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Why look tor new physics?

The Standard Model is an extremely successful theory, but it leaves many questions unanswered.

* Why same number of generation for lepton and | Leptons Quarks
TeV (10'2 eV)[—
quarks?
) GeV [— ° IV@\
* Why only 5% of matter made of ordinary SM 0 P i 4
: 5 MeV | — o
particles’
 what is dark matter? eV
. . eV —
* Why is the observed M2y44s 1032 times smaller than ??g
oredicted? Naturalness problem or hierarchy meV (107 VI

problem

* |s there a more fundamental theory of which the Standard Model is a low energy
approximation?

* Many extensions of the SM or alternative theories try to solve these unanswered
questions



Approach and roadmap for experiments

- Cover all possible signatures and be ready for the unexpected 4

- Be as model-ino

Use of benc
searches

- Experimentally:

- Search for extremely high masses

° GO fOI’ the rea”y eXOtiC: EXPERIMENT

- Models with new interactions, quarks, leptons

A

ependent as possible

nmark models to test the significance of the

- Unconventional signatures

- Explore new analysis techniques to boost
discovery potential

Lumi section: 573

Dijet event with mjj=9.5 TeV

Candidate Z jet
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¢ 043
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Several results presented at this conference, impossible to cover them all

Focus on very recent or brand new results




Resonances

- Parallel talks:

- Talk by S. Maschek, S. Ghosh, J.Love, S. Schramm, D. Roy, D.

Karasavvas, by F. Scutti, J. Lorenz, D. Moran



https://indico.cern.ch/event/868940/contributions/3815893/attachments/2081214/3495739/ICHEP_SemileptonicResonanceSearch_StefanRaimundMaschek.pdf
https://indico.cern.ch/event/868940/contributions/3815920/attachments/2080869/3495544/ICHEP2020_BSM_CMSExoticLeptonic_SGhosh_withTransitions.pdf
https://indico.cern.ch/event/868940/contributions/3815891/attachments/2081375/3496032/ICHEP2020_HadroRes_v1.pdf
https://indico.cern.ch/event/868940/contributions/3815892/attachments/2081021/3495403/StevenSchramm-FullHadDibosonSearches.pdf
https://indico.cern.ch/event/868940/contributions/3815916/attachments/2082542/3498465/ICHEP_heavy_resonances_Roy_v2.pdf
https://indico.cern.ch/event/868940/contributions/3815921/attachments/2081162/3495649/ICHEP_jet_presentation.pdf
https://indico.cern.ch/event/868940/contributions/3815921/attachments/2081162/3495649/ICHEP_jet_presentation.pdf
https://indico.cern.ch/event/868940/contributions/3815888/attachments/2081601/3498099/Scutti_ICHEP20_LeptonicHeavyStatesATLAS_30_7_20.pdf
https://indico.cern.ch/event/868940/contributions/3813508/attachments/2083334/3499775/addHiggs_ICHEP20_JLorenz.pdf
https://indico.cern.ch/event/868940/contributions/3813527/attachments/2082859/3499527/dmoran_ichep.pdf

Searches for diboson resonances

- Targeting O(100 GeV) to multi-TeV resonances (radions, gravitons, new vector

bosons, extended Higgs sector) in different BSM scenarios:

- Improved tagging algorithms for high-pT V—qq, H—bb,

H—TT and top decays

- Dense environment: object perfomance is critical

- CMS: Particle Flow jets

- ATLAS: new TCC jets to combine
calorimeter info with superior
angular resolution of trackers.

-H — bb tagging in ATLAS match b-tagged R = 0.2 track
jetsto R = 1.0 jets

Breaks down at high pT — switch to variable-
radius (VR) jets or CenterOfMass jets: Boost to
Higgs frame to reconstruct two subjets

- CMS: DeepCSV algorithm ==> deep NN with
information on tracks and secondary vertices associated

Candidate Z jet

7 0.79
¢ 0.43
Msp 948
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-010/

Events / ( 100 GeV)

VH resonances
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-043

New quarks and lepton flavor violation

Parallel talks:

leptoquark

Vector like quarks: Talk by J. Hogan, V. Wong, A
Froehlich

Leptoquarks: Talk by B. Kilminster, Y. Okumura



https://indico.cern.ch/event/868940/contributions/3815917/attachments/2080642/3494696/CMSVLQ_ICHEP2020.pdf
https://indico.cern.ch/event/868940/contributions/3818186/attachments/2081284/3495845/ICHEP_ATLAS_LQpair_tltl_vwong.pdf
https://indico.cern.ch/event/868940/contributions/3815918/attachments/2081492/3496271/froehlich_heavy_resonances_in_cms.pdf
https://indico.cern.ch/event/868940/contributions/3815918/attachments/2081492/3496271/froehlich_heavy_resonances_in_cms.pdf
https://indico.cern.ch/event/868940/contributions/3815923/attachments/2082533/3498166/CMS-LQ-ICHEP2020-Kilminster.pdf
https://indico.cern.ch/event/868940/contributions/3815889/attachments/2082501/3498098/yasuyuki.okumura.20200730.02.pdf

Leptoquarks

LQ appears in many BSM models to answer the question: Why same
number of generation for leptons and quarks

leptoquarks carry both lepton and baryon number
decay in lepton-jet
Scalar or vector boson

Coupling LO-2-q : Aq
Reinitiated interest motivated by b-anomalies : R(D(*)), R(K(*))

pair single Highlights:

€ q '
g <

J - emphasis on cross-
LQ . | generational LQ
q

-
O

q ¢
\\\{53 , - \< 7
L0 <

q



New leptoquarks results (ATLAS)

N
g “LQ

LQ to t2 t2

: « target the hadronic decay channel in

the boosted regime

. Signal region: 2 leptons, = 2 R=1.0

b,t
LQLQ ->tTtT e
. . . LQ35 v, T
- First dedicated analysis - -
in ATLAS - Vs
p e \
+>1e/py+=1T1had (5 bt
channels)
ATLAS-CONF-2020-029
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-033
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-034/

Search for singly and pair-

produced 3rd generation LQs  cMS-PAS-EXO-19-015

- First analysis to look for bo

th singly and pair produced LQs

- high pt™iss, high Ht, one hadronic top candidate and one hadronic T
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https://cds.cern.ch/record/2725349?ln=en

- Predicted in many theories (extra-dimensions, Higgs compositeness,

- Target the fully hadronic B->bH and B->bZ decays by tagging each jet:

Vector-like quark BB pair production [B2G-19-005]

- Strong production of pairs, electroweak single production

- Challenges:

- Combinatorics

- Background estimation

Strongest CMS sensitivity to date for BB production

in bH/bZ dominated decay scenarios — 300 to 500 §

GeV more powerful!

