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An other look at the Simplified Models

Simplified Models

Mediator

jet/photon/W/Z

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

DM candidate

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

Extended to models with t-channel 
mediator and dark sectors

gq gDM
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Higgs Portals

Simplified Models Higgs Portal

Mediator

jet/photon/W/Z

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

DM candidate

From EFTs to Simplified Models… multiple type of mediators are studied
We have a special scalar particle!

Extended to models with t-channel 
mediator and dark sectors

gq gDM
HiggsProduce 

the Higgs

Known Higgs decay branching 
fractions allow decays to invisible 

particles ~20%

All Higgs production modes 
can be studied to tag the event
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Gluon fusion

• Largest production 
production cross section

• Needs to be tagged with a 
visible object

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

JHEP11(2021)153

Higgs Production Modes

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

• Less cross section: 
σ(monojet) ~ 30xσ (monoW)

• Boosted topologies & use of 
substructure - fatter jets

Gluon fusion

• Largest production 
production cross section

• Needs to be tagged with a 
visible object

Higgs Production modes will determine the signature.
Now lets look at VH production => Let us call it “mono-V”

JHEP11(2021)153 JHEP11(2021)153

Higgs Production Modes

https://link.springer.com/article/10.1007/JHEP11(2021)153
https://link.springer.com/article/10.1007/JHEP11(2021)153
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… even with state of the art background estimation strategies, we are often overwhelmed by SM
rescue: boosted topologies & substructure.

σ(ggf) ~ 30 x σ (VH) 
… but similar sensitivity in both searches!
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… even with state of the art background estimation strategies, we are often overwhelmed by SM
rescue: boosted topologies & substructure.

σ(ggf) ~ 30 x σ (VH) 
… but better sensitivity with Mono-V!

g

g

t

t t

H

t

(a)
q
0

q

q̃0

W
⌥
, Z

q̃

W
±
, Z

H

(b)

q
q̄

�̄

q̄

W/Z
W/Z

S

q

�

(c)
g

g

t̄
t

t
t̄

H

(d)

Mono-V Experimental Techniques



g

g

t

t t

H

t

(a)
q
0

q

q̃0

W
⌥
, Z

q̃

W
±
, Z

H

(b)

q
q̄

�̄

q̄

W/Z
W/Z

S

q

�

(c)
g

g

t̄
t

t
t̄

H

(d)
8

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

θ
The opening angle of the 

decay products scale 
inversely with Lorentz 
boost of the system

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

The opening angle of the 
decay products scale 
inversely with Lorentz 
boost of the system

large pT => large 
Lorentz boost

“fat jet”

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

large pT => large 
Lorentz boost

“fat jet”

The opening angle of the 
decay products scale 
inversely with Lorentz 
boost of the system

Pruning

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

large pT => large 
Lorentz boost

“fat jet”

The opening angle of the 
decay products scale 
inversely with Lorentz 
boost of the system

N-subjetinessPruning

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

large pT => large 
Lorentz boost

“fat jet”

The opening angle of the 
decay products scale 
inversely with Lorentz 
boost of the system
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… even with state of the art background estimation strategies, we are often overwhelmed by SM
rescue: boosted topologies & substructure.

0 0.2 0.4 0.6 0.8 1

Signal efficiency

4-10

3-10

2-10

1-10

1

Ba
ck

gr
ou

nd
 e

ffi
ci

en
cy

 (13 TeV)

CMS
Simulation 

DeepAK8
DeepAK8-MD

21t + SDm
2 + NSDm
DDT
2 + NSDm

W boson vs. QCD multijet
| < 2.4genh < 500 GeV, |gen

T
300 < p

 < 105 GeVAK8
SD65 < m

JINST 15 (2020) 06, P06005

Mono-V Experimental Techniques

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


14

Associated vector boson

• Less cross section: 
σ(monojet) ~ 30xσ (monoW)

• Boosted topologies & use of 
substructure - fatter jets

Gluon fusion

• Largest production 
production cross section

• Needs to be tagged with a 
visible object

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

JHEP11(2021)153 JHEP11(2021)153

Higgs Production Modes

Vector boson fusion

• Largest sensitivity among all 
approaches!

