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non-thermal dark sectors

can be thermal
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Supersymmetry (SUSY)




What is my research focused on?

Standard Model Total Production Cross Section Measurements
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Status: June 2024
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections
http://cds.cern.ch/record/2903866
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- Low mass difference between

gauginos - ‘compressed’ scenarios

- Higgsinos with close by masses

well motivated through Dark Matter

& Naturalness

+ Not yet excluded by any ATLAS

searches and the pMSSM scan

~10-20 GeV observed by A
and CMS

+ Excesses at small mass splittings

LAS
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[Submitted on 25 Nov 2025]

Search for higgsinos in compressed mass spectra using low-
momentum tracks in pp collisions at /s = 13 TeV with the ATLAS

The soft lepton & track analysis ~ detector

Target Am ~1 GeV

-

Use di-electron and di-muon
events

Key aspect: develop low

momentum lepton taggers
'ertex .. .
X2 Using neural networks
lm;:i:tlon j e

q/t

Extend pT threshold below
4.5/3 Gev for electrons/muons

\ ISR jet

t t
=0 =0
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https://arxiv.org/pdf/2511.20042
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ATLAS

EXPERIMENT

Run: 349309
Event: 1342904905
2018-05-01 16:21:51 CEST

Phys. Rev. Lett. 132 (2024) 221801



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-04/
https://link.aps.org/doi/10.1103/PhysRevLett.132.221801

Zooming Into compressed mass spectra
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All limits at 95% CL

— Observed limits
= = Expected limits

1 2L+3L combination
m( X, ) =m(X])+2Am( %, %)
Run 2 arXiv:2106.01676

) 1L + 1 track
m( %y ) =m( %] ) +2Aam( x;, X3 )
Run 2 arXiv:2511.20042

(1 Displaced track
m( %y ) =m( %) +2am( %, %7 )
Run 2 arXiv:2511.20042
Disappearing track
m( %) =m( %)
Run 2 arXiv:2603.08315
LEP

~ - Y~
Xy — W2 or o 3
~70 ~7 0
Xy = £ X

- Immense effort to use
large Run-2 dataset and
narrow into challenging
ohase space

+ Pushes detector
performance In many
ways

- First time probed since
LEP

Continuous challenge
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Only a tiny glimpse into the vast open possibilities of EWK SUSY

ATLAS

EWKino scan, v/s=13TeV, 140fb™"
ATLAS exclusion fraction after non-DM external constraints
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2020-15/
https://link.springer.com/article/10.1007/JHEP05(2024)106
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Front Scintillator

veto system
Scintillator 2 x 20 mm thick

35 x30cm area
veto system \

Tracking spectrometer stations
3 x 3 layers of ATLAS SCT strip modules

2 x 20 mm thick
30x 30 cm area

Electromagnetic \ 5
Calorimeter e
4 LHCb Outer pecay vo\ur -

ECAL modules I

3

r
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FASERV emulsion

Interface detector
Tracker (IFT)
730 layers of 1.1 mm
- Trigger / timing tungsten + emulsion
v I scintillator station (8 interaction lengths)
\ 10mm thick + dual PMT
Magnets readout (o = 400 ps)

Trigger / pre-shower
scintillator system

0.57 T Dipoles
1.5 m decay volume

[FASER Detector - 2024 JINST 19 P0O5066]
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https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05066

[FASER Detector - 2024 JINST 19 P0O5066]

| R

FASERV emulsion
detector

730 layers of 1.1 mm
tungsten + emulsion
(8 interaction lengths)
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https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05066

[FASER Detector - 2024 JINST 19 P0O5066]

Tracking spectrometer stations
3 x 3 layers of ATLAS SCT strip modules

Interface
Tracker (IFT)
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https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05066
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Trigger / pre-shower
scintillator system

[FASER Detector - 2024 JINST 19 P0O5066]
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Front Scintillator

veto system
Scintillator 2 x 20 mm thick

35 x30cm area
veto system

\P
2 x 20 mm thick 10 P:“'AS
30x 30 cm area .