Events / 50 GeV

data - bkgd
bkgd

137 fo™" (13 TeV)

* CMS

[ Preliminary (] mg = 1000 Gev
15—

4-Jet channel, bHbZ mode
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¢ Data
[:l Systematic Uncertainty
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http://cds.cern.ch/record/2725140?ln=en

Lepton flavour violation Z = et/ut decays [ATLAS-CONF-2020-035]
?

Neutrino mixing /
BSM-induced vertex

- Lepton flavour is an accidental symmetry in the SM

- Neutrino oscillations show that LFV indeed occurs in YA
nature
- What about charged leptons (with neutral currents)? 0 18000 l....l.........l.........l...._T

S - ATLAS Preliminary e Data :

316000_—\/‘ 13 TeV, 139 fb -th_;z ais fakes E

i N 1 Lﬁ - e ;otal ur}gcer?lqtg ]

;- Consider £th.q4 events . 12000 e (825610

| 0 10000 -

i+ Use NN multi-classifiers for different 0 8000 1
. backgrounds : 6000F
i . B 4000:
. - jet->tau fakes, Z—t7 and Z—-44 . 2000t
I 0 0 0 0 0 I -
1 - Fit NN output in SR (—constrain signal) +massins 5 i
I . .. I D 1.05f
. CR (—constrain Z and 7 uncertainties) oS
8 o9

0.1 02 03 04 05 06 07 08 09

Upper 950/ CL Combined NN output

(o]
limits e Set current most stringent upper limits

9.8 x 106 [OPAL] on BR Z—>{fr, previous limits by LEP f=>
thanks to improved tau ID and lumi

BZ—>eT) 8.1 x 10

— _6 _6
B(Z —>p ) 7.5 x 10 12 > 10 [DELPHI] e Primarily limited by statistics
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-035/

Dark Matter

* Why only 5% of matter made of ordinary SM particles?

 what is dark matter?

Velocity

- Parallel talks: PredICte'd"

+ ATLAS or CMS: Talk by B. Carlson, R.
Khurana, H. De La Torre

» Dark Sector: Talk by E. Graziani [BelleZ2],
B. Shuve, Y.Li[Babar], X. Vidal [LHCDb]

qui-us
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https://indico.cern.ch/event/868940/contributions/3814836/attachments/2081365/3496204/Carlson_DarkMatterATLAS_ICHEP_July28_2020.pdf
https://indico.cern.ch/event/868940/contributions/3814847/attachments/2083395/3499613/CMS_DM_Results_ICHEP2020.pdf
https://indico.cern.ch/event/868940/contributions/3814847/attachments/2083395/3499613/CMS_DM_Results_ICHEP2020.pdf
https://indico.cern.ch/event/868940/contributions/3815881/attachments/2081461/3496223/ichep_hector_bsm.pdf
https://indico.cern.ch/event/868940/contributions/3814854/attachments/2080759/3494977/graziani-ichep2020.pdf
https://indico.cern.ch/event/868940/contributions/3814877/attachments/2080491/3494464/Shuve_ICHEP_BABAR_ALP.pdf
https://indico.cern.ch/event/868940/contributions/3814878/attachments/2080533/3494479/ICHEP_Hidden_Sector_BaBar.pdf
https://indico.cern.ch/event/868940/contributions/3815927/attachments/2081903/3496990/Searches_DP_LHCb_XCidVidal_ICHEP20.pdf

Dark Matter

- Pair production at LHC q

background

DM candidates escape the detector

(weakly interacting) ted

signal

- Large Missing energy distribution is the key ¢

>
variable MET
_ A )
1. * + Simplified S-channel model: Mediator that couples to SM
and to Dark Sector particles
g~ g . o
9 > \ X * low mass mediator searches: triggering on an
V/A . . . . ny °
associated object or performing analysis at the “trigger
¢ . level”

More complete models:
+ 2HDM+a:

- Two Higgs doublet model, with
charged heavy Higgs (H#)

- Additional pseudoscalar mediator to
dark matter (a)

14



Mono-jet [ATLAS-CONF-2020-048]

q g X
- 9q 9x
- Most sensitive mono-X channel for ISR processes Za
q X

. Search for a MET excess.

e Dominant backgrounds given by the Z(vv)+jets and
W(lv)+jets processes constrained in 1 lepton an 2

lepton control regions

e Reduction of V+jets theory uncertainties by factor of
~2 thanks to corrections at NNLO in QCD and NLO in

MET trigger

sketch by G. Gustavino

jet pr>150GeV,
In|<2.4,
tight quality
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-048/

Mono-jet [ATLAS-CONF-2020-048]

ATLAS - .. .

Event: 2546139368 T

EXPERIMENT  2017-10-05 10:36:30 cEST  jet p,


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-048/

Search for DM particles with a Z boson CMS-PAS-EXO-19-003

. . . . CMS Preliminary 137 fb” (13 TeV)
- Use dilepton trigger to go down in mediator masses and S105F | “mym rzoamoeve oma |
@ NN Bkg. unc.
reqUire h|gh pTMiSS §>104 1-jet signal category ="7v’§"'van

2z
VvV

I Nonresonant

Fit to the mt or ptMiss distribution to extract signal

codtiod vl ol vl vl ol
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Z o 1
g Z
o . r  Obs 95% upper o
\ limit on
4 X g AN X t O = 4F
. e o ° (@p)] -
B(H—invisible) is g 3F
q X X Q 2fF
29% 1 fe-® ® % I 1
500
o U o
95% CL upper limit on Mmed Vs My 95% CL upper limit on m. vs ma
500 CMS Preliminary 137 fb~! (13 TeV) 1600 CMS Preliminary
% i ::: EXpeCted 95% CL *Oexperiment - % - === EXpéCtE(; 95% CL iloe;(perim'ent
e | Observed 95% CL O : — Observed 95% CL -
S| NN Qh?<0.12 — 1400 ]
400 c .
L Vector mediator, Dirac DM/ Il 1200}
(9x=1,94=0.25 ' EI [
300 1000}
. o 800}
200} ,/ [
600
wor 400}
s // | h L
[/ . A tan(B) = 1, sin(6) = 0.35
eSS, I 200¢ o =10 Gev i
0 200 400 600 800 1000 1200 100 500 300 200 500 600

Mmed (GeV) m; (GeV)


https://cds.cern.ch/record/2719581

Targeting 2HDM+a

10*

10°

10?

