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Introduction
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1. Rotation Curve Galaxy 2. Bullet Cluster 3. Hot gas in clusters of galaxies

Dark Matter:
Electrically Neutral
Interact only through gravity
Weakly Interacting Massive Particles (WIMPs)
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Introduction

Observations
grom 21 om bydoE®

. R (x 10001y)

1. Rotation Curve Galaxy 2. Bullet Cluster

3. Hot gas in clusters of galaxies

Dark Matter:
Electrically Neutral NO DIRECT OBSERVATION
Interact only through gravity
Weakly Interacting Massive WIMPs)

Bisnupriya Sahu 23rd Hellenic School and Workshops on Elementary Particle Physics and Gravity, Corfu, Greece 2023 Qj > * ATLAS (5}

¥ J? EXPERIMENT




Composition of Universe

Composition of the Universe

Dark Matter DM is six times more
27 % abundant than baryons

Dark Energy g
Ordinary Matter
68% Y

5%

N
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How to Detect Dark matter?

SM

Three ways to detect DM

Goal 1s to maintain the theoretical
connection between these
approaches

SM
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How to Detect Dark matter?

SM DM
. Scattering of DM particles on nuclei of
detector material
SM DM

Direct Detection

G
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How to Detect Dark matter?

Assume annihilation of DM particles

X

| Bisnupriya Sahu

Indirect Detection M

detector material

Direct Detection

Scattering of DM particles on nuclei of
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How to Detect Dark matter?

Assume annihilation of DM particles

Indlrect Detection DM

c

i)

g Scattering of DM particles on nuclei of
g detector material

©

5

£

Colllder

Collision of SM particles (p-p at LHC) DM may
produced, appear as Missing Transverse
Momentum
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Collider searches at LHC

=

Large Hadron@o]lide:i'
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Detectors

ATLAS

Compact Muon Solenoid (CMS)

CMS DETECTOR
Muon detector STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0m Pixel (100x150 pm) ~16m* ~66M channels
Overalllength ~ :28.7m
Electromagnetic

Microstrips (80x180 ym) ~200m?* ~9.6M channels
Magnetic field  :3.8T
calorimeters

SUPERCONDUCTING SOLENOID
Solenoid End-cap toroid

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)

~76,000 scintillating PBWO, crystals
Barrel toroid

Hadpronic calorimeters

HADRON CALORIMETER (HCAL)
Inner detector

Beam axis Brass + Plastic scintillator ~7,000 channels

46m long, 25m high,

21m long, 15m high,
weighs 7000 tons

weighs 14000 tons
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Dark matter searches

Slide taken from Danyer Pérez Adan
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Subset of dark matter topics covered in this talk

Mono-X searches
- Mono-Jets
- Mono-Z
- Mono-Higgs

Higgs to invisible searches

Dark Higgs
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Mono-X searches: Mono-Jets

Experimental signature: Jet + Missing Transverse Momentum(MET)

Triggering: Depends on MET
- High MET
- Removes multi-jets backgrounds

Backgrounds:
- Z/W+jet, top, dibosons, multijet

Event selections:
- Two types of jets are selected
- MonoV: fat jets produced in V— qq decays
- collimated hadrons from energetic quarks
- MonolJet: standard size jets
- Events with e, u, 1 or y are vetoed
- large Ao( jet p, MET) to reduce QCD jets
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Simplified Model: MonoJet

q g X

dq 9x

q X

Simplified Model: MonoV

2107.13021 2102.10874
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https://link.springer.com/article/10.1007/JHEP11(2021)153
https://arxiv.org/pdf/2102.10874.pdf

Mono-X searches: Mono-Jets

MET Distribution: CMS: MET includes CR CMS: MET includes CR
ATLAS: MET includes all CR 2017 2018
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https://link.springer.com/article/10.1007/JHEP11(2021)153
https://arxiv.org/pdf/2102.10874.pdf

Mono-X searches: Mono-Jets

Results: 2d scan of mediator mass vs dark matter mass

ATLAS CMS
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https://link.springer.com/article/10.1007/JHEP11(2021)153
https://arxiv.org/pdf/2102.10874.pdf

Mono-X searches: Mono-Z(ll)

Experimental signature: Z( — Two leptons) + Missing Transverse Momentum(MET)

Triggering:

- Depends on 1 or 2 leptons
B j,/( -
Backgrounds: | 77 .

