BOSTON
UNIVERSITY

BSM Searches: Experiment ||

Zeynep Demiragli (Boston University)




An other look at the Simplified Models

From EFTs to Simplified Models... multiple type of mediators are studied:

Simplified Models

Main parameters of the model:
mediator, two vertices, and a
DM candidate
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Higgs Portals

From EFTs to Simplified Models... multiple type of mediators are studied

Simplified Models

Main parameters of the model:
mediator, two vertices, and a
DM candidate

q X

Mediator

gq ® o o o ng\/l

T, X

9 jet/photon/W/Z

Extended to models with t-channel
mediator and dark sectors

We have a special scalar particle!

Higgs Portal

Known Higgs decay branching
fractions allow decays to invisible
particles ~20%

Produce
the Higgs

All Higgs production modes
can be studied to tag the event

Gluon Fusion
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(N3LO QCD + NLO EW)

Associated Production with vector boson

o(pp—WH) = 1.369 pb
+0.7% (th.) +1.9% (pdf)

o(pp—ZH) = 0.8824 pb

(NNLO QCD + NLO EW)

Vector Boson fusion

o(VBF) = 3.779 pb
+0.4% (th.)
+2.1% (pdf)

(NNLO QCD + NLO EW)

Associated Production with top quarks
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Higgs Production Modes

Higgs Production modes will determine the signature.
We discussed gluon fusion production mode => That's just monojet!

MET = 1467 GeV
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e Largest production .

production cross sectio

CMS Experiment at LHC, CERN

Data recorded: Sat Oct 3 06:58:12 2015 CEST
Run/Event: 258159 / 550030997

Lumi section: 434

 Needs to be tagged wit

visible object



https://link.springer.com/article/10.1007/JHEP11(2021)153

Higgs Production Modes

Higgs Production modes will determine the signature.

Now lets look at VH production => Let us call it “mono-V~
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Gluon fusion Associated vector boson
JHEP11(2021)153 JHEP11(2021)153
» Largest production e Less cross section:
oroduction cross sectio o(monojet) ~ 30xo (monoW)
. Needs to be tagged wit Boosted topologies & use of
visible object substructure - fatter jets



https://link.springer.com/article/10.1007/JHEP11(2021)153
https://link.springer.com/article/10.1007/JHEP11(2021)153

Mono-V Experimental Techniques

... even with state of the art background estimation strategies, we are often overwhelmed by SM
rescue: boosted topologies & substructure.

o(ggf) ~ 30 x o (VH)
... but similar sensitivity in both searches!



Mono-V Experimental Techniques

... even with state of the art background estimation strategies, we are often overwhelmed by SM
rescue: boosted topologies & substructure.

MET =777 GeV
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Mono-V Experimental Techniques

... even with state of the art background estimation strategies, we are often overwhelmed by SM
rescue: boosted topologies & substructure.

MET = 777 GeV

W/Z

The opening angle of the | —
decay products scale q
inversely with Lorentz

boost of the system

JetSiny.mass = 82 GeV

CMS CMS Experiment at LHC, CERN
L~ 7 | Data recorded: Tue Nov 3 01:34:28 2015 CET
\ | Run/Event: 260627 / 1739677912 —

\ Lumi section: 941 |Z IEt pTl = 786 GeV




Mono-V Experimental Techniques

... even with state of the art background estimation strategies, we are often overwhelmed by SM
rescue: boosted topologies & substructure.

large pT => large
Lorentz boost

MET = 777 GeV
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Mono-V Experimental Techniques

... even with state of the art background estimation strategies, we are often overwhelmed by SM

rescue: boosted topologies & substructure.

large pT => large
Lorentz boost
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Mono-V Experimental Techniques

... even with state of the art background estimation strategies, we are often overwhelmed by SM
rescue: boosted topologies & substructure.
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Mono-V Experimental Techniques

... even with state of the art background estimation strategies, we are often overwhelmed by SM
rescue: boosted topologies & substructure.

(13 TeV)

CMS JINST 15 (2020) 06, PO6005

Simulation
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https://iopscience.iop.org/article/10.1088/1748-0221/15/06/P06005

Mono-V Experimental Techniques

... even with state of the art background estimation strategies, we are often overwhelmed by SM
rescue: boosted topologies & substructure.
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https://iopscience.iop.org/article/10.1088/1748-0221/15/06/P06005

Higgs Production Modes

Higgs Production modes will determine the signature.
... and vector boson fusion!