10

. ————

Search for DM+single top [aTLas-conF-2020-034]

tW + MET Signature (1L & 2L)

tj + MET Signature (1L)

First time analysis
is done!

- tW+MET 1L: >= three jets >=1 b-jets,

high MET. Shape fit on Eymiss,

Single-bin SR

- tW+MET 2L: >=1 b-jets, high Etmiss,

I 1 I 1 1

ATLAS Preliminary ¢ Data

Ys=13 TeV, 139 fb

Post-fit Wz
[_]Others

1 I 1

N\ SM Total[]tt

[ Single top quark [ W+jets [l Z+jets
[ Diboson [tttV

I IIIIIlIl l IIIIIIII L LI

- tj+MET 1L: Eymiss trigger and 1 lepton +
jets selection. shape fit on BDT score
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All limits at 95% CL
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+1 Cexp
+20
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e DMt+tt SRW +SF{t
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2HDM+a, Dlrac DM |
mx=1OGeV,gx=1 —
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My =My=My ]

S
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-034/

Dark photon in VBF Higgs events [CMS-PAS-EXO-20-005]

- Dark sector: New set of particles typically charged under some dark forces.

Weak coupling allows interaction b/w SM and DM via mediator or loop-

induced or mixing.

- Dark photon mixes with standard photon and induces coupling to

fermions

- Two forward high-pr jets, large pr™iss and an isolated high pt photon

- Results for my=125 GeV and high mass higgs

130 fb' (13 TeV)

> T T T T T T T T
8 B Wy -¢- Data ]
- = B zy N\ BKkg. unc. .
g B CMS B v+iets vV .
o 2 B Preliminary Nonprompt Wijets ]
L = [ Mismeasured y Ztjets —
- m; >1500 GeV . inv.+y) x 0.050 Top quark
1.5 'A'A —~
M §
SO ]

100 200

300 500
m, [GeV]

Fit to the mT distribution (ptmiss + photon)

Combining with CMS ZH search the obs UL at 95% CL at
mp = 125GeV on B(H -> invisible + Y) is 2.9 %.

130 fb' (13 TeV)
o 10 T I B
A= - CMS — Observed 95% CL
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https://cds.cern.ch/record/2724995?ln=en

Low mass di-muon resonance at LHCb LHCB-PAPER-2020-013

- LHCb dedicated flavour experiment in the forward region at the LHC (1.9 <n <4.9):

Excellent p* ID and reconstruction efficiency.
Excellent vertex and mass resolution: typically 7-20 MeV
Low pT trigger means low masses accessible. Ex: pt* > 1.5 GeV.

Prompt and displaced dimuon search

sin (0g)

0 n_ wlp ¢ I $(25) 7 (nS)
N T T T T T T T T T T T T
= I LHCb
’l'\ 10 prompt-like dimuon candidates Drell-Yan [T
+3. 10° e X = utp~
\;; Lo « X = putu + bjet
5 10
~
3 10
=
< 10
R
@) . 015 - 1 | . 5 — 10
m(pp~) [GeV]
1
I 90% CL limits for X-Higgs
e mixing angle for the
01 (Run 1) Two-Higgs-doublet (2HDM)
' LHCH 3 model scenario
BABAR E
9HDM type IV, tan 3 = 0.5 _
0.01 —
= 1 -
1

10
m(X)[GeV] 20


https://arxiv.org/pdf/2007.03923.pdf
https://cds.cern.ch/record/2722971

Low mass di-muon resonance at LHCb LHCB-PAPER-2020-013

- LHCb dedicated flavour experiment in the forward region at the LHC (1.9 <n <4.9):

Excellent p* ID and reconstruction efficiency.
Excellent vertex and mass resolution: typically 7-20 MeV
Low pT trigger means low masses accessible. Ex: pt# > 1.5 GeV.

Prompt and displaced dimuon search

107 n__w/p ¢ T (28) T(nS)

N T T T T T T T T T T T T T T T T

= I LHCb

’l—\ 10 prompt-like dimuon candidates

_SL 10° e X = utp~

3 « X - ptp” + bjet

~— 4
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(@) 3

~ 10 =

S 107

% Displaced pointing L
= el
.S

= Y I BN D N A [ || [ | ———Y E
QO

. Hidden Valley scenario:

g consist of a sector with

~ light particles connected

i:/ to the SM sector only via

5 . .

= massive particles.

& Upper limits onY - Zny
kinetic mixing. Results
depend on hidden hadron
multiplicity

X)[GeV] 21


https://arxiv.org/pdf/2007.03923.pdf
https://cds.cern.ch/record/2722971

Parallel talks:

Talks by B. Francis, J. Williams, M. Verducci, T. Holmes
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https://indico.cern.ch/event/868940/contributions/3815925/attachments/2081097/3495542/bfrancis_ichep2020.pdf
https://indico.cern.ch/event/868940/contributions/3815933/attachments/2080571/3494569/final_states_with_photons.pdf
https://indico.cern.ch/event/868940/contributions/3815890/attachments/2081676/3496586/ICHEP_2020.pdf
https://indico.cern.ch/event/868940/contributions/3815897/attachments/2081010/3495389/2020-07-07-SUSYLLPS_For_ICHEP.pdf

Searches for long lived particles

Long-lived (LL) and unconventional exotic particles with striking signatures predicted by many

extensions of the SM.
Examples:
Heavy, long-lived, charged particles

R-hadrons, Sleptons

Particles can decay in the detector after few cm

neutralinos in GMSB, mass-degenerate gauginos, particles of an Hidden Sector

- Challenging from the experimental point of
view

- Non-standard reconstruction

+ Displacements, timing and ionization
- Dedicated triggers

- Non-standard background is a challenge

- Detector noise, cosmic rays, reconstruction
failures

» Usually estimated from data

/

diséppearing or

displaced
multitrack vertices

lepton-jets, or
lepton pairs

.
.
*
.
.
.