• Experimentally most 
challenging with 2 forward jets

Submitted to Phys. Rev. D

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
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VBF: Unique Observables

VBF dijet variables: mjj, ∆ηjj show separation power
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ATLAS-CONF-2020-008CMS-HIG-20-003
VBF Higgs Invisible

Background is now a mixture of electroweak
(EW) and strong processes of order α2EWα2S

VBF production is an “irreducible” 
background for this search: same signature 

of two hard forward quarks
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-003/index.html
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VBF Higgs Invisible + PhotonVBF Higgs Invisible + Photon
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VBF Higgs Invisible + Photon

ATLAS-CONF-2021-004

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

Signal discrimination via deep neutral network training method 
optimizes for H→inv

BR(H→ inv) < 37 % (34% exp)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-004/
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Associated vector boson

• Less cross section: 
σ(monojet) ~ 30xσ (monoW)

• Boosted topologies & use of 
substructure - fatter jets

Gluon fusion

• Largest production 
production cross section

• Needs to be tagged with a 
visible object

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

JHEP11(2021)153 JHEP11(2021)153

Higgs Production Modes

Vector boson fusion

• Largest sensitivity among all 
approaches!

• Experimentally most 
challenging with 2 forward jets

Submitted to Phys. Rev. D
No Significant Deviation from the Standard Model Prediction

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
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ATLAS-CONF-2020-052

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

Higgs to Invisible Branching Fraction Limits
CMS-HIG-20-003
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Collider approach to Dark Matter

Simplified Models Higgs Portal 2HDM+a

Mediator

jet/photon/W/Z

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

DM candidate

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

Extended to models with t-channel 
mediator and dark sectors

gq gDM

(q)

(q)

HiggsProduce 
the Higgs

Known Higgs decay branching 
fractions allow decays to invisible 

particles ~20%

All Higgs production modes 
can be studied to tag the event

two-Higgs double model + a 
pseudo-scalar, can end up with 

visible and invisible states

A more complete benchmark 
model with 14 parameters
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2HDM+a Models

2HDM+a

two-Higgs double model + a 
pseudo-scalar, can end up with 

visible and invisible states

A more complete benchmark 
model with 14 parameters

14 independent parameters.. but reduce to 5 free parameters:

• the heavy Higgs mass mA = mH = mH±; 
• the pseudoscalar mediator mass ma; 
• the DM mass mχ; 
• the mixing angle sin θ between the two CP-odd states a and A; 
• and VEV ratio tan β .

@ low tanβ the ggF mechanism dominates
@ higher tanβ the bbA mechanism dominates

Wide variety of detector signatures, DM in association with:

• a Higgs boson (pTmiss+h signatures)
• a Z boson (pTmiss+Z signatures). 

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 

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

Strategy: look for two leptons (e, μ) compatible with a Z-boson + 
require large pTmiss. Veto on any additional activity. 

Maximize the sensitivity in 2HDM+a parameter space by using 
the transverse mass observable.
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Z’ (jj)

WIMP: It all comes together: Mono-mania

Z’ (jj) + j

ATL-PHYS-PUB-2021-006

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-006/
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2HDM+a Models: Mono-Z(ll)

The dominant backgrounds: ZZ, WZ, 
WW, Z+jets and tt. 

Estimated via control regions:
• eμ CR (tt -̄ and WW- enriched), 
• three-lepton CR (WZ-enriched), 
• four-lepton CR (ZZ-enriched).

Strategy: look for two leptons (e, μ) compatible with a Z-boson + 
require large pTmiss. Veto on any additional activity. 

Maximize the sensitivity in 2HDM+a parameter space by using 
the transverse mass observable.

CMS-EXO-19-003ATLAS-CONF-2021-029

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/
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2HDM+a Models: Mono-H(bb)
The analysis is split into:

• resolved 

• merged signal regions 
ATLAS-CONF-2021-006

split further into 2 b-
tagged jets and at least 3 
b-tagged jets and in 
pTmiss bins. 

