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MSSM EW sector may be hiding key to
new physics

Modest production cross section, mass
bounds from the LHC allows sub-TeV
superpartners

May show up elsewhere : DM
experiments, (g —2), ...

New results from Fermilab ‘MUON (g-2)’
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Muon (g-2) anomal
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MSSM particle content

SUPERSYMMETRY

@ Leoions @ rorce particies

Standard particles SUSY particles



EW Gauginos

Masses and mixing are determined by U(1) and SU(2) gaugino masses
M,, M, and Higgsino mass parameter 4.

Mass

Diag.

Mass
Diag.

LSP in RPC
DM



EW Ga uginos Masses and mixing are determined by U(1) and SU(2)

gaugino masses M,, M, and Higgs mass parameter p.

/ W3 Neutralino Mass Matrix
Neutralino 70
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FOUR PARAMETERS q Ml’ MZ’ MU, tanﬁ



EW Ga uginos Masses and mixing are determined by U(1) and SU(2)

gaugino masses M,, M, and Higgs mass parameter p.

Wt
Chargino / Chargino Mass Matrix
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Sleptons

Slepton Mass Matrix
mp, = mi + (" = Os)M;cyy
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mi +mp; mX
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PARAMETERS ﬁ my,mpg, U, tanﬁ

First two gens. mj ~ my, myp ~ Mgpg



Muon (g-2) in MSSM Fer D i

a® — = (25 £ 6) x 10710 ~ 0 (AgSMEY)
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We need very light BSM particles OR enhancement from couplings o -
[

u

2
ACZBSM - ACZSM’EW . My . EBSM
u u 2
Mpsm ESM
04 m/f 04 m/f
SM EW 1 loop : . MSSM, 1 loop : — X tanf
. M 7 Mgy

SUSY can easily explain anomaly !

~

J




Constraints

Direct Searches at LHC Indirect Constraints

® Muon (g-2).




LHC searches

Trilepton searches

ATLAS [1803.02762] N )5 ey — 10
13 TeV, 36 fb~! | S
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Proper recasting is important =—» checkMATE



LHC searches DpeE
Compressed spectra searches wino  § - |

Vs =13TeV, 139 fb~!
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LHC searches

Slepton pair production

ATLAS [1908.08215]

13 TeV, 139 fb~!

——— Fig.7(c) — Ref. [39]
— — — Fig.8(b) — Ref. [38]

——— Fig.16(a)- Ref. [45]

| | |
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Proper recasting is important ——» checkMATE



Drees, Dreiner, Schmeier, Tattersall, Kim ‘13

Re‘ :a t- ‘A,' h CM Kim, Schmeier, Tattersall, Rolbiecki 15
s In It Dercks, Desai, Kim, Rolbiecki, Tattersall 16

Most relevant in our case

Event generation = —% Mg5aMC_nlo

l ® ATLAS [1803.02762]

Showering and hadronization —» Pythia8 13 TeV, 36 /b

'

Detector effect ~ —» Delphes

[
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SR definition and 13 TeV, 139 fb~"! ® . 0
statistical evaluation I \<
p [
CheckMATE

Compressed spectra searches applied directly



Classification based on DM nature

Bino-Wino Bino (Slepton Bino (Slepton Co-

under-abundant DM reqlurement tfollows the (g-2) preterred mass region.




Analvsis flow

SuSpect — Spectrum generation o Aag,=(25.1£59)X 10719
l e Q. ph*=0.120 %+ 0.001
GM2Calc —> (8—2), @2loop
i ® Direct detection SI bounds from XENONIT
MicrOMEGAS —» DM observables

CheckMATE —» LHC constraints



Chargino Co-annihilation
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Chargino Co-annihilation
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Slepton Co-annihilation: Case-L
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Wino LSP

Q prh” <0.122
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Future collider prospects
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DD - ILC complementari

Chargino Co-annihilation
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DD - ILC complementari

Slepton-L Co-annihilation
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Summary

e DM and muon (g-2) constraints put effective upper limit on EW SUSY masses.
o |LHC limits restrict the mass ranges from below.

» Proper recasting of ATLAS/CMS analyses important!

o Future collider searches and DD experiments can provide complementary

constraints and can be conclusive.

o New resultsfor (g — 2) , from Fermilab, J-PARC, MuonkE ... STAY TUNED!!
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https:/ /arxiv.org/pdf/2207.03764.pdf
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= - Drees, Dreiner, Schmeier, Tattersall, Kim ‘13
ecaStl n g WIth C M Kim, Schmeier, Tattersall, Rolbiecki ‘15

Dercks, Desai, Kim, Rolbiecki, Tattersall ‘16

Event generation = —% Mg5aMC_nlo

l Testing models against LHC analyses

Showering and hadronization — Pythia8 ® Signal events calculated for each SR

Il S—1.96 % AS

. Evaluation of r = 95
exp

Detector effect ~ —» Delphes

v

SR definition and

e ForthebestSR, r > 1 —» excluded!

statistical evaluation - CheckMATE

New analysis implementation — Experimental Cutflow reproduced



Wino LSP : Direct detection

Current (g — 2),, limit

R
WINO M2
® DD couplin
10~° 2 PHIS
M ,
Chy9g?d = % 1‘/#2 (Msy 4+ psin 2/3),
10—10 4
2
14 ® All allowed points to be checked
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= by XENONNT
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Higgsino LSP Qo h? < 0.122

® Compressed spectra searches most

important.

