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Dark Sector

> Hypothesis that DM is part of a larger dark sector consists of several new types of dark
particles, which
e Do not couple to known SM fields |
e Interact through a mediator “Modol [ o

\_ )

4 A

Portal relevant for dark sector - SM interactions depends on mediator spin and parity:

vector portal vector A’ — dark photon, dark Z

Higgs/scalar portal scalar ¢ — dark Higgs
neutrino portal fermion N —  sterile neutrino
axion portal pseudoscalara — axion

> Mediators can provide portal to DM candidates
» Dark sectors possibly accessible at ATLAS and CMS
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ATLAS and CMS Experiments at LHC :




Dark Photon, A’
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» U(1) extension of the SM, introducing massive dark gauge boson y,, with kinetic mixing with

SM photon
e Parameters: kinetic mixing parameter € and ni,.

Search strategies

Search strategies developed to target T Medium lifetime,
_ _ _ _ _ & Prompt, resolved decay resolved decays:
partlcles with different lifetime and = products: ZpZp/ZpZ* Displaced muons
ATLAS/CMS detector
Mass. stable lifetimes:
Medium lifeti '
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Displaced Dark Photon Jets cubmitted fo JHEP

» Benchmark model: Higgs portal production and vector portal decay (FRVZ model)
- f,produced in H decays, which decay to y, (via s ;) and HLSP

» Low mass A could be produced via cascade decay of heavier states
* Leptonic decays are dominant
* Due to its small mass, resulting in collimated groups of fermions
- Referred as dark-photon jets (DPJ)
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Displaced Dark Photon Jets ATL-PHYS-PUB-2021-020

arxiv: 2206.12181 submitted to JHEP

» Cosmic-ray tagger defined to reduce muonic DPJ from cosmic-ray background

§ 1 % ATLAS Simulation =
= —— FRVZ (m,, m, )=(125, 0.4) GeV
« Based on a dense neural work : § - vz e o ey
8 1 0—1 QCD muIt i-jet MC =
» QCD tagger defined to reduce multi-jet background g 1020 \\\

—
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 Based on convolutional neural network . \

* EXxploits the calorimeter energy deposits associated with jets 01 02 03 04 05 06 07 08 09 1

QCD Tagger Score

ATLAS Preliminary {s=8-13 TeV, 20.3-139 fb’
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FRVZ Model > |nterpreted in terms of limits on kinetic mixing

H—>2yd+X
m,, = 125 GeV

90% CL observed Imits | imits are shown for B(H — 2y, + X) in range
Displaced (139 fb™)

ATLAS-CONF-2022-001
BR=10% 1 -1 OOA)
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I BR=0.5%
B BR-0.1%

Prompt (20.3 fb”) When the lifetime of the y, is long enough,

JHEP 02 (2016) 062
BR=10%

wonoiet (1201 €——— O system is boosted by initial-state-radiation (ISR)

ATL-PHYS-PUB-2021-020

BR=50% — monojet signature

Non-ATLAS searches
JHEP 06 (2018) 004
Vector-Portal-only limits

parameter €, and dark photon mass n1,.
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Dark Photons from Higgs Decay JHEP03(2021)011

» Some models predict a scalar Higgs boson coupling to a dark photon through a dark sector

» Coupling probed in Higgs boson production

9 Associated Z production
/ f_
— Y
: \Y%
VBF production . Both use transverse mass as a
- discriminating variable
\
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Exotic Higgs 4L Decays CMS-HIG:19:007
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» Higgs decays to 4 leptons via promptly decay bosons |
41  4echannel
» Search for H —» ZZ,/Z,7; — 4el4ul2eu |
: : : 3 F
* Dilepton pair candidates formed |
» SR defined by m;; € [4,120] GeV, excluding mass
window around Ybb bound states
0 . 10 20 30 40 50 60
» Dark vector bosons produced via hypercharge + Higgs portal Myrp [GEV]
mOde|S Mz1y = (Mz, +Mz,)/2
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Exotic Higgs 4L Decays CMS-HIG-19-007