+

The tt ̄, W+HF and Z+HF 
contributions are modeled using 
simulations and normalization 

corrected from control region data

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-006/
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2HDM+a Models - Putting it all together

Combination only with Mono-H(bb) and Mono-Z(ll) channels. 
ATLAS-CONF-2021-036

CMS-EXO-18-011 targeting Z’ 2HDM

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/
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Long-lived signatures
1806.07396

https://arxiv.org/pdf/1806.07396.pdf
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Long-lived signatures
1806.07396

https://arxiv.org/pdf/1806.07396.pdf
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Long-lived signatures and Exotic Higgs decays

Sufficient freedom for exotic couplings 
BR(H→Non-SM) could be up to 𝒪(10) % 

If the decay product is light, and/or couple 
with small couplings → long lived particle

CMS & ATLAS is designed (mostly) for 
prompt decays, which makes LLP searches 

notoriously difficult!

Challenges in triggers, reconstruction and 
simulation. Backgrounds are generally from 

non-collision sources: electronic noise, 
material interactions satellite bunches, 

beam halo and cosmic



32

Long-lived signatures and Exotic Higgs decays

Sufficient freedom for exotic couplings 
BR(H→Non-SM) could be up to 𝒪(10) % 

If the decay product is light, and/or couple 
with small couplings → long lived particle

CMS & ATLAS is designed (mostly) for 
prompt decays, which makes LLP searches 

notoriously difficult!

Challenges in triggers, reconstruction and 
simulation. Backgrounds are generally from 

non-collision sources: electronic noise, 
material interactions satellite bunches, 

beam halo and cosmic
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Long-lived signatures and Exotic Higgs decays

Sufficient freedom for exotic couplings 
BR(H→Non-SM) could be up to 𝒪(10) % 

If the decay product is light, and/or couple 
with small couplings → long lived particle

CMS & ATLAS is designed (mostly) for 
prompt decays, which makes LLP searches 

notoriously difficult!

Challenges in triggers, reconstruction and 
simulation. Backgrounds are generally from 

non-collision sources: electronic noise, 
material interactions satellite bunches, 

beam halo and cosmic
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Strategy: Perform a very inclusive search for displaced leptons, 
without requiring a common vertex and look for eμ, ee, μμ final 
states where both leptons have large transverse impact parameter 

H → SS → 4l

CMS-EXO-18-003

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-18-003/index.html
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H → SS → 4j

ATLAS-CONF-2021-032

Strategy: Reconstruct decays 
of LLPs in the muon detectors.
No tracks, no jets. Instead 
clusters in the muon system! 
Using the muon system like a 
“sampling calorimeter”

@ATLAS: additional stand alone vertex 
finding in the ATLAS spectrometer 

CMS triggers: MET based 
triggers (MET induced from an 
ISR jet requirement).

ATLAS triggers: dedicated 
muon region-of-interest trigger 
that is signature driven. 

CMS-EXO-20-015

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-032/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-20-015/index.html
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ZH → ZSS → 2l4b

ATLAS-EXOT-2018-57

CMS-EXO-20-003

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

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-57/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-20-003/index.html
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Search for a narrow long-lived dimuon resonance 
with mLLP > 2mmuon and lifetime > 0
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Precision Proton Spectrometer
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Precision Proton Spectrometer
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Precision Proton Spectrometer

A search for new physics in central exclusive production using the missing mass technique with 
the CMS-TOTEM precision proton spectrometer EXO-19-009

Main variable of interest is the so-called missing mass: first use of this 
technique at the LHC.

