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Dark sectors models covered here
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Dark sectors models covered here

Dark Higgs

BR(H — inv)
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Selecting events at ATLAS & CMS @ the LHC

Reconstruction complexity and accuracy
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Dark photons searches covered here

_

Displaced dark photon: B

! _. DiSDlaced MUOonNsS <ﬂ} | HLSP
M CMS, low mass [JHEP04(2022)062] . \@\\*

\ * Displaced fermions
q " . ATLAS, FRVZ, VBF [ATLAS-

g ) CONF-2023-051] + combination
ZD ATLAS, HAHM and FRVZ, ggF

ggF! and WH [JHEP06(2023)153]

DY

m}’d
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T Outside detector volume

Displaced massive y; - dlsplaced muons

Di-muon pairs:

ggF produced Higgs boson + ... ° H
HAHM (Higgs + vector portal) ™, * Soft

e Collimated

CMS, low mass [JHEP04(2022)062] CMS, high mass [JHEP05(2023)228]
2017-2018 data (101fb~,4/s = 13 TeV) 2016+2018 data (97.6fb",1/s = 13 TeV)
— — M aton T

—

'/ 1 "\ Soft muons — Scouting!
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O
o
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T, Outside detector volume
2 e ——

Displaced massive y; - dlsplaced fermions |

Di-fermion pairs:

ggF/WH/VBF Higgs boson + . _ w SN ¢ W,z H N
HAHM™* (Higgs + vector portal) ’”’;” / qwﬂ/ o W2 ' + A "« Soft

L.
>

“FRVZ was studied as well 7 e Collimated

D Collimated fermions (boosted topology) ' * Exploit ML algorithms (CNN

%/ — Reconstruction of jet like structure called — Custom triggers ﬁndeNN) t(;) SUPPTEss
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Dark QCD searches

w“‘&"m@

o dzl:\
Courtesy of Sukanya Sinha
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Ratio of stable dark hadrowns
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Dark QCD searches

)
w\“\%& * M&&\

Courtesy of Sukanya Sinha
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Rotio of stable dark hadrons
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Dark QCD searches

DU

Di-jet (wide o
Jeks) signature: ™ J//,
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ATLAS, dark jets [k
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[ATLAS- y/ ;
CONF-2023-047],
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https://cds.cern.ch/record/2855831
https://cds.cern.ch/record/2870115/files/ATLAS-CONF-2023-047.pdf
https://cds.cern.ch/record/2870115/files/ATLAS-CONF-2023-047.pdf
https://cds.cern.ch/record/2870115/files/ATLAS-CONF-2023-047.pdf

Dark QCD searches
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Courtesy of Sukanya Sinha
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Dark QCD searches
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Dark QCD searches

CMS, emerging jets X
[JHEP02(2019)179] b \.D‘UL . :
v Jot "o «d:\
;%m< " Courtesy of Sukanya Sinha [u M ¢ TSR |
L ' . . Extra jet
€ MERGIN G

JETS

i ! Extra jet

SVJ

Di-jet (wide

: ___\ candidate / car?\gJate
J@.&S) sigma&ure; W caf;ifa]ate - ; | candid
'/ / ' p%%' p'r’I7"Lis
ATLAS, dark jets /////// O
[ATLAS- ' ATLAS, t-channel CMS, s-channel
CONF-2023-047], [CERN-EP-2023-084] [JHEP06(2022)156]

PrornpC
Dee™) 5

VISIBLE ‘LM INVISIBLE

TS

’ N T

1 DS K

\\-’/ \\)
ar

Ratio of stable dark hadrons

-

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023



https://cds.cern.ch/record/2855831
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-020/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-020/
https://inspirehep.net/literature/2663256
https://inspirehep.net/literature/2663256
https://cds.cern.ch/record/2870115/files/ATLAS-CONF-2023-047.pdf
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Dark QCD searches Modelling!
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-020/
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https://cds.cern.ch/record/2870115/files/ATLAS-CONF-2023-047.pdf
https://cds.cern.ch/record/2870115/files/ATLAS-CONF-2023-047.pdf
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The challenges

e Triggers not
optimised for
soft, collimated,
non pointing
objects!

Vd

Dis Ptaced dark Pko&ov\s

m}’d

Yesterday’s offline

reconsktruckion = Eodav’s
online one?

| & i ! ,

EXPERIMENT

INVISIBLE

 Modelling!

im&apamdam% searches?
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Training on top-jets,
testing on semi-
visible jets

Examples different from input — large

AE learns to reconstruct with small reconstruction error

error examples provided

CMS Simulation Preliminary

4000 Average of

10 AEs

Input Reconstructec Y— 'y . . }
features features O w Training examples 3000
o Latent space o . O 0.8
\\._ Encoded features 7 8 a Examples out of %
= % training distribution S, 2000 XL 0486 0506 | [y
</ S o
X = s E
20\ Z O
1500 06
4 Bottleneck : 0.5
& T Reconstruction error 1000
Encoder Decoder

|
0.1 0.3 0.5 0.7 04

Normalised AE (NAE) learn probability Fin

distribution of input — anomalous
events correctly identified

Standard AE generalises reconstruction

— if anomalous — random classifier,

events are there, low reconstruction error as well AUC ~ 0.5
— poor discrimination CMS Simulation Preliminary 1065
4000 Average of <D(
Full phase-space B 10 NAEs 0.9

reconstruction 3000

in the signal — 0.8
Training / background shage L >
data distribution - @
‘.2. pololo) 0.739 0.685 0.681 0.7
Anomaly / signal &
|~ phase-space =
Low reconstruction

error phase-space

J 1500

1000

: 0.4

*AUC = Area Under the Curve of the R
ROC curve, the larger, the more the
AE is discriminating between S and B

