph of SUSY !

Require top squarks (colored sparticles) above TeV



* LHC discover a 125 GeV Higgs boson
A great triomph of SUSY !

Require top squarks (colored sparticles) above TeV

* LHC direct search not seen any sparticles

T A

Missing E; + high p, jets + Leptons
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* LHC discover a 125 GeV Higgs boson
A great triomph of SUSY !

Require top squarks (colored sparticles) above TeV

* LHC direct search not seen any sparticles

Push colored sparticles above TeV

Consistﬁ.n .



neutralinos




weak coupling g ~ 0.5
lightest neutralino %!

massive g ~ 500 GeV

WIMP

WIMP miracle for dark matter
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WIMP-nucleon cross section [cm?]
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Q} Run-1 + Run—2 1612.02296
LUX-2016 Han, Hikasa, Wu, Yang, Zhang




SUSY neutralino as dark matter is ok !
* Relic density is ok

 Direct detection limits satisfied



2 SUSY confronted with muon g-2

* What is muon g-2
e Recent measurement
* Implication on SUSY



What is muon g-2

2N, BHEE, MY, SFROEGERT, DUREANR, Vol 4, 40-47 (2021)

S. Li, Y. Xiao, JMY, A pedagogical review on muon g—2, arXiv 2110. 04673
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What is muon g-2
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What is muon g-2
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What is muon g-2

. BT IHINERE (S0)

e LT e

T 2m  2m

[=elr

~ 2'1- _ 1 T 2
miz A= J —r ~rd@ = . 2 wdj.—ﬁj’u mr-wdt

_lz L
2m WIEE S B



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

spin

l

. ch
b= gos—5
f 2myc

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



The anomalous magnetic moment is defined as

fine structure constant

— __I_...
=" o

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 1s a best probe to NP
(tau lepton 1s too short-lived)
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Recent measurement of muon g-2
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Recent measurement of muon g-2

Naturalness and the muon magnetic moment

202168118 £49:50
® 40m
? Zoom

wREA

M g J a k < __ & Nima Arkani-Hamed (43)

XA \O% cl\aﬂca ,d/s newo TL .
C Huc\r\ wmerye ]D\aw\giuc ’}Lar\o‘“ﬂer‘a;j:/)

% l__a-l-.‘cg QC‘DJMTJ sl\ouu Corverng

o A 1_1 lear'E\'vve‘:E‘C_a

S SETE f%‘* s eﬂ%‘g‘fo m¢ess M"H’\ 0('5?

l ‘fl'or\ Y‘QCAHS\
meLa ;
¢ ENAL NN (WY (Y exror\mrs l":j i XLI_

x O PARL "“erf <xP. LC;L AP




Muon g-2 implication on SUSY

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

PAVAVAVES

u U
susy 100 GeV\” | |, Moroi
5{1# = 14tan f3 ( Msusy 10 hep—ph/9512396

Require light slepton, light electroweakino

(uncolored sparticles are light)



Muon g-2 implication on SUSY

tanB = 50, M; = 220 GeV, My = 219 GeV 2104. 03262
Wang, Wu, Xiao, Yang, Zhang

MSSM 1103
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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¢ 4+ EFs 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.



Muon g-2 implication on SUSY

MSSM: muon g-2 and electron g-2 simultaneously OK !

AgP—SM — gbxp _ SM(Cg) — (—8.8 +3.6) x 107 2107. 04962

Li, Xiao, Yang
from measurement of fine-structure constant using
%Cs atoms at Berkeley is 2.40 below SM prediction
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Muon g-2 implication on SUSY

(GeV)

Running Mass

CMSSM/mSUGRA, GMSB, AMSB: ¢g-2 not OK
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10 15
Log,,(Q/GeV)

125 GeV Higgs = heavy top squarks
- my IS large
- heavy sleptons

—> cannot explain g-2



Muon g-2 implication on SUSY

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



Muon g-2 implication on SUSY

GMSB/AMSB: g-2 not OK
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1203. 2336
Kang, Li, Liu, Tong, Yang

For example,

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

Gauge Mediation

Wi = AS®LH, + N\gSPLHy,
can have large A,, giving 125 GeV Higgs without very heavy stops

- g-2 can be explained



Muon g-2 implication on SUSY

GMSB/AMSB: g@-2 not OK

Lxtend AMSB:

1505. 02785
For example, Wang, Wang, Yang, Zhang

Heavy colored SUSY partners from deflected anomaly mediation

Deflected AMSB

- -2 can be explained

my (GeV)



Muon g-2 implication on SUSY

CMSSM/mSUGRA: ¢g-2 not OK

-9
x 10 . All constraints in likelihood function
: : 1612. 02296
36 120 1o L. Han, Hikasa, Wu, Yang, Zhang

SUsY
N




Muon g-2 implication on SUSY

CMSSM/mSUGRA: ¢g-2 not OK

tanB =50, A; =0 TeV, sign{u)= +1
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Wang, Wu, Xiao, Yang, Zhang



Muon g-2 implication on SUSY

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
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Muon g-2 implication on SUSY

Implication for MSSM search at LHC

1909. 07792
Abdughani, Hikasa, Wu, Yang, Zhao
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W Ccan SUSY jointly explain muon g-2 and W-mass ?