: trackless,

kinked traclgs

non-pointing

- (converted) photons

h VT
displaced leptons, (L

emerging jets

| low-EMF jets
quasi-stable
h ticl
multitrack vertices in the chaggl Qar cies
muon spectrometer
/ by H. Russell
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Displaced jets [EXO-19-021] and Search for Strongly Interacting Massive Particles [CMS-PAS-EXO-17-010]

Distinctive topology : pair of jets originating at
a secondary vertex

Different signal models targeted: LLP decaying
to g-gbar, Exotic decays of Higgs: gg = H —
2S5, S = gq where cT ~ Tmm to 3m

q

- Highlights:

- Dedicated displaced
S triggers

- Dedicated secondary
q Vertex reconstruction

132 fb™ (13 TeV)
) 107 T T TTTTT T l[IIIlI T T IIIIIII T H °
T ; imi vertex track multiplicity -
T 108 CM.S. 95% CL upper limits ertex trac ult p C ty : CL.
% 10° Preliminary - Median expected
?, — Observed o 10°
4 -
© 10°egg —» H,m, =125 GeV c
G n = mg=15GeV o
© L H-8ss->dd S ®
T mg =40 GeV S 10°
10 =
_ ' mg=55GeV S
il pd 104 i

jets

10°
CT, [mm]

- BDT with variables like :

- Dark matter in the form of SIMP manifesting
. themselves as a pair of jets without tracks

. q
.+ Two back-to-back jets with low
energy fraction ChF

-+ Data-driven estimation of QCD

. combined with a previous§
| CMS search for displaced :

q

16.1 fb' (13 TeV)

103 g,

- CMS
- Simulation
+ Preliminary

102E

T | T T T T T T I T T T
SIMP m, = 1GeV (x10°)

—— SIMP m, =100GeV (x10%)
—— SIMP m, = 400GeV (x10°)

E QCD simulation

I

1]

Jet ChF

0.8 1

X

X

charged

-+ Set first limits on a potential SIMP signal,
excluding SIMP masses up to 900GeV at 95%

ATLAS result
on cal ratio:
Eur. Phys. J. C
79 (2019)
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Conclusion

- Searching for exotics is a broad program, both in terms of questions asked and of final

states!

- In many places, able to increase the sensitivity beyond the expectation from the
increased dataset owing to important work on analysis techniques, on object

performance or unconventional signatures

- Broadening the scope by minimizing direct theory biases or by adding additional

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits

Interpretations

- Many full run-2 results still to

come.

- Many more details were
covered in parallel talks!

ATLAS Preliminary

Status: May 2020 JL£dt=(3.2-139) fb \Vs5=8,13TeV
Model t,y Jetst ET™ [rdim] Limit Reference
ADD Gkk + g/q Oe,u 1-4j Yes 36.1 Mp 7.7TeV n=2 1711.03301
&€  ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
5 ADDQBH - 2j - 37.0 | M 89TeV n=6 1703.09127
= ADD BH high Y} p1 >lepu >2j - 3.2 M 8.2 TeV n=6, Mp = 3TeV, rot BH 1606.02265
°E° ADD BH multijet - >3j - 36 | M 9.55TeV.  n=6, Mp=3TeV, ot BH 1512.02586
3 RS1 Gkk — vy 2y - - 36.7 Gk mass 4.1 TeV k[Mp; = 0.1 1707.04147
© Bulk RS Gkx —» WW/ZZ multi-channel 36.1 Gk mass 23 TeV k/Mpi =10 1808.02380
T Bulk RS Gk — WV — tvqq Tepu 2j/1J Yes 139 Gkk mass 2.0 TeV k/Mp =1.0 2004.14636
W BukRSgkk — tt leu >1b >1J/2) Yes  36.1 | gxk mass 3.8 TeV r/m=15% 1804.10823
2UED/ RPP leu 22b,>23) Yes 361 KK mass 1.8 TeV Tier (1,1), BAM) — tt) = 1 1803.09678
SSM Z" — ¢t 2epu - - 139 Z’ mass 5.1 TeV 1903.06248
SSM Z" - 17 27 - - 36.1 Z’ mass 2.42 TeV 1709.07242
» Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
g Leptophobic Z’ — tt Oep >21b,>2J Yes 139 Z’ mass 4.1TeV r/m=12% 2005.05138
2 SsSMW' -y Teu - Yes 139 | W’ mass 6.0 TeV 1906.05609
-8 SSM W’ — 1v 17 - Yes 36.1 W’ mass 3.7 TeV 1801.06992
8, HVT W' — WZ — tvggmodel B 1e,u 2j/1d Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
(% HVT V' - WV - gqqqg modelB O e, u 2J - 139 V’ mass 3.8 TeV gv =3 1906.08589
(0} HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gv =3 1712.06518
HVT W’ — WH model B Oeu >1b>2J 139 | W’ mass 3.2TeV gv=3 CERN-EP-2020-073
LRSM Wy — tb multi-channel 36.1 Wr mass 3.25 TeV 1807.10473
LRSM Wk — uNg 2u 1J - 80 Wg mass 5.0 TeV m(Ng) =0.5TeV, g, = gr 1904.12679
— Cl qqqq - 2j - 37.0 A 21.8TeV 7. 1703.09127
O  Clttgq 2eu - - 139 A 358TeV. ., CERN-EP-2020-066
Cl tttt >tepu 21b>1j Yes 36.1 A 2.57 TeV |Cael = 4m 1811.02305
Axial-vector mediator (Dirac DM) O e, u 1-4j Yes  36.1 Mined 1.55 TeV 84=0.25, g=1.0, m(x) = 1 GeV 1711.03301
S Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mmed 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
Q Vv EFT (Dirac DM) Oeu 14,<1] Yes 32 |m. 700 GeV m(y) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) 0-1e,u 1b,0-1J Yes 36.1 my 3.4TeV y =0.4,1=0.2, m(xy) = 10 GeV 1812.09743
Scalar LQ 1% gen 12e >2j Yes 36.1 LQ mass 1.4 TeV B=1 1902.00377
Q  Scalar LQ 2" gen 12p >2]j Yes  36.1 LQ mass 1.56 TeV p=1 1902.00377
= Scalar LQ 3 gen 27 2b - 36.1 LQ; mass 1.03 TeV B(LQ; — br) =1 1902.08103
Scalar LQ 3" gen 0-1eu 2b Yes  36.1 LQg mass 970 GeV B(LQY - tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb+ X  multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
> VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
T 5 VLQ T5/3Ts/3|Ts;3 » Wt + X 2(SS)/>8eu>1b>1] Yes 36.1 Ts/3 mass 1.64 TeV B(Ts3 > Wt)=1, c(Ts3Wt)=1 1807.11883
;‘E’ g_ VLQY - Wb+ X Teu =21b,>1j Yes 36.1 Y mass 1.85 TeV B(Y - Wh)=1, cr(Whb)=1 1812.07343
VLQ B - Hb+ X Oeu,2y >1b,>1j Yes 79.8 B mass 1.21 TeV kp=0.5 ATLAS-CONF-2018-024
VLQ QR — WqWq Ten 24]  Yes 203 [iQiEsSEeo0iGEv! 1509.04261
> E’ Excited quark g* — qg - 2j - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
kol S Excited quark ¢* — qy 1y 1j - 36.7 q* mass 53 TeV only u* and d*, A = m(q*) 1709.10440
g € Excited quark b* — bg - 1b,1]j - 36.1 b* mass 2.6 TeV 1805.09299
] :.:, Excited lepton ¢* 3epu - - 20.3 AN=3.0TeV 1411.2921
Excited lepton v* Seurt - - 20.3 A=16TeV 1411.2921
Type Il Seesaw lepu >2j Yes 79.8 N° mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2u 2j - 36.1 Ng mass 3.2TeV m(Wg) =4.1TeV, gL = gr 1809.11105
& | Higgs triplet H** — (¢ 234eu(SS) - - 361 | H*: mass 870 GeV DY production 1710.09748
ESy Higgs triplet H** — (7 3eut - - 20.3 DY production, B(H;* — (1) =1 1411.2921
o Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |q| = 5e 1812.03673
Magnetic monopoles - — — 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
V'=13TeV V§=13TeV PR | L L PR e | L 1 P | ' ' PR
partial data full data 107!