-
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Training on top-jets,
testing on semi-
visible jets

Examples different from input — large

AE learns to reconstruct with small reconstruction error

error examples provided

CMS Simulation Preliminary

4000 Average of

10 AEs
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Normalised AE (NAE) learn probability Finy

distribution of input — anomalous
events correctly identified

Standard AE generalises reconstruction

— If anomalous — random classifier,

events are there, low reconstruction error as well AUC ~ 0.5
— poor discrimination CMS Simulation Preliminary 1065
4000 Average of <3(
Full phase-space - 10 NAEs

¢ To know more...

reconstruction 3000
L 0.8
Fraining | backarounc < CMS performance note [CMS DP -2023/071]
data distribution o o ]
O, 2000 PNAL 0.685 0.681 0.7 EPS 2023 proceequ
Anomaly / signal ey et
|~ phase-space £
Low reconstruction

0.6 EPS 2023 poster

1500

AFrFAr M hae o daleTale
error pnase-space

1000

: 0.4

*AUC = Area Under the Curve of the R
ROC curve, the larger, the more the
- AE is discriminating between S and B
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https://indico.desy.de/event/34916/contributions/147772/attachments/83868/110988/Eble_NAE_SVJ_poster.pdf
https://cds.cern.ch/record/2875735
https://cds.cern.ch/record/2871591

Triggering displaced, non-

oiibing, soft bbjecks

Muons searches limited by:

« Soft muons — high L1 p thresholds

 Displaced muons — L1 muons pointing to the beamspot assumption

« Collimated muons — only one can be trigger seed
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w\g ; 50"&

ol

Muons searches limited by:
« Soft muons — high L1 p thresholds

 Displaced muons — L1 muons pointing to the beamspot assumption
« Collimated muons — only one can be trigger seed

CMS loosened first two — New result for displaced

muons: BEMS PAS RS

CMS Slmulatlon Pre//mlnary

1 C e Aun2 (2016) mi =12 G CMS Preliminary 9% - upperimits:
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https://cds.cern.ch/record/2868338/files/EXO-23-014-pas.pdf

Trige

EMS diﬁs Ci, 5 O~ In ATLAS standard tracking:
Elng, soft obje

|dy| < 10 mm — displaced tracks
suppressed! = Large Radius Tracking

QLA

Muons searches limited by: (LRT): |dy| < 300 mm and
« Soft muons — high L1 p thresholds | o] < 500 mm
 Displaced muons — L1 muons pointing to the beamspot assumption

, , In Run-2 LRT was run only on 10% of
« Collimated muons — only one can be trigger seed data (computation time too long)

CMS loosened first two — New result for displaced

. _Hn_ In Run-3 already running at the HLT
muons: [CMS PAS EXO-23 0141 level, expected sizeable sensitivity

CMIS Simulaton Proiminary ____ for displaced scenarios!
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https://cds.cern.ch/record/2868338/files/EXO-23-014-pas.pdf
https://cds.cern.ch/record/2871739/files/ATL-COM-DAQ-2023-075.pdf
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Dark Sectors are challenging search candidates — different
parameters, very different signatures

— unconventional final states, pushing detector capabilities!

Extensively studied during Run-2, many challenges were We are here!
identified, some already overcame in Run-3 '

€)) LHC/HL-LHC Plan

Exciting prospects for the future!
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| HCP2023: HNLs searches in ATLAS & CMS
All ATLAS public results LHCP2023: ALPs sarches in ATLAS, CMS, LHCb

| —y Dark Higgs H ;:
All CMS public results CMS: H, — W*W~ (fully and semi-leptonic) [CERN-EP-2023-216]
ATLAS: H;, —» WTW~ (semi-leptonic) [JHEP07(2023)116]
ATLAS: H, — V'V (fully hadronic) [PRL.126.121802]

LHC Dark Matter Working Group (LHC DM WG) ——= Dark Matter Models for Run 3

—— Q CERN
15th International workshop of Identification of Dark Matter 13-17
July
8-12 Q L’Aquila Past conferences about DM searches:

Dark Matter 2023 Conference
Dark Matter UCLA 2023
Light Dark World 2023
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic
https://cms-results.web.cern.ch/cms-results/public-results/publications/CMS/index.html
https://lpcc.web.cern.ch/content/lhc-dm-wg
https://indico.ifca.es/event/2675/
https://indico.cern.ch/event/1188759/
https://indico.scc.kit.edu/event/3490/timetable/#all
https://inspirehep.net/conferences/2642345
https://indico.cern.ch/event/1340162/
https://indico.cern.ch/event/1198609/contributions/5358311/
https://indico.cern.ch/event/1198609/contributions/5358339/
https://arxiv.org/pdf/2310.12229.pdf
https://arxiv.org/abs/2211.07175
https://arxiv.org/abs/2211.07175




T Outside detector volume

Displaced massive ;/d - displaced muons

Collimated displaced
ggF produced Higgs boson + Y 5
HAHM (Higgs + vector portal) > Opposite glgned a Tracking detector

muon vertices!

