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Natural SUSY Howard Baer S

Light, natural higgsinos at a LC

® In SUSY, minimization of
scalar potential relates
weak scale to parameters

® naturalness: SUSY my _ my, +3§— (myy, + TP tan’ 5 2
- 2
preserving mu parameter 2 X tan” § — 1
~100-350 GeV ~ —my, = Xy(te) — g
® =>W,Zh,
higgsinos~100-350 GeV for review, see: arXiv:2002.03013

® other sparticle
contributions suppressed
by loop factor: can be
much heavier

Note: ATLAS/CMS each have 2-sigma excess in higgsino pair search channel!
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Natural SUSY Howard Baer S

Smoking gun signature: light higgsinos at ILC:
ILC is Higgs/higgsino factory!

ILCl:mg = 7025 GeV, my;p = 568.3 GeV, Ag = —11426.6 GeV, tan§ = 10, u = 115 GeV, m4 = 1000 GeV
o(higgsino) > o(Zh)
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ol gaps no problem
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Natural SUSY Howard Baer 5

ete” = XINE = XY + (¢Te X8

measure m(£Y07) < mgg —mge and E(LTLT)

How do these signals look in the detector? (1)  [vs=s00cev ]

ete™ = XT X7 — (X)) + (a7'XY)

soft visible particles since small higgsino mass gaps

‘”| | ‘ | E \H: ( [ ( How do these signals look in the detector? (2)  [vs=500 Gev
electron pair \ muon pair Chargino pair production with semileptonic decay
(compact EM showers) ke gl " etem = XFXT = NI Xaq'tv

fapton quark jets

HB, Berggren, Fujii, List, Lehtinen, Tanabe, Yan, arXiv: 1912.06643
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Natural SUSY Howard Baer 5

Natural higgsino discovery plane

Whereas HL-LHC can see only a portion of higgsino
discovery plane, a LC with rs>2m(higgsino)
can see all of it!

GMM', mapp= 20 TeV,my =2TeV, tan B =10, C; = Cm3

100+ A
F i n=1. 9
F @@° HL-LHC(CMS) ; 4
S . Lc1000 ;
&* ]
< [ 2 |
[od
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£ F ]
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T et : ]
1 ‘ ‘ ‘ ! ; ‘ ! ‘ i ‘
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X2
(higher density of dots: more theoretically plausible) arXiv:2007.09252
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Natural SUSY Mikael Berggren @ LCWS'2025 Z

ATLAS pMSSM-19 (-7) scan in M;sp vs. I\/IxfE (ATLAS-CONF-2023-055)

Only this one is actually excluded !

ATLAS Preliminary
Vs =13TeV, 140fb~', EWKino scan
ATLAS exclusion fraction after non-D\/@xternal constraints

% === ATLAS simpl. wino/bino model excl.

o I I -
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Natural SUSY Mikael Berggren @ LCWS'2025 -

ILC projections on Higgsinos and s

From arxiv:2002.01239
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Example results from the 7 study at the ILC
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Exotic scalars Georg Weiglein @ LCWS

LHC: CMS + ATLAS excess in yy channel at 95 GeV,

interpretation in 2HDM + singlet (S2HDM)
CMS + ATLAS excess in yy channel at 95 GeV:

obs. 95% CL e Typell

[T. Biekoétter,
S. Heinemeyer,

wlgg = h =)
o
(=]

1.0 E_ === exp. 95% CL [ Type 1A% _é G. W !23]
F 20 exp === ATLAS exp. ]
E I 1o exp —— ATLAS obs. }
: 1 !Example _
: interpretation:
. S2HDM,
GF type Il and
0.4

1 = Good description
1 in extended Higgs
sectors with an
additional doublet
and a singlet

0.2F

fo 1 1
95 100 105
mp

A 95 GeV Higgs boson at ee- colliders, Georg Weiglein, LCWS2024, Tokyo, 07 / 2024
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Exotic scalars

Georg Weiglein @ LCWS'2024

Prospects for coupling measurements of h125 and
h95 at an ete- Higgs factory

S2HDM, type Il and 1V:

[T. Biekoétter, S. Heinemeyer, G. W. ’23]

1
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=> Precision measurements of the couplings of both h125 and h95
High sensitivity to the realised physics scenario (Yukawa type, ...)