Trigger / timing
scintillator station

10mm thick + dual PMT
readout (o = 400 ps)
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https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05066

Electromagnetic

Calorimeter

4 LHCb Outer
ECAL modules

WLS fibre: @ 1.2 mm
Quantity: 1+ 64
Bundle: @ 10.8 mm

L A A AT H;\-i """""""""" 0121.20 mm
b, :. oooooooo
: | il
—
754 mm 15.25 mm

[FASER Detector - 2024 JINST 19 P0O5066]



https://iopscience.iop.org/article/10.1088/1748-0221/19/05/P05066

FASER during LHC Run-3
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Neutrino measurements witn FASER

Veto nu Preshower
scintillators Veto scintillators Magnets scintillators

Calorimeter

Decay Volume T1m1ng
scintillators

Electronic components of FASER

Analysing FASERNnu emulsion

fme -FASERNU as target (11 t) - using electronic components

to detect muon from charged current interaction

Sensitive to all neutrino flavours | | |
Can separate neutrino and anti-neutrino

Very good spatial resolution

Fast analysis of data possible

Due to scanning and processing
of films time intensive

Only sensitive to muon neutrinos




Veto nu
scintillators

Neutrino measurements witn FASER

Preshower

Magnets scintillators

Veto scintillators

Calorimeter

Decay Volume T1m1ng
scintillators

Electronic components of FASER

Annlh/ecina EFAQFRNII emiileinn i

Updated results of high-energy electron and muon neutrino interactions with FASER’s

Very good spatial resolution

Due to scanr

emulsion detector at the LHC

CERN-FASER-CONF-2025-002

First Measurement of Muon Neutrinos as a Function of Energy and Rapidity with FASER

CERN-FASER-CONF-2026-005

iNg and processing 20 March 2026

of films time

iIntensive .


https://fasergen.web.cern.ch/PUBLICATIONS/CERN-FASER-CONF-2026-005/
https://fasergen.web.cern.ch/fasergen/PUBLICATIONS/CERN-FASER-CONF-2025-002/
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Updated results of high-energy electron and muon neutrino interactions with FASER’s
emulsion detector at the LHC

CERN-FASER-CONF-2025-002

FASER Preliminary
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https://fasergen.web.cern.ch/fasergen/PUBLICATIONS/CERN-FASER-CONF-2025-002/

FASER Preliminary
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Updated results of high-energy electron and muon neutrino interactions with FASER’s
emulsion detector at the LHC

CERN-FASER-CONF-2025-002

FASER Preliminary
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https://fasergen.web.cern.ch/fasergen/PUBLICATIONS/CERN-FASER-CONF-2025-002/

Forward produced particles at [P1
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FASER’s physics reach for Long Lived Particles

34


https://arxiv.org/abs/1811.12522

_OoNng-lived particle searches with FASER

R =T

FASERnu

IHI—II iCN

»

Calorimeter

Physms Letters B
waila CERN-FASER-CONF-2026-001

New Results from a Search for Dark Photons with the FASER Detector at the LHC
2026

Séarch for Dark Photons with the FASER
detector at the LHC

FASER Collaboration

FASER collaboration
2026-03-03

Very first FASER BSM search! Latest Moriond result

[
AJ



https://www.sciencedirect.com/science/article/pii/S0370269323007128#:~:text=FASER%20is%20a%20new%20LHC,of-sight%20(LOS).
https://cds.cern.ch/record/2955719/

Long-lived particle searches with FASER

- | e | o} 1

FASERnu Calorimeter

Shining light on the dark
sector: search for axion-like
particles and other new
physics in photonic final
states with FASER

Regular Article - Experimental Physics | Open access
Published: 31 January 2025

Volume 2025, article number 199 (2025) Cite this article



https://link.springer.com/article/10.1007/JHEP01(2025)199

Axion like particles

| o | 1
- Axions & ax m—hkg particles as i nawa ;u/Wa,

nseudo scalar arising from 2
oroken symmetries

- Motivated through strong CP PalGeV] _
b‘ 104| B—meson_—\Spe_ctrum [ab/bin]
Probiem b/s t/c/u s/d 3
10°
- Extended Dark Sector < S 102 |
13 :
possibilities W g 1ol 3o |
.(1(1 ‘v‘"" -~ ~ - 1011 :
. . . a S T 1010 N
» Here considered: axion-like ollhe & =
: : [ g W 7,
oarticles (ALPs) coupling to 2 i:g, = (E;
10°

SUR2)L 10° 10 10° 102 10~ ié

6s
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Axion like particles in FASER

Faserv
scintillator

station (2 layers)