CMS, low mass [JHEP04(2022)062] CMS, high mass [JHEPO5(2023)228] ATLAS, high mass [PRD99(2019)012001]

2017-2018 data 2016+2018 data 2016 data (32.9fb", \/' = 13 TeV)
_ —1 _
(lolfb 1,%=13T6V) » (976fb { 13TeV) UJ 1O4E||IIIIIIIIIIIIIIIIIIIIIIIIIII |||||||| llllllllz
| 101fb ' (13 TeV) . P p— — ——— 976fb (11?T|eV) E ATLAS -
MS ?3?2:_) Eﬁiﬁ%ﬁ;goﬁ) 157 04 :15 . CMS - §§::§ gg; ;q % 107 g_ < - Excluded at 95% CL, B(H— Z,Z;) =10% _g
e , o ——  m—— o T 107 95% CL exclusion contours B(H-2Z,Z,) = 0.05% s=13 TeV
: I B(H*ZDZD) =0.01% g 329f1b Excluded at 95% CL, B(H—Z,Z;)=1%
3 B(H—Z,Z,) = 0.005% 107 E

| 107 -
1073 -2 -
| o e \ (07 : \

7 -3
|| . v —

Kinetic mixing parameter ¢

10'8'5 Y -10" 107° 1072 —
- 107° - 1
Llreame R T e S 107 505530 35 40 45 50 55 60
A R B . (G
: — m e D
Exclusions up to BR(H — 2y,;) = 10 . ° . Exclusions up to BR(H — 2y,;) = 0.1
~5 1n— Exclusions up to BR(H — 2y,) =5 x 10~
for m, € [0.7,50] GeV and & € [107,107°] xclusions up to BR( ra) D for m, € [20,60] GeV and
" for m, € [10,60] GeV and e € [107°,1077] e e [7X 10_6,8 X 10—8] 20
B Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023
AT _AS

EXPERIMENT


https://arxiv.org/abs/2112.13769
https://arxiv.org/abs/2205.08582
https://arxiv.org/pdf/1808.03057.pdf

T Outside detector volume

Displaced massive 7, - displaced muons

. ; . Collimated displaced
ggF produced Higgs boson + .. T O A DY -
HAHM (Higgs + vector portal) T, o > Opposite signed d R

muon vertices!

CMS, low mass [JHEP04(2022)062] CMS, high mass [JHEP05(2023)228] ATLAS, high mass [PRD99(2019)012001]

2017-2018 data 2016+2018 data 2016 data (32.9fb", \/' = 13 TeV)
_ —1 _
(lolfb 1,%=13T6V) » (976fb { 13TeV) UJ 1O4E||IIIIIIIIIIIIIIIIIIIIIIIIIII |||||||| llllllllz
| 101fb ' (13 TeV) . P p— — ——— 976fb (11?T|eV) E ATLAS -
MS ?3?2:_) Eﬁiﬁ%ﬁ;goﬁ) 157 04 :15 . CMS - §§::§ gg; ;q % 107 g_ < - Excluded at 95% CL, B(H— Z,Z;) =10% _g
e , o ——  m—— o T 107 95% CL exclusion contours B(H-2Z,Z,) = 0.05% s=13 TeV
: I B(H*ZDZD) =0.01% g 329f1b Excluded at 95% CL, B(H—Z,Z;)=1%
3 B(H—Z,Z,) = 0.005% 107 E

| 107 -
1073 -2 -
| o e \ (07 : \

7 -3
|| . v —

Kinetic mixing parameter ¢

10'8'5 Y -10" 107° 1072 —
ry 5 107 10l I T I R B R P B |
10 2 3 4 5 678910 20 30 40 50 1 N 10 20 25 30 35 40 45 50 55 60
Mz, (GeV] 107590 20 30 20 O m, [GeV]
m e 0
Exclusions up to BR(H — 2y,) = 107> ° . Exclusions up to BR(H — 2y,;) = 0.1
form, & [0.7,50] GeV and € € [107°,107°] Exclusions up to BR(H — 2y,) = 5 x 10 form, € [20,60] GeV and
—5 11—9 d
_' for m, e [10,60] GeV ande € [107°,1077] e e [7X 10_6,8 X 10—8]
\ ol ICMS in gener_al more sensitive | Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023
AT AS » |(however ~3 times the data)! |

EXPERIMENT


https://arxiv.org/abs/2112.13769
https://arxiv.org/abs/2205.08582
https://arxiv.org/pdf/1808.03057.pdf