- major backgrounds: ZZ, WZ < :
- other backgrounds: tt, WW %
- To reduce background
- 3¢, 40 CRs to constrain WZ/ZZ
- ey CR to constrain tt, WW

Q|
3

A
€+
Event selections:
Similar selections in both ATLAS and CMS 4 X
- Two lepton with invariant mass (76,106) GeV
- small AR( two lepton) to reduce multi-leptons background / X

Physics Letters B 829 (2022) 137066 Eur. Phys. J. C (2021)
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https://www.sciencedirect.com/science/article/pii/S0370269322002003?via%3Dihub
https://link.springer.com/article/10.1140/epjc/s10052-020-08739-5

Mono-X searches: Mono-Z(ll)

Transverse Mass Distribution:
ATLAS: MT distribution includes all CR

CMS: MT distribution includes all CR
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Non-res: includes WW, ttbar, single top-quark and Z—t 1

Other: tri-boson, ttbar + V and Z Z — 41 production
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Non-resonant: W— ttbar, tW, and WW

Physics Letters B 829 (2022) 137066 Eur. Phys. J. C (2021)
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https://www.sciencedirect.com/science/article/pii/S0370269322002003?via%3Dihub
https://link.springer.com/article/10.1140/epjc/s10052-020-08739-5

Mono-X searches: Mono-Z(ll)

Results: 2d scan of two pseudo-scalar mass

ATLAS: 2HDM + a model CMS: 2HDM + a model .

— 300 137 fb~1 (13 TeV)
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CMS Excluding upto mediator mass ~ 250-1200 GeV
ATLAS Excluding upto mediator mass ~ 250-1700 GeV

Physics Letters B 829 (2022) 137066 Eur. Phys. J. C (2021)
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https://www.sciencedirect.com/science/article/pii/S0370269322002003?via%3Dihub
https://link.springer.com/article/10.1140/epjc/s10052-020-08739-5

Mono-X searches: Mono-Higgs(h— 1,7, )

Experimental signature: h (— Two taus) + Missing Transverse Momentum(MET)

Triggering: DM
- Di-tau triggers
/
g oSS ; a,’
Backgrounds: ; i y
- Dominant background: VV, VH, tt, V+jets t A _———- <’
\
\
g 20000000000 ! B N5

Event selections:
- Two taus with opposite charge
- Third lepton veto: reject multi-lepton backgrounds
- b-jet veto: reject multi jet backgrounds

2305.12938v1

Bisnupriya Sahu 23rd Hellenic School and Workshops on Elementary Particle Physics and Gravity, Corfu, Greece 2023 @ > % ATLAS

EEEEEEEEEE

19


https://arxiv.org/pdf/2305.12938.pdf

Mono-X searches: Mono-Higgs(h— 7,7, )

Transverse Mass Distribution: MT(z,) + MT(z,)
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2305.12938v1
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https://arxiv.org/pdf/2305.12938.pdf

Mono-X searches: Mono-Higgs(h— 7,7, )

Results:
= 1600 g 10 ‘
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https://arxiv.org/pdf/2305.12938.pdf

