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c1(s), c2(s), c3(s) are related to 
CM energy √s and kinematic cuts.

Probe Di-Higgs Production : 
Higgs boson self coupling 
Top Yukawa coupling

JC, K. Cheung, J.S. Lee, C.T. Lu, JHEP08(2015)133.
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qq 'Æ HHqq 'qq 'Æ HHqq '

q q 'Æ WHHq q 'Æ WHH

q q Æ ZHHq q Æ ZHH

q q ê ggÆ t t HHq q ê ggÆ t t HH

s H pp Æ HH + X L @ fb Ds H pp Æ HH + X L @ fb D
s =100 TeV ,M H =125 GeVs =100 TeV ,M H =125 GeV
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IfbM 14 TeV σ(p p > h h) :  

45.05 fb[1], 36.69 fb[2]

100 TeV σ(p p > h h) : 
1749 fb[1], 1224 fb[2]

[1] : calculated at NNLO accuracy including 
NNLL gluon resummation in the infinite top 
quark mass approximation.

[1] D. de Florian and J. Mazzitelli, JHEP 1509, 053 (2015), R. Contino et al., CERN Yellow Report, no. 3, 255 (2017).

[2] M. Grazzini, G. Heinrich, S. Jones, S. Kallweit, M. Kerner, J. M. Lindert and J. Mazzitelli, JHEP 1805 (2018) 059.

[2] : incorporate the finite top-quark mass 
effects at NNLO by adopting the FT (Full 
Theory) approximation.
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At the HL-LHC, the expected precision of 
measurement of the top-quark Yukawa 
coupling (Yt) is 10% [1].

Without knowing no better than 10% 
precision of the absolute Yt, we still 
considered 10% uncertainty for Yt at the 
100-TeV pp colliders.

[1] M. Vos, arXiv:1701.06537 [hep-ex].

The expected Yt 
uncertainty is 1% at the 
100-TeV pp colliders [1].  

+55%
-40%
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QCD corrections for λ3H

QCD corrections are less significant than the uncertainties associated with 
the top-Yukawa coupling. In this respect, we have not taken account of the 
λ3H-dependent QCD corrections on the ratio σ(HH)/σ(HH)SM in this work. 
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+35%

S. Borowka, N. Greiner, G. Heinrich, S. P. Jones, M. Kerner, J. Schlenk and T. Zirke, JHEP 1610 (2016). 

JC, K. Cheung, J.S. Lee, C.T. Lu and J. Park, arXiv: 1804.07130 [hep-ph].
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Search for Di-Higgs 
production at collider

reconstruct ! / W b-tagging, QCD BG

small BR 
relatively clean channel 
dominate BGs comes from 
fake photon or b-jet

In our study : bbγγ channel 
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HL-LHC

JC, K. Cheung, J.S. Lee, C.T. Lu and J. Park, arXiv: 1804.07130 [hep-ph].

"(hh)=45.05 fb, NNLO +NNLL.

-1.5 8.1

95%C.L.

-1.0 7.6

"(hh)=36.69 fb, NNLO in FT approximation.
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HL-LHC vs HL-100
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bbγγ channel BGs
single Higgs non-resonant resonant

ggH 
ttH 
ZH 

bbH

bbγγ 
ccγγ 
jjγγ 
bbjγ 
ccjγ 
bbjj

Z(bb)γγ 
tt 
ttγ
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[20] R. Contino et al., CERN Yellow Report, no. 3, 255 (2017).

[37] https://twiki.cern.ch/twiki/bin/view/LHCPhysics/HiggsEuropeanStrategy.
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14 TeV : ATLAS Collaboration, ATL-PHYS-PUB-2017-001.

100 TeV : R. Contino et al., CERN Yellow Report, no. 3, 255 (2017).

14 TeV

here we take the separation between the barrel and endcap regions at |η| = 2 

barrel/endcap
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14 TeV (fb) 100 TeV (fb) HL-100/HL-LHC √(HL-100/HL-LHC)
HH->bbγγ 0.12 4.62 38.82
ggH 120.00 1820.00 15.17 3.89
ttH 1.37 72.90 53.21 7.29
ZH 2.24 25.40 11.34 3.37
bbH 1.26 19.60 15.56 3.94
bbγγ 140.00 4930.00 35.21 5.93
ccγγ 1140.00 45400.00 39.82 6.31
jjγγ 16200.00 538000.00 33.21 5.76
bbjγ 367000.00 14400000.00 39.24 6.26
ccjγ 1050000.00 42000000.00 40.00 6.32
bbjj 434000000.00 16000000000.00 36.87 6.07
Z(bb)γγ 5.17 95.30 18.43 4.29
tt 530000.00 17600000.00 33.21 5.76
ttγ 1600.00 41800.00 26.13 5.11

Backgrounds: bbγγ channel
single Higgs non-resonant resonant Z~S/√B
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HL-LHC constraint 
HL-100 measurement
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Event generations and 
detector simulations 

Pre-selection cut :

Detector simulation : Delphes3, FCChh template.

ECAL energy resolution 

HCAL energy resolution 
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HL-100 TeV

R. Contino et al., CERN Yellow Report, no. 3, 255 (2017).
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Detector simulation : Delphes3, FCChh template.

Magnetic field 6 T and the jet energy scale of 1.135 is taken to get the correct 
peak position at MH in the invariant mass distribution of the b-quark pair in the 
signal process.  

[20] R. Contino et al., CERN Yellow Report, no. 3, 255 (2017)

[30] ATLAS Collaboration, ATL-PHYS-PUB-2017-001 17



100 TeV σ(h h)SM :1749 fb, NNLO+NNLL
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[1] : NNLO+NNLL, infinite top mass. [2] : NNLO in FT approximation, finite top mass.
20



122.5 - 127.5 GeV 90 - 150 GeV
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λ3H =1
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λ3H -4 0 1 2 6 10
Z[1] 53.766 15.416 9.681 5.770 7.770 37.726
Z[2] 38.503 10.871 6.808 4.049 5.459 26.856

[1] : NNLO+NNLL, infinite top mass. [2] : NNLO in FT approximation, finite top mass.
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2.6 4.8
3.1 4.3
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[1] : NNLO+NNLL, infinite top mass.

3ab-1 : 2.6 ≲ λ3H ≲ 4.8,  
λ3H =1 accuracy 20%

30ab-1 : 3.1 ≲ λ3H ≲ 4.3,  
λ3H =1 accuracy 7%
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Significance for different λ3H 
with varying ΔR cuts at HL-LHC 
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Conclusion

ggÆ HHggÆ HH

qq 'Æ HHqq 'qq 'Æ HHqq '

q q 'Æ WHHq q 'Æ WHH

q q Æ ZHHq q Æ ZHH

q q ê ggÆ t t HHq q ê ggÆ t t HH

s H pp Æ HH + X L @ fb Ds H pp Æ HH + X L @ fb D
s =100 TeV ,M H =125 GeVs =100 TeV ,M H =125 GeV
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1. 100 TeV 3ab-1 : 2.6 ≲ λ3H ≲ 4.8, 
λ3H =1 accuracy 20%. 

2. the "(hh) minimum falls on 
different λ3H for different 
production channel, i.e. VHH 
channel. 

3. VBF channel cross section is 
~O(10) smaller, but two 
energetic jet help to reduce BG. 

4. Deep learning study can help to 
increase the efficiency, i.e. 
improve b-tagging, b-jet 
reconstruction.
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Thanks
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