*Only a selection of the available mass limits on new states or phenomena is shown.
+Small-radius (large-radius) jets are denoted by the letter j (J).

1 TeV

10 TeV Mass scale
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Conclusion

Searching for exotics is a broad program, both in terms of questions asked and of final

states!

- In many places, able to increase the sensitivity beyond the expectation from the
increased dataset owing to important work on analysis techniques, on object
performance or unconventional signatures

Broadf\n:nm +|nr\ S~~~ AN A Ir-\\l A LA TIAA T 1A~ A:rhﬁ+ +L\Af\v‘\: L-\:ﬂﬁr\ﬂ

Thanks for list

interp

- Many full run-2 results still to
come.

- Many more details were
covered in parallel talks!
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ATLAS Preliminary

\s=8,13TeV
Reference
T
1711.03301
1707.04147
1703.09127
3H 1606.02265
. 3H 1512.02586
1707.04147
1808.02380
2004.14636
1804.10823
)=1 1803.09678
com £ = e coip - - 109 « mass FRRT 1903.06248
SSM Z" - 17 27 - - 36.1 Z’ mass 2.42TeV 1709.07242
» Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
S Leptophobic 2 — tt Oeu >1b,>2J Yes 139 | Z'mass 4.1 TeV r/m=12% 2005.05138
&  SSMW' -y Tlenu - Yes 139 | W/ mass 6.0 TeV 1906.05609
-g SSM W’ — 7v 17 - Yes 36.1 W’ mass 3.7 TeV 1801.06992
8, HVT W' — WZ — tvggmodel B 1e,u 2j/1d Yes 139 W’ mass 4.3 TeV gv =3 2004.14636
a HVT V' - WV - gqqqg modelB O e, u 2J - 139 V’ mass 3.8TeV gv =3 1906.08589
S HVT V' - WH/ZH model B multi-channel 36.1 V'’ mass 2.93 TeV gv =3 1712.06518
HVT W' — WH model B Oep >21b,>2J 139 W’ mass 3.2TeV gy = CERN-EP-2020-073
LRSM Wg — tb multi-channel 36.1 Wg mass 3.25 TeV 1807.10473
LRSM Wg — uNg 2u 1J - 80 Wg mass 5.0 TeV m(Ng) =0.5TeV, g, = gr 1904.12679
W Clggqq - 2j - 370 |a 21.8TeV 7, 1703.09127
O | Clttqq 2e,pu - - 139 |A 358TeV. CERN-EP-2020-066
Cl tttt >tepu 21b>1j Yes 36.1 A 2.57 TeV [Cael = 4n 1811.02305
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mmed 1.55 TeV 84=0.25, g,=1.0, m(y) = 1 GeV 1711.03301
= Colored scalar mediator (Dirac DM) 0 e, u 1-4j Yes 36.1 Mmed 1.67 TeV g=1.0, m(y) = 1 GeV 1711.03301
Q Vv EFT (Dirac DM) Oeu 1d,<1j Yes 32 |m. 700 GeV m(x) < 150 GeV 1608.02372
Scalar reson. ¢ — ty (DiracDM) 0-1e,u  1b,0-1J Yes 36.1 my 3.4TeV y =0.4,1=02, m(y) = 10 GeV 1812.09743
Scalar LQ 1%t gen 12e >2j Yes 36.1 LQ mass 1.4 TeV B=1 1902.00377
(¢ Scalar LQ 2" gen 12p >2j Yes 36.1 LQ mass 1.56 TeV B=1 1902.00377
~ | Scalar LQ 3" gen 27 2b - 36.1 LQj; mass 1.03 TeV B(LQ; — br) =1 1902.08103
Scalar LQ 3" gen 0-1epu 2b Yes  36.1 LQg mass 970 GeV B(LQY - tr) =0 1902.08103
VLQ TT — Ht/Zt/Wb+ X multi-channel 36.1 T mass 1.37 TeV SU(2) doublet 1808.02343
>0 VLQ BB — Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343
© 5 VLQ T53TsslTss > Wi+ X 2(SS)/28eu21b21] Yes  36.1 Ts/3 mass 1.64 TeV B(Tsy3 = W)= 1, c(Ts/sWt)=1 1807.11883
f":’ g_ VLQY -» Wb+ X 1epu >1b,>1j Yes 36.1 Y mass 1.85 TeV B(Y — Wh)=1, cr(Wh)=1 1812.07343
VLQ B —» Hb + X Oeu,2y >1b,>1 Yes 798 B mass 1.21 TeV kg=0.5 ATLAS-CONF-2018-024
VLQ QQ — WgWgq 1eu >4j Yes  20.3 1509.04261
> ‘é’ Excited quark ¢* — qg - 2j - 139 q* mass 6.7 TeV only u* and d*, A = m(q*) 1910.08447
9 S Excited quark g* — qy 1y 1j - 36.7 q* mass 5.3 TeV only u* and d*, A = m(q") 1709.10440
E: € Excited quark b* — bg - 1b,1] - 36.1 b* mass 2.6 TeV 1805.09299
] 5_, Excited lepton ¢* 3eu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* 3eut - - 20.3 AN=1.6TeV 1411.2921
Type Il Seesaw Tlepu >2j Yes 79.8 N° mass 560 GeV ATLAS-CONF-2018-020
LRSM Majorana v 2u 2j - 36.1 Ng mass 3.2TeV m(Wg) =4.1TeV, g1 = gr 1809.11105
o) Higgs triplet H** — ¢ 234eu(SS) - - 36.1 H** mass 870 GeV DY production 1710.09748
£ Higgs triplet H** — ¢r 3eut - - 20.3 DY production, B(H* — (1) =1 1411.2921
(@) Multi-charged particles - - - 36.1 multi-charged particle mass 1.22 TeV DY production, |q| = 5e 1812.03673
Magnetic monopoles - — - 34.4 monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130
V'=13TeV V§=13TeV MR | L MR R R | L 1 PR R A | 1 L P
partialdata  full data 1071 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
+Small-radius (large-radius) jets are denoted by the letter j (J).
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+Y resonances (HpBs-2018-17)

