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Search for the dark matter
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Search for the dark matter

» Astrophysics evidence for DM
» DM searches via:
> satellite | Hins Bl
» underground Coaabeiiviiee.
» LHC . -
» Rich DM searches with ATLAS: AR e SR
» Search for the mediator Gt i
» Search for recoiling DM (X+MET) . |

» Search for the DM with Higgs acting as the mediator (decays to invisible)
and Dark Higgs recoil against DM
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ATLAS detector

Tile calorimeters
/ VAR i | LAr hadronic end-cap and
‘\\ gt J , \ forward calorimeters
yd Pixel detector !
j/ Toroid magnefs / l LAr eleciromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker

Muon Spectrometer

Muon
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Electromagnetic Calorimeter (Liquid Argon)
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DM models

» Based on 2HDM models:
» Another extended Higgs sector
» Two Higgs doublet model with charged heavy Higgs (H%)
» Quick aside on 2HDM models
» Additional pseudo scalar mediator to DM (a) or vector Z’
» Couplings prioritize third generation and signatures with vector and
Higgs boson
» Dark Higgs sector introduced (discussed later)
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Recoiling DM: JET + MET BT
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Simplified model with minimal 10° 1% DF M, S HABE5e
number of free parameters 10 Beeeen il _
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» An energetic jet and missing N i £
transverse momentum (MET) = S | S
» MET > 200 GeV 2 e S
> pr(j1) > 150 GeV a 9 ﬁffﬁééﬁéﬁ’%ﬁ“ﬁﬁéﬁfﬁté@fiﬁifﬁlﬁfﬁ%ﬁt%?ﬁﬁ“ﬁﬁéﬁéﬁ#f@%@?ffiﬁiﬁﬁlﬁﬁﬂﬁlfﬁfﬁtéiﬁ!nﬁéé%%éiﬁ%iffﬁﬁ;ﬁﬁffffffff].]:ﬁ

_ L , L A
» | nit| <2.4 600 800 1000 prelglci% oV
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» Dedicated control regions (CRs) for V+jets, tt/single-top
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Recoiling DM: JET + MET

q X

Simplified model with minimal
number of free parameters

» An energetic jet and missing
transverse momentum (MET)
» MET > 200 GeV
» pt(j1) > 150 GeV
» | nit| <2.4
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» Dedicated control regions (CRs) for V+jets, tt/single-top

axial-vector mediator model

» Results obtained by a binned profile likelihood fit to precoil from SR + 5CR

simultaneously


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-06/
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Recoiling DM
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-63/

Recoiling DM: Photon + MET

» Photon recolls against dark matter q v X
» pT(y) > 150 GeV

» MET > 200 GeV

: g g
» Dominated by Z+y and W+y background ! od X
» Backgrounds constrained with control samples
» Results interpreted _ _
C q X
» limit on the Mmeqd and mx
axial-vector mediator model vector mediator model
= 900f = 900f
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Comparison

| L,HS Prelimipary
3 TeV, M3 rc/:'h 2021
.'. /

— Dijet
139 fb™; JHEP 03 (2020) 145

— Dijet TLA

Dijet + ISR

79.8 fb™; PLB 795 (2019) 56

36.1 fb™; PLB 788 (2019) 316

DM mass
0.8

— tf resonance
36.1 fb™'; EPJC 78 (2018) 565

— bb resonance
139 fb™"; JHEP 03 (2020) 145

— ET™+jet
139 fb™"; arXiv:2102.10874
miss
— B4y
139 fb™"; arXiv:2011.05259
miss 1
Er™"+V(qq')
36.1 fb™"; JHEP 10 (2018) 180
= ET*4+Z(ll)

36.1 fb™"; PLB 776 (2017) 318
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95% CL

25 3

\ All limits
0 05 1 15 2 35 4
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Mediator mass

» Vertical band: search for the mediator directly

» Dijet searches
» Triangular region: search for the DM and mediator

» MET + X searches
» (Assuming no couplings to leptons, slightly different if allow)
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29.3 fb™; PRL 121 (2018) 081801

— Boosted dijet + ISR

— Boosted di-b + ISR

80.5 fb™; ATLAS-CONF-2018-052

Dijet

MET + X
mediator is mediator is
off-shell " on-shell
egion
excluded
mz (TeV)
mono-jet

mono-photon 4
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The Higgs and the dark matter

’ E : q
~ 9 X . g h ~
q H ' P : q
V : z 7 : q
»--- ; X
V J 1 ~ 1 q
_ ' A :
1 ‘& , X < !
q o X
: , , : a new scalar S
H decays to DM : H recoils against DM : (Dark Higgs)
PI’OdUCtIOn mode E E g 10__ MG5 MC@NLOSm It . :al/?Wl_
visible to recoil against H— inv. 1 Decay mode: e oaf S
» VBF: 2 forward jets » » bb: highest BR 55 \
> ttH: associated tt » » yy: clean signature o
» VH: V decays v ]
» ggF: with ISR jet ; : .
E E 00755 100 150 200 250 300m [ ;:c\); ]
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VBF+MET

» Higgs-boson decays can potentially be invisible
» acts as a “portal” between SM and DM
» VBF Higgs-boson production:

* two jets that point in forward direction
* combined with a large missing transverse momentum q

* a unique signature and most sensitive X
% | ATLAS Prellmmary Post-flt D '\'Y'Ur;cérte;in;y' |
Q) 10* Vs=13TeV, 139 fb™ I W strong W EWK -
8 .Zstrong Z EWK E . . .
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m; [GeV]

» Limit on H— inv. obtained
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-008/

VBF+MET+photon

» Two interpretations:

q 1
1
X : Y
1
1
1
M 1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2021-17/

Z() + MET

» Simplified model and 2HDM-+a interpretations
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-’ = SR Non-res.  Other 3
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» Transverse mass distribution (m7) is used in the maximume-likelihood fits
» Br(H— inv.) <18% at 95% C.L.