Excellent proton 
momentum 

reconstruction of PPS 
allows to search for 

missing mass signatures 
at high invariant mass

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-009/index.html
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That was just looking at one question… We have many…

Model !, γ Jets† Emiss
T

∫
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ADD GKK + g/q 0 e, µ, τ, γ 1 − 4 j Yes 139 n = 2 2102.1087411.2 TeVMD

ADD non-resonant γγ 2 γ − − 36.7 n = 3 HLZ NLO 1707.041478.6 TeVMS

ADD QBH − 2 j − 139 n = 6 1910.084479.4 TeVMth

ADD BH multijet − ≥3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → γγ 2 γ − − 139 k/MPl = 0.1 2102.134054.5 TeVGKK mass

Bulk RS GKK →WW /ZZ multi-channel 36.1 k/MPl = 1.0 1808.023802.3 TeVGKK mass

Bulk RS GKK →WV → #νqq 1 e, µ 2 j / 1 J Yes 139 k/MPl = 1.0 2004.146362.0 TeVGKK mass

Bulk RS gKK → tt 1 e, µ ≥1 b, ≥1J/2j Yes 36.1 Γ/m = 15% 1804.108233.8 TeVgKK mass

2UED / RPP 1 e, µ ≥2 b, ≥3 j Yes 36.1 Tier (1,1), B(A(1,1) → tt) = 1 1803.096781.8 TeVKK mass

SSM Z ′ → ## 2 e, µ − − 139 1903.062485.1 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 36.1 1709.072422.42 TeVZ′ mass
Leptophobic Z ′ → bb − 2 b − 36.1 1805.092992.1 TeVZ′ mass
Leptophobic Z ′ → tt 0 e, µ ≥1 b, ≥2 J Yes 139 Γ/m = 1.2% 2005.051384.1 TeVZ′ mass

SSM W ′ → #ν 1 e, µ − Yes 139 1906.056096.0 TeVW′ mass

SSM W ′ → τν 1 τ − Yes 139 ATLAS-CONF-2021-0255.0 TeVW′ mass

SSM W ′ → tb − ≥1 b, ≥1 J − 139 ATLAS-CONF-2021-0434.4 TeVW′ mass
HVT W ′ →WZ → #νqq model B 1 e, µ 2 j / 1 J Yes 139 gV = 3 2004.146364.3 TeVW′ mass

HVT W ′ →WZ → #ν #′#′ model C 3 e, µ 2 j (VBF) Yes 139 gV cH = 1, gf = 0 ATLAS-CONF-2022-005340 GeVW′ mass

HVT W ′ →WH → #νbb model B 1 e, µ 1-2 b, 1-0 j Yes 139 gV = 3 2207.002303.3 TeVW′ mass
HVT Z ′ → ZH → ##/ννbb model B 0,2 e, µ 1-2 b, 1-0 j Yes 139 gV = 3 2207.002303.2 TeVZ′ mass
LRSM WR → µNR 2 µ 1 J − 80 m(NR) = 0.5 TeV, gL = gR 1904.126795.0 TeVWR mass

CI qqqq − 2 j − 37.0 η−LL 1703.0912721.8 TeVΛ
CI ##qq 2 e, µ − − 139 η−LL 2006.1294635.8 TeVΛ
CI eebs 2 e 1 b − 139 g∗ = 1 2105.138471.8 TeVΛ
CI µµbs 2 µ 1 b − 139 g∗ = 1 2105.138472.0 TeVΛ
CI tttt ≥1 e,µ ≥1 b, ≥1 j Yes 36.1 |C4t | = 4π 1811.023052.57 TeVΛ

Axial-vector med. (Dirac DM) 0 e,µ, τ, γ 1 − 4 j Yes 139 gq=0.25, gχ=1, m(χ)=1 GeV 2102.108742.1 TeVmmed

Pseudo-scalar med. (Dirac DM) 0 e,µ, τ, γ 1 − 4 j Yes 139 gq=1, gχ=1, m(χ)=1 GeV 2102.10874376 GeVmmed

Vector med. Z ′-2HDM (Dirac DM) 0 e, µ 2 b Yes 139 tan β=1, gZ =0.8, m(χ)=100 GeV 2108.133913.1 TeVmmed

Pseudo-scalar med. 2HDM+a multi-channel 139 tan β=1, gχ=1, m(χ)=10 GeV ATLAS-CONF-2021-036560 GeVmmed