CMS 137 b (13 TeV)
> Results interpreted in term of upper limits on ~ [ 7 i Expectedexclusion
Higgs branching fraction —10° i o —— Observed exclusion
: . @ I
* Higgs portal model: related to Higgs portal ? I _ .
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» Limits on model parameters
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Narrow u~u* Resonance Search 2

» Search for a narrow resonance decaying into a pair of oppositely charged muons
* Looks for a narrow resonance in the 11.5 - 200 GeV mass range, omitting 75-110 GeV
where Z boson production dominates

» Dedicated data scouting triggers employed comparing to standard triggers:

» Operate at a significantly higher rate with a reduced amount of trigger-level information
137 fb™' (standard triggers) and 96.6 fb™' (scouting triggers) (13 TeV)
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Narrow u~u* Resonance Search TREI

» Model-independent upper limits on cross section as a function of 11,

2

» Dark photon interpretation with upper limits on €~ as a function of m,. in range [11.5,200] GeV

” 137 fb” (standard triggers) and 96.6 fb™ (scouting triggers) (13 TeV) 137 fb™' (standard triggers) and 96.6 fb™' (scouting triggers) (13 TeV)
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Complementarity with LHCDb results
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Hadronic Vector Portal Searches ATL-PHYS-PUB-2022-036

» Simplified (leptophobic) vector portals recommended by the ATLAS/CMS

» Assume DM is a Dirac fermion y

- Additional heavy vector/axial-vector particle Z' mediating the SM-DM interaction
* Focus on models where mediator exchanged in the s-channel
ACvector — —gDM Z,; )Z’V“X — Yq Z Z;L q_’yuq — gy Z Z,Z 577“2,
q=u,d,s,c,b,t b=e,u,t

Laxialvector = —9DM Zu XV VX —9¢ ), Zp@V'vsa—ge Y Z, Iy vst.

=u,d,s,c,b,t b=e,u,t
» Four free parameters ESS oK
* Mp,y, - DM mass N
. q , X (My) q ]
» m, : mediator mass p X !
: . : / A /
* gy - coupling of a mediator-DM- | Z'mz) Z' (mz)
DM vertex Ja DM Ja 9q
: : \\\
+ 8, - coupling universal to all i _
‘ *X (my) q q

mediator-quark-quark vertices
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Hadronic Vector Portal Searches

» Experimentally low mass and coupling regime probed via:
» Jet substructure analysis for boosted mediators

* Trigger level analyses
» Scouting

I 1 1 1 I 1
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Vector Portal Dark Matter

» Following recommendations of LHC DM working group, can set limits in m, — m,, plane
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The Higgs Portal Dark Matter CMS-HIG-20-003

» In Higgs portal models, the Higgs boson acts as the mediator between SM particles and DM,
strongly enhancing B(H — inv)

19.7 b (8 TeV) + 140 b (13 TeV)
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» Compared to direct DM detection experiments m,,, (GeV)
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The Higgs Portal Dark Matter st e e it er

» Competitive bounds for low mass WIMP
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Dal" K Higgs CMS PAS EX0-20-013

» Dark Higgs model: DM particles acquire mass through their
interaction with a dark Higgs boson W
* Search targets s+missing transverse energy signature |

» 5 = WW becomes relevant for m; 2 160 GeV
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Dal" k Higgs Phys. Rev. Lett. 126.121802

> Dark Higgs model: DM particles acquire mass through their
interaction with a dark Higgs boson

 ATLAS searches in VV pairs from a decay of §
+ 5 = WW becomes relevant for m, 2 160 GeV

- § — ZZ becomes relevant for m; 2 130 GeV
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Dark Higgs ATL-PHYS-PUB-2022-036

t £
VV in semilepton decay explored: W 7,
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. s q ,
* Provides sensitivity complementary to other b
: ; : q
DM searches using X + E;** signatures !
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Higgs-portal Displaced Searches

» Long-lived particles (LLP) may decay to jets far from the interaction point (IP)

» Result in secondary decays significantly displaced from the |IP — displgced vertices (DVs)
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Possible scenarios:
 Particle decays in the ID, but far from the IP;
or decays in the MS

