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• We should measure the Higgs-trilinear coupling to 
distinguish the degeneracy of the Higgs potential.

Motivations
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• The Higgs potential is still undetermined.
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• The cross section is very small in the SM, making 
NP very sensitive.

11.8$%$(8$TeV),$37.95$%$(13$TeV)$
45.05$%$(14$TeV),$1749$%$($100$TeV)$
LHC$Higgs$Cross$Sec<on$Working$Group$(2016)$

R.$Frederix,$S.$Frixione,$V.$Hirschi,$F.$Maltoni,$O.$MaOelaer,$$
P.$Torrielli,$E.$Vryonidou,$M.$Zaro$Phys.LeO.$B732$(2014)$142�

Cancellation in the SM!

Motivations



Motivations
• To motivate why to study the Double Higgs at 100 

TeV hadron colliders.

• 14 TeV LHC:

ATL-PHY-PUB-2014-019 (2015).

• ATLAS’s result:

• 100 TeV hadron colliders:

�(gg ! hh) ⇠ 40 fb

R. Contino, et. al, Physics at a 100 TeV pp collider: Higgs and EW symmetry breaking studies.

�1• Result:
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Effective Lagrangian
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Effective Lagrangian
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c0g = cg

c̃0g = c̃g

OHG = H†HGA
µ⌫G
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ÕHG = H†HGA
µ⌫G̃
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Sensitivity on NP from Double Higgs production

• Tensor basis expansion

CP odd : Cµ⌫

CP even : Aµ⌫ , Bµ⌫
Aµ⌫Bµ⌫ = Bµ⌫Cµ⌫ = Aµ⌫Cµ⌫ = 0
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We have to expand the amplitude in the partial wave basis
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since gluon has spin 1, ~spin-0 and spin-2



Sensitivity on NP from Double Higgs production

• Partial-Wave basis expansion
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Sensitivity on NP from Double Higgs production
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s-wave dominant!



• We can use a universal cut efficiency function         
to mimic the simulation on any of the NP signals.

Sensitivity on NP from Double Higgs production

Mhh(ŝ, ✓) ⇡ Mhh(ŝ)

• Previous study:
• 14 TeV HL-LHC       ATL-PHY-PUB-2014-019 (2015). 
• 100 TeV 30 ab   hadron colliders        R. Contino, et. al, Physics at a 100 TeV 

pp collider: Higgs and EW symmetry breaking studies.
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Sensitivity on NP from Double Higgs production

• Event Selections

pb1T > 40 GeV, pb2T > 25 GeV, |⌘b| < 2.5,

p�T > 30 GeV, |⌘� | < 1.37 or 1.52 < |⌘� | < 2.37,

�R0 < �Rbb,�� < 2.0 , �Rb� > �R0, �R0 = 0.4 ,

100 GeV < mbb < 150 GeV, pbbT > 110 GeV,

123 GeV < m�� < 128 GeV, p��T > 110 GeV,

• 14 TeV HL-LHC ATL-PHY-PUB-2014-019 (2015)



Sensitivity on NP from Double Higgs production

• Event Selections

pb1T > 40 GeV, pb2T > 25 GeV, |⌘b| < 2.5,

p�T > 30 GeV, |⌘� | < 1.37 or 1.52 < |⌘� | < 2.37,

�R0 < �Rbb,�� < 2.0 , �Rb� > �R0, �R0 = 0.4 ,

100 GeV < mbb < 150 GeV, pbbT > 110 GeV,

123 GeV < m�� < 128 GeV, p��T > 110 GeV,

• 14 TeV HL-LHC ATL-PHY-PUB-2014-019 (2015)

• Results
Background : 47.1± 3.5
Signal : 8.4± 0.1



Sensitivity on NP from Double Higgs production

S-wave dominant!

p��T > 110 GeV
pbbT > 110 GeV

�Rbb,�� > 0.4

�NP
cut =

Z
dmhh

d�

dmhh
A(mhh)

Background : 47.1± 3.5

NP Signal:



Sensitivity on NP from Double Higgs production
• 2    Exclusion limit and 5    discovery limit� � @14 TeV HL-LHC

The SM double Higgs production can not be discovered, but some 
parameter space can be excluded.



