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Estimated matter-energy content of the Universe

» Strong evidence that dark matter (DM) exists.

» LHC searches complement evidence from direct —_—

Dark Matter

and indirect detection.
¢ Can actually produce DM mediators.

68.3% P orcinary
Dark Energy Matter

> Invisible decays of the Higgs boson, are good
way of searching for new physics. ©atLas

Indirect Detection

» Higgs boson could be a mediator between SM
particles and ones that belong to the DM
sector.

Mediator

Direct Detection

Collider Searches
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VBF+MET Analysis

data sample: L=139 fb™* of pp collisions at /s = 13 TeV

Invisible decays of the Higgs boson: Previous analysis result: (link)
BSM . 0.1% vs. BESM . 10% = Limit on By_snv: 0.37 at 95% CL.
, Changes and improvements:
q . L
q X = Relaxed selection criteria on mj;,
v H A’I]jj > 3.8 and Aq)_u
it H = WIMP i . .
v (ef: H= ) = E7® > 200 GeV slightly increased
! ;X g St i
q Multijet bin i
= powerful topology: VBF 4+ MET 20] [T H
= signal: VBF, ggF B | & o g
= main background: V+j, QCD /Vm K
[ .
The experimental signature: pa L
= pair of energetic jets " o el
« wide gap in 7; Improvements efficiency:

Better S/B ratio for selections with larger

= large invariant massess mj; m+ and smaller Ad
g gl
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Signal and control region definitions

SR definitions:

ESS > 200 GeV pr(j3,4) > 20 GeV

Lepton/photon vet Ady < 2.0
pr(j1) > 80 GeV HMiss > 180 GeV Anj > 3.8 VT or fIVT(j3,4)
p7(j2) > 50 GeV E?’.ssi& < 20 GeV mjj > 0.8 TeV Cj3,4 < 0.6
Mjy * Mjp <O 2 <= Njet <=4 Nbjet < 2 mjf:4 < 0.05
CR definitions:
to estimate V+jets background
Z— W — v
= N =2 = N =1
= pr(/1) > 30 GeV = pr(/1) > 30 GeV
= |mll — mZ| <25 GeV = MET sign.
. Er_;_viss < 70 GeV (e)> 4/ GeV

Mohamed (UMV) ACP-2021 (link) March 7, 2022


https://indico.cern.ch/event/1060503/

Background estimation

V+jets: about 95%
W CR can have small contribution from
data driven technique uses CRs to constrain  eyents with fake e~ originating from

this Background. multijet jet.
CRs binned similarly to SR. estimated with W/°” CR:

observed yield Vs expectation from simulation i
= enriched by fake electrons.
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Background estimation

Other Background: Multijet, diboson, ttbar.
ttbar, diboson: predicted directly from

simulation.
Multijet: = Add correction to account for the
= large Adj; and little EF™ ineficiency of the E7"* triggers.

= estimated from data using Rebalance

agreement of predictions and data
and Smear technique.
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= 2 CRs for validation: MJ prediction
- (HS, blue) and (HS+PU, red) 2°:Z‘ef1'1':2‘: by a factor to get
templates are normalised to fit the g ’
Ady; distribution.
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S matic uncertainties

Theoretical uncertainties

V+jets:
high-order matrix element effects and parton Signal uncertainties:
shower matching unc: ren, fac, gsf, ckkw.

Sherpa MC samples * VBF:
d fact: = p7 dependent NLO corr: 2%.
" ren and fact. = ren, fac: 1-3%.

strong V+jets downward: 18 to 26%
strong V+jets upward: 27% to 43%
EWK V+jets downward 9% to 20%

= parton shower: 2% to 4%.
= PDF from NNPDF : 1-2%.

EWK V-+jets upward: 11% to 29%. = ggF:
» qgsf: 4% to 8% ren and fac: 45% unc in the 2-jet
. ckkw: 4% to 6% Em and a 41% in the 3- and 4-jet
in

= PDF: 1% to 2%
Experimental uncertainties

Luminosity: 1.7% Triggers efficiency: 2%
- Ir_npacts only the signal = To account for possible physics objects:
yield. trigger efficiency = propagated to the
= effect cancel on the differences between data calculation of ET"*
backgrounds. and simulation.
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Results

Interpretation:

invisible decays of heavy scalar particles (med of DM)

Results:

T T T T T
. . = F ATLAS Preliminary ]
Postfit results of all SR and CR bins. o [ G-rotevew 1
x 1.5(— Limits at 95% CL —— Observed —
= ol pomeamns Expected ]
@ ATLAS Prehmlnary Post-fit 2 n 20 ]
> {s=13TeV, 139 b - Data ]
E Uncertainty |
> M W strong ]
w W EWK A
M Z strong |
Z EWK a
I o-fakes 200 %00 600 500 7000
M Other Mediator mass [GeV]
Multijet
H(By, =0.13) Upper limits on the S| o ywpp-nucleon Using Higgs
- portal mterpretanons
- T T
] FRTSIOR TOOPL SO o £ . 5 o1 ATLAS Prefiminary
2 PRt #g ekt "TH“ YN F v < =13 TeV, 13917 ]
e A e L L 3 = Alllimits at 90% CL o ’ -
[ FekeecR [ w.crR [ w.oR [ zcrR | SR € o0l Higgs Portal Other experiments_|
& r . %% scalar wiap Darkside:50 |
e % A Majorana WIMP o LUX ]

= good agreement of expected
background yields and observed data
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ATLAS, 139 1

Changes:

Signal region bins for the search of VBF invisible Higgs boson decays
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Interpretation:

Upper limits on the S| o ywpp-nucleon Using Higgs

portal interpretations
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Backup
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Proposal

e 3 different models are presented:

o

o

Calculated XS at UY seems to use approximation in 1st
and 2nd models
Complicated XS caleulation in 3rd UV model

e EFT is viable even though being opposed for

diverse limits at UV

o Proposals for the vector DM interpretation
in the DM overlay plot:

e]

Re-introduce the EFT with the the new form
factor uncertainty, since EFT is supported by 2nd
UV model and is the same in all the models, and
same calculation as in Runl.

Include the UV lines/bands (best and worst
limits) for the 1st model, and also for 3rd models.
Add the sub-GeV domain.
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"We submitted this work (link) as a white
paper in the Energy Frontier of Snowmass”
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