Scalar LQ 1st gen 2 e ≥2 j Yes 139 β = 1 2006.058721.8 TeVLQ mass

Scalar LQ 2nd gen 2 µ ≥2 j Yes 139 β = 1 2006.058721.7 TeVLQ mass

Scalar LQ 3rd gen 1 τ 2 b Yes 139 B(LQu
3 → bτ) = 1 2108.076651.2 TeVLQu

3
mass

Scalar LQ 3rd gen 0 e, µ ≥2 j, ≥2 b Yes 139 B(LQu
3 → tν) = 1 2004.140601.24 TeVLQu

3
mass

Scalar LQ 3rd gen ≥2 e, µ, ≥1 τ ≥1 j, ≥1 b − 139 B(LQd
3 → tτ) = 1 2101.115821.43 TeVLQd

3
mass

Scalar LQ 3rd gen 0 e, µ, ≥1 τ 0 − 2 j, 2 b Yes 139 B(LQd
3 → bν) = 1 2101.125271.26 TeVLQd

3
mass

Vector LQ 3rd gen 1 τ 2 b Yes 139 B(LQV
3 → bτ) = 0.5, Y-M coupl. 2108.076651.77 TeVLQV

3
mass

VLQ TT → Zt + X 2e/2µ/≥3e,µ ≥1 b, ≥1 j − 139 SU(2) doublet ATLAS-CONF-2021-0241.4 TeVT mass
VLQ BB →Wt/Zb + X multi-channel 36.1 SU(2) doublet 1808.023431.34 TeVB mass
VLQ T5/3T5/3 |T5/3 →Wt + X 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 36.1 B(T5/3 →Wt)= 1, c(T5/3Wt)= 1 1807.118831.64 TeVT5/3 mass

VLQ T → Ht/Zt 1 e, µ ≥1 b, ≥3 j Yes 139 SU(2) singlet, κT = 0.5 ATLAS-CONF-2021-0401.8 TeVT mass

VLQ Y →Wb 1 e, µ ≥1 b, ≥1 j Yes 36.1 B(Y →Wb)= 1, cR (Wb)= 1 1812.073431.85 TeVY mass

VLQ B → Hb 0 e,µ ≥2b, ≥1j, ≥1J − 139 SU(2) doublet, κB= 0.3 ATLAS-CONF-2021-0182.0 TeVB mass
VLL τ′ → Zτ/Hτ multi-channel ≥1 j Yes 139 SU(2) doublet ATLAS-CONF-2022-044898 GeVτ′ mass

Excited quark q∗ → qg − 2 j − 139 only u∗ and d∗, Λ = m(q∗) 1910.084476.7 TeVq∗ mass

Excited quark q∗ → qγ 1 γ 1 j − 36.7 only u∗ and d∗, Λ = m(q∗) 1709.104405.3 TeVq∗ mass

Excited quark b∗ → bg − 1 b, 1 j − 139 1910.04473.2 TeVb∗ mass
Excited lepton #∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeV!∗ mass
Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

Type III Seesaw 2,3,4 e, µ ≥2 j Yes 139 2202.02039910 GeVN0 mass
LRSM Majorana ν 2 µ 2 j − 36.1 m(WR ) = 4.1 TeV, gL = gR 1809.111053.2 TeVNR mass

Higgs triplet H±± →W ±W ± 2,3,4 e,µ (SS) various Yes 139 DY production 2101.11961350 GeVH±± mass
Higgs triplet H±± → ## 2,3,4 e,µ (SS) − − 139 DY production ATLAS-CONF-2022-0101.08 TeVH±± mass
Higgs triplet H±± → #τ 3 e,µ, τ − − 20.3 DY production, B(H±±

L
→ #τ) = 1 1411.2921400 GeVH±± mass

Multi-charged particles − − − 139 DY production, |q| = 5e ATLAS-CONF-2022-0341.59 TeVmulti-charged particle mass

Magnetic monopoles − − − 34.4 DY production, |g | = 1gD , spin 1/2 1905.101302.37 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

partial data

√
s = 13 TeV
full data

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits
Status: July 2022

ATLAS Preliminary∫
L dt = (3.6 – 139) fb−1

√
s = 8, 13 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).