Require a photon and a large-R jet (Ak10 LCTopo Jet)

A novel b-tagged algorithm, Center of Mass tagger (CoM), is
applied to tag the Higgs

. Collect Large-R jet
information

Boost to Higgs (Large-R jet)
frame

Reconstruct two subjets
Associate track to subjet

Boost back to lab frame

(Associated Tracks )
B KTIE'UL"'-. Match
H Cone for
;':‘ """"""""""""""" 4 (CoM Jet0
Track Match
(Anti-k R=10Jet] ;oM Jet
(Anti-k; A= 10 Jet]
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VV resonances

95% CL limits on Oygr X BR(H— ZZ) [pb]

4 lepton: mg

llvv: 2 lepton and Eqmiss
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Events / 30 GeV
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https://arxiv.org/abs/2004.14636
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-032/
https://arxiv.org/abs/2004.14636

TCC jets

From S. Schramm talk

e Generic diboson search uses jets built from topoclusters: generally best jet mass resolution
e VV and VH searches use jets built from TCCs: best boson tagging performance due to D,

Topo-clusters (EM or LC)
B seed cells
B growth cells |E|>20

|E|>40

["] boundary cells

[ final topoclusters, 1 X ¢ = dynamic

Track-CaloClusters (TCCs)

[ /

N

N

Low pr:

Use cluster 4-vector

Ignore track

High p:

Split cluster using tracks
Use track angles

Use cluster energy

Fractional jet mass resolution
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VV—=qgqgqgq resonances

CMS: EurPhysJC80,237(2020)

Search for massive resonances decaying to WW, WZ or ZZ.

Events / 2 GeV

Data-fit

Boosted W/Z decaying into single large-radius jets

77.3 0" (13 TeV
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New analysis method: 3D fit to masses of the two
jets and dijet invariant mass

- = up to 30% improvement in sensitivity.

Under strong-like scenario, exclusions for W’ (Z')

resonances with masses below 3.8 (3.5) TeV.
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https://link.springer.com/article/10.1140/epjc/s10052-020-7773-5

VH resonances
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https://arxiv.org/abs/2007.05293
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-043

Z(nunu/Il)

(bb) CMS

B2G-19-006

Search for spin 1 resonances in the boosted regime for

Mx> 800 GeV =
channels considered

=>0 lepton (large ptmiss) and 2 lepton

- Including VBF production for the first time!

-Use new NN for tagging b-jets from Higgs

- The mx (or mx) distributions are estimated using fit to data in

the jet mass sidebands.
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Resonance models

Charged (WZ)

Sequential Standard Model (W', spin-1)

* Trilinear W'WZ coupling set by Extended

Gauge Model: ~ (Mw/My:)?

Randall-Sundrum graviton (RS G*, spin-2)
* Traditional benchmark model with extra dimensions

Neutral ( WW,ZZ,HH )

Bulk RS graviton (Bulk G*, spin-2)

* Graviton couples more with heavy particles (W, Z, t)
* Smaller g, but larger branching ratio to WW, ZZ

HVT (Simplified Lagrangian)

Model A

* weakly coupled vector resonances from extension of the

gauge group
Model B

% produced in a strong scenario e.g. composite higgs model

34



dark higgs

Dark Higgs s(VV) hadronic signal

1 m,

for approval:

Figure 1 b)

TU— 7'M
Ly =-582 XY VX — 8+ - X sxx +28,2"Z (8,5 + mys)
(see diagram on previous slide)
L -8, 4 ”qy q interaction Lagrangians for dark sector (top)
d & and for coupling to quarks (bottom) . - .
z: . . e signal grid
e SM particle content extended by Z’ spin-1 mediator, 300{ © i I
dark matter particle x, and dark Higgs boson s S 775 : : :
® model parameter choices: (c.f. LHC DM WG benchmark recommendations) J z: o o o
o /' coupling to quarks g, = =0.25 o | ® i . i
o Z' coupling to DM and s: 9.=1.0 sl i i
© dark matter maSS mX 2Od(GeV il 5:0 750 10:)0 12l50 15'00 1.7I50 20l00 22I50 25:)0
o mixing angle (SM Higgs, dark Higgs) 6 = 0.01 mz [GeV]
O SCan |n mZ, and ms (See Slgnal grld) ® Simulated points (full W decay) ® Simulated points (had.Wdecay)]

all points with mg > 160 GeV also simulated with full Z decay
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Mono S(VV) ATLAS-CONF-2020-036

arxiv: 1701.08780

Dark Higgs model:

simplified model arxiv:1701.08780 mass range
from [160, 360] GeV where s(VV) decay is favored