>
g g
A Y
X
S H
X g
Gluon fusion Associated vector boson Vector boson fusion
JHEP11(2021)153 JHEP11(2021)153 Submitted to Phys. Rev. D
. Largest production . Less cross section: o Largest sensitivity among all
production cross section o(monojet) ~ 30xo (monoW) approaches!
« Needs to be tagged with a « Boosted topologies & use of -Xperimentally most
visible object substructure - fatter jets challenging with 2 forward jets
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https://link.springer.com/article/10.1007/JHEP11(2021)153
https://link.springer.com/article/10.1007/JHEP11(2021)153
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-003/index.html

Compact Muon Solenoid

CMS Experiment at LHC, CERN

Data recorded: Tue Aug 16 13:20:56 2016 BST
Run/Event: 278923 / 56352147

Lumi section: 66




VBF: Unique Observables

o CMS Simulation (13 TeV)
N B T T T | T T T T | T T T T T | T T T T -
S - — V+jets (strong)
S V+jets (VBF)
T 102k —— VBF H(inv) -
_(_(LU) E ....... ggH(inv)
=
o 1073 :—_|_| E
=Z - ‘."_‘.'I_._:___
B |_r |_ L. —. —. .I
H T L. -
104 | | _
e — .I -
................. |
R —
10° =
10-°F E
1 0—7 | | | | | | | | | | | | | | | | | | | | | |
1000 2000 3000 4000 500(

Mi; (GeV)

CMS Simulation (13 TeV)
_ch) 0.40_ | | | | | | | | | | | | ]
S I — V+jets (strong) |
3 o a5l V+jets (VBF)
B - —— VBF H(inv)
g B i_ —q e ggH(inv)
®© 0.30 | | —
= : i
o I | .. ] | |
< .25} L : | N
| |
i i
0.20| | -
s - i
! —
0.15 ! i a
I | |
- - L.
0.10f | | | s
: : |
| —| .
0.05 "o : : _
: _, 2 :
0 OO:'-':T.L]-I | | _||_—,_ . ?_.J-I'—l |
0 2 4 6 8 10
Anj;

VBF dijet variables: mjj, Anj show separation power

16



VBF Higgs Invisible

Background is now a mixture of electroweak
(EW) and strong processes of order a?ewa?s

qi qf

VBF productionis an “irreducible”

background for this search: same signature

of two hard forward quarks
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-008/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-003/index.html

ATLAS VBF Higgs Invisible + Photon o .

EXPERIMENT

j mass: 2700 GeV

Run: 357409 .
Event: 4893756438 MET: 198 GeV
2018-08-04 01:51:53 CEST mT: 193 GeV

photon pT: 75 GeV




VBF Higgs Invisible + Photon

Similar jet selection to traditional VBF search, with an addition of low
pT photon (15 - 110 GeV) + centrality requirements on the photon. 1

Signal discrimination via deep neutral network training method
optimizes for H—inv
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-004/

Higgs Production Modes

HIQQS

... and vector boson fusion!

Production modes will determine the signature.

Gluon fusg (\ :
JH g \
O > O
e Largest pMSQuction
production cross sectio

 Needs to be tagged wit
visible object

Associated vector boson
JHEP11(2021)153

e |Less cross section:
o(monojet) ~ 30xoc (monoW)

« Boosted topologies & use of

substructure - fatter jets

Vector boson fusion
Submitted to Phys. Rev. D

e Largest sensitivity among all
approaches!

o EXxperimentally most
challenging with 2 forward |ets
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https://link.springer.com/article/10.1007/JHEP11(2021)153
https://link.springer.com/article/10.1007/JHEP11(2021)153
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-003/index.html

Higgs to Invisible Branching Fraction Limits

ATLAS-CONF-2020-052 CMS-HIG-20-003
19.7 b (8 TeV) + 140 b (13 TeV)
2 1: | L ! | - > 0.8 ]
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0 = \s=7TeV, 4.7 fb Expected 3 z o772 . Median expected -
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Current world best BR(H->inv) < 11% (11%) obs (exp) from ATLAS

Note: Only a partial combination, more channels to be added.
Updated CMS result is also in preparation
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-052
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-003/index.html

Collider approach to Dark Matter

Strong experimental evidence for DM from astrophysical observations. Most studied class of
theories predict DM to be a weakly interacting massive particle.

