ETHzurich

2ol
AN
=~ = \ ,
. - Fhea KlehogvArrest:
.: 3 - " s k N. -
Roa?mqp of Dark Mafte®Models foriRun:3 ' g“c‘

“~ I CERNTuel&May % ,
x X v D

- o il



Reintgd

In th

dark :

Exploration of b-philic SVJ and new discriminating observables

Theory and Motivation of dark Hig

Speaker: Giorgio Arcad

Searches for Dark Higgs Bosons a

AAs

Speakers: Mr Changgiao Li

Searches for Dark Higgs Bosons a

Speakers: Alicia Calderon T

aZo0n

Review of Benchmark Models Used

£

2 gDsServead agark-mg

s0 consider the impa
effort by ATLAS

dark-matter summary

experimental results, the focus has

Searches for Extra Higgs Bosons and the 95 GeV Excess [25

Speaker: Thomas Biekotter

Light Higgs Bosons ATLAS+CMS [15+5]

Speaker: Pallabi Das

5 of models

EFT theory for Higgs to invisible

Speaker: Prof. Pyungwon Ko

review the importance of

In this talk, | wil
The major topics | w

) The limit of effect

2) Dark matter showering at the |

Speaker: Prof

the parameter space of

We explore

thermal dark matter (M x01

‘Gauge invariance’

shiftedto e

that postula
dark matter, consi

S a signature of

Beyond the Dark matter effective field theory and a simplified model approach at colliders

n the

m CMS Higgs to invisible plans and summary
Speaker: Ar

Speaker: Chiara Arina

“anizzl

Speaker: Luca F

Speaker. Monika Blanke

Speaker. Janna Kathari

Speaker. Danyer Perez

Speakers: Jose Migue

Speaker: Dr

Speaker. C

e High Energy collider

m ATLAS Higgs to invisible plans and summary
Speaker: Diallo Boye

Andrea Malara

Cosmological perspectives and constraints on t-channel models [20'+107]

A theory overview on t-channel models and their LHC phenomenology [30'+10]

t-channel dark matter models and heavy flavours [25'+10]

Speakers: Giorgio Buso

Sensitivity of 2HDMa searches to Inert Doublet Model (12'+3")

ayita Lahir

search for Dark matter at the High Energy C

Coffee break

Experimental introdution to extended higgs models: an ATLAS perspective (20+10

¥a genr

Adar

Theory introduction to extended higgs models: a collider perspective (20'+10"

No Redondo

Theory introduction to extended higgs models: a dark matter phenomenology perspective (20'+10')

ni , Giorgio B

coffee break

Extended Higgs Sector in Singlet-Triplet Fermionic Model for Dark Matter and Neutrino Mass (12'+3")

Manimala Mitra

ses, that the A/ H

1S In these De

Speaker. Adrian Casais Vida

Speaker: Elisa Fontanes

Speaker. Hassnae El Jarrari

Speaker. Yotam Soreq

Experimental introdution to extended higgs models: a CMS perspective (20'+107

Jose Miguel No Redondo

So far, all the 2ZHDMa benchm

). The latter imp

T 54

Yukawa sector, which, for mode

Dark Photon Searches on CMS (20+10")

ghter than the SM Higgs boson. We discuss four

s that anse in this model, some of which have not ye

whmarks and the expected sensitivity in Ru

Dark Photon Searches on ATLAS (20'+10')

H ~ bosons are all constrained to be he

Dark Photon Searches on LHCb (20'+10

Recasting Dark Photon Searches (20'+10"

Wit

h light Higgsinos having masses betwee

Darkonia at Colliders

Dark matter bound states
arties of the for
A", ,j

may exist within t

ce carriers, Standard Mode

colliger signatures at the LH DT Various sm

m ATLAS & CMS legacy s-channel results

Speaker. Matteo Bauce

acterized by a substantial dark force. Depending on the sp

y couple

Speaker

Speakers: Kai Ma , Prof. Shao

Dark Photon Theory Landscape (25+10)

Dark Photon Exploration Beyond the LHC (25'+10")
Speaker: Ber

Stefania Gori

trand Echenard

Feng Ge

Mono-X Signatures of a Fermionic Dark Matter at the LHC (15"

Mass-independent searches

Speaker. Christina Wen

W = s
J ¥vd :]