® Slepton pair production searches

also relevant

e Am ~ 0O(10) GeV — Disappearing

track searches not sensitive

3
(g — 2),+ Qh? + DD HIGGSINO o~ 07 cm Am .
, ~ ().
0 * (g—2),+Qh%+DD + LHC 340 MeV Am%r
0 ' . ' ' - -
100 200 300 400 500 600

mys (GeV)



DM Constraints

Relic Density

Some annihilation channels that could give right relic density :
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Diagrams contributing to SD interactions

A well-tempered bino-wino or bino-higgsino LSP == Chargino coannihilation

Bino - dominated LSP == Slepton coannihilation



[. HC searches

® Disappearing track searches
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FIG. 1: Required number of hits in the ATLAS inner
tracker for the analyses of Run-1&2 and ours.

Fukuda, Nagata, Otono, Shirai ‘17
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https:/ /arxiv.org /pdf/1805.00015.pdf
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Figure 3: Comparative reach of the HL-LHC, HE-LHC and FCC-hh/SppC options in the mono-
jet channel for wino-like (left panel) and Higgsino-like (right panel) DM search. The solid and
dashed lines correspond to optimistic values of the systematic uncertainties on the background es-
timate of 1% and 2% respectively, which might be achievable using data-driven methods with the
accumulation of large statistics.



https:/ /arxiv.org /pdf/1805.00015.pdf
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Figure 4: Comparative reach of the HL-LHC, HE-LHC and FCC-hh /SppC options in the disap-
pearing charged track analysis for wino-like (left panel) and Higgsino-like (right panel) DM search.
The solid and dashed lines correspond to modifying the central value of the background estimate
by a factor of five, i.e., 20% and 500% of that obtained through the fit function in Eq. 2.9.



two-loop  —
_one-loop ==
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Figure 6: The lifetime of charged wino evaluated by using dm at the one-loop (green

band) and two-loop (red band). We neglected the next-to-leading order corrections

to the lifetime of the charged wino estimated in terms of the pion decay rate, which

is expected to be a few percent correction. The black chain line is the upper limit
on the lifetime for a given chargino mass by the ATLAS collaboration at 95 % CL
(Vs =7 TeV, L = 4.7 fb~")[28]. The blue line shows the constraints which are

given by the LEP2 constraints [30]-[33].
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Possibility of A-pole annihilation
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===  A-pole annihilation strongly constrained



MS5M Superpotential
Waissw = ¥, QH, — dY,QH, ~ eY,LH, + pH,H,

Soft Breaking Terms

soft

1 - -
FMISM — _ > (M33g + My,WW + M,BB + c . c)



Highest mass points

Current (g — 2),, limit Anticipated future (g — 2) , limit

Coannihilation  ¥f [* (Case-L) [* (Case-R) Coannihilation ¥i (* (Case-L) [* (Case-R)

My 570 533 518 My 423 499 402
My 605 316 685 My 464 535 448
My 1087 1370 1098 Mg 1032 1019 330
Mg 605 316 685 Mg 464 535 448
Me, 4, 630 549 696 me, 7, 542 511 795
Mey i, 630 1279 592 Mey 1, 541 2349 428
ms, 582 534 74T m, 137 509 307
ms, 765 1286 526 ms, 629 2350 406
m; 675 544 692 ms 536 505 792

Points satisfying (g - 2),, DM and LHC constraints , masses in GeV.



SUSY contributions to (g — 2),
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Endo, Hamaguchi, Iwamoto, Yoshinaga’l3



LIFE OF A MUON:
THE g-2 EXPERIMENT

Muons are
tiny magnets
spinning on
axis like tops.

Muons are fed
into a uniform,
doughnut-shaped
magnetic field

and travel in a circle. After c'each.cwclg,
/ muon's spin axis

changes by 12°,

% = g yet it keeps on traveling

Protons Pions, weighing Pions decay
from AGS. 1/6 proton, to muons.

are created.

One of 24 detectors
see an electron, giving
the muon spin direction;
g-2 is this angle, divided
by the magnetic field the
muon is traveling through
in the ring.

14 meters

(Z...

After circling the ring

many times, muons
spontaneously decay to
electron, (plus neutrinos,)

in the direction of the muon spin.

i(p"y"Fi(q”) + =——0"q,F)(q")lu(p)A,

2mﬂ

F5(0) = a,




(g — 2)u

o Large discrepancy from the SM (more than 30):
a*? — a7M = (28.02 £ 7.37) x 10717,

u p

Keshavarzi, Nomura, Teubner 19

. da
e Important probe for new physics. a—ll ~ 5.

@ SM contributions : QED, weak, hadronic vacuum polarization,
hadronic light by light scattering.

o QED : complete calculation upto 5 loops. EW : two loops.

Aoyama, Hayakawa, Kinoshita, Nio ’17, Ishikawa, Nakazawa, Yasu 18,
Heinemeyer, Stokinger, Weiglein 04

@ Uncertainty dominated by non-perturbative, hadronic sector.




tan3 enhancement in SUSY
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