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Supersymmetry — determination of underlying parameters in
collider experiments

Here: NMSSM electroweak sector, including dark matter candidate

= accuracy of parameter reconstruction from measurements at
future eTe™ collider, including DM relic density

Scenario: excess at LHC (CMS + ATLAS)
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Development of the method:

* First construction (2004)
[K. Desch et al., arXiv: hep-ph/0312069]

« Automation (2023)

[Florian Lika, Master’s thesis]

* Analysis of LHC excesses in the MSSM (2026)

[Jasmin Becks, Master’s thesis]

— Analysis of the excesses in the NMSSM
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SM particles + 2 Higgs-Doublets + singlet (left) and their supersymmetric partners (right)
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SM particles + 2 Higgs-Doublets + singlet (left) and their supersymmetric partners (right)
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Chargino Sector
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Charged winos and higgsinos mix to form charginos )’Zfz

M, m,,V2 sin ﬁ)

Chargino mass matrix;: M- =
: T

* M,: WIino mass parameter
* 1: Higgsino mass parameter

e tan B = Z—Z: Ratio of Higgs vevs
1

Mass values via diagonalisation with mixing angles ¢; g
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Neutralino Sector
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{B°, WO H?,H, S} mix to form neutralinos 77, 5 4

/ M, 0 —MzCgSy  MzSgSwy 0 \
0 M, MzCgCy  —MzSpCy 0
Neutralino mass matrix: My = | —mzcpsy mzcpey 0 —1 — v,
\ MzSgSy  MzSgCy —U 0 —/'Lv1/

0 0 —Av, —Avy 2KV,

* M;: Bino mass parameter
* 1, k: Singlet couplings
* v.: Singlet vev

_ 2 _ My
‘CW—\/l—SW—m—Z
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* Lightest neutralino as dark matter candidate

 Singlino-like lightest neutralino, higgsino-like light charginos and
neutralinos

* [nput points in NMSSM parameter space: SLHA files from
“Consistent excesses in the LHC electroweak SUSY searches:

GUT-based singlino/higgsino interpretation in the NMSSM”
[Bagnaschi et al., arXiv:2512.16783]
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Excess:
- Channel: pp - 73377 - W2 7 iwW
* Amyqy = Mo — Myo < 20 GeV

X2 X
* Myg X Mz = 200 GeV
Input points:

« Consistent with multiple experimental
constraints

« M, = 2M; (= GUT-relation)

Am21 [GeV]

0.0

180 200 T 220 9240

myg [GeV]
[Bagnaschi et al., arXiv:2512.16783]
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Excess:
- Channel: pp - 73377 - W2 7 iwW
* Amyqy = Mo — Myo < 20 GeV

X2 X
* Myg X Mz = 200 GeV
Input points:

« Consistent with multiple experimental
constraints

« M, = 2M; (= GUT-relation)
— here as simplification

Am21 [GeV]

-t

0-0 760 180 200 T 220 9240
mye [GeV]
2

[Bagnaschi et al., arXiv:2512.16783]
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1. Input: benchmark points in NMSSM parameter space
2. Hypothetical measurements at a future e*e™ collider
3. Scan of parameter space to reconstruct parameters

4. Evaluation of DM relic density for every parameter point
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Collider Observables
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Hypothetical measurements at future e*e~ collider (ILC), Luminosity L = 500 fb~*:

ot o+
e X1 € X1 ~ 4
et < < X1

em —» X1

et X et 0

« Chargino pair production cross section g(ete™ - ¥{ 71) (4 beam configurations)
« centre-of-mass energy /s € {500 GeV, 550 GeV}
« beam polarisations (P,-,P,+) € {(—0.8,+0.6), (+0.8,—0.6)}
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Collider Observables
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Hypothetical measurements at future e*e~ collider (ILC), Luminosity L = 500 fb~*:

_ + _ —+
e X1 e X1

et < < X

_ . e~ > > X1
et X1 et X1

« Chargino pair production cross section g(ete™ - ¥{ 71) (4 beam configurations)
« centre-of-mass energy /s € {500 GeV, 550 GeV}
« beam polarisations (P,-,P,+) € {(—0.8,+0.6), (+0.8,—0.6)}

 Lightest chargino mass
* Lightest three neutralino masses

o AP Ams : : oL :
Uncertainties: — = —% = 0.5% (masses/polarisation®), o = Jol Cross section
P, m)? stat L
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Ellipse Bands in Mixing Angle Space
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Cross sections g(cos 2¢;, cos 2¢ ) bilinear in mixing angles