Faserv tungsten/emulsion detector

) Pre-shower
Veto scintillator scintillator

station (3 layers) Magnets
Timing ta B A
scintillator |
station Tracking spectrometer stations

- Considering ALP decay into two photons

station (2 layers)

Calorimeter

38



Axion like particles

Faserv o Pre-shower
Veto scintillator

station (3 layers) Magnets

scintillator
station (2 layers)

scintillator
station (2 layers)

Calorimeter

. o __ 8 a
Faserv tungsten/emulsion detector Timing | 4 - A
scintillator
station Tracking spectrometer stations

 High energy photons appearing in
FASER - Evidence of EM shower in preshower scintillator

- No signal in front, Vetonu scintillator - >15TeV in calorimeter
stations or Veto scintillator stations

- Extended decay volume, no track relionce
- No signal in Timing Scintillator station

39



Neutrimos as
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« Dominant contribution
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- Estimated through MC (300 ab)

- Dedicated validation regions
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Results

=> 15
o 10° E
O 40t FAaSeR , Preshower Region/ Signal Region = Source =S
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10-' B NI N e R ; ______________________________ = + 0.02 (PS geometry)
g s . I + 0.05 (MC stat.)
10 - - | [ Total: 0.44 + 0.39 (88.6%)
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The "ALPtrino" event

rdScrl

Run 8834
Event 44421456
2022-10-13 16:09:44
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Results

. EXisting limits from
varying experiments
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The interplay with neutrino
measurements

FASERv Veto Scintillators
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| ead Shield Tracking Stations

Measurement of High-Energy Electron Neutrino Interactions with the FASER Calorimeter at the LHC

CERN-FASER-CONF-2026-004

20 March 2026
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‘he interplay
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< 100¢ |
AL P Z 90;- rdScr Preliminary ;\?eaiave 1255)-3
S 80 Vs=13.6TeV, 177 1" Hv, +7, 39.4
. 70:_ Signal Region Total 104.7
neutrino e
°0F g
50F
1 : 40f
analysis
20}
- Measure electron . Electron neutrino 10
: : .0
neutrinos using observation with 5.5 o 8125
calorimeter | M e e W
selections inspired by 7250 300 600 1000 2500
Calorimeter EM Energy [GeV]
ALP search
Ecalo [GeV] [250-300] [300-600] [600-1000] [—l— 1000] Total
(l/’u — 17#) FV 9.85 £+ 2.76 19.5 £4.97 3.94 + 1.02 1.26 +=0.32 34.0 £ 9.07
(VM -+ 17#) Out-FV 1.11 £ 0.30 2.124+0.54 0.592 £ 0.12 0.14 +0.03 3.89 £+ 0.99
Ur + Ur 0.10 = 0.18 0.22 +0.37 0.04 £+ 0.09 0.03 = 0.04 0.40 £+ 0.67
Background 11.1 £2.78 21.9 £5.01 4.50 = 1.03 1.43 = 0.32 38.9 £ 9.15
Signal (l/6 —+ 176) 0.02 + 3.32 20,6 £12.6 9.44 + 7.01 0.32 +4.40 41.9 = 27.3
Expected 17.6 £4.33 42.5 £ 13.6 13.9 £ 7.09 0.70 =4.41 80.8 = 29.4
Observed 21 5%5) 22 7 105
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Available data with
el

preshower upgrac

_arge statistics for
Neutrino
measurements

-ASER run approved
for Run-4 (HL-LHC)

Multiple configurations
for FASERNu discussed
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https://cds.cern.ch/record/2882503
https://cds.cern.ch/record/2803084/

Very active field - for many more years!
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- Vast landscape to hunt for signs of
dark matter at the LHC

J &5 - Electroweak SUSY in ATLAS narrowing
— BATE down into challenging parameter
NG . : nace

7~ Looking forward * /

to HL-LHC

R complementing ATLAS through
ong-lived particle searches

- Measuring Neutrinos from colliders






Scintillator performance interlude
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Scintillator performance interlude

1078 muons expected

Measured in data layer-by-layer in one-

track events

Each layer efficiency > 99.998%

(within r < 95 mm)

5 layers reduce veto-inefficiency

background to a negligible level
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Experiment overlaps: FASER