Simplified Models Higgs Portal 2HDM+a
Main parameters of the model: Known Higgs decay branching two-Higgs double model + a
mediator, two vertices, and a fractions allow decays to invisible pseudo-scalar, can end up with
DM candidate particles ~20% visible and invisible states
qQ X (9) X
Mediator
_ - Produce
7 7 the Higgs
T, X X
9 jet/photon/W/Z @
Extended to models with t-channel All Higgs production modes A more complete benchmark

mediator and dark sectors can be studied to tag the event model with 14 parameters

22



2HDM+a Models

More complete benchmark model: ultra-violet complete and renormalizable
Assumes SM Higgs boson is part of an extended Higgs sector with two complex Higgs doublets

iIndependent parameters.. but reduce to 5 free parameters: 2HUN+a
. the heavy Higgs mass mA = mH = mHx; two-Higgs double model + a
. the pseudoscalar mediator mass ma; pseudo-scalar, can end up with
. the DM mass mxy; visible and invisible states
o 1

ne mixing angle sin 6 between the two CP-odd states a and A;
. and VEV ratio tan B . %%@

h

@ the mechanism dominates y '
@ the mechanism dominates l
Wide variety of detector signatures, DM in association with: y&/ \

« a Higgs boson (pTmiss+h signatures) A more complete benchmark

e a2/ boson (pTmiss+Z signatures). model with 14 parameters

23



2HDM+a Models: Mono-Z(ll)

9 BB . Strategy: look for two leptons (e, y) compatible with a Z-boson +
‘> H e require large pt™ss, Veto on any additional activity.

9 QAW

24



ATL-PHYS-PUB-2021-006

WIMP: It all comes together: Mono-mania

— Dijet

139 fb™"; JHEP 03 (2020) 145
— Dijet TLA

29.3 fb™"; PRL 121 (2018) 081801

Dijet + ISR

79.8 fb; PLB 795 (2019) 56

— Boosted dijet + ISR

36.1 fb™; PLB 788 (2019) 316

— Boosted di-b + ISR

80.5 fb™: ATLAS-CONF-2018-052
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-006/

Events / 50 GeV

Data/Pred.

2HDM+a Models: Mono-Z(ll)

9 BB , Strategy: look for two leptons (e, y) compatible with a Z-boson +
H a require large pt™ss. Veto on any additional activity.

AN X .. crs ey .
9 RLOY @ < Maximize the sensitivity in 2ZHDM+a parameter space by using
the transverse mass observable.

X
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-003/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-029/

2HDM+a Models: Mono-H(bb)

@ The analysis is split into:
e resolved split further into 2 b-
< + tagged |ets and at least 3
b-tagged jets and in
I— e — oI miss bins.
« merged signal regions
ATLAS-CONF-2021-006
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-006/

2HDM+a Models - Putting
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Combination only with Mono-H(bb) and Mono-Z(ll) channels.
ATLAS-CONF-2021-036

CMS-EXO-18-011 targeting Z' 2HDM
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-036/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-18-011/

Long-lived signatures
1806.07396

Motivation | Top-down Theory IR LLP Scenario
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https://arxiv.org/pdf/1806.07396.pdf

1806.07396

Motivation

Top-down Theory

Long-lived signatures

IR LLP Scenario
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Long-lived signatures and Exotic Higgs decays

I : = = m s neutral emergmg B BSM
ficient freedom for exotic couplings s Charged HSCP | B lepton
R(H—Non-SM) could be up to O(10) % Sy Chnge M quark
[J. Antonelli] photon
N B anything
disappearing e displaced
s Cﬁ f track " lepton
?— E - (- Snnn
P o< /
P
displaced displaced
dijet photon
displaced A 4 displaced tl‘JOfttPictu;ed:
vertex conversion out of time decays
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Long-lived signhatures and Exotic Higgs decays

££i 1 : === neutral emerging M BSM
Sufficient freedom for exotic couplings s Charged HSCP | jet M lepton
BR(H—Non-SM) could be up to 0(10) % Sy Chnge | W quark
[J. Antonelli] photon
B anything
If.the decay product is light, and/or couple Assopaating displaced
with small couplings — long lived particle track iepion
(llll-
;“;""o
NN,
displaced \ P ’.0. displaced
dijet - \ 0 photon
: v \
displaced ; B i Not pictured:
vertex consersi - out of time decays
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Long-lived signhatures and Exotic Higgs decays

e . . EEw tral : BSM
Sufficient freedom for exotic couplings i SR HSCP it " S
BR(H—Non-SM) could be up to 0(10) % By eherge M quark