» Particle decays in the calorimeters



https://arxiv.org/pdf/2203.00587.pdf

Calo - based

CMS PAS EX0-19-021
arxiv: 2203.01009 submitted to JHEP

» Search for pair-produced LLP by a Higgs boson or another short-lived scalar

» A variety of models considered

LLPs decaying mainly in the HCal or at
the outer edge of the ECal
» Dedicated displaced-jet triggers
employed

ATLAS
p f
: ,is“’é f
--®Io f

S
p °<f

* Displaced jet tagger developed
- Convolutional neural network employed,

then fed into a long short-term memory
(LSTM) network 51


https://arxiv.org/pdf/2206.12181.pdf
https://inspirehep.net/literature/1794042
https://arxiv.org/pdf/2203.01009.pdf

arxiv: 2203.00587 submitted to Phys. Rev. D.
(TraCker + )MS - based arxiv: 2205.08582 submitted to JHEP
z 7

p f
cmMs ATLAS o L
p 7o 2 ///X 7 ?_ = : f =" f
H----- +——H—D——— 7 : d------ <\\\X : ;==(< f
\\\< p fT
¢ f : » Search targets events with two DVs in the MS

» EXxotic massive LLP decaying to a pair of
oppositely charged muon (displaced dimuon) __
* Triggers require two muons reconstructed in the §

Cosmic ray muon data

* Muon Rol Cluster trigger employed
- Signature-driven trigger
- Selects candidate events for decays of LLPs
* Dedicated algorithm used for MS DV reconstruction

MS alone S 14F ~mic R
c 14t CMS pS™ > 33 GeV, 2016 p-' thresholds ] C b| f " f | " " kS i
E :oE 4 Data (o> 4 Gev) b 05X (pH1> 4 GeV) - - apable Oor reconstructing iow-momentum tracks in a
\T - ¥ Data (p;'> 11 GeV) 7 9-XX (p;'> 11 GeV) - bUS environment
1W?_=T—+_f—f _: y L>>, 0.25_' L DL L L B L B
B —= = - ATLAS Simulation & 22 N -
0'8:_ B é | Endcaps (1.3<|<25)¢ 22 =S
- . 0.2 _ ¥ A
06 — :F — Q | —6— m¢,ms-[125,5] GeV : -LJIJ- : _
: : g [T Tt
0.4 - :i: - LE) 0.15:——9— m::m:=:125:55; GeV i _A_-A—ﬁ:-d}-q}-dj-é- —:
02 E g v 1
O: TR BT B ;¥: g 0.1 _A,:i$+ + '¢'—¢— =
0 20 40 60 80 d10[0 | x B B A S
- : : o LCM. £ i X R
* Events classified into three categories 2 0.0 i +++++ﬁ%§ —
- S —S Tl FioC
depends on if muons reconstruction includes N 2 sl
0 N IR RPN =<. g S R R
0 2 4 6 8 10 12 29

trackers Long-lived particle |L | [m]
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LLP Higgs-mediated Summary ATL-PHYS-PUB-2022-007

» Simplified Hidden Sector toy model used as benchmark
* Interaction between SM sector particles and HS particles occurs via a heavy neutral boson &

« O decays to a pair of neutral LLPs

» Each LLP decays to SM ff pairs
1 ATLAS Preliminary (March 2022) 13 TeV, 36- 139 fo! Hidden Sector, m, =125 GeV

® - ;{ ‘~~
N, /. \ .

Selected ATLAS results
95% CL observed limits
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77

B(H—ss)

Searches:
—..— Muon System (2 Vix Only), 139 fb "' ———————— MS based

arXiv:2203.00587
—..— Muon System (1 Vix + 2 Vix), 36 fb™

Phys. Rev. D 99 (2019) 052005
—.— Calorimeter, 139 fb™ e Calo based
arXiv:2203.01009
Tracker+Muon System, 36 fb ™’
Phys. Rev. D 101 (2020) 052013
........ Tracker (LRT), 139 fb™’
JHEP 11 (2021) 229
- .@ - Tracker (b-tag), 36 fb™
JHEP 10 (2018) 031
- --- Monojet, 139 fb™
ATL-PHYS-PUB-2021-020
- &= H— inv, 7-8-13 TeV combination
ATLAS-CONF-2020-052
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LLP Higgs-mediated Summary LLPs Summary