- Challenging ET miss + V(qq)V(qq) final state ==> use Track-Assisted-Reclustered (TAR)
jets :

1. Start from calibrated small-R jets and reclustered to trimmed large-R jets
2. Match tracks to constituents small R jets
3. Rescale tracks to the pT of the matched small R jets

4. jet substructure observables from matched ID tracks

signal region

0 lepton

W/Z+jets control regions

ATLAS Preliminary
Vs=13TeV, 139 fo~"

I tt+single top
I Diboson+VH
NN Background Uncertainty

Signal Region 1u Control Regiﬂ _ 2¢ Control Region

———

c
2 —e— Data
e 1 Z+jets
E 108 = W+jets
o
>
w
104
102F
- 1.6F
3
513
o 1.0
O 0.7
@)
N \\]\e(ged

> eO—m 17— 7 7 ]
(0] —  ATLAS Preliminary —e— Data .
O b (5=13Tev, 139" [ tt + single top =
N ~ SR merged = g iboson + VH ]
~ C  E™ 500 GeV [ Z+jets =
1) 40— [ W+jets —
c ~ N\ Background Uncertainty -
0 30F- rL, ... Pre-fit Background =
L = I — - Dark Higgs s(VV) -
. my,=1TeV, m =160 GeV
20 m, = 200 GeV —
= Cggna = 2 X 214 fb =
o - : : : : T T T T T =
AR AN AT N A
3 1_ N \\\h\\i\\\*\\\\}\\\\ \\xT\\\ \\\\\\\\\%}'&%\\\R\-\%
© 05, ., .. .., . | N -
= 100 750 200 250 300 350 400
188 First limits on the dark Higgs parameter space for
11.0 = .
Tos @ s(VV) signature
10.4 —
o(pp — sxx = VVxx) < 0.32 - 0.03 pb
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-036/fig_02.png
https://arxiv.org/abs/1701.08780

Disappearing track [arXiv:2004.05153]

- If the decay products of an LLP in the tracker
are un-detected, the track “disappears”

- Neutral, weakly interacting
- Too low momentum to be reconstructed

+ Canonical Benchmark: anomaly-mediated
supersymmetry breaking model (AMSB)

New phase 1 CMS pixel upgrade 3—>4-layer pixel tracker ==> Improves the sensitivity to short particle lifetimes

- Backgrounds include charged hadrons that interact with detector material, mis-reconstructed leptons and
spurious tracks ==> explore and mitigate possible ways of losing tracker hits, estimate remaining probability to
fall into search region

- Track selection: >= 3 missing outer hits ==> rejects most SM tracks, < 10 GeV energy deposited in a cone ==

rejects most electrons and charged hadrons
140 fb' (13 TeV)

'a‘ = T | T T T I =
=

101 fb™' (13 TeV)
] T T T ] T T T { T T =

w
1 £
CMS .

Jx"-l 02 e 1 02 CMS
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1| IIIlIII
T T IIIIIII

| IIIIII|

In the context of AMSB, these results

exclude charginos below 10 o5 expecas 10 553 oxpeced
P 68% expected P 68% expected

....... Median expected wsunnnn Median expected

T IIIIIII
- IIIlIII
T IIIIIII
L1 IIIIIII

Wino-like neutralino case — 884 e Medano
(474) Gev -For a ||-Fe-t|me O'F 3 (02) ns 1 = == AMSB (PLB 721 (2013) 252) 1 = == AMSB (PLB 781 (2018) 306)
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The hidden sector

Standard

Model

SU(@3) XSU(2) X U(1)

AL = SV E
2 w

- The "dark sector” consists of particles that do not couple to known SM fields, but interact through a
mediator:

- Dark photons (vector portal), dark scalars (Higgs portal), ALPs (axion), sterile neutrinos...

+ Mediators can provide “portal” to DM candidates or be candidates themselves.

AI

Dark photons, A Y

- Add a U(1)D where massive dark gauge boson (A'/Zp/ Yp) kinetically mix with SM photon

-+ Parameters: kinetic mixing term, € and mA'’
v4 Branching Ratio

Search strategies

1.00¢-

4 0.70¢

Medium lifetime, 0.50¢
Prompt, resolved decay resolved decays:
products: ZpZp/ZpZ* Displaced muons F% 0.30

____________

Mass

ATLAS/CMS detector m Hadrons
stable lifetimes: 0.20}
Medium lifetime, MET signature 0.15}

Prompt, collimated decay:

llimated d. :
“lepton jets” (LJ) collimated decays

Displaced LJ

0.10f

> 0.10 0.15020 030 050 0.70 1.00 1.502.00 3.00

Lifetime Y4 Mass [GeV]

(depends on mA’ and €)
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Jet D, resolution

Object performance

Track-CaloClusters (TCCs)

gy
Low py: High p:
Use cluster 4-vector Split cluster using tracks
Ignore track Use track angles
0.7 L e L e Use cluster energy
- . . —>
- ATLAS Simulatic
0.6~ Vs=13TeV
- antik; R=1.0, WZ = qqqq
- o et .
0.5 I™[<2.0, p; >200 GeV o
- q) -
- B
0.4 3]
- (a8}
0.3
0.2 ]
STTTE T ' — LC Topo E
0.1 -.- TCCs 3
0 L L | ! ! 1 1 | L L L 1 | 1 1 ! 1 | ! ! ! ! 7
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Generated jet pT [GeV]

S
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0-1 T T T T l T T T T I T T T T
. CMS = Ty WG, oWW) |
 Simulation = ...... Top QCD multijets
008~ ... LT, W (G, > WW) |
bulk
------ 1:?10"', QCD multijets |
0.06F n
m, > 1126 GeV
M, 7 BNI<13
0.04|- F1 . 15o<m, <2158
0.02 5:. ]
k
O f e and .r'f; | 1 | -"'M-':‘rh I‘.'- ek A A
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N-subjettiness

-H — bb tagging in ATLAS matched pairs of b-tagged

R = 0.2 track jetsto R = 1.0 jets

- Breaks down at high pT as b-hadron decays
overlap = switch to variable-radius (VR) jets

-or CenterOfMass jets: Boost to Higgs frame to

reconstruct two subjets

-CMS: DeepCSV algorithm ==> deep neural network
applied to small or large R jets by providing
information on tracks and secondary vertices

associated with the jet input.

