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Supersymmetry - MSSM
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‘The search for SUSY is one of the biggest adventures
in present-day physics.” Ed Witten (1999)

@ Large uncoloured / EW sector

charginos/neutralinos: My, M»>, u, tan8 = Dark Matter candidate: ;’2(13
Sleptons: M—[L, MZ'R (equal for all 3 generations, or different 1.2. vs. 3.)
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SUSY light dark matter range

= Our “models” predict low chargino/neutralino masses

Golden mode at the LHC:

p %
D -
l %

= experimental results?
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Impact from LHC SUSY searches limits

taken from M. Berggren 2023
Only this one is actually excluded !

ATLAS Preliminary
Vs =13TeV, 140fb~', EWKino scan

ATLAS exclusion fraction after non-DMy/external constraints
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Results ‘compressed’ spectra w/ heavy sleptons

CMS 129-137 fb™' (13 TeV) -~ :
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Idea

Convert SUSY measurements into crucial dark matter test
— Turn LHC+LC measurements into precise SUSY parameters
~ Predict Q h? on basis of parameter determination

Studied process: e+e- X+X-
— Input : measured masses of ¥, X9, via continuum or threshold
— Measured polarized cross setions at 350 and 500 GeV
— Measured A of this process

Determine fundamental parameters: M,, M,, j, tanf3

— Fine, very accurate results .... <% level
— Predict dark matter contribution

Advantages LC:
— more tools (e+& e- polarization, threshold scans, ISR method)
— high precision (up to quantum level)
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Several options to embed dark matter

( M 1 0 —MmzCagSw MmzsSgSw \ ( é ‘ \
0 /- 0 M, MmzCglw  —MzSECW [-i/’g
Xi (22112’3*4) - ~a
—MmMzCaSw mzCgCw 0 —H H 1

\ MmzsSgSw —MzSgCw —H 0 } \ H 8 }

A) wino/bino DM with chargino co-annihilation (M1 ~ Ms < )
relic DM density 100% fulfilled

B/C) bino DM with slepton co-annihilation (M7 < Mo, 1)
relic DM density 100% fulfilled
= two cases: all 3 generations degenerate vs. 3rd generation independent

= m(N)LSp 5 550(600) GeV
D) higgsino DM: Mo ~ Mg ~ Mgk ~ [ (u < Mq, M)
1
relic DM density as upper limit (otherwise mgo ~ 1 TeV)

= m(N)LSp SJ 500 GeV

E) wino DM: mio ~ m)zj: ~ Mo (MQ S Ml,,u)
1 1

relic DM density as upper limit (otherwise Mo ~ 3 TeV)

= m(N)LSp 5 600 GeV
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SUSY light dark matter range

= Our “models” predict low chargino/neutralino masses

Possible search channels:
— pp — X3x) + X
— pp = X3X3 = X3X1 + H/Z
~0 ~+ ~ ~
— pp — X3XT — X3H/Z YW+
—pp = XX - W RIW -

Possible kinematic situations:

— non-compressed spectra: on-shell decays to H/Z, 1%
— compressed spectra: off-shell decays to Z, W+
— light sleptons that appear in the decay chains
— heavy sleptons that are absent from the decay chains

= only one of these can be realized
= only one of them should show up in the LHC searches
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Scans of available parameter points

A) Wino/bino DM with chargino co-annihilation M. Chakraborti, S. Heinemeyer, I. Saha 24

Parameter scan:

100 GeV < | M| < 400 GeV
|M1| < M < 1.1|Mq],
1.1| M| < p < 10[M;y|,

2 <tanp < 60,

100 GeV <mj; <15Tev __|° ’
. N 250 ® o ./
= Take all allowed points £ 205 o
that describe the excess ! .

u
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Reconstruction of parameters

 Light Chargino production & decay:
U A \\'/ X lé+ Qa
AN w

<4

also v, e_enter!

* s0 far tree-level analysis
* to be extended including full one-loop corrections
* leads to more involved parameter dependencies

* Example point:  myo 204.94 GeV

A. Bharucha et al. ’13, ‘16

MY 233.94 GeV all other masses =500 GeV

mgr  258.28 GeV
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Reconstruction of parameters

Main idea:

» Measure cross sections at 2 different energies and masses, inversion
into parameters ....as done in the past: e.g. K. Desch et al. hep-ph/ 0312069

- ‘) ‘ ‘ 2 ‘ ‘ ‘ ‘
o0-{ij} = ¢; cos” 2By, + c9 cos 2P, + 3 cos” 2P g + ¢4 cos 2P g + c5 cos 2P, cos 2P R + cg

- determine mixing angles &,®r, mX*, mX% —> M, M2, 1, tanf

o But this time, Vs>500 GeV needed........

 We assume 1st stage ILC Vs=550 GeV (for Di-Higgs required at least!)
- no further energy stage!
- but polarized electron & positron beams...
- and include the decay to measure asymmetries via final leptons

» But have to exploit all 4 possible beam polarization configurations!

11
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Influence of e- & e+ beam polarization

P. P, e- _¢‘ 0+ hae he, Cross section
——— -1 41 GLR
-1 0 : — -1 - o —> 0 % of events
. do not
o - + - ORL
+1 0 . k = +1 41 orr —> () react !
-1 +1 . . -1 +1 OLR
+1 1 2 > +1 +1 ORL

 Often only LR and RL applied...!
- since no 100% polarization.....also LL and RR provide events

- possible running scenario:
LCvision, C. Balazs, arXiv: 2503.19983

91 GeV 250GeV 350 GeV 550 GeV 1-3 TeV
[Z (ab™") 0.1 3 0.2 8 8
beam polarisation (e/e"; %) 80/30 80/30 80/30 80/30 80/20
(—+, ——, ++, +) (%) (10,40,40,10) (5,45,45,5) (5,68,22,5) (10,40,40,10) (10,40,40,10)

* We use in the ff 80%,60% with same lumi than +-, -+.
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Reconstruction of parameters

1486034 fi statistical uncertainty Ostat = @

o_ _ .