Recasting wishlist

Speakers: Prof. Andre Lessa

Update on the CODEX-b Experiment

The High Luminosity LHC will be a tremer
feebly connected to the know

collision POl it

Production of Kaluza-Klein States at LHC an

t has been proposed that,
(DM) ]
states

candaidates
at LHC

protected by

on proguction Cross sec tions
perturbation theory, i.e. cross-section bounds

nvarance, Causec

Search for Anti Quark Nuggets via their interaction wi
LHC monitors [12+3]

ts, AQNs, (ZHITNITSKY, 2003), have been &

Their size is

n the ym range and their density eq
city of DM constituents (~250 km/s), the solar sy:

streams or clusters are impingir

Interestingly, in the LHC beam, unforess«

be constituted of dust particles with a size in the

ests a new analysis of the

4

e existing data from the ~4000 beam mon

beyond the Standard Model, decaying

stored

search

ed and ph

subject to optional "software a trigger” cuts

# vl ™ A . v ~F »
or exotic DM messengers of new

ohysics such as. n
Speaker. James Pinfold

DM-workshop-CER

d

1 SM sector. Suc]

UFO results at the LHC

as sensiuv V,} 0\

OUS|

and shielded against SM backgr

m the LHCDb interaction

ne feasibility of this idea has been disc

v

mplication for Dar

10:00

DAL and MAPP-1 (MoEDAL Apparatus fc

» passive, triggerless, MoEDA

r Highly lonizing

HC ring and is primarily designed to searct
ery long
tonic states. The M
n this sense MAPP-1

illicharged particles, light neutralinos

g that they are eventua

LLP-DM overview: linking searches to models, and LLP experiment reach for DM model space

d Curtin

Speaker. Dav

Multiple track signatures

Speaker: Jackson Carl Burz

Pair-produced LLPs (to jets, leptons, photons...)

A

Speaker: Au

drey Katherine Kvam

Viatter +

ites might be considered as d: matte

A smoking gun signature of the 3HDM [20+10]

Speaker: Dr Atri Dey

Fermionic Portal to Vector Dark Matter [20+10]

Fermionic

e FPVDM does not

Portal Vector Dark Matter (FPVDM) whic

require Kinetic mixing and Higgs portal. It is based on the Vectc

ector with the SM sector through the Yuk

awa interaction. T
(DM) with Z_2 odd
only DM but

ment by CDF, etc

parity ensuring its stability. Multiple realisations are allowed depending on the VL ps:

also could provide solutions of vario

us BSM hints, including (g-2)

Two examples will be discussed. One of them is the FI
promising implications for DM direct and indirect detection e
FPDM framework with

naly which has been in

ments, relic densit

a doublet of new vector-like

-'_I“."‘ e fl_u: e ~f

well as the mass of the muon partne

Inelastic Dark Matter at the LHC Lifetime Frontier [20+10]

Speaker: Max Fieg

ally

P ‘,l r Y v_ es : {IF

g Particle (W

i charged and neutral part
\PP-1 data acquisition rate is low

5. The MAPP-1 detector will also be

cles (LLPs) exemplars of physics

enough that all data can be

used in the




Theory and Motivation of dark Hig Dark Photon Searches on LHCb (20'+10")

Cosmological perspectives and constraints on t-channel models [20'+107]

Speaker Giorgio Arcad Cnaskar Mhisrs Arin LLP-DM overview: linking searches to models, and LLP experiment reach for DM model space
opeaker. LIorgro Arcac Speaker. Chiara Arine

Speaker: David Curtir

i _B

Searches for Dark Higgs Bosons a A theory overview on t-channel models and their LHC phenomenology [30'+10]

Speakers: Mr Changgiao Li

Speaker. Luca Panizz

Multiple track signatures

Searches for Dark Higgs Bosons a

m Dark Photon Searches on ATLAS (20'+10")

Speaker. Hassnae El Jarrar
p

t-channel dark matter models and heavy flavours [25'+10]

Speaker. Jackson Carl Burzynsk

Speakers: Alicia Calderon Tazon

Speaker. Monika Blanke

m Reint

“. '[‘ ':

Mass-independent searches

Review of Benchmark Models Useq Recasting Dark Photon Searches (20'+10"

Coffee break

Speaker: Christina Wenlu Wang

Speaker. Yotam Soreq

Signatures with MET

|

Recasting wishlist Speaker. Joseph Reichert

Experimental introdution to extended higgs models: an ATLAS perspective (20+10

Speakers: Prof. Andre Lessa

Speaker. Janna Katharina Behr

Update on the CODEX-b Experiment

Pair-produced LLPs (to jets, leptons, photons...)

