
Gertrude Scharff-Goldhaber Prize 2022 presented to Jiayi Chen
✤ “My dream to become a scientist was planted at an 

early age by my family and reinforced when I 
conducted my first particle physics project at CERN.” 

✤ Chen’s study of the Higgs boson began in the summer 
of 2018 under the supervision of Alessandro Tricoli and 
Gaetano Barone from Brookhaven Lab 

✤ Chen has been working on the development of a new 
silicon-based inner tracker for the ATLAS experiment in 
collaboration with Brookhaven’s David Lynn, Gerrit van 
Nieuwenhuizen, Stefania Stucci, and Alessandro Tricoli
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Unveiling new physics signature with the 
Higgs bosons and the ATLAS detector

Phys. Lett. B 789 (2019) 508

https://www.sciencedirect.com/science/article/pii/S0370269318309936
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The Standard Model and beyond
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What we already know about particle physics

• The Standard Model (SM) - most successful model 
describing the past 50 years of experimental data 

• Fermions make up matter in the Universe 
• proton = 2 up + 1 down quarks   
• Hydrogen atom = proton + electron lepton 

• Force carrier bosons: 
• Gluon: strong force 
• Photon, Z boson and W boson: electroweak 

force 

• Higgs boson gives mass to fermions and gauge 
bosons

Wikipedia contributors. PhD Comics, “We have no idea”

https://en.wikipedia.org/wiki/File:Standard_Model_of_Elementary_Particles.svg
https://phdcomics.com/higgs/index.php
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10-year anniversary of the Higgs boson discovery

Invariant mass of the photons 
from the Higgs decay

• Total energy of the decay products is the mass energy in the 
rest frame of the original particle (invariant mass)

ATLAS Feature: The Higgs boson 

The Higgs boson co-discovered by ATLAS and CMS collaborations in 2012

https://cds.cern.ch/record/2627611
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Higgs production and decay simulation
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gluon-gluon 
fusionvector boson 

fusion

• Production modes ordered by cross section - a 
measure of probability of a particular interaction

• Decay modes ordered by branching ratio (BR) - 
probability for a particle to decay in a channel 

Dominant production and decay modes measured by ATLAS and CMS in agreement 
with SM hypothesis

Handbook of LHC Higgs Cross Sections

https://arxiv.org/abs/1307.1347
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We got Higgs, what else?

• What about gravity?

• Where is Dark Matter?

• Matter-antimatter asymmetry in the Universe

• What is the nature of 
neutrino mass?

• A large mass range of SM 
particles (order of )105

• Why is the Higgs so light?

Symmetry magazine

https://www.symmetrymagazine.org/article/july-2015/standard-model
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We got Higgs, what else?

• What about gravity?

• Where is Dark Matter?

• Matter-antimatter asymmetry in the Universe

• What is the nature of 
neutrino mass?

• A large mass range of SM 
particles (order of )105

• Why is the Higgs so light?

While my study cannot directly answer these questions, I aim to use cross-
section measurement of the Higgs boson to narrow the window for new physics

Symmetry magazine

https://www.symmetrymagazine.org/article/july-2015/standard-model
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Effective Field Theory - a model-independent approach

E

• The SM with no new resonance

ATLAS Feature: The Higgs boson

https://cds.cern.ch/record/2627611
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Effective Field Theory - a model-independent approach

ME

SM

SM SM

SM

BSM

~
1

q2 − M2

• The SM with no new resonance 
• Complete beyond the Standard Model (BSM) theory with new resonance with mass M

ATLAS Feature: The Higgs boson

https://cds.cern.ch/record/2627611
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Effective Field Theory - a model-independent approach

Λ ME

~
1

M2
(1 + 𝒪(M−2))

~  
c

Λ2

• The SM with no new resonance 
• Complete BSM theory with new resonance with mass M 
• The effective theory  

• “integrates out” the heavy new particle field —> model-independent! 
• equivalently describes the phenomena at energy below cut-off scale  
• has no knowledge of the the resonance

Λ

ATLAS Feature: The Higgs boson

https://cds.cern.ch/record/2627611
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Effective Field Theory - a model-independent approach

• The SM with no new resonance 
• Complete BSM theory with new resonance with mass M 
• The effective theory  

• “integrates out” the heavy new particle field —> model-independent! 
• equivalently describes the phenomena at energy below cut-off scale  
• has no knowledge of the the resonance 