Decay channel Final state or category
AKS jet (Z'-2HDM)
h — bb

Mono-X searches: Mono-Higgs mod CAI5 jet (Baryonic Z')
H—bb pimiss € 50-130 GeV

sensitive | |[h—n piRiss > 130 GeV
Results: 2HDM+a = CA15 jets ThTh

h—o1t HTH

........................................
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CMS == m,=150GeV &= m,=250GeV de
s my =300GeV “ ma=350GeV h—->2zZZ 4p
m, = 400 GeV m, = 500 GeV 2e2
100°F ANl —— theory uncertainty ] K
/ , -1
7oo_cM$_. L 359fb'(13TeV) 1Re
I [DM + h(bb + vy + tt + WW + ZZ) B: 4 b
= f F —— Observed 95% CL 9, o
2 10F 6001 ... +1 8.y 32
g I —— Expected 95% CL 10 S
S 500 +1 s.d. |
I Foreins +2sd. |
3 ; 400F
r 1
B 300[
2HDM+a, h — bb [
sing=0.35,tan3 =1, m, =10GeV, ma = my = my: 200k
0.1 ¢ Solid (dashed) lines: observed (expected) limit at 95% CL L 10"
Unc. band: +1 std. dev. on exp. limit o
1 1 1 1 1 1 100 & /
200 400 600 800 1000 1200 1400 1600 ; ] P = 5
ma (GeV) 500 1000 1500 2000 2500 3000 3500 4000 1000 1500 2000 L
m,. [GeV] m,. [GeV]

h — bbar, mA is excluded from ~400-800 Gev, ~Exclusion region:
Z'-2HMD: mZ’ ~ 500-3500 GeV, mass of DM: 850 GeV

for sin6 0.35, tanf3 1, mDM 10 GeV ,
Baryonic Z’: ~ 2000 GeV, mass of DM: ~ 400 GeV
s$10052-019-6730-7 JHEP03(2020)025
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https://link.springer.com/article/10.1007/JHEP03(2020)025
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Dark matter summary plots

Summary plots of vector mediator in simplified model

s CMS Preliminary Moriond 2022
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Exclusions depend on coupling parameters in mediator searches
coupling constant g, = 0.25, g = 1

ATL-PHYS-PUB-2023-018 CMS-EXOTICA-Summary
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Dark matter summary plots

Summary plots of pseudoscalar mediator in simplified model

Vs=13 TeV, 139 b July 2023 , CMS Preliminary ICHEP 2018
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Dark matter summary plots

Summary plots of coupling constant in simplified model
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JHEP 03 (2020) 145

Dijet

139 b

JHEP 03 (2020) 145
Dijet angular

37.0M"
Phys. Rev. D 96 (2017) 052004

— ” resonance
6.1 fb "

A Phys. J. C 78 (2018) 565

CMS:

CMS Prellm/nary

LHCP 2020

95% CL exclusions

'&%\v Observed

I,IMy=100%

1

1§

I, IM,=50%

L Z'>qq

Expected
I, I M, <~5%

tt resonance, [arXiv:1810.05905]
35.9 fb?, 13 Tev

T, M, <~10%

Boosted Dijet+y [arXiv:1905.10331]
35.9 fb, 13 Tev

Boosted Dijet [arXiv:1909.04114]
77.0 b 13 Tev

Dijet+ISR jet [arXiv:1911.03761]
18.3 fb, 13 Tev

Dijet b-tagged [arXiv:1802.06149]
19.7 fb, 8 TeV

Dijet scouting [arXiv:1604.08907]
19.7 fb?, 8 Tev

Dijet scouting [arXiv:1806.00843]
35.9b™ 13 Tev

Dijet [arXiv:1911.03947]

137 fb, 13 Tev

T,/ M, <~30%

Broad Dijet [arXiv:1806.00843]
35.9 fb?, 13 Tev

710 20 30

100 200

1000 2000

T, | M, <~100%

Dijet y, [arXiv:1803.08030]
35.9fh?, 13 Tev

M,. [GeV]

Exclusions on the coupling constant depend on decay width of Z’ to the Z' mass

ATL-PHYS-PUB-2023-018
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV
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Higgs to invisible searches

Experimental signature: Jets+ Higgs — Missing Transverse Momentum (MET)

SM BR(h—inv) =0.1% (h — ZZ*—4v)
Invisible Higgs decay would increase BR (h->inv) wrt SM predictions

VBF Higgs production
VBF is the most sensitive production mode g
: //
Backgrounds: > %
- Dominant background: Z(— v v) + Jets, W (— lv ) + Jets H

Event selections:

