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 Status and prospects for HH at the LHC

2

‣Di-Higgs productions in pp collisions 
‣Mainly via gluon-gluon fusion GF but VBF can help 
at higher luminosities 
‣GF has a small production cross section: 33.53fb at 
13 TeV 

‣Direct measurement of the higgs self-coupling in SM 
‣Search for BSM effects 
‣new resonances 
‣Enhanced non resonant production  

‣Status of the search per decay channel  
‣Future prospects at HL-LHC
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Higgs pair production: Resonant

3

Searches for new resonances decaying into a pair of Higgs are 
conducted: BSM models scenarios with SM di-Higgs final state 

1. Higgs Singlet model (250-1000GeV) 
1. SM Higgs doublet ϕ0 +real gauge singlet scalar S 
2. Physical fields h, H {h= ϕ0 cos𝛼+S sin𝛼, H= -ϕ0 sin𝛼 +S cos𝛼} 

2. hMSSM (250-400 GeV) 
1. Two higgs doublets, resulting in 5 physical states: h, H, A, H± 
2. Parametrization with two parameters: mA and tanβ 
3. if MSUSY ≫ 1TeV low tanβ could produce h with mh=125GeV 

3. Warped Extra Dim 
1. Two fields: Radion(spin 0) [1] and KK-Graviton(spin 2) [2]that could 

decay to hh(if MX>250 GeV) 
[1]https://arxiv.org/abs/0705.3844  
[2]https://arxiv.org/abs/hep-ph/0701186

PRECISION 2016 - QUI NHON

RESONANT

‣ New resonances could be spotted out studying the Higgs boson pair production 

‣ Different BSMs describe such a scenario, assuming the two final state Higgs are SM-like 

Higgs singlet model 

‣ SM Higgs doublet ϕ + real gauge singlet scalar S 

‣ physical fields 

C.CAPUTO 4

HIGGS PAIR PRODUCTION - RESONANT

hMSSM 

‣ two Higgs doublets, resulting in 5 physical state: h, H, A, H± 

‣ parametrisable by 2 parameters: mA  and tanβ 

‣ if MSUSY>>1 TeV , low tanβ could produce an h with mh≃125 GeV 

h

h

Randall-Sundrum Warped Extra Dim  

‣ Gravity localised in the gravity brane, EW forces in weak brane  

‣ two fields: Radion (spin 0) and Graviton (spin 2) that could decay to h (if MX>250 GeV)

RESONANT
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FIG. 1: Cartoon of the region in the plane (g⇤,�/g⇤), defined by Eqs. (13),(14), that can be probed
by an analysis including only dimension-6 operators (in white). No sensible e↵ective field theory
description is possible in the gray area (� < gmin), while exploration of the light blue region
(gmin < � <

p
g⇤gmin) requires including the dimension-8 operators.
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FIG. 2: Feyman diagrams contributing to double Higgs production via gluon fusion (an additional
contribution comes from the crossing of the box diagram). The last diagram on the first line
contains the t̄thh coupling, while those in the second line involve contact interactions between the
Higgs and the gluons denoted with a cross.

derivative terms (which correspond to dimension-8 operators in the limit of linearly-realized

EW symmetry). The e↵ect of the neglected derivative operators will be then studied by

analyzing their impact on angular di↵erential distributions and shown to be small in our

case due to the limited sensitivity on the high mhh region.

The Feynman diagrams that contribute to the gg ! hh process are shown in Fig. 2. Each

diagram is characterized by a di↵erent scaling at large energies
p
ŝ = mhh � mt, mh. We
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The value of λhhh affects both the production cross-section  
and the hh kinematical variables

~3.7 times increase in the production cross-section going from 8 to 13TeV 
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(d) Associated production with top-quarks: qq̄/gg → tt̄HH

Figure 1: Some generic Feynman diagrams contributing to Higgs pair production at hadron
colliders.
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with ŝ and t̂ denoting the partonic Mandelstam variables. The triangular and box form
factors F△, F! and G! approach constant values in the infinite top quark mass limit,

F△ →
2

3
, F! → −

2

3
, G! → 0 . (6)

The expressions with the complete mass dependence are rather lengthy and can be found
in Ref. [11] as well as the NLO QCD corrections in the LET approximation in Ref. [18].

The full LO expressions for F△, F! and G! are used wherever they appear in the
NLO corrections in order to improve the perturbative results, similar to what has been
done in the single Higgs production case where using the exact LO expression reduces the
disagreement between the full NLO result and the LET result [7, 19].