• The focus of my study uses the deviations between the measured cross-sections and the SM 
hypothesis and interpret it with the EFT formalism

Λ

Λ ME

~
1

M2
(1 + 𝒪(M−2))

~  
c

Λ2

ATLAS Feature: The Higgs boson

https://cds.cern.ch/record/2627611
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Apparatus

13
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The Large Hadron Collider

• World’s largest (27-km long) and most 
powerful collider 

• Proton-proton (pp) collision energy up to 
14 TeV (proton speed nearly at speed of 
light) 

• Dataset collected during the second 
operational run (Run-2) from 2015-2018 
with an integrated luminosity (L) of       
139  

• 1  ~ 100 trillion pp interactions

fb−1

fb−1

Photograph by Maximilien Brice (CERN)
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The ATLAS detector
• A Toroidal LHC ApparatuS: a general-purposed cylindrical-shaped multi-layer detector 
• Collision at the center and outgoing particles leave signatures (tracks or energy) in each sub-detector

• From beamline going outward 
• Inner detector (ID) in a 2T magnetic field in z-direction 
• Electromagnetic calorimeter (ECAL) 
• Hadronic calorimeter (HCAL) 
• Muon Spectrometer (MS) with toroidal magnet at 3.5T

Visualization of outgoing particles in the transverse plane
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VBF and   

• cross-section measurements  
• EFT interpretation

H → WW* → eνμν

16
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Analysis overview

17

Signal optimization 
Use techniques, including machine 
learning, to extract small signal 
from large background

Unfolding 
• Correct for detector 

inefficiency and resolution

Measurements 
• Cross sections in a fiducial phase space 

inclusively and differentially 
• Re-interpretation to constrain anomalous 

interactions of the SM particles

Strategy optimized with Monte Carlo simulation and applied to Run-2 dataset

Phys. Lett. B 789 (2019) 508

https://www.sciencedirect.com/science/article/pii/S0370269318309936
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Fiducial and differential cross-section results

18
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Standard Model as an effective theory

 
group
cHq3

• SMEFT operators constructed by SM fields 
• Has unit of energy to the power six

• Relative EFT corrections on azimuthal angle between 
the forward and central jets symmetric (asymmetric) 
from CP even (odd) operators

[-3
.1

4,
 -1

.5
7]

[-1
.5

7,
 0

]

[0
, 1

.5
7]

[1
.5

7,
 3

.1
4]

 [rad]
jj
φ Δsigned 

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

=0.7HWc
~

[-3
.1

4,
 -1

.5
7]

[-1
.5

7,
 0

]

[0
, 1

.5
7]

[1
.5

7,
 3

.1
4]

 [rad]
jj
φ Δsigned 

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

=6.0HWBc~

[-3
.1

4,
 -1

.5
7]

[-1
.5

7,
 0

]

[0
, 1

.5
7]

[1
.5

7,
 3

.1
4]

 [rad]
jj
φ Δsigned 

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

=11.0HBc~

linear

quadatric

full

ATLAS
ATLAS Internal
fid. VBF 

νµν e→ WW*→H

[-3
.1

4,
 -1

.5
7]

[-1
.5

7,
 0

]

[0
, 1

.5
7]

[1
.5

7,
 3

.1
4]

 [rad]
jj
φ Δsigned 

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

=0.65HWc

[-3
.1

4,
 -1

.5
7]

[-1
.5

7,
 0

]

[0
, 1

.5
7]

[1
.5

7,
 3

.1
4]

 [rad]
jj
φ Δsigned 

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

=4.2HWBc

[-3
.1

4,
 -1

.5
7]

[-1
.5

7,
 0

]

[0
, 1

.5
7]

[1
.5

7,
 3

.1
4]

 [rad]
jj
φ Δsigned 

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

=10.0HBc

linear

quadatric

full

ATLAS
ATLAS Internal
fid. VBF 

νµν e→ WW*→H

[-3
.1

4,
 -1

.5
7]

[-1
.5

7,
 0

]

[0
, 1

.5
7]

[1
.5

7,
 3

.1
4]

 [rad]
jj
φ Δsigned 

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

=0.65HWc

[-3
.1

4,
 -1

.5
7]

[-1
.5

7,
 0

]

[0
, 1

.5
7]

[1
.5

7,
 3

.1
4]

