
BSM Higgs: Theory Status II

18 June 2018

Andrea Thamm  
CERN

Workshop on the physics of HL-LHC, 
and perspectives at HE-LHC 

CERN



• Summary of Higgs related contributions  
in the BSM session

• ALPs at the HL-LHC and HE-LHC

Outline

Andrea Thamm



• Summary of Higgs related contributions  
in the BSM session

• ALPs at the HL-LHC and HE-LHC

Outline

Andrea Thamm



Testing compositeness of 2HDM

Andrea Thamm

see talk by  
Luigi Delle Rose



Testing compositeness of 2HDM

Andrea Thamm

see talk by  
Luigi Delle Rose



2HDM with U(1) gauge symmetries

Andrea Thamm

work by D. Camargo, L. Delle 
Rose, S. Moretti, F. Queiroz

• Sensitivity in di-lepton searches



Extended Higgs and matter sector

Andrea Thamm

see talk by  
Radovan Dermisek



Andrea Thamm

see talk by  
Radovan Dermisek

Extended Higgs and matter sector



Andrea Thamm

Dark photons via Higgs bosons

• Discovery and exclusion reach 

work by S. Biswas, E. Gabrielli, 
M. Heikinheimo, B. Mele 



• Summary of Higgs related contributions  
in the BSM session

• ALPs at the HL-LHC and HE-LHC

Outline

Andrea Thamm



• Summary of Higgs related contributions  
in the BSM session

• ALPs at the HL-LHC and HE-LHC

Outline

Andrea Thamm

h
a

g

g

�

�

Z

based on arXiv:1610.00009, 1704.08207, 1708.00443 
and work in progress

with Martin Bauer and Matthias Neubert



• Pseudo-scalars in many extensions of the SM
✦ QCD axion - solution to strong CP-problem
✦ Nambu-Goldstone bosons of a broken symmetry
✦ mediators to the dark sector 
✦ explanations of various anomalies

• Good reason to study them! 
• Large regions of parameter space already probed by many 

different experiments
• We add a region that can be probed through exotic Higgs 

decays in run 2 of LHC and at future colliders
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[Georgi, Kaplan, Randall: Phys. Lett.169 B (1986)]
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h ! aa h ! Za
[Dobrescu, Landsberg, Matchev: 0005308]
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Exotic Higgs Decays                        h ! aa

[Dobrescu, Landsberg, Matchev: 0005308]
[Dobrescu, Matchev: 0008192]
[Chang, Fox, Weiner: 0608310]

Ce↵
ah = Cah(µ) +

Nc y2t
4⇡2

c2tt


ln

µ2

m2
t

� g1(⌧t/h)

�
� 3↵

2⇡s2w

�
g2CWW

�2

ln

µ2

m2
W

+ �1 � g2(⌧W/h)

�

� 3↵

4⇡s2wc
2
w

✓
g2

c2w
CZZ

◆2 
ln

µ2

m2
Z

+ �1 � g2(⌧Z/h)

�



h h h

a

a a

a a

a

f Z/W±

 

• Dim-6 Higgs portal and loop diagrams

Andrea Thamm

Exotic Higgs Decays                        h ! aa

[Dobrescu, Landsberg, Matchev: 0005308]
[Dobrescu, Matchev: 0008192]
[Chang, Fox, Weiner: 0608310]

Ce↵
ah = Cah(µ) +

Nc y2t
4⇡2

c2tt


ln

µ2

m2
t

� g1(⌧t/h)

�
� 3↵

2⇡s2w

�
g2CWW

�2

ln

µ2

m2
W

+ �1 � g2(⌧W/h)

�

� 3↵

4⇡s2wc
2
w

✓
g2

c2w
CZZ

◆2 
ln

µ2

m2
Z

+ �1 � g2(⌧Z/h)

�



h h h

a

a a

a a

a

f Z/W±

 

• Dim-6 Higgs portal and loop diagrams

Andrea Thamm

Exotic Higgs Decays                        h ! aa

[Dobrescu, Landsberg, Matchev: 0005308]
[Dobrescu, Matchev: 0008192]
[Chang, Fox, Weiner: 0608310]

Ce↵
ah = Cah(µ) +

Nc y2t
4⇡2

c2tt


ln

µ2

m2
t

� g1(⌧t/h)

�
� 3↵

2⇡s2w

�
g2CWW

�2

ln

µ2

m2
W

+ �1 � g2(⌧W/h)

�

� 3↵

4⇡s2wc
2
w

✓
g2

c2w
CZZ

◆2 
ln

µ2

m2
Z

+ �1 � g2(⌧Z/h)

�



h h h

a

a a

a a

a

f Z/W±

 