Yang, Zhang, arXiv: 2204.04202

muon g-2 W-mass
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Can SUSY jointly explain muon g-2 and W-mass ?

Yang, Zhang, arXiv: 2204.04202

* 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.

. e  Exclude by SModelS
+  Exclude by CheckMATE

Surviving samples

| ® Exclude by SModelS ’ 3901
Exclude by CheckMATE

e Surviving samples

250 300 350 400 450 500 550
my (GeV)




Can SUSY jointly explain muon g-2 and W-mass ?

Yang, Zhang, arXiv: 2204.04202

T T
e Satisfy criteria A

126 128




3 SUSY confronted with CLFV

For a review, see,

Calibbi, Signorelli,

Charged Lepton Flavour Violation: An Experimental and Theoretical Introduction,
arXiv: 1709.00294

Han, Lopez, Melis, Vives, Wu, Yang,
LFV and (g-2) in non-universal SUSY models with light higgsinos,
arXiv:2003.06187

Cao, Xiong, Yang,
Lepton flavor violating Z decays in supersymmetric seesaw model,
arXiv:hep-ph/0307126.



 CLFVisabsent in SM with massless neutrinos
« CLFVisvery small in SM with massive neutrinos

e CLFV would be a clear signal of NP beyond SM

Most typical CLFV transitions:

[t — ey, p — eee, ft — € conversion in nuclei



tracker

production transport detector
solenoid solenoid solenoid

The MuZe detector

calorimeter

:



2017

MEG II

Mu3se

MuZle

COMET

DeeMe

Projected time lines for different projects searching for CLFV decays



process |current sensitivity future
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In SM with massless neutrinos, lepton family numbers are
iIndividually conserved. There is no CLFV.

In SM with massive neutrinos, there is CLFV.
But because of unitarity of PMNS matrix, CLFV is proportional to

differences of neutrino squared masses.

Diagram contributing to g — ey in the SM with massive neutrinos



In SM with massless neutrinos, lepton family numbers are
iIndividually conserved. There is no CLFV.

In SM with massive neutrinos, there is CLFV.
But because of unitarity of PMNS matrix, CLFV is proportional to

differences of neutrino squared masses.

v (g)

Br(u = ey) = 107> ~ 107>

Diagram contributing to g — ey in the SM with massive neutrinos



SUSY contributions

Kom/ Xm

¥
¥

Supersymmetric contribution to £; — £;7



MSSM

MEG-II

Mude-II

COMET-1I
Mu2e




MSSM
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SUSY SO(10)

d FioAle MRS TS PMNS-like
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SUSY seesaw model with degenerate RH neutrinos

Degen. SUSY seesaw (u= 1 TeV, tanf= 10)
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4 Summary

SUSY Status (in light of current experiments)

- S L LS 1 Wl §

GMSB/AMSB: can give 125 GeV Higgs, but with very heavy stop (fine-funing)

CMSSM/mSUGRA: can give 125 GeV Higgs; but cannot explain muon g-2

MSSM: can fit all data well, but suffer from little fine-tuning
NMSSM:

Split-SUSY: no problem (give up naturalness)

Stealth SUSY: no problem (can always escape detections)

Compressed SUSY: no problem (can escape detection at LHC)



4 Summary

Then, whatis the problem of SUSY ?

little fine-tuning
problem

LHC direct search not seen any sparticles

Push colored spatticles above TeV (stop mass Mgysy > TeV)

Quadratic divergence cancel, log divergence still exist

Am¥F ~ (M3 M3 7 | "
mi ~ (Msysy — M3y 7o 51N Moy

2 2
My = My — Amy

125 GeV bare

SUSY is natural if Mgygy ~O(1) TeV



4 Summary

SUSY confronted with LHC: ok
SUSY confronted with DM: ok
SUSY confronted with CLFV: ok

SUSY confronted with muon g-2
CMSSM/mMSUGRA, GMSB, AMSB: need to be extended
MSSM: ok

» light electroweakinos
> light sleptons } Most hopefully accessible at LHC



4 Summary

The on-going and future experiments
(LHC, DM, CLFV, g-2)
will continue to probe SUSY

T'hanks 1Tor your attention !
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