For the numerical evaluation we have used the publicly available code HPAIR [44] in
which the known NLO corrections are implemented. As a central scale for this process
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ŝ
∓
√

1−
4M2

H

ŝ
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ŝ

)

, (5)
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FIG. 1: Cartoon of the region in the plane (g⇤,�/g⇤), defined by Eqs. (13),(14), that can be probed
by an analysis including only dimension-6 operators (in white). No sensible e↵ective field theory
description is possible in the gray area (� < gmin), while exploration of the light blue region
(gmin < � <

p
g⇤gmin) requires including the dimension-8 operators.
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FIG. 2: Feyman diagrams contributing to double Higgs production via gluon fusion (an additional
contribution comes from the crossing of the box diagram). The last diagram on the first line
contains the t̄thh coupling, while those in the second line involve contact interactions between the
Higgs and the gluons denoted with a cross.

derivative terms (which correspond to dimension-8 operators in the limit of linearly-realized

EW symmetry). The e↵ect of the neglected derivative operators will be then studied by

analyzing their impact on angular di↵erential distributions and shown to be small in our

case due to the limited sensitivity on the high mhh region.

The Feynman diagrams that contribute to the gg ! hh process are shown in Fig. 2. Each

diagram is characterized by a di↵erent scaling at large energies
p
ŝ = mhh � mt, mh. We
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ŝ = mhh � mt, mh. We

10

yT = yTSMyT = yTSM 

σ(
N)

LO
 [p

b]

 10-1

 1

 10

 102

Color code is our educated guess of what  
is or not reachable using whole Run2 data 

Giacomo Ortona                                                                                                                                                                                      H2Taus - 29/01/2016

11

 [GeV]SM
hhhλ/hhhλ=λk

5− 0 5 10 15 20

) [
fb

]
ττ

 b
b

→
 B

R(
hh

× 
 h

h
→

pp
σ

95
%

 C
L 

lim
it 

on
 

1

10

210

310

410

510

)ττbb→ BR(hh × σTheory 

Theory syst. uncert.

1D Fit Expected Asym. CLs

σ 1±Expected 

σ 2±Expected 

CMS Preliminary -1 = 13 TeV, L = 2.6 fbs 

Hτ µτ bb →hh 

(a) µth

 [GeV]SM
hhhλ/hhhλ=λk

5− 0 5 10 15 20

) [
fb

]
ττ

 b
b

→
 B

R(
hh

× 
 h

h
→

pp
σ

95
%

 C
L 

lim
it 

on
 

1

10

210

310

410

510

)ττbb→ BR(hh × σTheory 

Theory syst. uncert.

1D Fit Expected Asym. CLs

σ 1±Expected 

σ 2±Expected 

CMS Preliminary -1 = 13 TeV, L = 2.6 fbs 

Hτ eτ bb →hh 

(b) eth

 [GeV]SM
hhhλ/hhhλ=λk

5− 0 5 10 15 20

) [
fb

]
ττ

 b
b

→
 B

R(
hh

× 
 h

h
→

pp
σ

95
%

 C
L 

lim
it 

on
 

1

10

210

310

410

510

)ττbb→ BR(hh × σTheory 

Theory syst. uncert.

1D Fit Expected Asym. CLs

σ 1±Expected 

σ 2±Expected 

CMS Preliminary -1 = 13 TeV, L = 2.6 fbs 

Hτ Hτ bb →hh 

(c) thth

Figure 3: Expected 95% CL upper limits on the cross-section times branching ratio as a function
of the ratio of the anomalous trilinear coupling to the SM trilinear coupling (kl = lhhh/lSM
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• !h!h is the most sensitive channel, 

followed by μ!h and e!h

• Analytical parametrisation of 
theory σXBR expectation from 
arXiv:1507.0224

• All th. syst. are included in the red 
line

!e!h!μ!h

!h!h

NON-RESONANT
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HIGGS PAIR PRODUCTION - NON RESONANT

‣ Double Higgs production is the principal way to extract info about the Higgs trilinear coupling (λhhh) 

‣ Run2 will not give us enough sensitivity to measure λhhh 

‣ Many BSMs are in agreement with the measured Higgs’ properties, although they predict a different 
λhhh 

‣ BSM models could lead to an enhancement of non-resonant di-Higgs production 
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ŝ

)