[J. Antonelli] ~ gggttr(:irrl] .
It the decay product is light, and/or couple — displaced
with small couplings — long lived particle — e
(llll.
CMS & ATLAS is designed (mostly) for IR,
prompt decays, which makes LLP searches RNEA
notoriously difficult! Spabe X%
displaced P ; \\T’.’ disslatlced
Challenges in triggers, reconstruction and dijet — 2! P
simulation. Backgrounds are generally from : v
non-collision sources: electronic Noise, | . | ,
R . . displaced \ 4 displaced Not pictured:
material interactions satellite bunches, vertex out of time decays

conversion

beam halo and cosmic
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L Strategy: Perform a very inclusive search for displaced leptons,
S - ] without requiring a common vertex and look for ey, ee, pp final
------- e states where both leptons have large transverse impact parameter

p
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-003/index.html
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/H— ZSS — 2|4b

Prompt dilepton (used to trigger) and displaced jet final
state associated production is efficient to access low pT
LLP's jets!

Displaced jet tagging relying on tracks’ |IP, transverse
angle, PV-association
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-014/index.html

Precision Proton Spectrometer R

TOTEM experiment is designed to take
| precise measurements of protons as they
=l emerge from collisions at small angles.

This region is known as the 'forward’
direction and is inaccessible

RP1

(147m) RP2
/. (180m)

= m\“ TOTEM and CMS collaborations have
& coordinated the use of their detectors to
P R . % perform combined measurements

220 meters RPS

0000000000000000000000000

Roman Pots 147 meters Roman Pots
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Precision Proton Spectrometer

CT-PPS is a magnetic spectrometer that uses the LHC magnets and detector stations, to bend
protons to measure their trajectories. It is fully integrated into CMS DAQ + Reconstruction Software

~. 9

o Tracking g Proton tag advantages:
detector

® closure of event kinematics (full 13 TeV energy

,.d a?” | 2 s g =T reconstructed)
\%ﬁﬁ 3 | _ 7 Sy e cffective background rejection

/
&

e

.S 1 v
»"‘g s [ e Opportunity to access a variety of topics:
\.\\“ : .’:‘,; ik & ¢, ¥ 7 o i ) pa—

|

® anomalous couplings with high sensitivity
® New resonances in very clean final state
® rare SM processes

39



Precision Proton Spectrometer

A search for new physics in central exc

the CMS-TO

-M preci

usive production using the missing mass technique with
sion proton spectrometer EXO-19-009

Main variable of interest Is t

ne SO-Ca

led missing mass: first use of this

CMS-Totem Preliminary

CMS-Totem Preliminary

technique at the L HC.
, . 2
Miiss = | (P + Pin) — (Py + Po2 + Pyt
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at high invariant mass : #ﬁ'+++*++*+*‘"‘*”"”“‘““""‘"“‘**""“’“MW B *“*’“‘*“”’*’“”“‘“’“‘**“*WW I i |
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-009/index.html

That was just looking at one question... We have many...