. 15.9516 fb polarisation 0P+ = +0.5%
+,— - uncertainty 6P, = +0.5%
o_4+  991.0757 b
s 63.9902 fb mass uncertainty dmg = 0.005my

1.00
\ Z

0.75 A
0.50 A1
0.25 A

0.00 -

cos(2®pg)

[0 Intersection

—0.25- prediction: (0.908,0.985)

—0.50 - VS =550 GeV, Pe- = —0.8,Pe+ = — 0.6
V5 =550 GeV, Po- = + 0.8,Po+ = — 0.6

—0.75 - . V5§=550GeV, P.-=—-0.8,P.+ = +0.6

VS =550 GeV, Pe- = +0.8,Pe+ = + 0.6

_1-00 1 1 1 1 T I 1
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

cos(29,)
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Involving Ags of the final leptons

spln—oen5|ty matrix

~ decay matrix decay matrix
A
o [T =|ApPI1A7I? S fin.sp. (Prrp™s fz)x(ZA 2, ) x 2,75 )

spin corielations

|T|2 ~ ’P(pfli‘rsfx’pfﬁ’ ffz)D(pr’ sf';l )®D(pfn’sf)
spin corTeIations

» Leads to NEW contributions compared to only the cross section!
* Including stat. uncertainty from AFB via

o €(l —e€

= allows to determine no the parameters including mv, that is to heavy to be
produced directly!

14
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Reconstruction of parameters

Parameter scan results of m;

1000 ) || True my .
my spread without Agg
g8ood my; spread with prod. Agg ill-

—— myspread with final Agg e

My, scan

400 A

300 400 500 600 700 800 900
my, True

« Determination of msneutrino possible, although
too heavy to be producted directly

* Even indirect prediction of mselL (SU(2) relation
= consistency check
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Reconstruction of parameters

* Precise determination of gaugino parameters

Parameter scan results of My

-------- True M, ||||
—220 A My spread without A,g e
—— M; spread with prod. Agg / _______ | | ........

& —2304 —— M spread with final Ars T [P |
§ ) _| ..... || ...... i |-

] e |

—250 A

—245 —240 —235 -230 -225 —220 -215
Ml,Tr e
Parameter scan results of M,
2604 T True M,
M, spread without Agg
2504 —— Mz spread withprod. Apg L b
g —— M, spread with final Agg / ----------------
G240 e
gr Lo
230 A | ’ } ......................
220 A
225 230 235 240 250
MZ,True
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MocCan

Parameter Determination

* Less recise determination of the higgsino parameter

Parameter scan results of u

2000 - ||
-
........ True U
1500 A u spread without Agg
—— U spread with prod. Agg
1000 7 —— M spread with final Agg
500 - N} AT I DRI IPRPNSY "PEEEEEEE EEEEEES b A R RLEE I | ||
550 660 6'.:30 760 7'.:30 860
MTrue
....... since we studied a gaugino scenario.....clear from the
beginning
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Relic Density

* The important message is: we can predict the corresponding
relic density rather accurately:

Parameter scan results of Qh?

0.00350 4 True Qh?

Qh? spread without Arg

0.003251 _ on2 spread with prod. Ars

_:7’: 0.00300 4 —— Qh? spread with final A | | -------
vo%er ] | ' e N I S

0.00250 1 | e
0.0624 0.0'025 0.0b26 0.0b27 0.0I028 0.0629
Qh%rue
...... about 10 % -level, that's complementary to inpout from
cosmology
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Conclusions

For the first time consistent excesses in ATLAS and CMS in SUSY
searches have been observed.

pp—>x2x1 — XZ* X{w*

~0 ~ — > = ~0 — _h N
with Mg R Mok 2 250 GeV, Am M9 — M50 20 GeV

Best-fit explanation in the MSSM: wino/bino DM with M; x < 0

Nearly ideal situation for ILC500(+): or the HALHF upgrade

2, h? reconstruction at ILC500:
— scenario: gaugino-like, in concordance with current excesses

— measurement of M0, Mot and o(eTe— — X1X D
- polarization of both bea]ns eséentlal for exploiting even e.g. RR configurations,

if only one energy stage is available
— reconstruction of My, My, p, my, (ind.!), ...— with uncertainties

— calculation of ©,h? — with uncertainties
= “‘agreement” with astrophysical measurement
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SUSY and (g—2)M

Feynman diagrams for MSSM 1L corrections:

K ~
57
~ M
Ha f .
/\/\/\/\/I'/ ﬁb
Y

— Diagrams with chargino/sneutrino exchange
— Diagrams with neutralino/smuon exchange

M: 2
Enhancement factor as compared to S SM. EW 1L: % E—é‘
#—iii—ﬁu . ~my tanpg . m‘g
~0 ~ . MSSM, 1L: & £ % tan
p—Xj —Ha : ~my tanp ™ M3ysy g

— slepton masses constrol the size of AaMSSM

21
LCWS26 @KEK, November 2026 Gudrid Moortgat-Pick