 [rad]
jj
φ Δsigned 

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

=4.2HWBc

[-3
.1

4,
 -1

.5
7]

[-1
.5

7,
 0

]

[0
, 1

.5
7]

[1
.5

7,
 3

.1
4]

 [rad]
jj
φ Δsigned 

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

=10.0HBc

linear

quadatric

full

ATLAS
ATLAS Internal
fid. VBF 

νµν e→ WW*→H

[-3
.1

4,
 -1

.5
7]

[-1
.5

7,
 0

]

[0
, 1

.5
7]

[1
.5

7,
 3

.1
4]

 [rad]
jj
φ Δsigned 

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

=0.65HWc

[-3
.1

4,
 -1

.5
7]

[-1
.5

7,
 0

]

[0
, 1

.5
7]

[1
.5

7,
 3

.1
4]

 [rad]
jj
φ Δsigned 

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

=4.2HWBc

[-3
.1

4,
 -1

.5
7]

[-1
.5

7,
 0

]

[0
, 1

.5
7]

[1
.5

7,
 3

.1
4]

 [rad]
jj
φ Δsigned 

0.3−

0.2−

0.1−

0

0.1

0.2

0.3

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

=10.0HBc

linear

quadatric

full

ATLAS
ATLAS Internal
fid. VBF 

νµν e→ WW*→H

[3
0,

 1
20

]

[1
20

, 1
60

]

[1
60

, 2
20

]

[2
20

, 7
00

]

 [GeV]
T

Leading Jet p

0.2−

0

0.2

0.4

0.6

0.8

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

=1.0Hq1c

[3
0,

 1
20

]

[1
20

, 1
60

]

[1
60

, 2
20

]

[2
20

, 7
00

]

 [GeV]
T

Leading Jet p

0.2−

0

0.2

0.4

0.6

0.8
re

la
tiv

e 
EF

T 
co

rre
ct

io
n 

on
 S

M
=1.7Hdc

[2
2,

 4
0]

[4
0,

 5
0]

[5
0,

 7
0]

[7
0,

 1
00

]

[1
00

, 5
00

]

 [GeV]
T

Leading Lepton p

0.2−

0

0.2

0.4

0.6

0.8

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

[2
2,

 4
0]

[4
0,

 5
0]

[5
0,

 7
0]

[7
0,

 1
00

]

[1
00

, 5
00

]

 [GeV]
T

Leading Lepton p

0.2−

0

0.2

0.4

0.6

0.8

re
la

tiv
e 

EF
T 

co
rre

ct
io

n 
on

 S
M

linear

quadatric

full

ATLAS
ATLAS Internal
fid. VBF 

νµν e→ WW*→H

 group 
(with the CP 
odd partners)

cHW

ATLAS-CONF-2020-053

Work in progress

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
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Constrain anomalous couplings
• First bin in  drives the EFT constraint of the  group 

• Observed cross section greater than SM expectation by ~1 standard deviation 
• Setting limits on Wilson coefficients —> narrowed window for new physics

Δϕjj cHW
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{
• Constrained Wilson coefficients compatible with SM 

( ) 
• Stringent limits (approximately ) set on the  

group of parameters 
• Recall, this group affects the HVV vertices and the VBF 

HWW channel has two of such vertices

c = 0
±1 cHW

Work in progress
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Fiducial cross section

-1 = 13 TeV, 139 fbsData 
 0.23 fb± 0.33 ±1.68 

stat.
stat. + syst.

21

Summary and outlook

• Precision measurement on kinematic distributions of the Higgs boson 
help to distinguish new physics signature from statistical noise 

• For the first time, an ATLAS differential measurements in the VBF 
 channel is reported and found compatibility with 

SM predictions
H → WW* → eνμν
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• EFT is a general tool to interpret data-prediction differences as heavy new 
resonance’s effect at low energy 

• The VBF HWW sensitivity can be further improved using upcoming 
dataset collected during Run-3 and the High-Luminosity phase of the LHC 
❖ I will continue working as part of the ATLAS collaboration as a 

postdoctoral fellow at Simon Fraser University with a focus on the 
EFT and ATLAS upgrade projects

Work in progress

Work in progress
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Backup
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New physics 
• Dark Matter and Dark Energy • Unification of strong, electroweak and gravity force?

• Neutrino mass hierarchy • Light Higgs mass - supersymmetry?