Displaced massive y; - dlsplaced fermlons

Di-fermion pairs:

ggF/WH/VBF Higgs boson + . _ w SN ¢ Wz H N
HAHM™* (Higgs + vector portal) '”";" / QWH/ o W2 7" + A > e Soft

f

*FRVZ was studied as well for ggF and WH f » Collimated
ATLAS, HAHM and FRVZ, ggF and WH [JHEP06(2023)153] ~}+ ATLAS, HAHM and FRVZ, VBF [ATLAS-CONF-2023-051]

S I~ R A A 2 -' ? --ny T L:x.

i Result for | + V-

¥ . | N / / /
| N 7 4

T § =

L ’

oC - |

oM 10-1 | BRIH-2yg+X)=10%  N—me — " |

c - 3

o - E

é B —- VB; 2c:ol:r)11FE)Jnation ]

— 1072 SSF ucl:DPJ-cDPJ _

[} = — = ggF 2uDPJ =

2. - ATLAS Prellmlnary T WH 1cDPy =

) . Vs=13TeV,_ 139 | —— ggF/WH/VBF comb. (obs) —

3 FRVZ Model =10 ( = = 9gF/WH/VBF comb. (exp)

10 = ggF/WH/VBF combination E:g:g:: ffg E

— 95/ CL I|m|ts B 7

10~ 100 10' 10 10° 104 10°
CTy, [mm]

21

-

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023



https://cds.cern.ch/record/2870215
https://arxiv.org/abs/2206.12181

T, Outside detector volume
[ S e —

Displaced massive y; - dlsplaced fermlons

Di-fermion pairs:

ggF/WH/VBF Higgs boson + . _ w SN ¢ W,z H N
HAHM™* (Higgs + vector portal) ’”’;” / qwﬂ/ o W2 ' + A "« Soft

L.
>

*FRVZ was studied as well for ggF and WH f‘ * Collimated

- oo - e = ‘f’ LEBGLELEE | T LI i
1 Iy 2 -

,V' X ‘ T T

Ly y/

[ f

Vs =13TeV, 139 fb'

— qgF/WH/VBF comb. (obs)

FRVZ Model - ggF/WH/VBF comb. (exp)

TR TR T ) ? \ \ ;"D T // E

i Result for | A _ v A

' _ | N X /) /
’ Q\ 0 \\ \ {/

T 10°E © 7 E

= N // -

L = .

= I / )

oM 101 :__E_R_(_F_/_T’_?_KQZL_)_Q____ 0o N —— ek I A —

- — -

O - .

E | o

1072 — ggF pDPJ-cDPJ _

[} = — - ggF 2uDPJ =

Q. - ATLAS Prellmmary — = WH 1cDPJ =

S - WH 2cDPJ i

= ggF/WH/VBF combination EXpec:eg f?a
~ 95/ CLllmlts xpected 10
107 100 10 102 10°  10°  10°
cryd [m m]

Add tion of VBF: sizeable

» limprovement at large y, mass |

21

-

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023



https://cds.cern.ch/record/2870215
https://arxiv.org/abs/2206.12181

Displaced massive y; - dlsplaced fermlons

Di-fermion pairs:

ggF/WH/VBF Higgs boson + . _ w SN ¢ Wz H N
HAHM™* (Higgs + vector portal) '”";" / QWH/ s WIS + A > e Soft

*FRVZ was studied as well for ggF and WH f » Collimated
ATLAS, HAHM and FRVZ, ggF and WH [JHEP06(2023)153] ~}+ ATLAS, HAHM and FRVZ, VBF [ATLAS-CONF-2023-051]

i e e e ' ? 7 \ \ XK o7 7Y 7 EEE—— >'. w - T T TTTTI EEEERE 3 HAHM Model
'Result for | S ik /) 1Resultfor | g2 | | Hooy
. | v b 10 . I = 10E e B
' S SO yy HARM: s = 3 my=125GeV
107 E Ny 7/ = § ST, o = = .
T — \\ / = &) - - ATLAS Displaced
T = \ "/ ] T 10°°L _| 90%cL-139 b
~ B E’ / 7 f + — = BR=10%
oC B 4 ] (@) . - P BR=1%
0 o1 |- B2 2Ver 0 ZR0% I — —y _ F 0 B 7 e BR=0.1%
(- — = —
o - . He ---- d & 0_6 = "3 CMS DV dimuon
:E B 4§ = = VBF combination | b 8 = 4 95% CLB. ;73 :b"
— ~ = ggF 2cDPJ B 1 =0.1%
— 102 I ggF uDPJ-cDPJ — f T - B | SN BR=0.01%
& F  ATLASPrel = W reoe ] 7 L -
- re |m|nary — = WH 1cDPJ - = E . .
o | . ] B - CMS dimuon scouting
D . Vs=13TeV, 139 fb7" — ;Z;/\Z/:/:EXIJBF comb. (obs) B 7 95%cCL-1011fb"
_3|  FRVZ Model{m,, =10 ¢ = = 9gF/WH/VBF comb. (exp) -8 . BR=10.0%
10 = ggF/WH/VBF combination E)’:g:z:zg ffg E 10 - 5 1 BR=0.01%
- %% CLimits ] - Unofficial plot made by l. Longarini -
10_1 100 101 102 103 104 105 | 1 IIIIII | 11 llllll | 1 1 IIIIII | L1 1 1111
CTy. [mm] 107 10 1 10
d

