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@ Criteria in Estimating the Goodness of a Theory
© Example I: MSSM

@ Example II: Z3-NMSSM

@ Example III: General NMSSM

@ Example IV: Type-I NMSSM

@ Example V: B-L NMSSM

@ Conclusion



CEGT: Available Experimental Data

Rich experimental data have been accumulated !
@ Precision electroweak data;
e Heavy flavor data;
o Neutrino experiments;
e Higgs property measurement.
e Dark matter search experiments;

e LHC search for supersymmetry;

@ Muon anomalous magnetic moment.

Global Fit: Combine all the data to analyze theories.
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CEGT: WIMP DM direct search experiments
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CEGT: Implications of DM search experiments

Popular WIMP DM candidate: Neutralino in SUSY
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Q@ Interactions of DM with SM particles are feeble at most when
Mo ~ 100GeV.

@ Difficult to obtain the measured abundance if DM DM — SM SM.
Exceptions: Co-annihilation, Resonance annihilation.
All corresponds to a small Bayesian evidence, fine-tunned!

© Simple WIMP DM theories are becoming unnatural!

@ Good theory: Naturally explaining experimental results.
E.g., secluded DM theories in a more complex framework.
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CEGT: LHC searches for SUSY
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Latest LHC searches for tri- and bi-lepton signals.

© Simplified model for a specified process.

@ Invalid for a specific theory: complex decay chain, multiple
production processes, and various signals to be analyzed.

@ Elaborated Monte Carlo simulations are necessary.
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CEGT: Improved measurement of Muon g-2

Aay = a® —as™M = (251 £59) x 107!

Mass insertion method:
WHL, WHR, BHR, and BLR
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@ Set an upper bound on LSP mass (about 600 GeV).

@ Set an upper bound on NLSP mass (about 700 GeV).

@ The other involved sparticles cannot be excessively heavy.
@ LHC search tightly limits SUSY explanantions: 1+ 1 > 2.
@ Global fits with/without Muon g-2 differes significantly.
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CEGT: Critical aspects of TeV-scale SUSY

Readily explain data, particularly those for correlated obs.!

@ DM physics: Qh? versus TR —p / Bayesian Evidence.
x /v : explain the experimental results with/without tuning.
@ LHC and Aaq,: SUSY searches versus sizable correction to a,.
x /v : tight/loose constraints on the explanation of Muon g-2.
© Natural EWSB: m% = 2(m%{d —m3; tan? 8)/(tan® 8 — 1) — 242
x /v': whether or not a moderately small p is preferred.
@ Neutrino physics: neutrino masses and mixings.
X /v': whether or not providing reasonable mechanisms for ....
@ Higgs physics: unreasonably large mass, SM-like couplings
x /v explain the mass with/without large radiative corrections.

v
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CEGT: Status of different supersymmetric theories

Obtained by both analytic formulae and global fits, which are
tough tasks.

Model MSSM Z3-NMSSM GNMSSM | Type-I NMSSM B-L NMSSM
. . Lo L . Bino, Singlino, BLino,
DM component | Bino | Bino | Singlino | Singlino Sneutrino
Bileptino, or sneutrino
DM physics X X X v W v
LHC and Aaq, X X X v v v
EWSB X X v v v v
Neutrino X X X X s v
Higgs mass X X X X w v
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GNMSSM: Motivation and superpotential

@ Chiral Superfields

SF | Spin 0 | Spin 5 | Generations | (U(1) ® SU(2) ® SU(3)
il a q 3 (.2.3)

] ] l 3 (-1,2,1)
I:Id Hy Hd 1 (—%, 2, 1)
H, | H, H, 1 (1,2,1)

d | dy dy 3 (1,1,3)
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3 S S 1 (0,1,1)

@ Superpotential

N 1 . 1 . .
Wanmssm = Wyukawa + ASHy, - Hg + §/<653+/LHu -Hg + 51/52 +&9

@ Solve domain wall and tadpole problems in Z3-NMSSM.

@ Zs-violating terms from an underlying theory with Z§ or Zg symmetry.
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@ Neutralino mass matrix

M, 0 —391v4 39104 0
0 M, 29204 — 3920y 0
mgo = *léglvd %192%1 0 —H = [eff *%vuk
391Vu  —592Vu  — [ — Heff 0 VAL
0 0 —%vu)\ —%vd)\ 27”;163

Couplings of the singlino-dominated DM are given by:

o B Bt Av 2 ZsV}LSiM(mg?/(M+#cH) — sin2p)
o (H+Heff L= (mgo/(k+ pem))?
mz A2 Zscos2p
2v M+Meﬂ) L= (mgo/(p+ pesr))?

+ ...

e DM mass and x are not correlated, \ and x are not correlated!

e DM properties are described by five independent parameters:
m)"((l’a A, K, tanﬁ, and Htot = [+ Heft-

e Small A is preferred to suppress DM-nucleon scatterings.
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GNMSSM: Dominant annihilation channels

Conditions to obtain the measured DM abundance:
@ x9x§ — tt: s-channel exchange of Z and Higgs bosons.
A2y Zs (m)z(l)/lltot) cos 23

— ~0.1.
Htot 1— (mi? /Ntot)

ICx9%0c0] =

Q )2(1) )2(1) — hsAs: s-channel exchange of Higgs bosons, t-channel exchange of neutralinos.

i mgo  \1/2
= Vak~02x [—X )"
" (300 Ge\/)

(3] )2‘1))2(1) — hAs: s-channel exchange of Higgs bosons, ¢-channel exchange of neutralinos.

