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[Large Hadron Collider
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v Currently, the largest and highest energy collider.
— Unique chance to understand properties of elementary particles.
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The ATT.AS detector
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- Largest detector in the LHC.
- A collection of advanced particle detection technologies.
- Will be upgraded for Phase-Il (after run-1ll) operation. 4
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*Only a selection of the available mass limits on new states or phenomena is shown.
fSmall-radius (large-radius) jets are denoted by the letter j (J).
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*Only a selection of the available mass limits on new states or phenomena is shown.
fSmall-radius (large-radius) jets are denoted by the letter j (J).
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Search for the Higgs Particle

5 bosons (+1 opposite charged W)

Status as of March 2011
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% The SM is a successful
model of the particle
physics.

“ Higgs boson play an
unique role in the SM of
giving mass to other
particles via EW SSB.

< Long effort to search for
the Higgs boson since it
was predicted in 1964.
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Measure the coupling of the
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Beyond the discovery of the Higgs boson

Discovery of H—bb decay channel (highlight of
breakthrough by APS in 2018).
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Using the Higgs boson as a portal
to detecting dark matter.
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All limits at 90% CL Vs =8TeV, 20.3 b’
Vs = 13 TeV, 36.1 fb™

Bobserved
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| worked on ZH
channel for
invisible Higgs
boson searches.

Higgs portals
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Search for heavy resonance with H+y

+Search for heavy resonances decaying to H+photon final states with H—bb.
“+Use Higgs boson as a portal to explore high energy scale physics.
+Aim to detect new coupling effects on the H+photon interaction.

H R=1.0 coM subjet

—

ZI

1705.08433 |\ Ao ¥ P
Y

% Team members from several . .
nstitutes < Explore the region of a boosted Higgs boson.

¢ IHEP. SJTU v Advantage of hadron collide_r.
= Could explore new physics at TeV scale.
v Dense environment. Challenge for jet
reconstruction.
= All final state particles merge together.
= Difficult to clearly separate two b-quark jets.
v Introduced new b-quark jets reconstruction
method (CoM tagger) to improve performance.

v lowa State University,
Duke University




Center-of-mass tagger

s | % Center-of-mass (CoM) tagger
v Based on a phenomenology paper of our ISU
LA, colleague (Phys. Rev. D 87, 074007).

v Firstly implemented this algorithm in ATLAS
software.
Firstly used in an research paper.
v Much better improvement compared to our

original algorithm.
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Optimization

= Baseline selection = Photon and jet pT are further
« Photons optimized for various mass
« pT>200 GeV, |n|<1.37 according to significance
 TighlD and Tight isolation  4=3
. a )
« Large-R jets 5+ VB
« pT>200 GeV, |n|<2 = Jet mass selection is also
« 50 GeV<mJ<200 GeV optimized with similar
definition
= 70000 < 180 -
& 60000 ATLAS « Dat E & 170> .y 3
@ 50000 Ga—> 2= Hy, baseline m, 1000 GeV 8 1505 o952 Hy E
4 H® AR e = = =
40000 % My = 2000 GeV > 140% E
Lﬁ - %, wsn, My =4000GeV A @ 130 E
30000/ %, Ty 3 E 120F E
20000F- e E o 1o E
C ."' ] & 100 /——\_
10000F- = S 90F E
st s - . - 8 O: T N
o o e N SN e _ %5 500 1000 1500 2000
60 80 100 120 140 160 180 200 Large-R jet p_[GeV]
Large-R jet mass [GeV] (a)
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Optimization

= Baseline selection * Photon and jet pT are further Categorization
« Photons optimized for various mass
. p.T> 200 Ge\(, |ﬂ|f1 '37. according to significance | Total events
 TighlD and Tight isolation E  4=3 T
. a )
. Large-Rjets 5+ VB v
« pT>200 GeV, |n|<2 . Jet_m_ass se!ectlpn_ IS also Baseline selection
« 50 GeV<mJ<200 GeV optimized with similar '
definition
< 70000 < 180¢ - Large-R_jetmass
(O] C ] [ = =
& 0000 ATLAS . E & 170 E cut
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30000F e, P B € 120~ =
3 R E - 1105 E T cut .
10000~ dne?) = :? 90F E
—“ - “7_‘,‘-' . ] 80: ) | ) ) ) ) | ) ) ) ) | ) ) ) ) |:
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Large-R jet mass [GeV] (a)
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:8 0.5~ ATLAS Simulation = Combined -
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Results

> 0.1 T
LR R T R R R R 2 .05 ATLAS Simulation -
2 10°E ATLAS (b) 3 L Sy . :
o {QtE V3= 13TeV, 139 b’ - C 0.06 M= BT, double biagese E
E = .7 E < I g
j 4 N3 S £ HY ° Data = 0-04__ ¢ MC event 7
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, ; Signal and backgrounds
B(myys pr) = (1—xf 123 0800 pa log™elips 1og™) ooy /0 /5 are both modelled with
analytic functions.
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Results
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<+ The Large Hadron Collider play an important role for understanding the
principle of the world.
v Provide unique data to directly study the properties of elementary
particles.
v Up to now, the only machine can produce sizeable Higgs bosons.
= To test the SM, we need precise properties measurements of the
Higgs boson.
= Higgs boson could be a key for new physics.
v The LHC can also help to explore new phenomena at the TeV scale.
v No significant hint for the new physics beyond the SM is found with
current LHC data.
= only a 5% fraction of expected luminosity for LHC.
= Quite much room to improve with future data.

Keep Looking Llike a child.,
Be curious about the unknown,
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