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(g - 2)y anomaly
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Motivation

- There are many BSM scenarios that can explain the (g-2), anomaly:
Leptoquarks, Z°, VLL, 2HDM, axion, ..
- Supersymmetry is particularly motivated since it offers:

Coupling Unification, Radiative EWSB, Baryogenesis, DM, ...

- There are many studies on SUSY g-2 already:

[Athrona, Balazsa, Jacoba, Kotlarskic, Stockingerc, Stockinger-Kim|; [Chakraborti,

Heinemeyer, Sahal; [Endo,Hamaguchi,lwamoto,Kitahara]; [Cox, Han, Yanagida];

[Baum, Carena, Shah, Wagner]; [Badziak, KS|; [Hagiwara,Ma,Mukhopadhyay’18], ...
- Most studies assume the neutralino is the Lightest SUSY Particle (LSP) and stable.

Q: What happens if neutralino is unstable? (e.g. RPV, Gravitino LSP)

A: DM constraints go away, but LHC constraints change. How?



QED HVP EW

ay® = 0.00 1165 91 810 (43)

a® = 000 1165 92 061 (41)

 The deviation is size of the EW correction in SM:

a;xp _ aptlheo ~ (25 £ 6) X 1010 ~ @ (AaSM’EW>

- We need very light BSM particles OR enhancement from couplings
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Chiral (tan3) enhancement in SUSY

* (g-2) operator requires chirality flip: =g <
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Chiral (tan3) enhancement in SUSY

* (g-2) operator requires chirality flip:
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 Due to strong LHC constraints, we decouple coloured SUSY particles (they do

not contribute to (g-2)y anyway).

« a,5YSY depends on 5 mass parameters and tanf3 :

M, : Bino mass
M, : Wino mass

u - Higgsino mass
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mZL = mﬁe — mﬁﬂ — m171= méL: mﬂL: m%L

tanfp = (H,)/(H,)

no LFV due to universal soft masses: avoid strong constraint from u — e vy
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[ Aa/fUSY = Aa)'" + AaP + Aa}?HR + Aa)"® j
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u : Higgsino (H , H,) mass 12



[ AdSUSY
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M, : Bino (B) mass
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Large gaugino-Higgsino mixing leads to a
large cross-section for DM Direct Detection:

q
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Constraints:

- charge breaking vacuum: mZstay1 > 0

% Stau mass? becomes negative or too small!
- LEP bound: mstau1 > 90 GeV

2
Mz, YTIM<HM> - stau LSP: Mstaut > Mneutralino1

(T mass matrix) ~ ,
Y Tlu<Hu> m%L

- Vacuum (meta-)stability:

‘LR
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[Kitahara, Yoshinaga 13]; [Endo, Hamaguchi, Kitahara, Yoshinaga 13]

“ Overproduction of Bino-like neutralinos in the early universe: Q)?? < Qpym

slepton-coannihilation needed = Mgiepton ~ MBino 14



Summary of g-2 in MSSM

ACZSUSY —

U
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Higgsino, one gaugino, one slepton all must be light:

—> subject to LHC constraint

gaugino-Higgsino mixing — DM direct detection

Bino and both L and R sleptons must be light:

—> subject to LHC constraint
— Bino abundance ;0 < £2py

— Vacuum stability

15



Unstable Neutralino (Gravitino, RPV)

AaEUSY = Aa;VHL + Aa}?HL + Aa/?HR + AaELR

AayHL(MzaMa mi ) Higgsino, one gaugino, one slepton all must be light:
BHL — subject to LHC traint ~ Modified
Aaﬂ (Ml,,u,miL) subject to constrain odifie

gaugino-Higgsino mixing —-BM-direet-cleteetion—

Aa/,]?HR(Mla H, miR)

Bino and both L and R sleptons must be light:

BLR :
A% (M, m;,mi 5 p) —> subject to LHC constraint + Modified
T —> -Bme—abunelanee—%—(?—égm
large

= Vacuum stability
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Gravitino LSP

- In the gauge-mediated SUSY breaking (GMSB) scenario, light gravitino is motivated by

naturalness:
(Fs)
b --*-.