Dark Photon mass [GeV]

«. |Addition of VBF: sizeable

\improvement at large y, mass |

21

-

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023



https://cds.cern.ch/record/2870215
https://arxiv.org/abs/2206.12181
https://inspirehep.net/authors/1790660

T, Outside detector volume
[ S e —

Displaced massive 7, - displaced fermlons

Di-fermion pairs:

ggF/WH/VBF Higgs boson + . _ w SN , Wz _’__H N
HAHM* (Higgs + vector portal) ’”’;” / qwﬂ/ s WIS + A > e Soft

*FRVZ was studied as well for ggF and WH f‘ » Collimated

‘St 107 SRR w T T TTTTI — T T § HAHM M
. . < 3§ 7 2 ' . odel
:Result for ¢ N 1/Resultfor = 2 I 1 H-2y
{ o A% { _— B = — d
' . (3]100 Y 1t HAHM: g 10 =B 1 m,=125GeV
g T - N N /"// o] et 3 E ] ATLAS Displaced
T = —* [ . T 1 0_5 = _| 90%cL-1391b"
f = i J/ i f + = = BR=10%
e ! - i | o) - = BR=1%
Ya 00 -1 |- B2 2Ver X ZR0% N — —Y S _ F o B 7w BR=0.1%
f< HLSP c S - o 5 10-6
H---- O — . He ---- + = " CMS DV dimuon
fa HLSP E B §# — - VBF combination i d 8 = 1 95%CL-97.6fb"
Yd c f = — = ggF 2cDPJ > B B BR=0.1%
Y s - 102 R ggF pDPJ-cDPJ —] f 10 7 B W BR=0.01%
) § — = ggF 2uDPJ § 7 T E B
7 & N ATLAS Prellmlnary - m ;ﬁg,ﬁj ! - | CMS dimuon scouting
- - \/E =13 TeV ! 7 ’ —— ggF/WH/VBF comb. (obs) — = | 95%CL-101fb
_3 FRVZ Model = = ggF/WH/VBF comb. (exp) =gl v BR=10.0%
107 ggF/WH/VBF combination Expected +20 = 10" E = BR=0.01%
= 950/ CL limit Expected 10 - = ey gy =
- e S S - Unofficial plot made by |. Longarini i
10_1 100 101 102 103 104 105 | 11 IlllII | | | lIIIII | 11 IIIIII | I 1 1 1111
CTY [mm] 107 107" 1 10
d

. Dark Photonmass [GeV] 7

- Ad dition of VBF: sizeable

=% | | Complementary sensitivities:
»~ jimprovement at large y, mass |

. where m, decays forbidden or vetoed |
elsewhere o o
Elena Pompa Pacchl on behalf of ATLAS and CMS | WIFAI 20203 | 09/1 1/2023



https://cds.cern.ch/record/2870215
https://arxiv.org/abs/2206.12181
https://inspirehep.net/authors/1790660

T Outside detector volume

Prompt massive 7, - prompt lepton palrs

1
ggF produced Higgs boson + . :‘3> < DY (vector .- Zp
FRVZ (Higgs + vector portal) portal only) ™
q pr
CMS, FRVZ [PLB796(2019)131] ATLAS, FRVZ [JHEP02(2016)062] CMS, CERN-EP-2023-165
2015-2016 data Run 1 data (20.3fb™!,y/s = § Tev) | 2017-2018 data
(35.9fb=!,1/s = 13 TeV) (96.6fb™!,/s = 13 TeV)
: - : | ookin for rom t d| |e ton airs Only vector portal Only search In
Looking for prompt di-muon pairs ‘ I P IO P > P CMS and ATLAS!
P S L) CUN 5 e acomansm
“;," S 8o Mass balanced SR 7 p < § 0.9- ﬁ: 2323 t: ;nmJ 3323 :: SCOUtlng + BDT
\g -—-EN , 10_2§ % 0.8%— em =15GeV,LP . m =15GeV, TP _ . ‘ e
Eé 6 ¥ § .§ ggg ATLAS SImUIatIO_r:__.__.__.__,__,_ ZDataseIeCte»-f Scouting triggers, 96.6 fb™' (13 TeV)
defined s o S o0s —— E——
by di-muon 4k Q § 0. 4§_ *__$¢i_+—— -~ - Jly-trained selection
pairs 3 q0e ] ~—
invariant 2 H NP i3 ——
mass 1 o %/ NI SR Y
0 10 20 30 40 50 60 70 80 90 100
balance pl* [GeV] -
1 | Lepton pairs are collimated — reconstruct I 29
| them as single object Lepton Jet (LJ) i S
D Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023
ATLAS

EXPERIMENT


https://arxiv.org/abs/1812.00380
https://arxiv.org/abs/1511.05542
https://inspirehep.net/literature/2704121

