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Introduction

X

The Higgs could Yukawa-couple to massive
Dark Sector particles

SM 7
> H
SM z°
v 3

(model with few parameters and UV complete)
SM Byy_siny ~ 0.1% Br _inv could be significantly higher!

4

X

At collider experiments we need activity in the detector
to trigger such events

Common signature: visible particles recoiling against the invisible Higgs,
producing a significant amount of missing transverse momentum (ET")
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Production modes

VBF+MET VBF+y+MET

Different searches to
target main production
modes

Main sensitivity comes
from VBF+MET
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VBF+MET -

ATLAS

XPERIMENT

VBF topology: events selected with a pair of
jets with large angular separation on the 7
plane and large invariant mass

Further selections:

® lepton/photon veto Main backgrounds:
* high Egﬁss ° / —vv
® trigger constraint — (both strong and
® reject QCD events electroweak production)
® upper cut on A(¢);; to e W — fv with lost lepton
further reduce QCD !

systematics strongly reduced exploiting
20 and 1/¢ control regions and recent
theoretical calculation (arXiv:2204.07652)
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VBF+MET (2)

Signal and control regions split in 16 bins of
ET' mj; and A(¢);; to maximise signal extraction
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Assuming SM cross section, observed (expected) upper limit
on Br_siny of 0.145 (0.103) at 95% CL
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VBF+MET++ -

Similar VBF-like event selection,
+ requirement for one extra photon
l
usually radiated from the scattering W within
the large 1 gap between the two VBF jets

% A :"LAS ' POSIt-ﬁf -O-IDa!a &\I Uncertainty ]
©) Vs =13 TeV, 139 fo! EWZy Il Stong Z+y A
o SRinB,, EW Wiy [ strong W+y ]
8l moor Ee
N . 0 : Final state dominated by EW
S ]
> ] .. .
v R _; Z(— vv)~jj production
““““““““ Sesmiaoa paper reports first observation of this

g Uyl SR process at the LHC!

825: '.'De:(a/Bkg \\\Uncenalinty —Pre-/Posl-lm - 1+SignaI/Bklg ) :E

500 1000 1500 2000 2500 3000
m [GeV]

ATLAS detector Higgs invisible decays May 25" 2022 6 /15



VBF+MET+~ (2)

DNNevent classification to improve sensitivity for H — inv signal

(dark photon interpretation also available, see backup)
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Assuming SM cross section, observed (expected) upper limit
on Br_siny of 0.37 (0.34) at 95% CL

Result limited by statistics — large room for improvement in Run 3
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L+MET -

Events are required to have two oppositely-charged electrons or muons
with myy consistent with the Z mass

Further requirements: % E imias o §zt§
o EMSS > 90 GeV ; 10423@{1””“3”” Stome < omr 3

o EMss significance > 9 2 ol 2150 0ot =900 GV 2

® small angular separation 10°F .
between the leptons 0 ]
Main backgrounds (ZZ-W Z) FoN R :
constrained in dedicated control regions g ]
Non-resonant background also g 0_515_ 4

PRI I BRI RN ISR RN 2 I ST R
200 400 600 800 1000 1200 1400 1600 1800 2000

estimated from data, using eu events m. [GeV]
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Z+MET (2)

R
_ L] ata
i - s 4 e ... . d
sl S e e Sensitivity for H — inv enhanced using
7 nceriainty a BDT to improve the separation
600

between signal and background.

400

Variables considered:

200 . .
o EMSS significance

o ———— = . ..
3 L T T T TS ® total hadronic activity
£ o8t E ® kinematics of the leptonic system
0808 04 02 0020406
BDT

BDT output distribution used in the profile likelihood fit
1

Assuming SM cross section, observed (expected) upper limit
on Br_iny of 0.19 (0.19) at 95% CL
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tt +MET -

Combination searches for new physics in the tf +ET'* final state

Different decay channels considered: 0, 1 and 2 leptons
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2 ATLAS Preliminary ¢ Data == Standard Model @ “5E- ATLAS Preliminary ¢ Data == Standard Model
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Main backgrounds
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= jets

top Il \gﬂeﬁ #OL-low + ttOL-high analyses

m($:0) = (10,1) GeV.

SRR B — ® 0/ channel extended with
S a lower MET region
thanks to b-jet triggers

SROX SRWX SRTX SRATO SRATW SRATT SRBTO SRBTW SRBTT
Ol channel
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tt +MET (2)
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Expected upper limit on By_s;, improved by 30% with respect to the
individual best channel (2¢)

Observed limit weakened by mild excess in the 0¢ channel

NB all channels are stat limited — large room for improvement in Run 3
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Jet+MET -

ATLAS

EXPERIMENT 1

Events selected with > 1 high pt central jet
and ET"5 > 200 GeV

Shape fit on pt of the system recoiling

E'AT'LA'SI —TT— 7T T

against the initial state radiation jet % of AT .
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Assuming SM cross section, observed 2 : i
(=) “ZE "} Data/SMafter CRfit  # Data/SM after SR+CR fit Total Uncertainty E

(eXpeCted) upper ||m|t R ——s——To" 'p'relgloo'
on By_iny of 0.34 (0.39) at 95% CL
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Partial combination -

Release of partial combination of the VBF and ttMET
(0 lepton and 2 leptons only) channels, together with Run 1 results.

Observed upper limit on By _siny

1

4 0o = 7Tev 471 — Observed is 0.11 at 95%CL
_ 08 ls=8TeV,203fp" - Expected
S o 's=13TeV, 139" 1o
E . .
7 0F Limits driven by VBF Run 2
S 05 ) ..
3 o4 but production modes missing!
5 02 - — large room for improvement
0.2
01 —_—

tH T VBF_ Combined Comeined Combned T his illustrates the interest/feasibility of
combinations

0
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Comparison with Direct Detection experiments

Interpretation: spin-independent DM-nucleon elastic scattering cross
section using Higgs invisible decay width

— complementarity with direct detection results

T - "B, | <009  ATLASPreliminary |
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ATLAS detector Higgs invisible decays May 25" 2022 14 /15




Invisible decay of the Higgs is a powerful
tool to look for new physics

many production channels investigated

— even the more rare ones, each of them
giving complementary sensitivity
VBF channel driving the results

current 95%CL limits
to By_iny approach 10%

combinations expected to further
improve our knowledge
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