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The large hadron Collider and ATLAS detector

The large hadron Collider The ATLAS detector




ATLAS detector operation status

Month in Year
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Run | pp (7+8 TeV): ~20 fb!
Run Il pp (13 TeV): ~140 fb?

7 By LHGHE S G 3ttt 7
SHENLEEE LA, 157 —FppBHL
>9-10 AR . H B I




ATLAS China group

FERME S e, R SCRF A ER RS RHIE A -
B RN TRISCHE T K BRREOLIT AT S RE A% € 5| SV ERRT I AR 5K 1 A

YRAE UL UL i
Institute of High Energy Physics
Chinese Academy of Sciences

o JLEBAIHAE A
cluster: 3594, M&0
ANE, 12741E%,

o/18 HEVEHRI4%
. . . LI A M&O
A AR INTEIE

TSUNG-DAO LEE INSTITUTE o RIBETE MG FE N

Technical Associate
member

3/8 6/13 1/1

20234 D)

cluster member

HTINNATLAS !



ATLAS: highlights of standard model physics results

Higgs property combination for Higgs 10th Annlversarv

Nature 607, (2022) 52 E|m
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Higgs self-coupling with H+HH
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Quantum Entanglement
measurement @ ATLAS




Quantum Entanglement in ttbar events

* 2022 Nobel prize “for experiments with entangled photons

* 2023: Entanglement is observed in tt™ pairs for the first time
* Entanglement measured is higher than expected in signal region (340,380) GeV
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In tt production, an entangled system must yield:
Afik & de Nova, EPJPIus, 2021

where D = angle between decay leptons in t and t rest frames -

D < -1/3,




New physics Search using
Higgs Boson




Search for H2>aa—=2>bbuu
* BDT trained to separate sig. from SM bkg. (DY+jets, ttbar)

Local (global) significance @ 52GeV: 3.3 (1.7)o
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Upper limit on B(H — aa —4y)

Search for H = aa =2 4y at ATLAS

* Axion-like particles (ALPs) decaying into yy is sensitive to various
models that could explain (g-2)u discrepancy

« Signal signature depending on the axion mass (collimated/resolved
photons) and C,,, (long-lived/promptly decaying)
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Vhh and X=2>Wg/Zg

Large mass range heavy boson X->Wy/Zy search

First search on Vhh
! (leptonic/hadronic final state + photon)

(lepton, b quark final state)

w
K w VV\A/W%\NV\N\:— f ~/wvw%vwwv— z
1% h .
q v % . e Ho— w S E— f e
h e w LAV T LAV~ Y
® Y Y
EPJC 83 (2023) 519 S
A arXiv:2309.04364,submitted to PLB JHEP 07 (2023) 125
102—ATLAS 4 — Observed E F LA L B B B
&H 1\:I3V-}‘:ﬁv 139 fb -- Expected LI I B B L L L B B B i ATLAS — Observed
- [ Expected +io 1 p—— ] ; 10° £ [5-13TeV, 139" - Expected
r Expected +2 = AlLAe t E
xpecied=se 10°e s =13Tev, 140 10’ L - Spin-0gg > X’ —>2Zy [ Expected £ To
gg— X— Zy, spin-0 [ Expected = 10 10 Expected * 20

[ Expected =26
10

T II\IIH‘
1 II\IIH‘

95% CL limit on o(pp—s X)x B(X—> Zy) [fb]

300400 500 600 700 800 900 1000 o 04000 2000 3000 4000 5000 6000 7000
m,, [GeV] 500 1000 1500 2000 2500 3000 3500 m, [GeV]

ik N e BEEFT. ZER/ZERT

_ o XD Wy/2f AT KR B X AR, 319
HUCHVHHP AR AT, MEA PR GETHIR C T/ T AT
BHPRLTHATIRG] (R T+b B3R A)

95% CL limit on o(WH)xB(H—shh—sbbbb) [fb]

Upper Limit on o(pp—X) x B(X—Zy) [fb]



https://link.springer.com/article/10.1140/epjc/s10052-023-11559-y

Higgs CP study

* No indication of CP odd coupling in Higgs sector by far
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Higgs CP study
VBF H>yy
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Di-Higgs study

Hg Hg H

Upper limits on HH signal strength
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Dark matter search




Dark matter: Mediator search

Techniques to extend to lower or higher mediator mass region
* dijet+ISR, dijet angular analysis
* dijet TLA (trigger level analysis )
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Higgs-portal dark matter search

« Scalar mediator-- spin-independent interaction

- Sensitivity to mass between 0.1GeV to ¥2"mygqe
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Dark photon search in VBF Higgs process

* Higgs decay to dark photon in VBF process
* Br(SM h->yyp) <0.018 at 95% CL
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Search for dark photon and dark Higgs

* Search for dark photon and dark Higgs in four lepton final state

A/(*)

* Unique phase space explored
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2HDM+a DM model combination

2HDM+a model

based on type-Il 2HDM (h, H°, H=, A)
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Higgs decays into long-lived particles

Higgs-portal hidden-sector : Pair of long-lived particles(LLP)

Using non-standard object signature reconstruction
- E.g. a pair of displaced vertices in muon spectrometer
* LLP decaying into jets 3 — 14m displacement from PV

Displaced muons

« Constraints from tracker, calorimeter, muon systems
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Rare process search
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First T anomalous magnetic moment in heavy ion data in ATLAS
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Lepton flavor violation

Search for Z' decays to lepton flavor
violating lepton pairs

JHEP 10(2023) 082
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Double charmonium study @ ATLAS

The peak around 6.9 GeV is consistent with the LHCb observed X(6900)

(arXiv:2006.16957), with significance far above 5o
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Tri-boson and four-top process

First observation of WZy Tri-boson process
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Supersymmetry




Displace muon arXiv: 2305.02005

* Pair produced smuons that live for short time before decay to p + Gravitino.

* Muon with impact parameters in the millimetre range, targeting the medium
displacement leptons:

- complementary to previous searches of large displacement and prompt smuons
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Supersymmetry: strong and weak production

Strong production, same sign di-lepton tri-lepton Weak production+ boson leptonic decay
(Gluino ~ 2.2 TeV, Squark ~ 1.7 GeV)
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Supersymmetry: stau, SUSY combination

& ¢ SUSY combination on EWK,
>3 1 pMSSM, long-lived smuon
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Summary

« ATLAS continue data taking in run3
« Large amount for Run 3/HL-LHC data can provide us more sensitivity to new physics
« Stay tuned!

* New Trend:
* Quantum Entanglement study in high energy physics
* Long-Live particle search with new experimental signature
* More analyses using Higgs as a probe to search for new physics