Model Signature
∫
L dt [fb−1] Lifetime limit Reference

S
U

S
Y

H
ig

g
s

B
R

=
1

0
%

S
ca

la
r

H
N

L

RPV t̃ → µq displaced vtx + muon 136 2003.119560.003-6.0 mt̃ lifetime m(t̃)= 1.4 TeV

RPV χ̃01 → eeν/eµν/µµν displaced lepton pair 32.8 1907.100370.003-1.0 mχ̃0
1

lifetime m(q̃)= 1.6 TeV, m(χ̃01)= 1.3 TeV

GGM χ̃01 → ZG̃ displaced dimuon 32.9 1808.030570.029-18.0 mχ̃0
1

lifetime m(g̃)= 1.1 TeV, m(χ̃01)= 1.0 TeV

GMSB non-pointing or delayed γ 139 CERN-EP-2022-0960.24-2.4 mχ̃0
1

lifetime m(χ̃01, G̃)= 60, 20 GeV, BH= 2%

GMSB $̃ → $G̃ displaced lepton 139 2011.078126-750 mm"̃ lifetime m($̃)= 600 GeV

GMSB τ̃→ τG̃ displaced lepton 139 2011.078129-270 mmτ̃ lifetime m($̃)= 200 GeV

AMSB pp → χ̃±1 χ̃
0
1, χ̃

+
1 χ̃
−
1 disappearing track 136 2201.024720.06-3.06 mχ̃±

1
lifetime m(χ̃±1 )= 650 GeV

AMSB pp → χ̃±1 χ̃
0
1, χ̃

+
1 χ̃
−
1 large pixel dE/dx 139 2205.060130.3-30.0 mχ̃±

1
lifetime m(χ̃±1 )= 600 GeV

Stealth SUSY 2 MS vertices 36.1 1811.073700.1-519 mS̃ lifetime B(g̃ → S̃g)= 0.1, m(g̃)= 500 GeV

Split SUSY large pixel dE/dx 139 2205.06013> 0.45 mg̃ lifetime m(g̃)= 1.8 TeV, m(χ̃01)= 100 GeV

Split SUSY displaced vtx + Emiss
T 32.8 1710.049010.03-13.2 mg̃ lifetime m(g̃)= 1.8 TeV, m(χ̃01)= 100 GeV

Split SUSY 0 $, 2 − 6 jets +Emiss
T 36.1 ATLAS-CONF-2018-0030.0-2.1 mg̃ lifetime m(g̃)= 1.8 TeV, m(χ̃01)= 100 GeV

H → s s 2 MS vertices 139 2203.005870.31-72.4 ms lifetime m(s)= 35 GeV

H → s s 2 low-EMF trackless jets 139 2203.010090.19-6.94 ms lifetime m(s)= 35 GeV

VH with H → ss → bbbb 2$ + 2 displ. vertices 139 2107.060924-85 mms lifetime m(s)= 35 GeV

FRVZ H → 2γd + X 2 µ−jets 139 2206.121810.654-939 mmγd lifetime m(γd )= 400 MeV

FRVZ H → 4γd + X 2 µ−jets 139 2206.121812.7-534 mmγd lifetime m(γd )= 400 MeV

H → ZdZd displaced dimuon 32.9 1808.030570.009-24.0 mZd lifetime m(Zd )= 40 GeV

H → ZZd 2 e,µ + low-EMF trackless jet 36.1 1811.025420.21-5.2 mZd lifetime m(Zd )= 10 GeV

Φ(200 GeV)→ s s low-EMF trk-less jets, MS vtx 36.1 1902.030940.41-51.5 ms lifetime σ × B= 1 pb, m(s)= 50 GeV

Φ(600 GeV)→ s s low-EMF trk-less jets, MS vtx 36.1 1902.030940.04-21.5 ms lifetime σ × B= 1 pb, m(s)= 50 GeV

Φ(1 TeV)→ s s low-EMF trk-less jets, MS vtx 36.1 1902.030940.06-52.4 ms lifetime σ × B= 1 pb, m(s)= 150 GeV