A 95 GeV/ Higgs boson at e*e colliders, Georg Weiglein, LOWS2024, Tokyo, 07 / 2024
2025.01.08
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Exotic scalars
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Dark Matter Natsumi Nagata 5

Electroweak-charged dark matter

Quantum numbers DM could. Mpyn in TeV Apn= —Mpwm ogr in
U(1)y SU(2)r SU(3). Spin | decay into} | tree non-pert in MeV 1046 ¢cm?
1/2 2 1 0 EL § 0.54 350 (0.4+0.6) 1071
1/2 2 1 1/2 EH 1.1 341 (0.34+0.6) 1073
0 3 1 0 HH* 2.0 2.5 166 0.23 £0.04
0 3 1 1/2 LH 2.4 2.6 166 0.23 £0.04
1 3 1 0 HH,LL 1.6 ? 540 0.001 £ 0.001
1 3 1 1/2 LH 19 ? 526 0.001 & 0.001
1/2 4 1 0 HHH* 2.4 ? 353 0.27 £ 0.08
1/2 4 1 1/2 (LHH*) § | 24 ? 347 0.27 £ 0.08
3/2 4 1 0 HHH 2.9 ? 729 0.15 £ 0.07
3/2 4 1 1/2 (LHH) 2.6 ? 712 0.15 £ 0.07
0 5 1 0 (HHH*H*) | 5.0 14 166 2.0+0.5
0 5 1 1/2 none §| 4.4 14 y, 166 2.0+0.5
M. Cirelli, A. Strumia, J. Zupan, arXiv:2406.01705 (_,: Sommexteld enhancement)

The neutral component of an electroweak multiplet can be a DM candidate.
Thermal relic agrees with the observed DM density for a TeV-scale mass.

Lower masses are also allowed:

® Non-thermal production
® Rest of the DM density could be some other species

A.F.Zarnecki (University of Warsaw) isi 2025.01.08
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Dark Matter Natsumi Nagata

Electroweak-charged dark matter

Quantum numbers DM could Mpn in TeV | Mpy=—Mpwm — ogr in
U(1)y SU(2)r SU(3). Spin | decay into | tree non-pert in MeV 1046 cm?

1/2 2 1 0 EL 0.54 350 (0.4+0.6) 1071
1/2 2 1 1/2 EH 1.1 341 (0.34+0.6) 1073
0 3 1 0 HH* 2.0 2.5 166 0.23 £+ 0.04
0 3 1 1/2 LH 2.4 2.6 166 0.23 £ 0.04
1 3 1 0 HH,LL 1.6 ? 540 0.001 4 0.001
1 3 1 1/2 LH 1.9 ? 526 0.001 4 0.001
1/2 4 1 0 HHH* 2.4 ? 353 0.27 £+ 0.08
1/2 4 1 1/2 (LHH*) 2.4 ? 347 0.27 £+ 0.08
3/2 4 1 0 HHH 2.9 ? 729 0.15 £+ 0.07
3/2 4 1 1/2 (LHH) 2.6 ? 712 0.15 £+ 0.07
0 5 1 0 (HHH*H*) | 5.0 14 166 2.0£0.5

0 5 1 1/2 none 4.4 14 166 L 20£05

M. Cirelli, A. Strumia, J. Zupan, arXiv:2406.01705

Direct detection rate tends to be suppressed since the scattering is
induced at loop level. Some of the candidates can be probed in future

DM direct detection experiments.
J. Hisano, K. Ishiwata, N. Nagata, JHEP 1506, 097 (2015).

Indirect detection is also promising, though it may suffer from uncertainty

of DM profile. ) ) )
V. Lefranc, E. Moulin, P. Panci, F. Sala, and J. Silk, JCAP 1609, 043 (2016).

A.F.Zarnecki (University of Warsaw) isi 2025.01.08



Dark Matter

Natsumi Nagata

Electroweak-charged dark matter

a—
Quantum numbers DM could Mpyn in TeV ’JV‘[!DMi — Mpm ogr in
U(1)y SU(2)r SU(3). Spin | decay into | tree non-pert in MeV 1046 cm?
1/2 2 1 0 EL 0.54 350 4+£0.6)1073
1/2 2 1 1/2 EH 1.1 341 .3+£0.6) 1073
0 3 1 0 HH* 2.0 2.5 166 0.23 £ 0.04
0 3 1 1/2 LH 2.4 2.6 166 0.23 £ 0.04
1 3 1 0 HH,LL 1.6 ? 540 .001 £ 0.001
1 3 1 1/2 LH 1.9 ? 526 .001 £ 0.001
1/2 4 1 0 HHH* 2.4 ? 353 0.27 +0.08
1/2 4 1 1/2 | (LHH*) | 24 ? 347 0.27 + 0.08
3/2 4 1 0 HHH 2.9 ? 729 £0.15+£0.07
3/2 4 1 1/2 (LHH) 2.6 ? 712 0.15 & 0.07
0 5 1 0 (HHH*H*) | 5.0 14 166 2.0£0.5
0 5 1 1/2 none 4.4 14 | 166 J 2.0£0.5
p=———

M. Cirelli, A. Strumia, J. Zupan, arXiv:2406.01705

The charged-neutral mass splitting is very small, as it is induced by
electroweak loop diagrams. This makes it difficult to probe this DM

candidate at the LHC.
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Disappearing track searches can have sensitivities to some cases (e.g., triplet).

Linear colliders can probe EW-charged DM up to My, = 1/s/2.

A.F.Zarnecki (University of Warsaw)
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Dark Matter Mono-photon signature

CLIC3TeV,geY=1
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Dark Matter
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— [ —— Vector ILC 1
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Mono-photon signature
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Conclusions
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