Prompt massive yd prompt lepton Dalrs

b
ggF produced Higgs boson + . < DY (vector .- Zp
FRVZ (Higgs + vector portal) portal only) ™
q pr
CMS, FRVZ [PLB796(2019)131] & ATLAS, FRVZ [JHEP02(2016)062] CMS, CERN-EP-2023-165
., CMs 35.9 fb' (13 TeV) CMS 96.6 fb~! (13 TeV)
lq_> C
"GE-J' 1073 o LHCb
£ promp)
S LHCb
S
< 107°] _
= 10_7;_ BaBar
2 : CMS
GC) 10—8 | | | | l |
S 107 _ 2 3 4 5 6 7
(long-lived) - sz [GeV]
SN pp—h—2n -2y +2n —4u+X -
10°°
01 1 10 100
myD[GeV]

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023



https://arxiv.org/abs/1812.00380
https://arxiv.org/abs/1511.05542
https://inspirehep.net/literature/2704121

T Outside detector volume

Prompt massive yd prompt lepton Dalrs

1
ggF produced Higgs boson + . < DY (vector .- Zn
FRVZ (Higgs + vector portal) portal only) ™
q pr
CMS, FRVZ [PLB796(2019)131] & ATLAS, FRVZ [JHEP02(2016)062] CMS, CERN-EP-2023-165
., CMs 35.9 fb' (13 TeV) CMS 96.6 fb~! (13 TeV)
'G—J C
"GE-S 10-3 NAGE ATLAS J i
SA— g “jf:"”mc., N
: Complementary -~ ..
 sensitivities: = 107 %] ;
,‘ é | Sh BaBar
_ Wher.e m, T 107 CMS
=% | decays forbidden © 08 | 1 | , l l
# 1 orvetoed ¥ 107 - 2 3 4 5 6 T aev
.+ CMIS elsewhere | (oneed Mz, [GeV]
{N.B. ATLAS still '. SN Pp—h—2n, -2y +2n,—4p+X
tRun-1 result! | 10°9

01 1 10 100
myD[GeV]

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023



https://arxiv.org/abs/1812.00380
https://arxiv.org/abs/1511.05542
https://inspirehep.net/literature/2704121

T Outside detector volume

Prompt massive yd prompt lepton Dalrs

-
ggF produced Higgs boson + .- < DY (vector .- Zn
FRVZ (Higgs + vector portal) portal only) ™
q pt
CMS, FRVZ [PLB796(2019)131] & ATLAS, FRVZ [JHEP02(2016)062] CMS, CERN-EP-2023-165
, CMS 35.9 b (13 TeV) CMS 96.6 fo=! (13 TeV)
lq—) C
"aE'S 10-3 LHCb
S — ©
§ ]
Com_p_le_mentary - | . ol
 sensitivities: = 10°5 _
| [= Sh BaBar
_ Wher.e m, T 107 CMS
% | decays forbidden © h\ o | | | | o
» 1 or vetoed < 107 TSy 2 3 4 5 5 7 o
i+ _MS elsewhere (onglved mz, [GeV]
{N.B. ATLAS still : I pp—h—2n, -2y +2n,—4u+X
tRun-1 result! _ YT |
bt it o 10°° Increase 30% in the limits wrt !
|[PRL124(2020)131802] thanks to BDT! |

01 1 10 100
myD[GeV]

23

-

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023



https://arxiv.org/abs/1812.00380
https://arxiv.org/abs/1511.05542
https://inspirehep.net/literature/2704121
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.131802

/ZH produced Higgs boson + .-
dark photon production o

ATLAS [JHEPO07(2023)133]

— ATLAS
~ {s=13TeV,L=139fb"
ZH, H—>yyd

—
o

(0]

95% CL limit on BR(H-yy ) [%]

—— Observed

-- Expected
" Expected = 10
Expected = 20

10~

x B(H — inv.+y) [pb]

Ozy

10

m, [GeV]

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023

E+y

Outside detector volume

- BN EN BN EN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B W

CMS [JHEP10(2019)139]

137 b (13 TeV)
_l | | | | | | | I | | I I | I | B
g CMS — Observed
. . 68% expected
ZH —> 24p_THy - 95% expected
0.1x oSM

102 E

250

7300
m, [GeV]

24

-


https://arxiv.org/pdf/2212.09649.pdf
https://arxiv.org/abs/1908.02699

Outside detector volume

- BN EN BN EN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B W

/ZH produced Higgs boson + .-
dark photon production o

ATLAS [JHEPO07(2023)133] CMS [JHEP10(2019)139]
137 b (13 TeV)
g | 3 1 _I | | | | | | 1 I | I I I | I 1 _I
o 101~ ATLAS — Observed % CMS — Observed
T ~ {s=13TeV,L=139 b’ -- Expected i- i . . 68% expected '
% gl ZH, H—vyy W Expected + 1 > -ZH — 2l+p_"+y - 95% expected
- . o — B X SM
nca _ Expected + 20 T e
= i T 107" = —
E 61— S—" |
j — m
O N X
1072
0 _I L1 11 I | | | 1 L1 11 I | | | | L1 11 | | | | A
107 1 10 0 [GeV] 150 200 250 300
Yd

m, [GeV]

24

-

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023



https://arxiv.org/pdf/2212.09649.pdf
https://arxiv.org/abs/1908.02699

10

) [pb]

