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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001
https://en.wikipedia.org/wiki/File:Standard_Model_of_Elementary_Particles.svg
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¢ Maybe more than one particle here?
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001
https://en.wikipedia.org/wiki/File:Standard_Model_of_Elementary_Particles.svg

* The Higgs boson couples to massive particles
* Dark matter must be massive

Dark Matter / Dark Sector
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ATLAS

EXPERIMENT

Run Number: 260466, Event Number: 16848

Date: 2015-04-07 21:40:01 CEST
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ATLAS
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Run: 302393
Event: 738941529
2016-06-20 07:26:47 CEST



(extended) Standard Model

Standard Model Gauge Symmetries
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.075004
https://link.springer.com/article/10.1007/JHEP02(2015)157
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H - Z(d)Zd — 4

Kinetic mixing Zd

parameter € g
(controls coupling

between Z; & SM) E

Christian Weber

Mz u
LHZZd == ZszHZ”Zd
Lzoe =9z, Z5fVuf
Lys = §52|H|2
2

4 HZ,,7}

v

Lyz,z, = 2Sy

Dark Higgs S, coupling « E
(controls coupling between
S and H)

10



1x1074
5%107
o
w
S
(D)
T %107
X
e
©
o 5x10°°
o
(@))]
£
X
E -6
@) 1x10
o
()
£ 5x1077
Y
1x1077
9/22/2021

Muon g-2 constraints on Z4
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.095006

Cosmic positron abundance anomaly
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https://www.nature.com/articles/nature07942

Search for Higgs bosons decaying to new spin-0 or spin-1
particles in four-lepton final states at the ATLAS detector with
139 fb! of pp collision data at /s = 13 TeV

Search for exotic decays of the Higgs in four lepton final states, three channels

High-mass: H-Z,Z; - 4¢ 15 GeV < mz, < 60 GeV {=¢e|
Low-mass: H-Z;Z; - 4u 1GeV <my, <15GeV
ZX channel: H-ZZ,; - 4¢ 15 GeV < mz, <55 GeV t=e
14 /
4 /
Z Z4
K
H--------- H--0-
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https://cds.cern.ch/record/2777860

The ATLAS detector,,.
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The ATLAS detector
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The ATLAS detector

ATLAS Muon Spectrometer
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Analysis Scheme T e
pair(3,4) 126344
W)
All analysis channels
» Search for two pairs of prompt same-flavor opposite sign leptons, or just muons . Kinematic phase space
* Four-lepton invariant mass compatible with Higgs Boson mass mq,
H->Z7ZZ; - 4¢
* One di-lepton pair invariant mass compatible S signal
with Z boson mass region
 Signal region is the spectrum of the other
di-lepton pair’s invariant mass 50 GeV
H = 7,7, — 48 | 4 b e
* No dilepton pair’s invariant mass compatible with m, (High Mass only) el >
* Both dilepton pair’s invariant mass sufficiently similar Cutflow Scheme My

: L : : : 1
 Signal region is the average dilepton invariant mass my, = > (my, + Mmgy)
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Low & ngh Mass H — ZdZd - 4;1
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Work in progress - Analyses

S_>ZdZd_>4£ H—>ZdZd—)4T
New Scalar S, mg # 125 GeV various T decay channels
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Work in progress — Snowmass

Snowmass 2021 Letter of Intent

Sensitivity for h — Z4Z,; at future colliders

K. Assamagan, S. Snyder, C. Weber - Brookhaven National Laboratory
S. Connell, L. Truong, D. Boye - University of Johannesburg

L. Leeuw - University of Western Cape Z
H .-~ Z(a)
Proposal v‘
Zq
Z*
e ) et
Snowmass 2021 LOIl on H —> invisible
In the context of Snowmass 2021, we intend to study the prospects for H —> 7
H o
et '-...
Z*
nen e_ e+
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A
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https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF2-018.pdf
https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF10_EF2_Ketevi_Assamagan-035.pdf

Conclusion

Precision Higgs studies and Dark Sector searches are both exciting
avenues for new physics searches
Published set of analyses that combines both in conf note -

e Full publication in preparation
Finishing additional analyses covering adjacent phase space
Planning for ATLAS phase 3, and exploring new final states
Snowmass studies ongoing

Thank you!


https://cds.cern.ch/record/2777860
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End of Presentation!
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