• Dim-6 Higgs portal and loop diagrams

Andrea Thamm

Exotic Higgs Decays                        h ! aa

[Dobrescu, Landsberg, Matchev: 0005308]
[Dobrescu, Matchev: 0008192]
[Chang, Fox, Weiner: 0608310]

Ce↵
ah = Cah(µ) +

Nc y2t
4⇡2

c2tt


ln

µ2

m2
t

� g1(⌧t/h)

�
� 3↵

2⇡s2w

�
g2CWW

�2

ln

µ2

m2
W

+ �1 � g2(⌧W/h)

�

� 3↵

4⇡s2wc
2
w

✓
g2

c2w
CZZ

◆2 
ln

µ2

m2
Z

+ �1 � g2(⌧Z/h)

�

Ce↵
ah ⇡ Cah(⇤) + 0.173 c2tt � 0.0025

�
C2

WW + C2
ZZ

�



h h h

a

a a

a a

a

f Z/W±

 

• Dim-6 Higgs portal and loop diagrams

Andrea Thamm

Exotic Higgs Decays                        h ! aa

[Dobrescu, Landsberg, Matchev: 0005308]
[Dobrescu, Matchev: 0008192]
[Chang, Fox, Weiner: 0608310]

Ce↵
ah = Cah(µ) +

Nc y2t
4⇡2

c2tt


ln

µ2

m2
t

� g1(⌧t/h)

�
� 3↵

2⇡s2w

�
g2CWW

�2

ln

µ2

m2
W

+ �1 � g2(⌧W/h)

�

� 3↵

4⇡s2wc
2
w

✓
g2

c2w
CZZ

◆2 
ln

µ2

m2
Z

+ �1 � g2(⌧Z/h)

�

Ce↵
ah ⇡ Cah(⇤) + 0.173 c2tt � 0.0025

�
C2

WW + C2
ZZ

�

�(h ! aa) =
v2m3

h

32⇡⇤4

��Ce↵
ah

��2
✓
1� 2m2

a

m2
h

◆2
s

1� 4m2
a

m2
h



 

Andrea Thamm

Exotic Higgs Decays                        h ! aa

• Current upper limit Br(h ! BSM) < 0.34 [ATLAS and CMS:1606.02266]



 

Andrea Thamm

Exotic Higgs Decays                        h ! aa

• Current upper limit Br(h ! BSM) < 0.34 [ATLAS and CMS:1606.02266]

�(h ! BSM) < 2.1MeV=)



 

Andrea Thamm

Exotic Higgs Decays                        h ! aa

• Current upper limit Br(h ! BSM) < 0.34 [ATLAS and CMS:1606.02266]

�(h ! BSM) < 2.1MeV=)
��Ce↵

ah

�� < 1.34


⇤

1TeV

�2
=)



 

Andrea Thamm

Exotic Higgs Decays                        h ! aa

• Current upper limit Br(h ! BSM) < 0.34 [ATLAS and CMS:1606.02266]

�(h ! BSM) < 2.1MeV=)
��Ce↵

ah

�� < 1.34


⇤

1TeV

�2
=)

• For                          need 
• From top-loop only:                            for 

Br(h ! aa) = 0.1 |Cah|/⇤2 ⇡ 0.62TeV�2

Br(h ! aa) = 0.01 |ctt|/⇤ ⇡ 1.04TeV�1



 

Andrea Thamm

Exotic Higgs Decays                        h ! aa

• Current upper limit Br(h ! BSM) < 0.34 [ATLAS and CMS:1606.02266]

�(h ! BSM) < 2.1MeV=)
��Ce↵

ah

�� < 1.34


⇤

1TeV

�2
=)

• All these modes can be reconstructed at run II

• Interesting final states
✦  
✦  
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h ! aa ! 4jets

h ! aa ! invisible
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• For                          need 
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Ldet = 1.5m

Decay into photons
before EM calorimeter

Ldet = 2 cm

Decay into electrons
before inner tracker

• Effective branching ratios

Br(h ! Za ! `+`�XX̄)
��
e↵

= Br(h ! Za)⇥ Br(a ! XX̄) fdec Br(Z ! `+`�)

h ! Za
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[Bauer, Neubert, Thamm: to appear]
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• Current bounds on
• Leptonic Z decays 

h ! Za

[Bauer, Neubert, Thamm: to appear]
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• Current bounds on
• Leptonic Z decays 

h ! Za
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• Current bounds on 

• Improvement by factor 1.5

Z ! �a
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• Rare Higgs decays provide a powerful way to 
probe the existence of ALPs with masses 
between 30 MeV and 60 GeV

• Future colliders very promising!

21Andrea Thamm

Conclusions