Experimental introdution to extended higgs models: a CMS perspective (20'+10°

How do you search for something when

1) You don’t really know what that something is
You know vaguely what that something is, but the
parameter space is huge

;} [l‘]-'r rNA $ »7- S .~
m Inelastic Dark Matter at the LHC Lifetime Frontier [20+10]

Speaker. Max Fieg

ATLAS Higgs to invisible plans and summary

Speaker: f

Speaker: Diallo Boys

CMS Higgs to invisible plans and summary

Speaker. Andrea Malara

ATLAS & CMS legacy s-channel results

Speaker. Matteo Bauce

New experimental directions for s-channel

Mono-X Signatures of a Fermionic Dark Matter at the LHC (15"

Speakers: Kai Ma , Prof. Shao-Feng Ge

Darkonia at Colliders

Dark Photon Theory Landscape (25'+10
atter bound states may exist v ]

Dark m ' ‘
Speaker: Stefania Gori

Dark Photon Exploration Beyond the LHC (25'+10")

Speaker: Yang Ba Speaker. James P

Speaker: Bertrand Echenard




Anomaly detectlon for New Physms searches
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Anomaly detec

tion for New Physics searches
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Anomaly detection for New Physics searches
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Anomaly detection for New Physics searches
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Anomaly detection for New Physics searches
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Anomaly detection for New Physics searches

Axial Vector mediator, Dirac DM
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Anomaly detection for New Physics searches
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Anomaly detection for New Physics searches
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Types of anomaly detection

Outlier detection Detecting overdensities

Find (non-resonant) out-of-distribution datapoints Find (resonant) overdensities in distributions




Types of anomaly detection

Outlier detection Detecting overdensities

Non-resonant, tail of distributions

e Often (variational) auto-encoders Resonant, similar to a bump hunt

e Useful for triggering! e Density estimation methods
Caveats e Useful for offline analysis

e What's a good metric for optimisation? Caveats

e How to use selected events in analysis? e Relies on a definition of “sideband” and a sizeable signal



Outlier detection
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Compressed representation of x.
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Outlier detection

E.g 3-prong gluino fat jet

nxm

mk

Z(X,X) is Mean Squared Error(X, X), “high error events” proxy for “degree of abnormality”



Outlier detection

| Large error for
ka abnormal data

10° 10>
Reconstruction Error



https://arxiv.org/abs/1808.08992

Outlier detection in analysis
E.g CASE

_CMS Simuiation Preliminary

After cut on anomaly score
—4— Simulated Pseudodata
—— Signal + Background Fit
— Signal
Background

y2/ndf = 16.36/24 = 0.68
Prob = 0.875

—4— Simulated Pseudodata
—— Signal + Background Fit
— Signal

Background

Events / 100 GeV
Events / 100 GeV

yé/ndf = 27.11/31 = 0.87
Prob = 0.667

3000 4000 5000
Dijet invariant mass (GeV)

3000 4000 5000 6000
Dijet invariant mass (GeV)



https://cds.cern.ch/record/2892677?ln=en

Outlier detection in analysis
E.g CASE

Careful! Cut on score can sculpt spectrum
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https://cds.cern.ch/record/2892677?ln=en

Outlier detection in analysis

CMS Preliminary 138 fb-! (13 TeV)
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Example for semi-visible jets

F. Eble: Normalized autoencoders R. Seidita: Lund Graph autoencoders

Full phase-space

Training / background
phase-space

Low reconstruction
error phase-space



https://indico.nikhef.nl/event/4875/contributions/20323/attachments/8308/11872/Flash_talk_EuCAIFCon24_EBLE.pdf
https://indico.nikhef.nl/event/4875/contributions/20467/attachments/8294/11858/EBGAEs.pdf

Finding overdensities

w—— Simulation
- = SM template
—— | HC Data

Sideband 1 Signal Region  Sideband 2

Density

¢ 173




Finding overdensities - CWolLa bvumphunt

S enriched sample in data B enriched sample in data
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E.g CASE
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https://cds.cern.ch/record/2892677?ln=en

, CMS Simulation Preliminary (13 TeV
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SIGNAL BACKGROUND
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Boosting mono-Jetgearches with model-agnostic machine learning™ Kraemer et al.



https://inspirehep.net/literature/2072400

JETS FROM JETS FROM
MET+JET TOPOLOGY £¢+JET TOPOLOGY

—> SIGNAL REGION —> SIGNAL NOT EXPECTED HERE

MIXED SAMPLE 1 MIXED SAMPLE 2

LABEL=SIGNN / LABEL = BKG

Any jet classifier



Density estimation

Various methods

ML-based interpolation from sidebands to signal region:

: Interpolates densities from sidebands to the signal-region &
constructs likelihood ratio

: samples from the background model in signal region after
Interpolating and estimates likelihood ratio with classifier