—r

oVBF x B(H—yy
3

—r
<
N

Outside detector volume

. q Y
VBF produced Higgs boson .- - - f/ n
+ dark photon production o o TT/
q YV
ATLAS [EPJC82(2022)105] CMS [JHEPO03(2021)011] + combination
130 b (13 TeV)
E | | = 310§'|" L
— — Observed ATLAS ” % E CMS -— Observed
- eeaa Expected Vs =13 TeV, 139 fb™ - T i _ ¥ 68% expected
_ I Expected = 1o Limits at 95% CL — > 1k VBF+p " +y .- 95% expected  _
- ~ Expected =20 VBF Higgs couplings - A 0,05 x Oy
s VBF with B(H—>yyd)=0.05 7 T
) L
=3 = CQ 10!
= = X
- - k:
= 1072

1073

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023

400 600 800
m,, [GeV]

1000

25

-


https://arxiv.org/abs/2109.00925
https://arxiv.org/abs/2009.14009

Dark QCD searches covered here

w“\‘:"m@

wo&zb\ |
. ° Jeks and pl*’:
Courtesy of Sukanya Sinha T
y y [u“mg ISR . = Extra jet
ugeg car?;/igate Extra jet
i SVJ
o candidate SVJ
’ candidate o
: ' I,'I Extra jet
- candidate , L
candidate y
"7/ ; miss piss
// //// pimiss Y d
4 ATLAS, t-channel CMS, s-channel
[CERN-EP-2023-084] [JHEP06(2022)156]

Promy 'k

Dee™)
D Toy — 1
VSIBLE \l' INVISIBLE

PN

’ \ //7

1 DS IS

\\_’/ ~
ar

Rotio of stable dark hadrons

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023



https://cds.cern.ch/record/2855831
https://inspirehep.net/literature/2663256
https://inspirehep.net/literature/2663256
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-020/
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-020/
https://cds.cern.ch/record/2870115/files/ATLAS-CONF-2023-047.pdf
https://cds.cern.ch/record/2870115/files/ATLAS-CONF-2023-047.pdf
https://cds.cern.ch/record/2870115/files/ATLAS-CONF-2023-047.pdf
https://arxiv.org/pdf/1810.10069.pdf
https://arxiv.org/pdf/1810.10069.pdf

PATLAS

EXPERIMENT L q X
Sensitive to: Sensitive to:
L m@ L mZ’ Y9q 7' Ix
* rinv ° rinv i .
q X
Y mD

* A (coupling strength)
ATLAS, t-channel [CERN-EP-2023-084]

* ap (running coupling of dark QCD)
CMS, s-channel [JHEP06(2022)156]

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023



https://inspirehep.net/literature/2663256
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-020/

EXPERIMENT

SATLAS . X

Sensitive to: Sensitive to:

¢ mq) o mZ/ 9a 7 Ix

* Tiny * Tiny ) )
q X

® mD ° mD

* A (coupling strength)
ATLAS, t-channel [CERN-EP-2023-084]

* ap (running coupling of dark QCD)
CMS, s-channel [JHEP06(2022)156]

i

I E{’fliss trigger, background estimated via
\g CRs enriched in different type of bkgs

Jets angular separation

lllllllllllll'llllllllllllll'll
ATLAS Simulation  signaim [Tev),R_

- wem 1,06
E I — - 1,0.8

H, = 600 GeV, E™ > 600 GeV w2 0.4
v mam 2 068

- a
o
T 1T
L1l

Limits on xSec

ATLAS Ys=13TeV, 139 ib™

Cross-sectlon for A=1 (fb):
325 13.7 7.03 3.95 2.45 1.62

-y
o

- Fraction of events /0.14

-
:
w
o ¢
- »
L1 lllllll

o
A
I lll""l | llllllll

44444
........

107

pewves

Observed 95% CL lower limiton A

| llllllll

27

-

—h
<

2.5 3 3.5 4 4.5 5

m, (TeV)

D Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023



https://inspirehep.net/literature/2663256
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-020/

OATLAS

EXPERIMENT

Sensitive to:
o m(I)

* Tiny
® mD
A (coupling strength)

ATLAS, t-channel [CERN-EP-2023-084]

iKi

Jets angular separation

Eg’i‘” trigger, background estimated via
CRs enriched in different type of bkgs

'v- LI B | l L I I I L L ) ' L l L D I I L L ' LI
cS10 ATLAS Simulation  signaim [Tev),R_ =
2 [ 5=13Tev wem 1,06 - . .
S - 1,08 -
% - Hy 2600 GeV, ET™ > 600 GeV w2 0.4 - lelts on XseC
-— mam 2 068
- 1§_ mem3,02 3 ATLAS \s=13TeV, 139 fb”
% - mim 3, 0.4 - Cross-sectlon for A=1 (fb):
2 r F== Total background | 325 137 7.03 3.05
gt =
107" & o

LI l""'

-
........