, (5)
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Figure 3: Total cross sections at the LO and NLO in QCD for HH production channels, at the
√

s =14 TeV LHC as a function of the
self-interaction coupling λ. The dashed (solid) lines and light- (dark-)colour bands correspond to the LO (NLO) results and to the scale and
PDF uncertainties added linearly. The SM values of the cross sections are obtained at λ/λSM = 1.
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Higgs Pair Production: Non resonant

4

1. Double Higgs production is the direct way to measure the higgs self coupling (trilinear):λhhh 
2. The ATLAS and CMS detectors sensitivity at LHC-Run2 is not expected to suffice for this measurement 
3. But BSM predictions using non-SM values for λhhh  show an enhancement of the non-resonant di-Higgs 

production, hence a possiblity for λhhh measurement. 
4.  VBF contribution could also enhance the sensitivity and reduce the limits.
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FIG. 1: Cartoon of the region in the plane (g⇤,�/g⇤), defined by Eqs. (13),(14), that can be probed
by an analysis including only dimension-6 operators (in white). No sensible e↵ective field theory
description is possible in the gray area (� < gmin), while exploration of the light blue region
(gmin < � <

p
g⇤gmin) requires including the dimension-8 operators.
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FIG. 2: Feyman diagrams contributing to double Higgs production via gluon fusion (an additional
contribution comes from the crossing of the box diagram). The last diagram on the first line
contains the t̄thh coupling, while those in the second line involve contact interactions between the
Higgs and the gluons denoted with a cross.

derivative terms (which correspond to dimension-8 operators in the limit of linearly-realized

EW symmetry). The e↵ect of the neglected derivative operators will be then studied by

analyzing their impact on angular di↵erential distributions and shown to be small in our

case due to the limited sensitivity on the high mhh region.

The Feynman diagrams that contribute to the gg ! hh process are shown in Fig. 2. Each

diagram is characterized by a di↵erent scaling at large energies
p
ŝ = mhh � mt, mh. We
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The value of λhhh affects both the production cross-section  
and the hh kinematical variables

~3.7 times increase in the production cross-section going from 8 to 13TeV 
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Figure 1: Some generic Feynman diagrams contributing to Higgs pair production at hadron
colliders.
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M2
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ŝ
∓
√

1−
4M2

H

ŝ

)

, (5)

with ŝ and t̂ denoting the partonic Mandelstam variables. The triangular and box form
factors F△, F! and G! approach constant values in the infinite top quark mass limit,

F△ →
2

3
, F! → −

2

3
, G! → 0 . (6)

The expressions with the complete mass dependence are rather lengthy and can be found
in Ref. [11] as well as the NLO QCD corrections in the LET approximation in Ref. [18].

The full LO expressions for F△, F! and G! are used wherever they appear in the
NLO corrections in order to improve the perturbative results, similar to what has been
done in the single Higgs production case where using the exact LO expression reduces the
disagreement between the full NLO result and the LET result [7, 19].

For the numerical evaluation we have used the publicly available code HPAIR [44] in
which the known NLO corrections are implemented. As a central scale for this process
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ŝ

2

(

1− 2
M2

H

ŝ
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contribution comes from the crossing of the box diagram). The last diagram on the first line
contains the t̄thh coupling, while those in the second line involve contact interactions between the
Higgs and the gluons denoted with a cross.

derivative terms (which correspond to dimension-8 operators in the limit of linearly-realized

EW symmetry). The e↵ect of the neglected derivative operators will be then studied by

analyzing their impact on angular di↵erential distributions and shown to be small in our

case due to the limited sensitivity on the high mhh region.

The Feynman diagrams that contribute to the gg ! hh process are shown in Fig. 2. Each

diagram is characterized by a di↵erent scaling at large energies
p
ŝ = mhh � mt, mh. We
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HIGGS PAIR PRODUCTION - NON RESONANT

‣ Double Higgs production is the principal way to extract info about the Higgs trilinear coupling (λhhh) 

‣ Run2 will not give us enough sensitivity to measure λhhh 

‣ Many BSMs are in agreement with the measured Higgs’ properties, although they predict a different 
λhhh 

‣ BSM models could lead to an enhancement of non-resonant di-Higgs production 
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ŝ
∓
√

1−
4M2

H

ŝ
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(c) Double Higgs-strahlung: qq̄′ → ZHH/WHH

q

q̄′ V ∗

V

H

H

g

g
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t
H
H

q

q̄
g

(d) Associated production with top-quarks: qq̄/gg → tt̄HH

Figure 1: Some generic Feynman diagrams contributing to Higgs pair production at hadron
colliders.

where

t̂± = −
ŝ

2

(

1− 2
M2

H

ŝ
∓
√

1−
4M2

H

ŝ

)

, (5)

with ŝ and t̂ denoting the partonic Mandelstam variables. The triangular and box form
factors F△, F! and G! approach constant values in the infinite top quark mass limit,

F△ →
2

3
, F! → −

2

3
, G! → 0 . (6)

The expressions with the complete mass dependence are rather lengthy and can be found
in Ref. [11] as well as the NLO QCD corrections in the LET approximation in Ref. [18].