Measurement: sets of (cos 2¢p;, cos 2¢pp) — ellipse for every configuration
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Parameter Scan
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Sets of random points in parameter space

Scan: ~0.92 -
1. Chargino mass condition Coos.
2. Neutralino mass conditions &
: - S —0.96 1
3. Cross section condition
~0.98 -
~1.00 -
~1.00 —0.99 -0.98 -0.97 -0.96 —0.95
cos(2d))
[ Allowed section X  Theory prediction (-0.9999,-0.992)
® (Chargino mass conditions e Chargino + neutralino mass conditions
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—2201
Higgsino mass parameter R i
Relative error: S-zoy et
5-2351 e
Hscan — Htrue N |
D = —240{ gk
rel — T L |
Htrue 2454 Lot
—245 ~240 ~235 ~230 ~225 ~220
Utrue in GeV
Upper bound: ~0'50% -------- True u U spread Example point
Lower bound: ~0.65% — .
0.0050{ * oo e .' oo o° ., 8 °  ¢. ° * . s,
0.0025 -
— uniform accuracy 2 00000
~0.0025 -
Here: U <0 ~0.0050 - e . . . . - K
° ® ° ° *® . e © .. ° e © °
—0.0075 - ‘
—245 ~240 ~235 ~230 ~225 ~220
U in GeV
® Rel. error upper bound ® Rel. error lower bound O Example point
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Results: M,
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Bino mass parameter

Relative error:

M 1,scan — M 1,true

D =
ret M 1,true

Upper bound: 30 — 200%
Lower bound: 15 — 45%

— accuracy decreases for
larger M4

2500 1

M1, scan in GeV

500 1

2.0
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Drel
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-------- True M, M, spread Example point
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.. [ ]
o®
S o0 o0 e
® o0 8o ° e ® 8 wog ° - . ° . .. e %e®
500 600 700 800 900 1000
M; in GeV
e Rel. error upper bound e Rel. error lower bound O Example point
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Results: A
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0.08 A
Singlet coupling
0.06 A
. § 0.04
Relative error: =
0.02 A
Ascan T Atrue
Drel — 0.00 1

Atrue

Upper bound: 40 — 1700%

Lower bound: not found (~1OO%)15_

510_
Similar results for k ) 5
— determined by ratio k /A, N

A

® Rel. error upper bound ® Rel. error lower bound

0.01 0.02 0.03 0.04 0.05
Atrue
-------- True A A spread Example point
..
° ‘.
[ ] o .
..o.o ° ee "" o W@ oom omoe Y )
. [ ) [ ] [ ] (] () 000 00 ® oo [__ X ] [ ] e @ 00@ oo o®
0.01 0.02 0.03 0.04 0.05

O Example point
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Coupling ratiok/A > 0 4%
ot U U LA T
Relative error: - S T R S | A 58 L
D, = K/Ascan — K/ Atrue 0.45 1
rel — 2 0.4550 0.4575 0.4600 0.4625 0.4650 0.4675 0.4700 0.4725
K/ tT'ue K/ATrue
-------- True k/A K/A spread ~ —— Example point
Upper bound: ~2.5% 0.03 -
Lower bound: ~1.0% 0.02- .
s 0.011
Q
— only little variation, precise 0.001
reconstruction ~0.011 . B R AR
0.4550 0.4575 0.4600 0.4625 0.4650 0.4675 0.4700 0.4725
K/A
® Rel. error upper bound ® Rel. error lower bound O Example point
15
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Results: DM relic density Qh?
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Inferred relic density

Relative error:
thscan _ -Q'hztrue

D.. ., =
rel th true

Upper bound: 30 — 160%
Lower bound: ~55%

0.251

0.06 0.07 0.08 0.09 0.10 0.11
thtrue
Planck Limit - True relic density Relic density spread —— Example point
..
[
° L o

[ ] [

. [ &

o ® e $° o ® 3 %® , %, w® & P & %% L%
0.06 0.07 0.08 0.09 0.10 0.11

Qh?
e Rel. error upper bound e Rel. error lower bound O Example point
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Conclusion & Outlook
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Reconstruction of NMSSM parameters and DM relic density for singlino/higgsino
dominated scenario with ete™ measurements.
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Vastly varying reconstruction accuracy for parameters
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Large errors in inferred relic density: 30 — 160%
— high sensitivity on changes in higgsino/singlino parameters
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Conclusion & Outlook

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Reconstruction of NMSSM parameters and DM relic density for singlino/higgsino
dominated scenario with e*e™ measurements.