- Triggers: Combination of MET and VBF-like triggers >

- Two different category: q \\
- Moderate MET (VTR), MET p. (160,250 GeV) a
- High MET (MTR), MET p_ (> 250 GeV)

- Two jets of opposite charge, |njj |>1,

- Ap(two jets) < 2.0, to avoid double counting of leading jets

- events with charged leptons and photons are vetoed

1903.03616 2202.07953 2201.11585
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https://arxiv.org/abs/1903.03616
https://arxiv.org/pdf/2201.11585.pdf
https://arxiv.org/abs/2202.07953

Higgs to invisible searches

Dijet Mass Distribution:

ATLAS: CMS:
CMS 101 fb™* (13 TeV)
> L B L B L B S L L L N B B >
[} 105 ATLAS Post-fit -®-Data \\\ Uncertainty 8 10° MTR SR —t Data Z(vv)+iets (strong)
(D = -1 i Z(vv)+tjets (VBF) W(lv)+jets (strong)
Vs=13Tev,139fb* Bkg-only WMswongw [Feww ~ :
o SR 2 4 W(Iv)+jets (VBF) [ | otherEw
8 10* W strong 2 EW? T HF noise [ Qcp muttijet
oy M other Multijet U>J 102 Total bkg. (B-only fit) === Total bkg. (S+B fit) 1o
0 10°E ==*H(B,,, = 0.15) — = VBF — = ggH+VH+ttH
‘8‘ g e 10 B(H — inv) = 0.07
ks [N
o 10°E T ——— 1
e Events / 1500 GeV
10E S 10
E 1072
1?-5'-v-l---'f-'--i-~-1'---1-”-----
1.4 -e- Data/Bkg N\ Uncertainty ~ — Pre-/Post-fit 3 1073
(@) [ ---1+Signal/Bkg - - 1+Multijet/Bkg 16
= e IS 12451: +-B-only fit 4-S+Bfit \ Bkg. uncertainty — Fitted (S+B)/B
g N S ik :
. 21 i
E 1.1
e —— S I e A T e T
~ 038 . . " 3 + . . . 0
1000 1500 2000 2500 3000 3500 4000 4500 5000 S 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
s ©
m, [GeV] 8 m; (GeV)

1903.03616 2202.07953 2201.11585
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https://arxiv.org/abs/1903.03616
https://arxiv.org/abs/2202.07953

Higgs to invisible searches

results: Upper limits on the BR of h — invisible decay

ATLAS: CMS: 19.7 tb" (8 TeV) + 140 fb' (13 TeV)

e I T T T T T T T = z 08f 3
1 09F ATLAS — Observed >§ 07 = CMS - Obsclarved E
Q 0.8 i E=7 Tk 47 & Expected - £ <SE amees Median expected
il © {s=8TeV, 20.3 fb* s : ; 06E [ 68% expected 3
E 07F 5=13Tev, 139"  [J+2o E o : L S
s 0.6F = s 0S5F E
Q - c C ]
g2 @5 = s 04p -
G 04 3 £ o3f E
X 3 g 3
3 - 5 02 =
— — =

a ®)

h - o\o 01
3

A

| | | | | |

e @ «f x\‘f’ \of’ & & 2012 - 2016 2017 2018 Combination
36\)( Q%Qxé\‘ Q\x?’ 1« ]\\\x6 \\%Qxe @\)&LG 3 Q‘\)(\xo :;(\,\‘X'LO o
ATLAS: B(H — Inv) ~0.107 2301.10731
CMS: B(H — Inv) ~ 0.18 2201.11585
1903.03616 2301.10731 2201.11585
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https://arxiv.org/pdf/2201.11585.pdf
https://arxiv.org/abs/2301.10731
https://arxiv.org/pdf/2201.11585.pdf
https://arxiv.org/abs/1903.03616
https://arxiv.org/abs/2301.10731

Dark Higgs

Experimental signature: s - WW — (Lv+qq )*+Missing Transverse Momentum (MET)