A3sin28 ~ (ﬁ)?

Singlet-dominated particles may form a secluded DM sector:
measured abundance obtained by (X! — h A, (via adjusting x);
DM-nucleon scatterings suppressed by a small A\v/p.
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GNMSSM: Dominant annihilation channels

h = hj scenario: InZ = -65.79 £ 0.046
WXy = he As | X% — tt %) — hg hg [ Co-annihilation
88% 8% 3% 0.7%
h = hy scenario: InZ = -68.23 £ 0.051
WX — hs Ag WXy — tt | Co-annihilation h-funnel
76% 12% 11.6% 0.3%

Table 1: Dominant annihilation channels and their normalized posterior
probabilities for h = h; and h = hy scenarios. In obtaining the values in this
table, each sample’s most critical channel for the abundance was identified
and sequentially used to classify the samples. The posterior probability
densities of the same type of samples were then summed.

W) — hsAs always played a role in DM annihilation.

Junjie Cao (Henan Normal University Status of SUSY July 19, 2021



GNMSSM: Explaining the Muon g-2 anomaly

Characteristics:
© Roughly same loop contributions as the MSSM.
© DM physics is changed.
© LHC constraints is alleviated significantly.

@ Vacuum becomes more stable.

Mechanism to alleviate the LHC constraints:
© DM must be heavy to achieve the measured relic density.

@ For singlino-dominated DM, heavy sparticles prefer to decay into
NLSP or NNLSP first; their decay chains are lengthened.

@ Light singlet Higgs bosons may act as the sparticle decay products.
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GNMSSM: Explaining the Muon g-2 anomaly

o The following processes are considered:

PP — 0% i=2,3,4,5 j=1,2
PP — XX i=1,2, j=1,2
PP — XX, i=2,3,4,5; j=2,345
pp — [iftj, i=L,R; j=L,R

e All LHC searches for electroweakinos and sleptons are considered,
a total of 14 analyses for Run-II data.
o Newly added analyses:

@ ATLAS search for 3 lepton plus missing Er signal, see
CERN-EP-2021-059, or arXiv: 2106.01676.
© CMS search for 2 lepton plus missing Ep signal, arXiv: 2012.08600.
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laining the Muon g-2 anomaly

Analysis Simplified Scenario Signal of Final State Luminosity
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Table 2: Signal of final state for electroweakino pair-production processes.




GNMSSM: Explaining the Muon g-2 anomaly

Consider h; as the SM-Like Higgs boson.
e Constraints on different NLSP.

NLSP mgo p+per Mo ma, mag | N Npag  Np

X pass pass

Uy 200 250 370 250 300 | 1751 127 124
IR 200 300 350 350 300 | 1071 24 24
B 200 300 300 350 350 | 310 103 103

w 200 300 250 350 350 | 1246 792 784

H 160 200 300 250 250 | 3162 1606 1606

Table 3: Summarization of the samples classified by their NLSP’s dominant component.
Niot represents the total number of each type of samples surveyed by concrete Monte Carlo
simulations. Nggg; represents the corresponding number satisfying R < 1, and N;;SSS are
that further stasfying vacuum stability constraint. The lower limits of parameters

(B + per), Mo, Mgo, My and my, for the samples surviving the constraints are given in

units of GeV in each row.

About two thirds samples have been excluded!
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GNMSSM: Explaining the Muon g-2 anomaly

e Mass spectra before and after considering the LHC constraints.
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laining the Muon g-2 anomaly
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Figure 1: The samples with H- or W-dominated NLSP, which are denoted by

+ and x symbols, respectively.
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GNMSSM: Explaining the Muon g-2 anomaly

Results for hy as the SM-Like Higgs boson.

e Mass spectra for the samples of ho scenario before considering the
LHC constraints.
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GNMSSM: Explaining the Muon g-2 anomaly

@ R-value for the samples in the hy scenario. Strong tension!
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GNMSSM: Current Status

Model MSSM Z3-NMSSM GNMSSM | Type-I NMSSM B-L NMSSM
DM candidate | Bino | Bino | Singlino | Singlino Sneutrino ]?ino,h Singlino, BLin.o,
Bileptino, and sneutrino

DM physics X X X v w v
LHC and Aay, X X X v v v
EWSB X X v v v v
Neutrino X X X X N v
Higgs mass X X X X ¥ v




Conclusion

© Experimental data provides many hints to fundamental physics.

Global fit deepens greatly our understanding of new physics.

© Economic supersymmetric theories are facing increasingly strong
experimental restrictions, and more complex theory becomes
favored to alleviate the constraints.

@ Some seeming independent problems may have a common physical
origin. Well motivated theories should be explored in a more
sophisticated way.
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