Vastly varying reconstruction accuracy for parameters
(u: ~0.5%, K:upto 1750%)

— determined by parameter dependencies

Large errors in inferred relic density: 30 — 160%
— high sensitivity on changes in higgsino/singlino parameters

Further analyses:

« Improve precision through additional observables
 Include M, as an independent parameter
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Results: u
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Higgsino mass parameter
Relative error:

Uscan — Htrue

D,.; = . :
rel 1 e
,utrue el I
175 T T T T T T
180 185 190 195 200 205
Hirue in GeV
Upper bound: 0.45-09% True i  spread
Lower bound: 0.40 — 0.90% 0.010
&3 °
0.005 e
— uniform accuracy 2 0.000
Here: U > () ~0.005 .o
I o .
180 185 190 195 200 205
U in GeV
® Rel. error upper bound ® Rel. error lower bound
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Results: k
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Coupling parameterk > 0

Relative error :

Kscan — Ktrue

D l —
e Ktrue

Upper bound: 65 — 1750%
Lower bound: not found (~100%)

0.04 1

0.03 1
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-------- True k K spread Example point
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Results: k
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0.00
~0.011
Couplingparameterk <0 5,1 || L
~0.031
Relative error : | | | | | | | | |
~0.023 ~0.022 ~0.021 ~0.020 ~0.019 ~0.018 ~0.017 ~0.016 ~0.015
Kscan — Ktrue e
Drel —_— T True K K spread
Ktrue 1.0/
0.51 3
Upper bound: 45 — 100% .
Q -V
Lower bound: not found (~100%)
0.5
1.0 o oce ®e o oo o ow oo
~0.023 ~0.022 ~0.021 ~0.020 ~0.019 ~0.018 ~0.017 ~0.016 ~0.015
e Rel. error upper bound e Rel. error lower bound
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Higgsino/Singlino-like Neutralinos
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The three lightest neutralino masses are governed by higgsino/singlino block of My:

0 —U _sz

— 0 —Av
MN,3><3 = K 2 ,urcl
—Av, —Av; ——

A

* Overall mass scale: u

 Relative structure: %

— only weak direct sensitivity on A and k

MN,3><3

0 -1
—1 0
Av, Avy
U U

Av,

U
Avy

U

2
7/
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International Linear Collider
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Future eTe~ collider with
spin polarised beams

e Main goals: measure
Higgs + top masses, BSM
searches

/s =500GeV, possible
upgrades up to 1 TeV

e Polarisation of 80% fore™
beam and 30 — 609% for
et beam

Damping Rings IR & detectors e+ bunch

compressor

e- source

s bairak e+ source
compressor positron 2 km
main linac
11 km

central region
5 km

electron
main linac
11 km

2 km

[arXiv:2004.14628]
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~0.45
1 1 g T R | T o A mat W St R
Couptingratio/A<0 3|
S a7 et
~0.48-
] ~0.470 ~0.468 ~0.466 ~0.464 ~0.462 ~0.460 ~0.458 ~0.456
Relative error: .
-------- True /A K/A spread
D . K//lscan o K/Atrue .
rel = 0.03 - L <. R c
K//ltrue 0.02 - . o * .
0,01
z
Upper bound: 1.5 — 2.5% Zz?
Lower bound: 2 — 3.5% _0.02] [ R S T A S oL
~0.470 ~0.468 —0.466 —0.464 ~0.462 ~0.460 ~0.458 ~0.456
K/A
e Rel. error upper bound ® Rel. error lower bound
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Determination of M,
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Chargino mass dependence on M, for two example parameter points

Definite restriction of M4 No upper limit to be found
......... 247 g
189 1 : :
: X
7 241 - :
> 188 : >
O O lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
g : g 240 -
52 : o
g 187 S :
...... M1, true 239 - e My true
e mXNJ_t true + 0 5% T m)zl._‘. true + O 5%
186 1 N My, true — 0.5% 238 - S My, true — 0.5%
: Mz : My
500 1000 1500 2000 2500 500 1000 1500 2000 2500
M; in GeV M; in GeV
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