Triggering:
- MET
- Single object trigger Dark Higgs Model ~— W —

Backgrounds:
- Dominant background: W (— lv ) + Jets, ttbar, WW, DY

Event selections:
- Final state: Hadrons (leptons) at ATLAS (CMS)
- MET: > 200 GeV (> 20 GeV) at ATLAS (CMS)

1606.07609 2010.06548 EXO-20-013
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https://arxiv.org/abs/1606.07609
https://arxiv.org/abs/2010.06548
https://cds.cern.ch/record/2776774/files/EXO-20-013-pas.pdf

Dark Higgs

. li tantg =0.25, g =1, mDM =200
Results: 2d scan varying Z’ mass vs s mass COUpHNE CONSIANt &y &y m

July 2023 CMS Preliminary 137 fb'' (13 TeV)
< L AN ] Dark Higgs model > - dark Higgs, Z' — DM + s(WW) =
2 | \‘\\Xk—\\\\\\\\\_\\XX\\\_\ JHEP 1704 (2017) 143 & 8201 Hisjae Dl B, =008 <
g i T T 7T 7] 9q=0.25,g4=1 '_<',, r g,=0.25.g = 1,sind = 0.01 \b
Ew 4001~ CUTUT ISR 6in@=0.01, my =200 GeV £ 300 —— Observed 95% CL 10 ©
- g X I~ — Expected 95% CL
I ! - | —— EPsS4+VV(qdaa), 139 o' C +1 std. dev.
I T ?grﬂg'rper\(/eh%%aﬁ 20! PRL 126 (2021) 121802 280
0 N Limits at 95% CL | — Epsawwg), 1397 g0k
E — Observed & arXiv:2211.07175 C
. Expected | —— E.4bb,79.8 fo" 2401 1
- ] ATL-PHYS-PUB-2019-032 -
200+ = F
| R Thermal Relic Density 220
. 1 77 Qhe2042 -
i K | 200~
e E ] 1800 1
i 1 - 10°
L \ . I
ST I R 160L
500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500

m,. [GeV]

: . Mz [GeV]
Exclusion region:

- ATLAS ( ms ~ 250 GeV, mZ’ ~ 2000 GeV)
- CMS (ms ~ 300 GeV, mZ’ ~ 500-2000 GeV)

1606.07609 ATL-PHYS-PUB-2023-018 EXO-20-013
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https://arxiv.org/abs/1606.07609
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Dark Higgs

Light-vector Model RS

X1

X1

Vas

Results: Light Vector model, g, = 1, g,=0.1,and g =0.01 q

Light Dark sector: combined dilepton channel

Heavy Dark sector: combined dilepton channel

| Bisnupriya Sahu
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g 10&- T T T T e T = T T ? g T T T T c |t ’ T T
2 E - ---- Expecte 3 2 o ---- Expecte
= F ?_TI__AS Prellmlnary_1 I Expected + o 3 = 1 ;\_Tl_.AS Prellmlnaw_1 I Expected + 1o
1+ 1R ST [JExpected+26 3 L s puinis [ Expected + 26
K E Light-vector - light dark-sector — Observed 3 N 10 Light-vector - heavy dark-sector — Observed
ha 1[. Dilepton channel, 95% CL ---Theory,g =0.1 ] hd A Dilepton channel, 95% CL ---Theory, g =0.1

5 g | _ |
210 '§_ “\\\\ - -~ Theory, g =0.05 _§' “;10 S - -~ Theory, g =0.05
3 _2_\\\\\\ ---Theory,g =0.01 3 3107 --- Theory, g =0.01
+107 e i S i E $
N E e PR = N
A g bmug ] 110
810° 4 g,
© F Bl

0 10°
105k o 107
E 2 1 2 1 2 1 2 1 1 1 1 3 10_8 2 1 2 1 2 1 2 1 1 1 1 3
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m, [GeV] m, [Gev]
Exclusion region: Z ' masses ~200-1000 GeV
- Light dark sector: 1 - 1073 to 3 - 10™° pb
A4 - -4 . -5
1606.07609 - Heavy dark sector: 4 - 10" to 2 - 10™ pb ATLAS-CONF-2023-045.
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Dark Higgs