The full LO expressions for F△, F! and G! are used wherever they appear in the
NLO corrections in order to improve the perturbative results, similar to what has been
done in the single Higgs production case where using the exact LO expression reduces the
disagreement between the full NLO result and the LET result [7, 19].

For the numerical evaluation we have used the publicly available code HPAIR [44] in
which the known NLO corrections are implemented. As a central scale for this process
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HH production at 14 TeV LHC at (N)LO in QCD
MH=125 GeV, MSTW2008 (N)LO pdf (68%cl)
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Figure 3: Total cross sections at the LO and NLO in QCD for HH production channels, at the
√

s =14 TeV LHC as a function of the
self-interaction coupling λ. The dashed (solid) lines and light- (dark-)colour bands correspond to the LO (NLO) results and to the scale and
PDF uncertainties added linearly. The SM values of the cross sections are obtained at λ/λSM = 1.

Grant Agreement numbers PITN-GA-2010-264564 (LHCPhe-
noNet) and PITN-GA-2012-315877 (MCNet). The work of
FM and OM is supported by the IISN “MadGraph” con-
vention 4.4511.10, by the IISN “Fundamental interactions”
convention 4.4517.08, and in part by the Belgian Federal
Science Policy Office through the Interuniversity Attrac-
tion Pole P7/37. OM is "Chercheur scientifique logistique
postdoctoral F.R.S.-FNRS".

References

[1] F. Englert and R. Brout, Phys.Rev.Lett. 13, 321 (1964).
[2] P. W. Higgs, Phys.Rev.Lett. 13, 508 (1964).
[3] CMS-HIG-13-003. CMS-HIG-13-004. CMS-HIG-13-006. CMS-

HIG-13-009. (2013).
[4] ATLAS-CONF-2013-009. ATLAS-CONF-2013-010. ATLAS-

CONF-2013-012. ATLAS- CONF-2013-013. (2013).
[5] E. Asakawa, D. Harada, S. Kanemura, Y. Okada, and

K. Tsumura, Phys.Rev. D82, 115002 (2010), arXiv:1009.4670
[hep-ph] .

[6] S. Dawson, E. Furlan, and I. Lewis, Phys.Rev. D87, 014007
(2013), arXiv:1210.6663 [hep-ph] .

[7] R. Contino, M. Ghezzi, M. Moretti, G. Panico, F. Piccinini,
et al., JHEP 1208, 154 (2012), arXiv:1205.5444 [hep-ph] .

[8] G. D. Kribs and A. Martin, Phys.Rev. D86, 095023 (2012),
arXiv:1207.4496 [hep-ph] .

[9] M. J. Dolan, C. Englert, and M. Spannowsky, Phys.Rev. D87,
055002 (2013), arXiv:1210.8166 [hep-ph] .

[10] M. J. Dolan, C. Englert, and M. Spannowsky, JHEP 1210, 112
(2012), arXiv:1206.5001 [hep-ph] .

[11] M. Gouzevitch, A. Oliveira, J. Rojo, R. Rosenfeld, G. P. Salam,
et al., JHEP 1307, 148 (2013), arXiv:1303.6636 [hep-ph] .

[12] T. Plehn, M. Spira, and P. Zerwas, Nucl.Phys. B479, 46 (1996),
arXiv:hep-ph/9603205 [hep-ph] .

[13] S. Dawson, S. Dittmaier, and M. Spira, Phys.Rev. D58, 115012
(1998), arXiv:hep-ph/9805244 [hep-ph] .

[14] T. Binoth, S. Karg, N. Kauer, and R. Ruckl, Phys.Rev. D74,
113008 (2006), arXiv:hep-ph/0608057 [hep-ph] .

[15] J. Baglio, A. Djouadi, R. Gröber, M. Mühlleitner, J. Quevillon,
et al., JHEP 1304, 151 (2013), arXiv:1212.5581 [hep-ph] .

