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The Potential

A free scalar field whose mass is 125GeV.
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The Potential

* Allowed region of the cubic potential by current Higgs pair data.
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The Potential

* Allowed region of the cubic potential by current Higgs pair data.
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The Potential

* Allowed region of the cubic potential by current Higgs pair data.
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The Potential

* Allowed region of the cubic potential by current Higgs pair data.
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The Potential

* Allowed region of the cubic potential by current Higgs pair data.
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The Potential

» (Expected) Allowed region of the cubic potential by HL-LHC.
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The Potential

* (Expected) Allowed region of the cubic potential by FCC-hh.
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The Potential

* (Expected) Allowed region of the cubic potential by FCC-hh.

When?

The tentative timeline is:

e 2025: Completion of the FCC Feasibility Study
2027-2028: Decision by the CERN Member States and international partners

2030s: Start of construction

Mid-2040s: FCC-ee begins operation and runs for approximately 15 years

2070s: FCC-hh begins operation and runs for approximately 25 years

T e eeeeeee—

https://home.cern/science/accelerators/future-circular-collider
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The Potential

* (Expected) Allowed region of the cubic potential by FCC-hh.
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The Shape for the Shape



The Motivation

* The direct method to study the Higgs self-interaction: di-Higgs
processes at colliders.

e Higgs self-interaction measurement at (hadron) colliders

e Gluon fusion channel: important and not easy.
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The Motivation

e Gluon fusion channel: important and not easy.
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The Motivation

o The low mass (mbb},},) region is important!
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The Motivation

o The low mass (mbb},},) region is important!
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The Motivation

* Unfortunately, we have the SM backgrounds!

* |n the traditional cut based analysis, a transverse momentum cut
of the Higgs bosons is necessary.
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* Unfortunately, we have the SM backgrounds!

* |n the traditional cut based analysis, a transverse momentum cut
of the Higgs bosons is necessary.
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= 4(m; + pZ + pp) = 4} + pi )

« For example, if we choose p; ., = 110GeV,

m,, = 21/ 125% + 110°GeV = 333GeV




The Motivation

- The cut acceptance as a function of m,, .

— 1 O | | | | | | | | | | | | |
T ]
< | (a) 14TeVLHC, pp—>hh
8 | |
i ©  Simulation -
6 - — Fit function N
45 -
21 -
0" ) -0

3000
my, [GeV]

1 I 1 | I |
1000 2000




The Motivation

- The cut acceptance as a function of m,, .
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The Motivation

- The cut acceptance as a function of m,, .
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The Method

* Unfortunately, we have the SM
backgrounds!

* |t is worth to work hard to keep
more signal events in the low
Invariant mass region.

* The result from MVA and BDT
hints that it is essentially hard to
avoid QCD backgrounds in the
low invariant mass region.

e A possible method is
considering the HHj events.




The Method

* Unfortunately, we have the SM
backgrounds!

Jet

* |t is worth to work hard to keep
more signal events in the low
Invariant mass region.

Low invariant mass

* The result from MVA and BDT
hints that it is essentially hard to
avoid QCD backgrounds in the
low invariant mass region.

but high pT!

e A possible method is
considering the HHj events.
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Jet




The Method

« Consider pp > hh+j+ X

Jet h




The Method

« Consider pp > hh+j+ X

* Benefits from the additional jet:
- suppressing the SM QCD background;

- the invariant mass of the di-Higgs system could be small.

* (Costs from the additional jet:
- Less signal events;

- Nearly no event left at HL-LHC.




The Detector-Level Simulation

« MadGraph + PYTHIA8 + Delphes + K-factor;

* Anti-kT jet algorithm with R=0.4;

e b-tagging efficiency: 80%; charm mistagging rate: 10%; light-jet
mistagging rate: 1%; jet-fake-photon rate: 0.05%;

e 2 b-jets, 2 photons, at least 1 hard jet:

122GeV < my < 128GeV,
95GeV < mpp < 155GeV,

prt® > 150 GeV,  |n;| < 4.5




The Detector-Level Simulation

» After these cuts, there are still sizable tth and tth +
backgrounds.

 So we try to reconstruct (at least one) top-quark in events and
then reject those events.

- Veto 1: with 1 or more isolated e*(u™) with pr > 25GeV and
In| < 2.5;

- Veto 2: with at least 4 additional jets ( ji, J,, ], ], ) @and
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The Detector-Level Simulation

e The detector-level simulation
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The Detector-Level Simulation

e The detector-level simulation

q) 3-5 B ' ' ' I ' ' ' I ' ' ' I

O - i
- B . i
S 3F pp — hhj (s =100 TeV, det=30ab"—_
S 2.5F o | -

.(/_) - I AT
2k ok K ;= .

- , -K ;=
15E e -
i - -
o5 |+ T T
S e [




The Detector-Level Simulation

e The detector-level simulation
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1.5 We find that about 23% of the signal events which passes our cuts
can not pass the “usual” cuts. And in the 250GeV < my, < 400GeV

1 region, this number is 67 %.
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1.5 We find that about 23% of the signal events which passes our cuts
can not pass the “usual” cuts. And in the 250GeV < my, < 400GeV

1 region, this number is 67 %.
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The word “usual” means the cuts in A. J. Barr, M. J. Dolan, C. Englert, D. E. Ferreira de
Lima, and M. Spannowsky, “Higgs Self-Coupling Measurements at a 100 TeV Hadron
Collider,” JHEP 02 (2015) 016, arXiv:1412.7154.




Conclusion and Discussion

* The abillity of distinguishing NP with this channel only.
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Conclusion and Discussion

e Qur result is not as good as the result shown in current literatures.
This is because we only use the di-Higgs plus one hard jet events
since we focus on investigating the information carried by these
signal events. These events are only small part of the signal events.
A combination with regular signal events will highly increase the
total event number and suppress the statistic uncertainty.

 However, we show that these signal events are helpful to study the
low invariant mass region and thus the strength of the self-
interaction of the Higgs boson, and a lot of them are missed in
current analysis. We suggest our experimentalists colleagues
consider to add them back to their signal events.

* Further efforts for keeping signal events in this region are needed.
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Some Comments

* The potential.
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Some Comments

* The potential.
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Some Comments

* The potential.

How to detect the shape of the potential
without Taylor expansion?
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