-CMS: PFlow jets with N-
subjettiness

- ATLAS: new TCC jets to combine
calorimeter info with superior

angular resolution of trackers.
ATL-PHYS-PUB-2017-010

—
IS

A L L L B IR
. ATLAS Simulation 76 GeV < m,, < 146 GeV
s Preliminary 5

—e— R=0.2 Track Jet

Double Subjet B-Labelling Efficiency

0.6 —=— VR Track Jet ]
—— ExKt Subjet i

04 —o— CoM Subjet —
0.2 o _]
OOOOOOoo 00 ]

© OOO0000000000

A R S E N E R Nt
0 500 1000 1500 2000 2500 3000
Higgs Jet P, [GeV]
Track Match
Cone for Ny
CoM Jetd

(Anti-k, R= 1.0Ja] 39


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-010/

Light mediators at trigger level

Use selective readout to reduce the event size and therefore allow more events to be recorded,
increasing the sensitivity to new physics where rates of SM background processes are very large.

Z’->qq CMS EXO-19-004 CMS EXO-19-018
Standard triggers access lower masses for leptons
than jets ==> still limiting for very low mass
resonances

Use scalar momentum sum for trigger and save
calorimeter jet info only

Require three jets to get sufficiently high HT First ever trigger-level muons!

Fit invariant mass of two hardest jets and search for . . .
Save only 4- momentum, isolation, track quality

excesses 18.3fb" (13 TeV - - -
;‘ _} T T 1 71 I T T T T T L l T T T T l T T T T l T T I(I I T T T l)_ Informatlon at Very hlgh rates
[0) 10° B CMS ¢ Data ]
% = —— Fit =
o 102 - e qq (400 GeV, 9.5pb) 137 fb (standard triggers) and 96.6 fb™" (scouting triggers) (13 TeV)
E:='\ § I qq (550 Gev’ 4.2 pb) § (%5) El I T T |CMS| T | LI | LI | L | I><|1 0|3 | LI | LI | T 1T T I LI | T E
2 ok = qq (700 GV, 1.9pb) - — 10° - 32 Barelcategoy |
© - E © E 5 S0F ¢+ Data 13
o %*/NDF=19.2/13=15 - ® 10’k — Standardtriggers 2 28 Z; (25 GeV) €2 = 2x10°4_
10" E Three wide jets = o =  —— Scouting triggers > 26, Background only fit =
- p,>72GeV, <25 . A (o € o4l 17
1071 M- nyl< 11 - E
E ............ E 10° L _;l
10—2 e I = | S
E """""""""""""""""""""" o ,' :::: IR E 10* L _;
[IPRTEL | | T ;
=13 BF 3
" S 4r 10° E
fE — 2 L -
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Qln -2+
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4008008001000 10x - 100x gain below 45 GeV
ATLAS EXOT-2016-20 Dijet mass [GeV] thanks to trigger level analysis 40



https://cds.cern.ch/record/2684861?ln=en
https://cds.cern.ch/record/2684756?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-20/

Displaced jets [EXO-19-021]

- Distinctive topology : pair of jets originating at a secondary vertex --- -

- Different signal models targeted: LLP decaying to g-gbar, Exotic decays
of Higgs: gg =& H = 25, S = qq where ¢t ~ Tmm to 3m

Events

track NT
Highlights:
" gnlig
Dedicated displaced triggers for 2017 and 2018 data
Dedicated secondary Vertex reconstruction
Dijet direction
BDT with variables like vertex track multiplicity, signed IP2D and Lxy
132 fb' (13 TeV)
’I\ 107 I T T T I | ||||||| [ I |||l||| Ij
o L
) T 100 CMS 95% CL upper limits ]
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. . . 3
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E o : E - mg = 40 GeV 3
- signal region 3 h for displ d 102k S
108 --m- me=socevier=aomm ] CMS search for displace 0° . m,=55GeV &
e m, =300 GeV, ct, = 300 mm 3 jetS 10 ;E E;
10? = = 3
10 E 10°" ]
1 P - —— E
T e L E
........ , o - g
0_7 0,2 03 05 0,7 0_9 0'95. Ogg —4 (1 Ll Lol Lol 1
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http://cds.cern.ch/record/2717071

Search for Strongly Interacting Massive Particles [CMS-PAS-EXO-17-010]

Manifesting themselves as a pair of jets without tracks

- Two back-to-back jets with low charged energy fraction
ChF with pr> 550GeV and photon veto to get rid of y+

jets events

- Modified reconstruction: reconstruct jets using both the

first and second vertex

10*
10°

10?

o (pp — XX) [pb]

10

’
107
1072

1073

CMS Preliminary

16.1 b (13 TeV)

[T T TTTTT [T [ T TTTITTH
E 95% CL upper limits E
;_ —&— Observed ™ Oitheory _;
E """ Expected median P, (1)>250GeV, In()I<2.5 E
" | Expected +1s.d. .0 H
g :I ExpeCted +2 s'd'experiment ?
—
I R bl L LT

2 3

1 10 10 10

m, [GeV]

6 16.1 fb' (13 TeV)

_.9 10 ET T [ T 11 L L L B B =
qC, - CMS SIMP m, = 1GeV (x10°) 7
> . Simulation —— SIMPm_ =100GeV (x10%) |
‘S 10° & Preliminary —— SIMP m, = 400GeV (x10°) .
CT) i |:| QCD simulation =
Qo ]
= -
= 104 E:_ ~
i, . :

§ 11 L L o | I AR N O .

0 0.2 0.4 0.6 0.8 1

- Signal region: Jet ChE

- ChF of both jets < 0.05

- Using both first and second vertices

- Data-driven estimation of QCD

- Set first limits on a potential SIMP signal, excluding SIMP

masses up to 200GeV at 95% CL.

- Model independent: o (95%) = 0.18 fb
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https://cds.cern.ch/record/2724996?ln=en

Dark Matter Summary plots
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