» Higgs decays to long-lived particles
 BR assumption differ from ATLAS, thus tricky to compare

CMS Preliminary”” March 2022

T T Displaced leptons

X—ee/up, mx=50 GeV
2110.04809

I T

[ 1111

-1[__ _ . :
= 5 — Dimuon scouting
107 E 5 =D t
- 1 B(X->uw)=0.13, mX=4O GeV
B 1 2112.13769
1072 — Displaced dimuon

B(X—uun)=0.13, mx=40 GeV
EXO-21-006

T TTTTIT]
L L

-/ + displaced jets
X—bb, mx=55 GeV
2110.13218

1073

IR

95% CL upper limit on B(h—XX)

10_4 = - =Displaced jets
= 3 X—dd, m =55 GeV
— 1 2012.01581
51 _ — :
10 = Hadronic MS

1!

| ol ol ol X—>17T, mX=55 GeV

0’ 2107.04838

107" 1 10 10% 10° 10* 10° 10° 1
CT, [mm] 24


https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV#Long_lived_particle_summary_plot
https://arxiv.org/pdf/2206.12181.pdf

Heavy Neutral Leptons in CMS S

» Postulate the existence of right-handed neutrinos with Majorana masses
* EXxplain neutrino masses
* Predict heavy mass eigenstates, known as Heavy Neural Leptons (HNLs)
* Decays maybe lepton number violating (LNV) or conserving (LNC)
* A model with three HNLs can be incorporated a DM candidate W

> One-HNL model with single-flavor mixing (1SFH) considered
138 fb™' (13 TeV)
lII'IIIIIIOIbéeIrVIeéIIII|III——
- = = - Median expected =
I 68% expected

95% expected
- .= DELPHI prompt

------ DELPHI displaced
— . CMS 3l prompt (2016) -

N_q) |III|'IIIII
2210-2&CMS

-
—
-

» Events selected with three charged leptons -

* One originate from the primary interaction 10
* The other two used to reconstruct displaced lepton

107 —

> B-jet tagging and cut narrow mass bands used for background | W TR s e

T 10°°E =
rejection _

» Fairly wide range of prompt-displaced sensitivity (ol _

107 Majorana —~
:I I | | | | I | | | .| | | I | I | 1 | | | 1 | | | | | | I | I | | l:
2 4 6 8 10 12 14 16 18 20 25

m.. (GeV)



https://arxiv.org/pdf/2201.05578.pdf
https://arxiv.org/pdf/2206.12181.pdf

Heavy Neutral Leptons in ATLAS  oouz2usss e lot

€+
» Signal interpretations considered .
* One-HNL model with single-flavor mixing (1SFH) ) w/ &
. . . L 1
» Two quasi-degenerate HNLs with multi-flavor mixing (2QDH) .
- More realistic than the simple-flavor mixing model N W
- First direct search carried out by ATLAS
: : _ — 10~2¢ . . . . , | ['g Vy
» Displayed decay signatures studied T [AILAS ___ 2QDH (NH): -
. _ S - Majorana U|2(0.06,0.48,0.46) 1
» Dedicated reconstruction performed for SN |20|D<H (IH): -
, _ L I U|%(0.33,0.33,0.33) 1
displaced vertex (DV) with optimized |b_| 5 o 1SEH: UP(1.0,0)
secondary vertexing algorithm 1074 —o 1SPHURO.LO)
©10°c ATLAS  Background o f
g F {s=13TeV, 139 fb" 2\ Uncertainty 3 Si 107k \ | 5 -
102 WHE, CT =10 mm —+ Data —; — : v ]
<~ — HNL SGeV) = o N
o [ _— “— .,  —HNL 10 GeV) ~ f :
S 10 SR 'CR — HNL (15 GeV = 10-6L T ' |
A R \J\(\\\\N 5 T e
F [N X\\\\\\\\\Q\\‘ M [VE=BTeV,L=139f! e
1078 | 1075 4 6 g 10 12 14 1
PS8 8 e R e b i s i Includes both normal and m, - [GeV]
075 10 15 20 25 30 3 ‘L‘LL[‘é’e\;’fo inverted hierarchies for the u, e, t 26