4;; 1072 '=‘| :t ,::/
Cii 10~ % % ,,;i:"
R-Parity Violating couplings can lead to long lived particles & At
: : 9 1076 "\ //:/
leaving ATLAS along the beam axis! ~ |t
i 1078 ‘\ ‘\ /j;"
These would leave ATLAS, but might decay in FASER Tl A\ e mg=10Ney
5 \\ | 2,0 ® m.o=30MeV
_ bilities! = e -
> many open possibllities! T TR,
cT [m]
10—5E :
* Herbi paper: /https:/journals.aps.org/prd/pdf/10.1107 10-¢
PhysRevD.9Q.055039

* Upper plot for rpv light neutralino /https:/arxiv.org/pdf/
2207.05100
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.99.055039
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.99.055039
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.99.055039
https://arxiv.org/pdf/2207.05100
https://arxiv.org/pdf/2207.05100
https://arxiv.org/pdf/2207.05100
https://arxiv.org/pdf/2207.05100

Soft lepton identification

Electrons

Neural network using hits, TR
iINnformation, calorimeter cluster
matching

Muons

Neural network
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> Examples from Phd work in: JHEP 05 (2024) 150 56



https://link.springer.com/article/10.1007/JHEP05(2024)150

Supersymmetry (SUSY)

- Class of theories imposing additional symmetry between fermions and bosons to the SM,

iInvestigated since 70’s
-+ Copy of SM particles with spin shifted by 1/2

- As unbroken symmetry would replicate SM particles

- Needs to be

Oro

to be realizeo

N

<en symmetry

nature
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Particle spectrum in SUSY

Zheutralino mass = (WO)TM Ml/ + C.C, ( M 0 ~g'valV2 g’vu/\/fw
2 valv2 - Vu V2
it = 3, 0, 2 -
\ gvuiv2 —guv, V2 — 0 )

2charginomass—_ (™~ )TM +W_+CC’ v +_(0 XT) 'thX—(MZ gvu)

withy* =(W*, By, W~,H;) i
*— *
Q7£ HuaHda e qL7€L7FIuaI:Id7' o
- Interactions dominated by Fleld ”W‘< ,.
[ [ q7£ 'H'U:,H y et tite qL7€L7Hu7H y Sl
underlying fields vertices ; :
W:I:
: : ' ~+
Particle interactions  x
0

<N
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How do we look for these” Simplified models

- MSSM (minimal supersymmetric SM)

- Minimal extension, soft breaking terms parametrising ignorance about breaking
mechanism > 100 free parameters

- pMSSM (phenomenological MSSM)

+ Includes all sparticle production and decay modes
no new CP violations, minimal flavour violation, 1st/2nd generation sfermion

universality, R-Parity conservation
— Free parameters reduced to 19

- Simplified models

+ Constrained production and often 100% Branching ratio assumed,

all other particles decoupled,
masses of included particles as only free parameters
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111t backup

Variable Electron channel Muon channel
Trigger ETmiSS

EZ™ [GeV] > 200

Number of jets with pt > 20 GeV > 1

Leading jet pt [GeV] > 100

Number of b-tagged jets (Ng%et) =

Number of signal leptons (Nsjg-jep) = 1 (electron) = 1 (muon)
Lepton p1 [GeV] (4.5, 10] [3, 10]
Lepton |zg sin 6| [mm)] <0.5

Lepton |dy/o (dp)] <5 <3
Number of tracks > 1
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Emulsion data taking

1 450 — 1 T 1 1 L —— —
o b FASEA_ .
— 400 E
~ — Preliminary s =13.6 TeV =
5350 =
§ - LHC P1 Stable: 352 fb™ /=
'=300F _
eV [l FASER Recorded: 343 fb™
] N
5290 FASERnu Exposure: 240 fb"
) . =
© 200 )
O) - —
D H =
c 150 =
' m =
5100 .
— - E
50 =
0 - / I IR N NN NN NN SO NI SR
) 03 -0 -0k ok -nH - 0B . -nNG
i 223“\ 2233“ i yaf e yott 2% yott N

Month in Year



LASEA

Preliminary

400 = 160 GeV e

400 + 160 GeV e g

V Int.

500 pum 200 um /) | T

Updated results of high-energy electron and muon neutrino interactions with FASER’s
emulsion detector at the LHC
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https://fasergen.web.cern.ch/fasergen/PUBLICATIONS/CERN-FASER-CONF-2025-002/
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