[16] R. Frederix, S. Frixione, V. Hirschi, F. Maltoni, O. Mattelaer,
H.-S. Shao, T. Stelzer, P. Torrielli, and M. Zaro, to appear .

[17] The code can be downloaded at:
https://launchpad.net/madgraph5,http://amcatnlo.cern.ch.

[18] U. Baur, T. Plehn, and D. L. Rainwater, Phys.Rev.Lett. 89,
151801 (2002), arXiv:hep-ph/0206024 [hep-ph] .

[19] V. Hirschi et al., JHEP 05, 044 (2011), arXiv:1103.0621 [hep-ph]
.

[20] A. Denner, S. Dittmaier, M. Roth, and D. Wackeroth,
Nucl.Phys. B560, 33 (1999), arXiv:hep-ph/9904472 [hep-ph] .

[21] A. Denner, S. Dittmaier, M. Roth, and L. Wieders, Nucl.Phys.
B724, 247 (2005), arXiv:hep-ph/0505042 [hep-ph] .

[22] Q. Li, Q.-S. Yan, and X. Zhao, (2013), arXiv:1312.3830 [hep-
-ph] .

[23] P. Maierhöfer and A. Papaefstathiou, (2013), arXiv:1401.0007
[hep-ph] .

[24] J. Grigo, J. Hoff, K. Melnikov, and M. Steinhauser, Nucl.Phys.
B875, 1 (2013), arXiv:1305.7340 [hep-ph] .

[25] D. de Florian and J. Mazzitelli, Phys. Rev. Lett. 111, 201801

(2013), 10.1103/PhysRevLett.111.201801, arXiv:1309.6594
[hep-ph] .

[26] D. Y. Shao, C. S. Li, H. T. Li, and J. Wang, JHEP07, 169
(2013), arXiv:1301.1245 [hep-ph] .

6

arxiv 1401.7340

h

h

h

h

h

NON-RESONANT

λhhh



A. Zghiche 
IN2P2-CNRS/LLR-Polytechnique IRN TERASCALE@Marseille meeting /14th December 2017 /155

Beyond standard model BSM effect are EFT modeled with 
dim-6 opetrators[1] 
The process 5 parameters Lagrangian is the following, 
where the parameters are λhhh, yT, c2, cg, c2g

Higgs pair production: Non resonant
NON-RESONANT

The  HH cross section and the final state kinematics vary in 5D phase 
space (over more than 1500 combinations: 12 benchmarks identified)[2] 
[1]Phys.Rev.D91 (2015), n0.11, 115008 
[2]JHEP04(2016)126
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SEARCHES

6

Di-Higgs searches are performed looking at several final 
states

NON-RESONANT RESONANT

Among which: 
1. bbbb: higher BR, 

High QCD/tt 
contamination 

2. bbWW: high BR, 
large irreducible 
ttbackground 

3. bb𝝉𝝉 relatively low bkg 
4. bb𝜸𝜸 High purity, but 

very low BR 
5. Other: 𝜸𝜸WW* 
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GENERAL 
PROCEDURE: HH➞𝛾𝛾bb

7

1. Reconstruct and select the 4 objets:  
-2b-tagged resolved jets+2 photons 
-with double photon trigger and MVA based vertex finding, selection on ET, m𝛾𝛾, 
mjj, pT, ΔR(j,𝛾)>0.4 and application of the jet energy regression for the b-tagged 
jets 

2. Categorize the signal using the system invariant mass and MVA outputs:  
-classify the events according to BDT output in purity, trained on b-tagging 
variables, helicity angles, pT(jj)/m 
-for non resonant, categorize over the resolution improved 4-body mass 
Mx=M(jj𝛾𝛾)-M(jj)-M(𝛾𝛾)+250, boundary Mx=350GeV 

3. Estimate the Background 
- 𝛾+jet from QCD (data driven), single H➞𝛾𝛾, ttH, bbH, VH  
- fitted with Bernstein polynomials 

4. Extract the signal: in a 2D plane, simultaneously fitting m𝛾𝛾 and mjj

NON-RESONANT RESONANT
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Results: HH➞𝛾𝛾bb 
CMS-PAS-17-008

NON-RESONANT RESONANT
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Results: HH➞𝛾𝛾bb RESONANT

No signal excess in ATLAS nor CMS 
From CMS results: 
Limits set for 250 < mX < 900 GeV.  

Excluded any Radion for ΛR = 1 TeV hypothesis  

and mX < 550 GeV for ΛR = 3 TeV.  