CMS Preliminary 2.3-138fb"! (13TeV)
W'-WZ (qgqq, HVT model B) My, |B2G-20-009 (1381~ 4.4
- * [e) W'-WZ (vwqq, HVT model B) My [2109.08268 (13810 ") 4.0
AT LAS H eavy Pa rt I CIe Sea rc h es = 95 /O C L W'-WZ (fvqq, HVT model B) My [2109.06055 (13810—") 3.9
. W'-WZ (££qq, HVT model B " L 9fb—! 2.7
Status: July 2022 s o o
- 5 w -20-( .
. W->WH (l\)bB, HVT model B) My [2109.06055 (1386 *) 4.0
Model [’ Y JetS‘{‘ EmISS fL dt[fb_ll W'-WH (qgTt, HVT model B) My |1808.01365 (35.910 ) 2.6
T T W' (all final states, HVT model B) My [1906.00057 (35.9fb ) 4.3
w . Z'->WW (qdqd, HVT model B) Mg |B2G-20-008 (138161 3.5
= ADD GKK + g/q 0 & Ty 1-4 J Yes 139 Mp Z'-WW (fvqq, HVT model B) M [2109.06055 (138b~") 4.0
Re) ADD non-resonant yy 2y - - 36.7 Ms ’ - =
7 ADD QBH o M Z'->ZH ((££, v)bb, HVT model B) Mg/ [2102.08198 (138 b~ 1) 3.7
= Q . - J, - 139 th Z'-»ZH (qdbb, HVT model B) My |B2G-20-008 (1381~") 3.9
QE) ég? gH mUltl]et 2_ 23 J - 3.6 Mﬂ‘ Z'-ZH (qqTT, HVT model B) Mz |1808.01365 (35.91b ') 1.8
._a KK =YY ) Y - - 139 Gkk mass ) Z'(allfinal states, HVT model B) M [1906.00057 (35.910 ") 3.7
Bulk RS Gy —» WW /ZZ multi-channel 36.1 Gy mass Q 506 0. o
© . O V'~V (qqqq, HVT model B) My |B2G-20-009 (1381b ') 4.5
O Bulk RS Gkx —» WV — ¢vqq 1epu 2j/1J  Yes 139 Gk mass = " o6 =
= J V'-VH (qgbb, HVT model B) My |B2G-20-009 (1381b~) 4.2
m Bulk RS 8Kk — tt Te, H 21b, >1 J/ZJ Yes 36.1 8Kk Mass g V'-VH (qd'l"f: HVT model B) My, |1808.01365 (35910 2.8
2UED / RPP 1eu >2b, 23] Yes 36.1 KK mass @  VsVV + VH (qdad, qdbb, HVT model B) My |B2e20.008 (13811) 4.8
SSM Z’ — ¢¢ 2 e, u _ _ 139 Z’ mass gc—) V' (all final states_, I-!VT model B) My, 1906.00057 (35.910 ) 4.5
SSM Z’ — 11 21 _ _ 36.1 Z’ mass o Bulk G=»WW (9gqq) Mg [B2G-20-009 (138fb~") 1.3
(é Leptophobic 7' — bb _ 2b _ 36.1 Z’ mass 8 Bulk G=»WW (£vqq) Mg [2109.06055 (138b~*) 1.8
S Leptophobic Z' — tt Oep 21b22J Yes 139 |2 mass 2 BukenzZ ity Mo I 08
8 SSM W’ — ¢v 1 e, u _ Yes 139 W’ mass 0O  BukG-zZ (££9q) Mg [1803.10098 (359-") 0.9
Q SSM W’ — 1v 171 - Yes 139 W’ mass Bulk G»ZZ (w_qd_) Mg |2100.08268 (135«::) 1.2
g) SSM W’ — tb _ >1 b, >1J _ 139 W’ mass Bulk G»VV (qq_qq_) Mg [B2G-20-009 (1386~ 1) 1.4
S | HVT W’ > WZ - fvqggmodelB  1e,u 2j/1J  Yes 139 | W’ mass Bulk GoHH (bbbb) M [bec:20:008 13at") 12
8 HVT W’ = WZ = &v €€ modelC 3 e, u J (VBF) Yes 139 W’ mass Bulk G-=HH (Zvqqgbb, £vZvbb) Mg |2112.03161 (138fb~") 1.4
HVT W’ — WH — ¢vbb model B 1 e, 1-2 b, 1_0]' Yes 139 W’ mass Bulk.G (all final states_) Mg |1906.00057 (35.91') 0.8
HVT 2 — ZH — ¢t/vvbbmodel B 02 e, 1-2b,1-0] Yes 139 |2’ mass Radion RoWW (1vd, A = 3 TeV) Mr 1090805 1380 ) 31
LRSM Wg — uNg 2u 14 _ 80 Wk mass Radion R»WW (qgqd, A= 3TeV) Mg |B2c20.008 (13810-) 2.4
Radion R—»ZZ (vwqq, A =3TeV) Mp [2109.08268 (1381b—") 2.9
Cl qqqq - 2j - 37.0 A Radion R—ZZ (q4qq, A= 3TeV) Mg |B26-20.008 (1381 ) 1.8
. Cl fqu 2e, M — — 139 A Radion R-»VV (qdqd, A = 3TeV) Mg |B26-20-000 (1381-1) 2.7
) Cl eebs 2e 1b - 139 A Radion R—»HH (qqtt, A=3TeV) Mp |1808.01365 (35,9 ) 2.7