L mre \/ng ¢ L + \J + (B - B+ By


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-029/

Z() + MET e

» Simplified model and 2HDM-+a interpretations

Axial-vector mediator
600"'I"'I"'I"'I"'I"'

< B ]
q Z X 8 " ATLAS Preliminary N
1 500 {s=13TeV, 139 fb™, 95% CL _‘
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» Also Higgs portal interpretation ST i
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» Transverse mass distribution (mr) is used in the maximum-likelihood fits 718

» Br(H— inv.) < 18% at 95% C.L.

15 mr = \/ng + (p'tl"f)2 + \/m% + (E'}niss)z _ (ﬁ%{ + E'{‘niSS)Z


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-029/

H — inv. combination ATLAS-CONF-2020-052

» Combining with ttH and VBF
» More results such as Z(Il)+MET, VBF+photon to be added

—

S E ATLAS Proimian . 1 ELL B, <000 | AIAS it
x 09F (s=7TeV, 47fb" ~ ——Observed = =2 10 - ls=7TeV, 4.7 fo -
o - = 4. L E q 3 S _All limits at 90% CL Vs=8TeV, 20.3 b
- (s =8 TeV, 20.3 fb” Xpecte - 8 : ’ 1
- 0.8 S=06 16V, cU.01b o 15 E o - : Vs =13 TeV, 139 fb’
S - ls=13TeV, 139 fb : 96 ] 2 T
= 0.7= L= — o 1043 _
= - ] S -
- 0.6 — @) ]
s . 1 w0 oo
o 94 E RS
&\‘; 0.3 _; P I-_Iig—g; I—Dortal Other experiments }
® o = 107" @ I\Sﬂcglar WII\\;IVITMP ES;?Side-so—_
. — < Majorana WIMP i
0.1 —— s _ 2 v
O | | | | E 10—49 | | | | 1111 | | | | | L1 11 | | | | | | .| |
ttH VBF  Combined Combined Combined 1 10 10° 10°
Run 2 Run2 Run?2 Run 1 Run 1+2 Mywpe [GEV]
— < > >
LHC can probe Both sensitive  Direct detection

most sensitive

» ATLAS Run 1 + Run 2 result: Br(H— inv. ) < 0.11 (0.11)

» Translated to spin-independent DM-nucleon elastic scattering cross-section limit
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-052/

MonoH — bb arXiv 210813391

2HDM+a 2HDM+a P HDM
(9gF) (bbA)
b
/ h q h
, h e
/ P 7’ v
A 4 e /
t,b - - =X . X _A_ < R X X
a < a \< /\\ \<
X b X q X
» Largest BR for Higgs decays S T
] ] ®© 800+ ATLAS » —e— Data [ Single top .
» Event selection based on Higgs boost: O T L3 Ty 190 == s =z
% 600__ (é—r-l%elspstc;n[g:dfggo) eV ; :;V+HF N\ Background Uncertainty )
g 034 Mono-h Z’-2HDM
L (mz,,mp) = (1400,1000) GeV
H ----- ~ H _______ T 77 osignal = 1.89 fb (x20)
Resolved Merged
> 2 small-R jets > 1 large-R jets
MET < 500 GeV MET < 500 GeV

My, [GeV]
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MonoH — bb
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MonoH — yy UEP 10 (2021) 1

» /’-2HDM model as same as the previous ( + other models)

Z'-2HDM
» Clean signature: 2 photons ,
q .
] [] /
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/
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2HDM+a Combination

» Statistical combination of H(bb)+MET and Z(I)+MET

» Most sensitive searches updated to full Run-2 luminosity

» Significant complementarity from different channels
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Dark Higgs MonoS — VV Phie Rev Lot 126 02021502

» A dark Higgs (S) decays into VV q

» Mass of new scalar S > 160 GeV to guarantee the high BR q
» Utilize hadronic decay of W or Z !
» S = VV reconstructed with: 4
» Track Assisted Reclustered (TAR) jets to improve jet mass
and substructure resolution
» Four prong required
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Summary & Outlook

» VVarious DM searches performed with ATLAS
» The mediator search
» Dijet and Dilepton
» Search for the recoiling DM
» Jet/photon + MET
»Z(Il) + MET
» Search with the Higgs boson
» monoH(bb)
> monoH(yy)
» monoS(VV)
» More interpretations and more final states expected

» eg. monoS(bb) + monoS(WW-lep)

» Though we are still in the darkness, however more interesting results
expected from the up-coming LHC Run-3, HL-LHC and the FCC