Exlusion for KK-Graviton in ranges 
[280;900] GeV (k/MPI=1.0) and [300;550] GeV (k/MPI=0.5).

SPIN 2

ATLAS-CONF-2016-004

CMS-PAS-17-008 CMS-PAS-17-008

SPIN 0

12fb
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Results: HH➞𝛾𝛾bb 
CMS-PAS-17-008

NON-RESONANT

Run-1: Phys.Rev.D94,052012(2016)

Limit on σhh : 
1.67 (exp 1.44) fb 

equal to 19.2 times σSMhh  

Limit as a function of kλ/kt .  

kt = 2 excluded with kλ=1. 



A. Zghiche 
IN2P2-CNRS/LLR-Polytechnique IRN TERASCALE@Marseille meeting /14th December 2017 /1511

NON-RESONANTRESONANT
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HH Run2 summary RESONANT

SPIN 0 SPIN 2

2b2𝛾 channel is the best at low mass. Lowest BR. 

bbbb channel has recently improved (NEW) and is competitive with 2b2 at low 
mass and shows best sensitivity at high mass  
2b2𝜏 channel improved at high mass with better trigger efficiency.  

2b2W channel is limited by large irreducible tt background.
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final state ATLAS CMS

bb𝛾𝛾 117(161) 
(3fb-1)

19(17) 
(36fb-1)

bb𝜏𝜏 28(25) 
(36fb-1)

bb𝜐𝜐 79(89) 
(36fb-1)

bbbb 29(38) 
(13fb-1)

342(308) 
(2.3fb-1)

WW𝛾𝛾 747(386) 
(13fb-1)

Run2 95 % C.L. limits on μ=σ/σSM 
Observed/(Expected) 

NON-RESONANTHH Run2 summary

For the trilinear coupling more integrated luminosity is 
needed : What can we expect at HL-LHC?

CMS provides also limits in benchmarks (slide 5) that  

describe typical topologies possible in 5D EFT space. 
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HH at HL-LHC 
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HL-LHC upgrade CMS detector 

15

1. Phase-2 LHC: up to 
3000fb-1(Linst=5x1034 cm-2 s-1) 

2. New detector needed due to 
Phase-1 radiation damage 

3. Will be with extended acceptance 
4. Maintain the current performance 

with expected PU of 140-200
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Phase-2 HH ➞ bb𝛾𝛾

16

Extrapolation from Run2 analysis/data ( CMS-PAS-
HIG-16-032)  

2D fit of m(𝛾𝛾) – m(bb) distributions 
Syst. uncertainty:S2+ scenario (backup slide) 

SM NON-RESONANT

Smearing function approach  

Cut and count method  

2.9 % signal efficiency 

CMS-PAS-FTR-16-002
ATL-PHYS-PUB-2017-001

<mPU>=200 

m𝛾𝛾
mbb

→ Significance : 1.43 𝜎 → Significance : 1.05 𝜎 
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Phase-2 HH ➞ bb𝜏𝜏

17

Reduced uncertainty on tt shape (< lower jet → τ fake 
rate)  

➢ Multijet bkg. from data → negligible stat. uncertainty  

Lepton (incl. τ) uncertainties as of 2015 

SM NON-RESONANT

Main background had-e/𝜇 :tt 

had-had:Z→𝜏𝜏+jets+tt 

smearing function approach

CMS-PAS-FTR-16-002
ATL-PHYS-PUB-2015-048

<mPU>=140 

had-e

→ Significance : 0.39 𝜎 → Significance : 0.6 𝜎 

m𝜏𝜏
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Expected HH results at HL-LHC

18

-Observation with 3ab-1 will be challenging even with combination of the 
different final states 
-Additional HH production processes such as VBF and ttHH would be 
helpful 
-Improvements in the analysis techniques are also expected

HH final state
ATLAS 

Signficance
CMS  

Significance

bb𝛾𝛾 1.05 𝜎 1.43 𝜎

bb𝜏𝜏 0.6 𝜎 0.39 𝜎

bb𝜐𝜐 0.39 𝜎

bbbb 0.45 𝜎

SM NON-RESONANT



Spares

A. Zghiche 
IN2P2-CNRS/LLR-Polytechnique IRN TERASCALE@Marseille meeting /14th December 2017



A. Zghiche 
IN2P2-CNRS/LLR-Polytechnique IRN TERASCALE@Marseille meeting /14th December 2017 /1520