https://arxiv.org/pdf/2206.12181.pdf
https://arxiv.org/pdf/2204.11988.pdf

2 New physics might be hiding in a hidden sector

2 Dedicated dark sector particle searches and interpretations are increasing in
ATLAS and CMS

- Extensive benchmarks and DM interpretations

- Diverse range of unconventional signatures

- Dedicated displaced searches

2 No significant excess yet over the SM background

2 Run 3 is here, stay tuned!

27



ATLAS Displaced Searches

ATLAS Long-lived Particle Searches™ - 95% CL Exclusion ATLAS Preliminary

Status: March 2022 [£dt =(20.3-139) fb? Vs=8,13TeV
Model Signature  [Ldt[fb™] Lifetime limit Reference
T T 1T rTrrrr T T 1T TrTrrr T T T T Trrr T T 1T rTrrrr T T 1T T rTrrr T T T rry
RPVt — uq displaced vtx + muon 136 t lifetime I I I 0.003-6.0 m I m(t)=1.4 ITev 2003.11956
RPV X? — eev/euv/uuy displaced lepton pair 32.8 th’ lifetime 0.003-1.0 m m(g)=1.6 TeV, m(yJ)= 1.3 Tev 1907.10037
GGM x? - ZG displaced dimuon 329 X? lifetime 0.029-18.0 m m(g)=1.1TeV, m(x})= 1.0 TeV 1808.03057
GMSB non-pointing or delayedy 20.3 X‘lj lifetime _ SPS8 with A= 200 TeV 1409.5542
GMSB 7 — (G displaced lepton 139 | Zlifetime 6-750 mm m(%)= 600 GeV 2011.07812
5) GMSB # — G displaced lepton 139 7 lifetime 9-270 mm m(f)= 200 GeV 2011.07812
8 AMSB pp — xix),xx;  disappearing track 136 ,rl*- lifetime 0.06-3.06 m m(x7 )= 650 GeV ATLAS-CONF-2021-015
AMSB pp — xix) xixi large pixel dE/dx 139 | 7 lifetime 0.3-30.0m  m(x;)= 600 GeV CERN-EP-2022-029
Stealth SUSY 2 MS vertices 36.1 | § lifetime 0.1-519 m B(g — Sg)= 0.1, m(g)= 500 GeV| 1811.07370
Split SUSY large pixel dE/dx 36.1 g lifetime >0.9m m(g)= 1.8 TeV, m(y?)= 100 GeV 1808.04095
Split SUSY displaced vtx + EFs 328 | g lifetime 0.03-13.2 m m(g)= 1.8 TeV, m(x?)= 100 GeV 1710.04901
Split SUSY 0¢,2-6jets +E;‘"iSS 36.1 g lifetime 0.0-2.1m m(g)= 1.8 TeV, m(x%)= 100 GeV | ATLAS-CONF-2018-003
H—ss 2 MS vertices 139 s lifetime 0.31-72.4 m m(s)= 35 GeV 2203.00587
< H—ss 2 low-EMF tracklessjets 139 | s lifetime 0.19-6.94 m m(s)= 35 GeV 2203.01009
8 VH with H — ss — bbbb 2( + 2 displ. vertices 139 s lifetime 4-85 mm m(s)= 35 GeV 2107.06092
é FRVZH — 2y4 + X 2 pu—jets 139 ¥4 lifetime 0.654-939 mm m(yq)= 400 MeV ATLAS-CONF-2022-001
‘é FRVZ H — 4y4 + X 2 u—jets 36.1 | yaq lifetime 3.7-178 mm m(yq4)= 400 MeV 1909.01246
T H—- Z,24 displaced dimuon 32.9 Z4 lifetime 0.009-24.0 m m(Z4)= 40 GeV 1808.03057
H— ZZ,4 2 e, u + low-EMF trackless jet36.1 Z4 lifetime 0.21-52m m(Z4)= 10 GeV 1811.02542
; $(200 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.41-51.5m o xB=1pb, m(s)=50 GeV 1902.03094
?:; ®(600 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.04-21.5m o x 8= 1pb, m(s)= 50 GeV 1902.03094
E (1 TeV) —» ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.06-52.4m o x B=1pb, m(s)= 150 GeV 1902.03094
W — N¢, N - tly displaced vtx (uu,ue, ee) + u 139 N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac CERN-EP-2022-017
W — Nt, N — tty displaced vtx (uu,ue, ee) + u 139 N lifetime 3.1-33 mm m(N)= 6 GeV, Majorana CERN-EP-2022-017
% W — N¢ N — €ty displaced vtx (uu,ue, ee) + e 139 N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac CERN-EP-2022-017
W — NE¢, N — Ety displaced vtx (uu.ue, ee) + e 139 | N lifetime | 0.39-51 mm | | | m(N)=6 ?ev, Majorana CERN-EP-2022-017
T T AT AT TR b
0.01 0.1 1 10 100 cT [m]
- Vs=13TeV  {5=13TeV
partial data full data Ll el el el el S
0.01 0.1 1 10 100