107

______

| llllllll

2.5 3 3.5 4

245

4.5

1.62

m, (TeV)

10

—h
<

Observed 95% CL lower limiton A

q X
Sensitive to:
® mZ/ 9q 7 9x
* Tiny ) )
q X
° mD

* ap (running coupling of dark QCD)
CMS, s-channel [JHEP06(2022)156]

- Use BDT discriminant

w
| : = WmacD
\g (based on jets 5 AW(v)siets 1, =03,
' substructure) 5 TR mastTay
E mz=4.1 TeV
< 10

Limits on xSec

dark

Signal (m,_, =20 GeV,
“:::)

CMS Simulation _ BDT OUtlet (13 TeV)

—
S
W

O:\-

27

10-2 ,
CMS 138 b (13 TeV)
2 O.Qr:.q | T 7o}
— 0.8 ___ . u._.;" g & |0_3 4
. E,‘ S~ < .7 y “" S .'-. ::.:'_-:-_- -: ..... = 1 O m
0.75 /oIS E o
(L i (-
0_6 :l - 1 O ' 0—4 4 3 | l I 4 5 l 3 I 2 l 4 3 I l | §
I = £ o0 0.2 0.4 0.6 0.8 1
e T BDT discriminator (J, ,)
0.4 95% CL upper limits = 107 8_ '
- BDT-based 5 Q
0.3 —Observed N -
[ — Median expected 2 .
0.2F - -68% expected 10 28
- -- 95% expected ook o
0.1E Myan = 20 GeV, o, = af ! ]
- (@)
2
To)
(e))

> 3 a4 5
m, [TeV]

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023

-


https://inspirehep.net/literature/2663256
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-020/

Sensitive to:

A (coupling strength)

- Fraction of events /0.14
—h (]

Q

I lll""' | llllllll

107

ATLAS, t-channel [CERN-EP-2023-084]

OATLAS

EXPERIMENT

iKi

Jets angular separation

4444
........
- - _

______

R
=
|
>3
n o0 1
- Jios | L } —
1 - I
-+ |
3 - J [ -,
TS s T |
\ it s Ll '
-1 n - -
o wy ymy STETEE P S B P I I T

| llllllll

EXPERIMENT

lllllllllllll'llllllllllllll'll
= ATLAS Simulation  signaim [Tevl,R_ =
= = wam 1,08 3
— G 13 Tov == 1,08 -
- H, =600 GeV, E™ > 600 GeV w2 0.4 .

T
mam 2 068 .
e 3 0.2 E
mim 3 0.4 -
E== Total background ]

-

Eg’i‘” trigger, background estimated via
CRs enriched in different type of bkgs

Limits on xSec

ATLAS Ys=13TeV, 139 ib™

Cross-sectlon for A=1 (fb):
325 137 7.03 3.95

1.62

m, (TeV)

10

Observed 95% CL lower limiton A

—h
<

q X
Sensitive to:
® mZ/ 9q 7 9x
* Tiny ) )
q X
° mD

* ap (running coupling of dark QCD)
CMS, s-channel [JHEP06(2022)156]

?T’?Y

X

e
T 0.8

0.3
0.2

0.1F,
O: N

0.7} /ot
0.6f"
0.5]
0.4f

Use BDT discriminant

(based on jets
substructure)

Arbitrary units

Limits on xSec

CMS
B

..........

138 fb' (13 TeV)
\ P R

-
o

.
-
3

-y,

- -

’4 1. .--.

’

-
---------

Sl

- ~~

- ~ -
. ~

~

s - ~

----

.........
-

---------------

...
W
ey

IIIIII| IR
—

Q
2
(28]
@)
C
(@)
=
£

1 qh)
10 2
o
=
n
o]
(@)
|
@)
X
To}
(o)}

95% CL upper limits
- BDT-based

— — Observed

[ — Median expected

- - -68% expected

- -- 95% expected

- _ . peak
My =20 GeV, o, = ool

—
S
W

m, [TeV]

Elena Pompa Pacchi on behalf of ATLAS and CMS | WIFAI 20203 | 09/11/2023

CMS Simulation _ BDT OUtlet (13 TeV)

macD
1 W(lv)+jets

Signal (m,_, =20 GeV,

- = ook
My = 0.3, @, = )

1 B Z(vv)+jets ---m, = 2.1 TeV

tt

--m, = 3.1 TeV

1 s l A I l

04 06 08 1
BDT discriminator (J

1 ,2)

Dark shower
modelling

(YOUNGST@R

workshop)

-



https://inspirehep.net/literature/2663256
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-020/
https://indico.mitp.uni-mainz.de/event/377/page/622-speaker-list
https://indico.mitp.uni-mainz.de/event/377/page/622-speaker-list

Triggering displaced, non-
oinbing, soft muons

Muons searches limited by:

« Soft muons — high L1 p thresholds

 Displaced muons — L1 muons pointing to the beamspot assumption
« Collimated muons — only one can be trigger seed
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Muons searches limited by:

« Soft muons — high L1 p thresholds

 Displaced muons — L1 muons pointing to the beamspot assumption
« Collimated muons — only one can be trigger seed
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https://cds.cern.ch/record/2868338/files/EXO-23-014-pas.pdf
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/IDTR-2021-003/
https://cds.cern.ch/record/2871739/files/ATL-COM-DAQ-2023-075.pdf

Run-3: more interaction per bunch-crossing (pile-up, ()
wrt Run-2 — tracking optimisation is needed

Run-3 new tracking algorithm:
Requirements tightened
* Vertex finding algorithm changed

 Ambiguity resolution to suppress fakes changed
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