A E X7 o~ A v
2 Amess 472: ,W,g

mess
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- The decay rate of the NSLP neutralino into the gravitino can be calculated. For light
gravitinos ( < 10-100 eV ), the neutralino decays are prompt.
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Bino-like Wino-like Higgsino-like
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R-Parity Violation; UDD

WRPV — )\;;kUZCDg ]2 + )\z]kL@L]Eg + )\;]kL'LQ] ]2 —+ liszHu

~~ ~

B X

 Allowing both B and L violation leads to a rapid proton decay:

+ We introduce only the UDD operator with: A{;, # 0

- Constraint from KO-KObar mixing can easily be satisfied:

17 17 _9 ([ Msnh.a
[AT12A 23] S 2.8 x 10 ( 1%eVR)

M 19M 13l S1.2x 1071 (ng’aR)

[1810.08228]

1 TeV

- LHC signature is the most challenging: 7

no leptons, no b-jets in the neutralino decay v u
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R-Parity Violation; UDD

RPV
(UDD-type)

neutralino
LSP

No missing energy, but multi-jet

- LHC signature is the most challenging: 7

no leptons, no b-jets in the neutralino decay \/ u
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R-Parity Violation; UDD

neutralino
LSP

RPV
(UDD-type)

No missing energy, but multi-jet

- There exist ATLAS and CMS analyses sensitive to such final states:

ATLAS [2106.09609] CMS [1709.05406]
q q q Bin | Final state Definition

1 | 25Sleptons 0jets, Mt > 100 GeV and p7"** > 140 GeV
2 | 2SS leptons 1jet, My < 100GeV, pf < 100GeV and p=iss > 200 GeV
3 | 3light leptons My > 120GeV and p=iss > 200 GeV
4 | 3light leptons piss > 250 GeV
5 | 2lightleptons and 1 tau | Mry(f1,T) > 50GeV and p%ﬁss > 200GeV
6 | 1lightlepton and 2 taus | Mry (¢, 71) > 50GeV and pss > 200 GeV
7 | 1light lepton and 2 taus | p&iss > 75 GeV
8 | more than 3 leptons piiss > 200 GeV
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Analysis Framework

SUSY g-2: 1-loop + leading 2-loop GMZ&Calc [Eur.Phys.J. C76 (2016) no.2, 62]

Neutralino abundance, Direct Detection: MicrOMEGAS [2003.08621]
Decay of SUSY particles: SUSY-HIT [hep-ph/0609292]

LHC constraints:

- MSSM: Fastlim/SModelS-like approach with HEP-DATA info
- Gravitino LSP: Fastlim/SModelS-like approach with HEP-DATA info

- RPV (UDD-type): Pythia 8 + CheckMATE & [1907.09874], [1611.09856]
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WHL (MSSM)
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WHL (MSSM, DD prospect)
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WHL (MSSM, LHC) i = min(My, my) — 20 GeV

tanf =50, M, =m; =10TeV
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WHL (Gravitino LSP)
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- No DM constraint

- All g-2 region excluded!
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WHL (RPV UDD)

mj, [GeV]
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,“Wino and
/> higgsino
production

_____
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p = min(M,, m;L) — 20GeV
tanf =50, M, =m; =10TeV

soft lepton + multi-jet final state

higgsino production

103 104
M, [GeV]
ATLAS [2106.09609) [ ] cMS [1709.05406]
| Bin | Final state | Definition |
1 | 2SS leptons 0 jets, Mt > 100 GeV and p7"** > 140 GeV
2 | 2SS leptons 1jet, Mt < 100 GeV, pffg < 100 GeV and piss > 200 GeV
3 | 3light leptons Mt > 120 GeV and p7"%° > 200 GeV
4 | 3light leptons pmiss > 250 GeV
5 | 2lightleptons and 1 tau | Mz(¢1,T) > 50GeV and piss > 200 GeV
6 | 1lightlepton and 2 taus | M2(¢, 71) > 50 GeV and pTis > 200 GeV
7 | 1lightlepton and 2 taus | piss > 75 GeV
8 | more than 3 leptons pmiss > 200 GeV
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next generation DM DD
experiments.
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Conclusion

- Studied the SUSY parameter space that can explain muon g-2 anomaly.

« Phenomenological constraints depend on whether or not neutralino-1 is stable:

Gravitno  RPV (UDD)

H=min(My, m;,) — 10Ge X ) v
7,
7,

mj, [GeV]
mj, [GeV]

myg, [GeV]

Mz, [GeV]

Stable (MSSM):

- Dark Matter:
Overproduction, Direct Detection
— Next generation DD exps will
explore the entire 2-sigma region

- LHC constraints: Lepton + MET

Unstable:
= No dark matter constraints:
- LHC constraints:

Gravitino — photon + MET
RPV (UDD) — lepton + multi-jet



N NATIONAL SCIENCE CENTRE
‘ POLAND

Norway
The research leading to the results presented in this talk has received

g rants funding from the Norwegian Financial Mechanism for years 2014-2021,
grant nr 2019/34/H/ST2/00707

.
o

_Universe & Co

Understanding the Early Universe:
interplay of theory and collider experiments

Joint research project between the University of Warsaw & University of Bergen

37