*Only a selection of the available lifetime limits is shown.
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CMS Displaced Searches

oy
m‘

Higgs+Other

RPV UDD, §-tbs, mz = 2500 GeV
RPV UDD, g-tbs, mg = 2500 GeV
RPV UDD, t-dd, m; = 1600 GeV
RPV UDD, t-dd, m; = 1600 GeV
RPV LQD, t-bl, m; = 600 GeV
RPV LQD, t-hl, mi = 460 GeV
RPV LQD, t-bl, mi = 1600 GeV

GMSB, §~gG, mg = 2450 GeV

GMSB, §-gG, m; = 2100 GeV

Split SUSY, G~qdx?, mg = 2500 GeV

Split SUSY, §-qqx?, mg = 1300 GeV

Split SUSY (HSCP), f5 = 0.1, ms = 1600 GeV
MGMSB (HSCP) tanB =10, u> 0, m; = 247 GeV
Stopped t, t-txy, mi =700 GeV

Stopped g, §—qqx?, fio=0.1, mz = 1300 GeV
Stopped §, §-qax3(upx?), fig = 0.1, mg =940 GeV
AMSB, x *-xin*, my+ =700 GeV

GMSB SPS8, x?-yG, mys = 400 GeV

GMSB, co-NLSP, I-/G, mj= 270 GeV

H-2ZpZp(0.1%), Zp=uu, my =125 GeV, my =20 GeV
H-ZpZp(0.1%), Zp-uu(15.7%), my = 125 GeV, my =5 GeV
H-XX(10%), X=ee, my =125 GeV, my =20 GeV
H-XX(0.03%), X-=Il, my =125 GeV, my =30 GeV
H-XX(10%), X-bb, my = 125 GeV, my = 40 GeV
H-XX(10%), X-bb, my = 125 GeV, my = 40 GeV
H-XX(10%), X=bb, my = 125 GeV, my = 40 GeV

dark QCD, my,, =5 GeV, my,, = 1200 GeV

Overview of CMS long-lived particle searches

CMS Preliminary

3-140fb~1 (8, 13 TeV)

g 2104.13474 (Jets with displaced vertices) [ 00006 =0:00"m'
g 2012.01581 (Displaced jets) I 0i003=1"m
£ 2104.13474 (Jets with displaced vertices) [ 0.00035=0:08'm'
t 2012.01581 (Displaced jets) I 0i002=132'm|
t
t 2110.04809 (Displaced leptons) ~ 0.0001-10m
t 2012.01581 (Displaced jets) [I01005=0:24'i
g 2012.01581 (Displaced jets) 0.006-0.55m
g 1206.06441 (Delayed jet + MET) 0.32-34m
§ 2012.01581 (Displaced jets) 0.007-0.36 m
g 1802.02110 (Jets + MET) <lm
g CMS-PAS-EX0-16-036 (dE/dx) >0.7m
T CMS-PAS-EX0O-16-036 (dE/dx + TOF) >7.5m
t 1801.00359 (Delayed jet) 60-1.5e+13 m
§ 1801.00359 (Delayed jet) 50-3e+13 m
g 1801.00359 (Delayed pp) 600-3.3e+12m
xX* 2004.05153 (Disappearing track) 0.7-30m
X2 1909.06166 (Delayed y(y)) 0.2-6m
] 2110.04809 (Displaced leptons) 5e-05-2.65 m
X CMS-PAS-EXO-21-006 (Displaced dimuon) 5e-05-5m
X 12112.13769 (Displaced dimuon using scouting) 0.0001-0.25m
X 1411.6977 (Displaced dielectron) 0.00012-25m
X 2110.04809 (Displaced leptons) 0.001-0.12 m
X 2012.01581 (Displaced jets) 0.001-0.53 m
X 2107.04838 (Hadronic decays in CSCs) 0.12-450 m
X 2110.13218 (Displaced jets + Z) 0.004-0.248 m
Xpk 1810.10069 (Emerging jet + jet) 0.0022-0.3 m
1 1 1 1 1
1077 107> 1073 1071 101 10°
ct [m]

