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The Era of the Higgs Physics

2013 NOBEL PRIZE IN PHYSICS
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Peter W. Higgs

il \
/78 \
Ve
bt 4 /)

8 October 2013

The Royal Swedish Academy of Sciences
has decided to award the Nobel Prize in
" Physics for 2013 to

Frangois Englert and Peter Higgs ©

“for the theoretical discovery of a
mechanism __that _ contributes to our
understanding of the origin of mass ofj
Lsubatomic particles, and which recently was
confirmed through the discovery of the
predicted fundamental particle, by the
ATLAS and CMS experiments at CERN’s Large
Hadron Collider”

49 ) Understanding of origin of mass of subatomic particles

Snowmass 2021, 2209.07510

Origin of EWSB?

Thermal History of
Universe to Hidden Sectors?

Higgs Portal

Stability of Universe

Fundamental CPV and
or Composite? Baryogenesis

Is it unique?

Origin of masses?

Origin of Flavor?



The measurements @ LHC

Nature 607 (2022)7917,52-59
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The measurements @ LHC

Nature 607 (2022)7917,60-68
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Higgs couplings @LHC
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Testing the EWSB @ LHC

\ energy stored
in Higgs field

N

symmetric
my =my = myz = 0

Higgs boson

broken symmetry
m~y = 0

q extra W,Z polarization value of Higgs field

Precisely determine the Higgs gauge couplings are also important for testing the EWSB
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Higgs production mechanisms

VBF Higgs production is the main process to verify the Higgs gauge couplings
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Higgs production mechanisms

Discriminating VBF and gluon fusion Higgs production
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Higgs production mechanisms

Discriminating VBF and gluon fusion Higgs production

U d U U
W oa__h_ 7 __ b
d U Y 11

Soft gluon radiation effects: TMD effects

do/dqs/o
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P. Sun, C.-P. Yuan and F. Yuan, 2016, 2018

This observable has been applied in
the VBF Higgs analysis




Higgs production mechanisms

Variable | Definition | VBEF-ggF separation | VBF-yy separation
mjj Invariant mass of dijet 0.218 0.241
Anjj Pseudo-rapidity separation of dijet 0.152 0.219
;.);Ijj Transverse momentum of Higgs+jj system 0.127 0.230
A®Dy,, jj | Azimuthal angle between diphoton and dijet systems 0.120 0.186
AR;’T;” Minimum AR between one of the two leading photons and the corresponding leading jets | 0.108 0.204
UZ"'PP [11yy — (51 + 17j2)/2] 0.060 0.078
p]{’: Diphoton pr projected perpendicular to the diphoton thrust axis 0.011 0.040

Table 7: Variables used for VBF categorization and their separation power.

Soft gluon radiation effects: TMD effects ATLAS, Phys.Rev.Lett. 131 (2023) 6, 061802
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Higgs production mechanisms

Discriminating W-boson fusion, Z-boson fusion and gluon fusion Higgs
production

U d U U
W g--’}_ Z é__f_l_
d 21 U 1

Separating the W boson’s contribution from the VBF Higgs production
IS an important task for determining the Higgs gauge coupling

The key observable: Jet Charge

W: opposite sign for the two jet charges

Z:. same or opposite sign for the two jet charges
G: the sign of the jet charge is arbitrary
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Jet charge definition

Parton level

‘p\ Particle Jet Energy depositions

in calorimeters

Transverse-momentum-weighting scheme:

1 1 \K
QJ:@ZQKPT) , K >0

1€jet

K: To regulate the sensitivity
of the soft gluon radiation

R.D. Field and R.P. Feynman, NPB136,1(1978)
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Higgs production mechanisms
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Jet charge asymmetry
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Higgs production mechanisms
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Summary

A. VBF Higgs production plays the key role to test the electroweak
symmetry break mechanism

B. We demonstrated that the jet charge can be used to separate the
W-fusion from the Z-fusion and the GGF processes

C. This novel observable can be used to probe the h\VVV gauge

couplings and the results are not depending on the assumption of the
Higgs decay width

Thank you!
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Jet charge definition

Jet charge is not an Infrared-safe quantity The collinear radiation

dquark anti—kr, E=100 GeV, R=0.5, k=0.5
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Jet charge definition
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Jet charge @ LHC

Average Jet Charge [e]
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Jet charge @ LHC

1 D. Krohn, M. D. Schwartz, T. Lin, W.J.
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quark fragmenting jet function onto a quark fragmentation function
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Average Jet Charge (e)
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Jet charge @ LHC
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