Results: Light Vector model, g, = 1, g,=0.1,and g =0.01
Light Dark sector: combined dilepton channel

T T T T T

| Bisnupriya Sahu

Dark-Higgs Model

Heavy Dark sector: combined dilepton channel

=
o

ATLAS Preliminary
15 Vs=13Tev, 140 b
5 Dark-Higgs - heavy dark-sector
10 Dilepton channel, 95% CL

T2 =

c(pp—Z'+xx)x BR(Z'— II) [pb]
'_\
Q

---- Expected

[ Expected £ 1o
[ ] Expected + 26
— Observed

- - - Theory, g|:0.1
- - - Theory, gI:O.OS
- - - Theory, g]:0.0l

19

1

167 . . . L

2x10° 3x10°  4x10° 5x10° 10°
m,. [GeV]

Light dark sector: 1.5 - 103 to 3 - 10 pb

Heavy dark sector: 5 - 10™#to 2 - 10™° pb
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ATLAS-CONF-2023-045.
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1606.07609 )

32



https://arxiv.org/abs/1606.07609
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-045/ATLAS-CONF-2023-045.pdf

ATLAS Dark matter summary with 2HDM++a model

2d scan varying two Pseudoscalar masses

2HDM+a, Dirac DM, sin@ = 0.35, m =10 GeV, 4= 1, m, =m,=m, =600 GeV

— tftf, 139 fb!

arXiv:2211.01136

.
amm
=

— h—sinvisible, 139 fb*

2HDM+a, Dirac DM, sin6 = 0.35, tanp =1, m =10GeV,g =1,m =m,=m, ‘
S‘ZOOO""I""',_.'.-,'_..!»-"'|"'o'|' L B L S B L E$Iss+h(TT)'l39fb-l o R T R TS A R R L L L
© | P, I'/m > 20% 1 arXiv:2305.12938 c o 104 S o / .
O, 1800 ATLAS ] ET**+h(yy), 139 fb™ 8 Vs =13 Tev- 1300 :
< Vs=13TeV, 36.1 - 139 fb! Limits at 95% CL ] JHEP 10 (2021) 13 10 . Limitsat 95% CL —
€ 16005 "t — Observed 1 — E7'**+Z(qg), 36.1 fb™* i ; —  Observed : 1
e .- Expected ] JHEP 10 (2018) 180 -~ Expected =
......... ] EMS+tw, 139 fb =
1400 ariv:2211.13138 ..'
— EM'S4j, 139 fb? :
PRD 103 (2021) 112006 :

m, [GeV]

2306.

1000
i arxiv:2301.10731 <
800k, 7 S ey = Combination o
-.__-__-____I.:.-:..:'.'.'-._'-.'--:-:»_:'-:'.:;- E'.piss+h(b5), Eriss*'z("),thi(tb) _____::L:i==’*=5
P00 TR N s © i’ I LA A | 4 Syt <foiels (o Lo, F-EELL -
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00641

2d scan varying light pseudoscalar mass vs tanf3

= ET"*+h(bb), 139 fb*
JHEF 11 (2021) 209
ET**+h(yy), 139 fb*
JHEP 10 (2021) 13
— ET™+Z(1l), 139 fb
PLB 829 (2022) 137066
EFsS+tw, 139 fbt
arxiv:2211.13138
— E7"°+j, 139 fb™
PRD 103 (2021) 112006
tbH*(tb), 139 fb*
JHEP 06 (2021) 145
— fitf, 139 fb
arxiv:2211.01136
— h—sinvisible, 139 fb*
arxiv:2301.10731
— Combination
E7**+h(bb), ET **+Z(ll), tbH*(tb)
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https://arxiv.org/pdf/2306.00641.pdf
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Summary

Interesting results for the search of dark matter performed with ATLAS and CMS detector
are discussed

Both ATLAS and CMS experiments probed a wide range of final states and models

No signal is observed yet

With large Runll dataset and good improvement on analysis techniques, the background
modeling and estimation led to more stringent exclusions

Stay tuned for the new results with Run3...