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.

140 fb~! (13 TeV)
132 fb~1 (13 TeV)
140 fb~1 (13 TeV)
132 fb~1 (13 TeV)
36 fb~! (13 TeV)

118 fb~1 (13 TeV)
132 fb~1 (13 TeV)

132 fb~1 (13 TeV)
137 fb~! (13 TeV)
132 fb~1 (13 TeV)
36 fb~! (13 TeV)
13 fb~! (13 TeV)
13 fb~1 (13 TeV)
39 fb~! (13 TeV)
39 fb~1 (13 TeV)
39 fb~! (13 TeV)
140 fb~! (13 TeV)
77 fb~! (13 TeV)
118 fb~! (13 TeV)

98 fb~! (13 TeV)
101 fb~! (13 TeV)
20 fb~! (8 TeV)
118 fb~! (13 TeV)
132 fb~! (13 TeV)
137 fb~! (13 TeV)
117 fb~! (13 TeV)
16 fb~! (13 TeV)

Moriond 2022
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CaIO - based arxiv: 2203.01009 submitted to JHEP

* Displaced jet tagger developed
- Convolutional neural network employed, then fed into a long short-term memory (LSTM) network

<+ Signal+Multijet+BIB

Main Jet NN Adversary

1D Convolutions LSTM

& _zo=° oL f 2|l 2|l 2| e 3
——=-" > B2 2| E[E] Fg —>
S f —> d||A||A||A | F|—
SN B8] 8]|e] B
D _
f Dense Dense
g 4?3 § g — -§ — % 2| . Predict if
=HIR=RIR=E IR g NS il [N N - _,Jdetclass SRR 0(MC) or 1(Data)
< || ||| © 2 %> 2| § |—> (Multijet, —> S|/ S| 8| :
S| m]|] — A g < || 8 et SE-RIR-RRR° using
S § § BIB,Signal) SRR Control Region
Muon S ¢ 5| & % > é — T T ‘ l
pat < | || £ — 2= :
S
& || = || o S Feed performance of MC/Data discriminator
in Control Region to loss function of main jet NN
> loss=H,,;»(signal,multijet,BIB)-AH,4,(MC,Data)
Control Region

= Simulation+Data 30
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Calo - based Search e bmitiod to JHEP

D / > A hidden sector benchmark model studied
s &L = » @®: A Higgs boson or a lower/higher-mass scalar boson
Ep_ =Z=" =" f * Decays into two long-lived scalars
N ; T =3 0< f » Heaviest fermion pair also considered when kinematically
p ~ accessible g e
f I [ By_e=100%"
g | Mgl Rl R e O C T TRy AP :
x
b(% 10—1 ;_B."_/.?. Ss _=._1 9% _______________________________________________________ f__
i - e F
* Displaced jet tagger developed c o2 B 1% -
- Convolutional neural network employed, then fed E = Hs (m, m)=
: _ - - (125, 5) GeV, ¢7,,, = 0.41m -
into a long short-term memory (LSTM) network 8 10°L _ (125, 16 GeV. o —056m  ATLAS _
> = (125,35)GeV, c7,,=1.31m  Vs=13TeV, 139" 3
@ B - — (125, 55) GeV, c7y, = 1.05m — Obs. ---Exp. .
§1O ?l | | lllIlll lllll | | IlIIIlI | | IIIIIII —E
10°° 1072 10~ 1 10
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