: Use a in flow to perform CATHODE in latent space

: Train invertible NN conditioned on mass to map between
sidebands

ML-based MC reweighting:

: Reweight simulation to match sideband, interpolate into the
signal region and use a second classifier to get the likelihood

: Map simulation to data in sidebands, then compare to SR data

Density

w— Simulation
- = SM template
—— | HC Data

Sideband 1  Signal Region

il

M

Sideband 2

|



https://arxiv.org/abs/2001.04990
https://arxiv.org/abs/2109.00546
https://arxiv.org/abs/2210.14924
https://arxiv.org/abs/2203.09470
https://arxiv.org/abs/2001.05001
FETA

Why these methods are good for DM searches

CMS Preliminary 138fb~" (13 TeV)
Limits on A -BC, m(A) =3 TeV
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Dedicated Wk search, QUAK - General
PRD 106 (2022)

—_—k
o
(6)]

fe)
=
o)
-
o
et
=
7
| -
)
Q
Q
-
_
@)
>
1O
o

W sBt-bZt W,—-WR-3W  YoHH-4t
(3+3) (2+4) (6+6)

Signal Model

We could cast a
huge net to catch
a broad range of
signals in a single
search!



Do physics with 0.0025% of collision events, the rest is discarded!

Level-1 hardware trigger High Level Trigger CPU farm
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Detector

Offline reconstruction and storage

CMS Preliminary 138fb~1 (13 TeV)
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8 TeV 1; TeV 33 TeV 100 TeV

LHC LHC HE LHC VLHC
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Probing smaller and smaller
couplings, lower and lower
masses

Need more statistics!




Anomaly Detection triggers

Level-1 rejects >99% of events!
|s there a smarter way to select?

Energy (GeV)



Anomaly Detection triggers

Everything here \Everything here

is normal is abnormal

_>
Reconstruction error




AXOLTTL

¥XAXO 'TL

Anomaly Detection in the CMS Level 1 yGT for Run3!

Input from Run 3 uGT quantities:
(pT, n, ®) hardware integer inputs from: 1 MET, 4 e/y, 4 uy, and 10 jet objects

PT N ¢

MET

4 ely

4

10 jets



https://indico.nikhef.nl/event/4875/contributions/20303/attachments/8213/11697/eucaifcon_axol1tl_slides.pdf
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Regularize latent space
to avoid overfitting

|- %|]2 + KL

Sampled latent representation
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Only deploy encoder, compute degree of abnormality from patent space only
e Do not need to keep input around for MSE
e Half network size and latency!
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Counts
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CICADA

CNN in Level-1 Calorimeter Trigger!

Represent calorimeter tower as image and use CNN auto encoder



https://cds.cern.ch/record/2879816/files/DP2023_086.pdf

E.g Higgs — A(15 GeV) A(15 GeV) — 4b

Signal Efficiency Gain 46%




ignal Efficiency Gain 46°
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End-to-end-approach: NPLM

Alternative approach: End-to-end DNN search
e How do we get around defining a signal hypothesis?
e What is alternate hypothesis to test reference?

ldea: Assume alternate model n(x|w) can be
parametrised in terms of reference model n(x|R)

n(x| W) = n(x|R)e/™")

f(x; w) = NN


https://arxiv.org/pdf/1806.02350.pdf

End-to-end-approach: NPLM

Alternative approach: End-to-end DNN search
e How do we get around defining a signal hypothesis?
e What is alternate hypothesis to test reference?

ldea: Assume alternate model n(x|w) can be
parametrised in terms of reference model n(x|R)

n(x| W) = n(x|R)e/™")

f(x; w) = NN

e Formulate loss as log likelihood.
— Trained DNN is the maximum likelihood fit
to data and reference log-ratio
— best approximate of true data distribution

f(x, w) =~ log



https://arxiv.org/pdf/1806.02350.pdf

INPUTS OUTPUTS

- any high level features -tobs and f(x: W)
1) Best fit log ratio of data
WEDMER and MC PDFs
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n(x|T)]
n(x|R)

CMS DATAD
30‘ 2) test-statistic on data
g N N sample tobs
Wﬂ"mmm t(D) = -2 1}/[11}1 L[ f] «— DNN loss function!

Can be used to build
hypothesis test + p-value

_ | - Data — toys under R,
T) <+— Jrue underlying data distribution repeat

n(z|R) | «<— MC distribution

Sz, w) ~ log
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Train D vs. R

T [Network) S (23 W)
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MIXED SAMPLE 1 MIXED SAMPLE 2

w— Simulation
== = SM template
= [ HC Data
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