For more results on DM searches visit ATLAS/CMS

Thank you for your attention...
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Mono-X searches: Mono-Jets

* At least one high pT central jet

* Veto events with leptons (e, ¢,7) and photons
g

* MET (Hadronic Recoil) > 250 GeV

* Events are broadly categorized in mono-jet
and mono-V based on leading jet pT

o Mono-V: Jet pT (AKS) > 250 GeV
o Mono-jet: Jet pT (AK4) > 100 (150) GeV
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Mono-X searches: Mono-Z(ll)

Table 1 Summary of the kinematic selections for the signal region

Dilepton mass
Number of jets
Py

b tagging veto
T lepton veto
AP (. P
A (prt, P
PR — prl/

ARy

PRIss (all but 2HDM+a)
piiss (2HDM+a only)
mt (2HDM+a only)

|mee —mz| < 15GeV

<1 jet with pl. > 30 GeV

> 60 GeV

0 b-tagged jet with pt > 30 GeV
0 T cand. with pT > 18 GeV
> 0.5 radians

2.6 radians

0.4

1.8

100 GeV

80 GeV

200 GeV

vV V.V AAYV

Quantity Requirement Target backgrounds
N¢ = 2 with additional lepton veto WZ,VVV
p.ll- > 25/20 GeV for leading/subleading Multijet

WW, top quark

DY, top quark, VVV
i CMS selection
Top quark, VVV

wz

DY, Wz

DY

DY

WW. top quark

DY, WW, top quark
DY, WW, top quark
DY, WW, ZZ, top quark

the leptons.

| Bisnupriya Sahu

Events in the SR are required to have exactly two oppositely
charged electrons or muons with an invariant mass consistent with
the mass of the Z boson. The leptons must have p% > 20,30 GeV
when ordered in increasing pr. The lepton pair is required to
have an invariant mass my, in the range 76 < my, < 106 GeV.
In order to select events in the SR consistent with invisible par-
ticles recoiling against the Z boson, events are required to have
E?‘iss > 90 GeV, S Eiss > 9 and a separation of AR;; < 1.8 between

23rd Hellenic School and Workshops on Elementary Particle Physics and Gravity, Corfu, Greece 2023

ATLAS selection

CMS |
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Dark Higgs

Signal selection by ATLAS Event selection by CMS
Quantity Selection
Table 1: The mass parameters assumed in the light dark-sector and heavy dark-sector benchmark scenarios Number of leptons 5
Lepton flavors ey, ue
Dark Higgs Light Vector Lepton charges Opposite
Light dark-sector ~ m, =5 GeV My = 5 GeV lxﬁilxtlonal leptons 0
mpy = 125GeV  my, = my, +mz +25 GeV Pr = ig
- = — Pt =
Heavy dark-sector m, =5 GeV my, =mz [2 s 1
Mp, = mz my, = 2mz pl! < 30
pins > 20
In ligh b diator: g =1, g =0.1,and g = 0.01 PLproj =)
n light vector boson mediator: g =1, g =0.1,and g = 0. i
My > 50
.. Cross Section [pb] Lepton Coupling ARy <25
Benchmark model Limit ee i ee U Number of b-tagged jets 0

Expected | 2.5x10™* 4.6x107* | 0.019 0.026
Observed | 3.6x107* 9.4x10™* | 0.023 0.037

Expected | 1.3x10™* 2.1x107* | 0.11  0.14
Observed | 1.9x107* 4.7x10™* | 0.13  0.20

Expected | 5.8x10~* 1.0x1073 | 0.017 0.022
Observed | 8.9x107% 2.0x1073 | 0.021 0.031

Expected | 1.6x10™* 2.4x107* | 0.076 0.094
Observed | 2.3x107*  5.3x10™* | 0.091 0.14

Light Vector — light dark-sector

Light Vector — heavy dark-sector

Dark Higgs — light dark-sector

Dark Higgs — heavy dark-sector
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