Cl pubs 2u 1b — 139 A Radion R—HH (bbbb, A = 3TeV) Mp |B2G-20-004 (13816~1) 2.6
Cl tttt 21 eu >1b,21) Yes 36.1 A Radion R—HH (£vqgbb, £vfvbb, A = 3TeV) Mg [2112.08161 (1381-2) 2.2
s Axial-vector med. (Diraq DM) Oe,u, 1,y 1- 4j Yes 139 Mmed 21t (T/My=1%) ., 3.8
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Vector med. Z’-2HDM (Dirac DM) 0 e, u 2b Yes 139 Mmed 2ot (/M=30%) My [ 6.6
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Scalar LQ 15t gen 2e >2] Yes 139 LQ mass a,_)ﬂb_)(ltlzt o = 23
Scalar LQ 2nd gen 2 u 22] Yes 139 LQ mass W,_’tb Eoz, 2:; zwr 1708.08539 (35.910 ") . 43.6
Scalar LQ 3" gen 17 2b Yes 139 | LQ; mass SO o [EIRACELASSET) '
9 Scalar LQ 3rd gen 0 e >2 j, >2b  VYes 139 LQU mass Wi—»tb (0Z, LH) My [2104.04831 (13810 ") 3.4
Scalar LQ 3rd gen >2 e >1 1 >1 j, >1b _ 139 |_Qa mass - W'>Tb/Bt (Myq = 2/3Mw-) My |B2G-20-002 (13810 ) 3.2
Scalar LQ 3rd gen 0 e u, >170-2 j, 2b VYes 139 LQ4 mass 8 W= RW->WWW (1£) My, |B2G-20-001 (13810 ") 3.4
Vector LQ 3 gen 17 5 Yos 139 LQY mass C  Wi—~RW-WWW (0 + 12) My, |B2c2r-002 (1385 1) 3.7
3 g LQLQ-tutu My q [1809.08558 (35.91 1) 1.4
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o E VLQ T — Ht/Zt 1eu >1b >3j Yes 139 T mass b* -tW (0Z, RH) My~ |2104.12853 (138f01) 2.8
-— ’ = y = s b
8 § VLQY — Wb 1 e, u >1b, .21 j Yes 36.1 Y mass b* -tW (0Z, LH+RH) My |2104.12853 (1381b") 3.1
> VLQ B — Hb Oepu 22b,>1j,>1J - 139 B mass b™StW (0f + 1£, LH) My [p2s20010 (1381-1) 3.0
VLL7 — Z7/Ht multi-channel ~ >1]j Yes 139 7/ mass b"~tW (O£ + 1¢, RH) My [B2620.010 (1381") 3.0
—_ - — b*>tW (O£ + 14, LH+RH) My |Bec-20010 (13810 3.2
t*t* -tgtg My |1711.10049 (35,9101 1.2
Stealth G-x9q4 (v + 2jets, My = 0.2TeV) My |1s07.08275 35916 1) 1.7
i ]
X-aa (bbbb, M, =0.1TeV, MxN/f=8) My [B2G-20-003 (13810~ 2.6
c M S Prellmlna YY-bWbW My [1710.01539 35.910~") 1.3
TT-bWbwW M7 [1710.01539 (35910 3 1.3
TT-tZtZ My [1805.04758 35.910~") 1.3
- 1805.04758 '
X5/3tq' X5/3 tW (RH) UXS/B TT-tHtH M7 [1906.00057 35.90~1) 1.4
X5/3tq' X5/3_)tW (LH) Ox TT (Singlet) M |1805.04758 @5.910~") 1.2
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Bbq' B_)tW (RH) é BB—bHbH Mg |2008.09835 (138fb~) ! 1.6
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[o) B
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Bbq. B—-bH (LH) Op |1802.01486 (35.9fb~1) I % Xs3Xs 32 tWEW (Singlet My, , [i81003188 (@591 1.3
@  Xs;3Xs;3>tWEW (Doublet) My, , [181003188 35.9%0°1) 1.3
Bbq, B—)bz (LH) O 1701.07409 (2.3fb_1) ';‘ Xs/3-tW (Singlet, [/Mg=30%) My, [1809.08507 (35.916~) 1.5
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T-tZ (Singlet, [/Mt=10%) M [1708.01062 (35910 1.4
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B—bH (Doublet, [/Mg=30%) Mg |1802.01486 (35.910~") ; 1.2
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Tb TotH (LH) Y_a3bW My_,,, |1701.08328 231>~ i 0.8-1.4
q, 1= 1909.0472 | 1 1 1 1 1 1
0 1 2 3 4 5 6 7
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CMS Preliminary