Sensitivity on NP from Double Higgs production

Comparable to the 14 TeV HL-LHC results

• 2    Exclusion limit and 5    discovery limit� � @100 TeV 10 fb  hadron colliders�1



Sensitivity on NP from Double Higgs production
@100 TeV 30 ab, hadron colliders�1�• 5    discovery significance

|c̃t| < 0.01

|c̃g| < 0.345

EDMs

considering the SM double Higgs is the background

NP deviates from SM with 1~2% can be discovered!



Conclusions

• Double Higgs production is essential to measure the 
Higgs-trilinear coupling and also very sensitive to NP. 

• Using the effective Lagrangian approach and based on 
the s-wave dominant signature of the NP, we have studied 
the sensitivity on NP at 14 TeV LHC and 100 TeV hadron 
colliders. 

• The sensitivity can be comparable between 14 TeV HL-
LHC and 100 TeV 10 fb   hadron colliders. 

• NP deviates from SM with 1~2% can be discovered at 100 
TeV 30 ab   hadron colliders.
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Backups



Single Higgs Production
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Constraints from Single Higgs Measurements
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Constraints from Single Higgs Measurements

¯
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Sensitivity on NP from Double Higgs production
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Sensitivity on NP from Double Higgs production

• Tensor basis expansion
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Sensitivity on NP from Double Higgs production

• s-wave has non-decoupling effect
• d-wave has decoupling effect

• Physical reason
mt ! +1



• Any NP doesn’t change the distribution of the 
Higgs pair, neither of the distribution of the decay 
final state due to the scalar signature of the Higgs 
boson. 

• For a specific decay final state and kinematic cuts, 
cut efficiency will be universal for all NP at a given 

• We can use a universal cut efficiency function         
to mimic the simulation on any of the NP signal.

Sensitivity on NP from Double Higgs production

Mhh(ŝ, ✓) ⇡ Mhh(ŝ)

ŝ
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Sensitivity on NP from Double Higgs production

• Previous searches for double Higgs production at 8 
TeV and 13 TeV LHC



Sensitivity on NP from Double Higgs production

• 14 TeV HL-LHC    ATL-PHY-PUB-2014-019 (2015).

• Irreducible backgrounds: 
bb̄��, tt̄h(��), Z(bb̄)h(��), bb̄h(��)

• Reducible backgrounds: 

jj��, cc̄��, bb̄�j, tt̄, tt̄�



Sensitivity on NP from Double Higgs production

pbbT > 110 GeV

0.4 < �Rbb < 2.0

100 GeV < mbb < 150 GeV



Sensitivity on NP from Double Higgs production

123 GeV < m�� < 128 GeV

0.4 < �R�� < 2.0

p��T > 110 GeV





Sensitivity on NP from Double Higgs production

S-wave dominant!
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Sensitivity on NP from Double Higgs production

• 100 TeV 30 ab  hadron colliders    R. Contino, et. al, Physics at a 
100 TeV pp collider: Higgs and EW symmetry breaking studies.

� isolation R = 0.4

jets: anti-kt, parameter R = 0.4

pb1T > 60 GeV, pb2T > 35 GeV, |⌘b| < 4.5,

p�1

T > 60 GeV, p�2

T > 35 GeV, |⌘� | < 4.5,

pT (bb) > 100 GeV, pT (��) > 100 GeV,

�Rbb < 3.5 , �R�� < 3.5,

100 GeV < mbb̄ < 150 GeV,

123 GeV < m�� < 128 GeV,

• Event Selections

• Results
Background : 27118

Signal : 12061
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Sensitivity on SM from Double Higgs production

Precision)Measurement)(100)TeV)�

systema6c)uncertainty)is)0.025)
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