W → N$,N → $$ν displaced vtx (µµ,µe, ee) + µ 139 2204.119880.74-42 mmN lifetime m(N)= 6 GeV, Dirac

W → N$,N → $$ν displaced vtx (µµ,µe, ee) + µ 139 2204.119883.1-33 mmN lifetime m(N)= 6 GeV, Majorana

W → N$,N → $$ν displaced vtx (µµ,µe, ee) + e 139 2204.119880.49-81 mmN lifetime m(N)= 6 GeV, Dirac

W → N$,N → $$ν displaced vtx (µµ,µe, ee) + e 139 2204.119880.39-51 mmN lifetime m(N)= 6 GeV, Majorana

cτ [m]

τ [ns]

0.001

0.001

0.01

0.01

0.1

0.1

1

1

10

10

100

100

√
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ATLAS Long-lived Particle Searches* - 95% CL Exclusion
Status: July 2022

ATLAS Preliminary∫
L dt = (32.8 – 139) fb−1

√
s = 13 TeV

*Only a selection of the available lifetime limits is shown.
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Some highlights with excesses from Run2
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Search for WR boson and a N: Strategy

 X

Boosted Category (New**) 

WR is heavy compared to the N ( mWR/mN > 10 ). 

Require 1 lepton and 1 wide jet (with a lepton inside) 

The lepton subjet fraction algorithm: checking the 
consistency of the jet with three subjets, where one 
subjet is dominated by the four-momentum of a lepton.

Resolved Category 

Trigger on single lepton, then … 

• require 2 leptons (no charge requirements) 
• reject events with additional leptons 
• require at least 2 AK4 Jets 

Considering only ee and μμ lepton pairs

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).
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CMS-EXO-20-002 

ATLAS Boosted Search with 80/fb https://arxiv.org/pdf/1904.12679.pdf



Search for WR boson 
and a N: Results

 X

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:  

(mWR,mN) = (6.0,0.8)TeV mass point 
corresponding to a local (global) 

significance of 2.95σ (2.78σ). 
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Detour: Bump hunt with an excess
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Third-generation Leptoquark

For a representative LQ mass of 2 TeV and a coupling 
strength of 2.5, an excess with a significance of 3.4 
sigma above the SM expectation is observed in the 

data. 
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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 τ > O(0.1 ns) 

Strategy: 
• extract and parameterize relation between <dE/dx> 

and βγ using low- pileup runs 
• compute <dE/dx>trunc; evaluate m = p/(βγ) 

Excess in the high dE/dx signal region at m>1 TeV. It is 
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 β~1. Not LLP?

ATLAS-SUSY-2018-42
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Careful with “Discoveries”: 
Remember 750 GeV bump?

Atlas had 3.9 sigma,
CMS had 3.4 sigma 
using 2015 dataset

But nothing in 2016…

~2 papers/day
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Data Taking

5 to 7.5 x nominal Lumi
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2 x nominal Lumi2 x nominal Luminominal Lumi
75% nominal Lumi
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HL-LHC TECHNICAL EQUIPMENT:
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4000 fb-1

20402027 20292028

pilot beam

Run 3 : COM Energies of 13.6 TeV and 
luminosities of ~300 fb-1 and  pu of ~30-40


HL-LHC : COM Energy of 13.6-14 TeV and 
luminosities of ~3000 fb-1 and pu of ~200
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DESIGN STUDY PROTOTYPES CONSTRUCTION INSTALLATION & COMM. PHYSICS
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HL-LHC CIVIL ENGINEERING:
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Run 3
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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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Conclusion
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Dark Higgs (WW)

DM particles acquire their mass 
through their interactions with a 

Dark Higgs boson.

Signal extraction: 3D ML fit to 
∆R(ll), mll,  mT(lmin + pT)

Model parameters are:

• DM mass: mχ, 
• Z′ mass: mZ′, 
• dark Higgs mass: ms, 
• Z′ couplings to quarks (gq) 
• Z′ couplings to DM (gχ),
• the mixing angle between SM and 

the dark Higgs bosons (sin θ). 

CMS-EXO-20-013

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