35.9-138fb ! (13TeV), 19.7fb"! (8 TeV)
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GMSB non-pointing or delayed y 139 ,\7(1] lifetime 0.24-2.4m m(%?, G)= 60, 20 GeV, By= 2% CERN-EP-2022-096
GMSB 7 — (G displaced lepton 139 | Zlifetime 6-750 mm m(%)= 600 GeV 2011.07812
; GMSB 7 - G displaced lepton 139 7 lifetime 9-270 mm m(f)= 200 GeV 2011.07812
8 AMSB pp — 7570, ¥ ¥;  disappearing track 136 | ] lifetime 0.06-3.06 m m(f7)= 650 GeV 2201.02472
AMSB pp — g9, )“(f X1 large pixel dE/dx 139 ,\7;5 lifetime 0.3-30.0 m m(f7)= 600 GeV 2205.06013
Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519 m B(g — §g)= 0.1, m(g)= 500 GeV| 1811.07370
Split SUSY large pixel dE/dx 139 g lifetime >0.45m m(g)= 1.8 TeV, m(?)= 100 GeV 2205.06013
Split SUSY displaced vtx + E?“SS 32.8 g lifetime 0.03-13.2m m(g)= 1.8 TeV, m({?)= 100 GeV 1710.04901
Split SUSY 0¢4,2-6jets —I—E{“iss 36.1 g lifetime 0.0-2.1 m m(g)=1.8 TeV, m(¥%)= 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 trackless jets 139 s lifetime 0.19-6.94 m m(s)= 35 GeV 2203.01009
)
= VH with H — ss — bbbb  2( + 2 displ. vertices 139 s lifetime 4-85 mm m(s)= 35 GeV 2107.06092
I
% FRVZH — 2y + X 2 u—jets 139 v4 lifetime 0.654-939 mm m(yq)= 400 MeV 2206.12181
8) FRVZH — 4yy + X 2 u—jets 139 v4 lifetime 2.7-534 mm m(yq)= 400 MeV 2206.12181
2
L HoZzz, displaced dimuon 32,9 | Zg4 lifetime 0.009-24.0 m m(Zy)= 40 GeV 1808.03057
H— ZZ,4 2 e, u + low-EMF trackless jet 36.1 Z,4 lifetime 0.21-5.2 m m(Zy)= 10 GeV 1811.02542
®(200 GeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.41-51.5m a x B=1pb, m(s)= 50 GeV 1902.03094
-
T
®  P(600GeV) > ss low-EMF trk-less jets, MS vix 36.1 | s lifetime 0.04-21.5m o x B=1pb, m(s)= 50 GeV 1902.03094
O
n .
d(1TeV) - ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m o x B=1pb, m(s)= 150 GeV 1902.03094
W — N¢, N — bty displaced vtx (uu,ue, ee) + u 139 N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988
W — N¢, N — €ty displaced vitx (uu,ue, ee) + u 139 N lifetime 3.1-33 mm m(N)= 6 GeV, Majorana 2204.11988
=]
ZIZ: W — N¢, N — by displaced vtx (uu,ue, ee) + e 139 N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988
W — N¢, N — ty displaced vix (uu,ue, ee) + e 139 N lifetime 0.39-51 mm m(N)= 6 GeV, Majorana 2204.11988
I 1 1 IIIIIII 1 1 1 IIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 1 IIIIII 1 1 Ll L.l
0.001 0.01 0.1 1 10 100
ct [m]
Vs =13 TeV Vs =13 TeV
partialdata full data ] 1 Lol Ll 1 Lol 1 Lol 1 L aaanl 1 L1 11
0.001 0.01 0.1 1 10 100

*Only a selection of the available lifetime limits is shown.
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Some highlights with excesses from Run2
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ATLAS Boosted Search with 80/fb https://arxiv.org/pdf/1904.12679.pdf

Search for Wr boson and a N: Strategy

The dominant production process for the Wr boson at the LHC is the Drell-Yan mechanism
Assuming: no mixing between lepton flavors and left-right-handed weak gauge couplings are equivalent (gL = gR).

@ Boosted Category (New**)

Wh '
Wp N N Q@ Whr is heavy compared to the N ( mWr/mN > 10 ).
Resolved Category

Trigger on single lepton, then ...

® require 2 leptons (no charge requirements) Require 1 lepton and 1 wide jet (with a lepton inside)

® reject events with additional leptons _ _ _ |
® require at least 2 AK4 Jets The lepton subjet fraction algorithm: checking the

consistency of the jet with three subjets, where one
Considering only ee and pp lepton pairs subjet is dominated by the four-momentum of a lepton.
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Search for Wr boson
and a N: Results

A maximum-likelihood fit Is performed
on the mlljj (mlJ) distributions in the

resolved (boosted) SRs and CRs, with

the systematic uncertainties as
nuisance parameters.

The most extreme p-value in the
electron channel:

(MWgr,mN) = (6.0,0.8)TeV mass point
corresponding to a local (global)
significance of 2.950 (2.780).
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Detour: Bump hunt with an excess

Search for new heavy resonances decaying to WW, WZ, ZZ, WH, or ZH boson pairs in the all-jets final

state B2G-20-009

® Using 2 large cone jets (resonance decay products), and 2 small cone jets (V
® Tag the jets with ML algorithms to distinguish from QCD

138 fb' (13 TeV)

10§I|IIII|IIII||III|IIII|IIII|IIII|IIII|IIII|IIII;
Dijet invariant mass (GeV) 9 [ CMS *—— Observed -
A : 1 __ Preliminary - Expected =+ 1 std. deviation _:
§ = Expected = 2 std. deviation §
; Opy BR(V'—VV4VH) HVT_ -
X—=VV7? >10"
!
Myy = X TeV Mjet2 S
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W 3
ST
10
o
10°
My, 10°
Miet1

45

X- W, V-qq| |X=VH, V=qq & H-bb|

BF tags)

2 excesses In VV decay
modes only:

Local significant: 3.6 o
Global significance: 2.3 o



Third-generation Leptoquark

strength of 2.5, an excess witr
sigma above the SM expectation is observed in the
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Heavy, long-lived, charged particles

Signature: high-pT track with anomalously high dE/dx in

the pixel detector

Sensitive to: gluinos, charginos, and staus with m =
200-2500 GeV and 1 > O(0.1 ns)

Strategy:

« extract and parameterize relation between <dE/dx>
and By using low- pileup runs

» compute <dE/dx>... evaluate m = p/(By)

Excess in the high dE/dx signal region at m>1 TeV. ltis
3.3 sigma global for a particle mass hypothesis of 1.4
TeV

Timing of the 7 tracks responsible for an excess in the
calorimeters and in the muon spectrometer but the time
of flight was consistent with 3~1. Not LLP?

ATLAS-SUSY-2018-42
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Careful with “Discoveries”:
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Data [aking

Run 3 —-m

Run 3 : COM Energies of 13.6 TeV and 136Tev AR = —136-14TeV o
luminosities of ~300 tb-? and pu of ~30-40 . merper  HLALHC
M
022 | 2023 | 2024 | 2025 | 206 | 2027 | 2028 | 2029 JIll|
HL-LHC : COM Energy of 13.6-14 TeV and 1075 X nominal Lum
uminosities of ~3000 fb-1 and pu of ~200 i W

integrated AN RS
luminosity JENIR{ o5

Major ATLAS and CMS upgrades:

* Tracker upgrade with larger pseudo rapidity coverage (also hardware level triggering)
* Readout upgrades In all detectors.
* New timing detectors with LGAD silicons: 30-40 ps
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CMS-EXO-20-013

Dark Higgs (WW) . NS Smlaten PO

5 0.7} S -

06 f_ Www tW and tt E

W DM particles acquire their mass R L E
W+ ihrough their interactions witha 4,

Dark Higgs boson. R E

Signal extraction: 3D ML fit to 0'25 — 1 :

AR(I), mll, mT(Imin + pT) B e S

O 50 100 150 200 250 300 350 400

mgT min p_lﬂ_'IISS [G eV]

ATL-PHYS-PUB 2019-032 CMS Preliminary 137 b (13 TeV)

O
'g o — T T ™ T L BB %I 320 dark Higgs, Z'— DM + s(WW) g
“ . ol MG5aMC@NLO Simulation ¢ s-2bb 1 & MEEEIEIDM, 200y g
Model { e | ' y iz E 3000 T cosand 0L 10 ©
. —_— — | m— Observe % =
O e parame erS are. -S a .. s S— HH _, 300: e Expected 95% CL a
5 0.8 - 280— —— =+ 1 std. dev.
— E -
= \ |
DM mass: my, . 260

/' mass: mZ’, 06’: \ : 2403
dark Higgs mass: ms, 0.4 - -
/' couplings to quarks (gQq) : r,ic ? ;
7' couplings to DM (gx), T : ; 1
the mixing angle between SM and Y. AT | P AOPUNY. 180

100 150 200 250 300 350

the dark Higgs bosons (sin 0). m, [GeV 180000 1000 1500 2000 2500
51 m,, [GeV]



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-013/index.html

