
Composite Higgs and Dark Matter 

Maximilian Ruhdorfer 
Technical University of Munich

based on: arXiv:1707.07685 (JHEP) and arXiv:1809.09106 (JCAP) 
and work in progress with R. Balkin, E. Salvioni and A. Weiler 

Paris-Orsay,  29.07.2019



!2

• Higgs is a bound state of a new strong sector 
 
Description changes above confinement scale (~ TeV) 
          Higgs mass is naturally “screened” 

• Analogy to QCD Pions: Higgs arises as (approximate) Goldstone 
Boson and is naturally light

Composite Higgs - A Reminder
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• Higgs is a bound state of a new strong sector 
 
Description changes above confinement scale (~ TeV) 
          Higgs mass is naturally “screened” 

• Analogy to QCD Pions: Higgs arises as (approximate) Goldstone 
Boson and is naturally light 
 
 

• But: no reason for Higgs to go alone.         additional pNGB  

•     is naturally light and weakly coupled at low energies 

• If stable: natural WIMP candidate

Composite Higgs - A Reminder
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• Complex scalar singlet 
 
 
 
   charged under exact  

Dark Matter Stability

SO(7)/SO(6) (H, χ) ∼ 40 + 1±1 of SO(4)U(1)DM

Balkin, MR, Salvioni, Weiler,  
1707.07685U(1)DM ⊂ SO(6)χ

Automatically preserved by strong sector 
+ can be weakly gauged

SO(6)

SO(7)



pNGB Dark Matter
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• Pure Goldstone Higgs portal to SM

1
f 2

∂μ(h2)∂μ(χ*χ)

from non-linear sigma model



pNGB Dark Matter
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• Pure Goldstone Higgs portal to SM 
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relic density fixes one-to-one  
correspondence of mχ and f

Blue: full Boltzmann solution



pNGB Dark Matter

!7

• Pure Goldstone Higgs portal to SM
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∂μ(h2)∂μ(χ*χ)
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Annihilation Direct Detection

q q
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pNGB Dark Matter
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• BUT: DM mass requires explicit breaking of DM shift symmetry

1
f 2

∂μ(h2)∂μ(χ*χ)+λh2χ*χ

generates potential for  
Higgs and DM

DD is very sensitive  
to λ

want to be close to 
Goldstone limit

λ ≪ 1



Explicit Breaking of global Symmetry

!9

DM shift symmetry can be broken by: 

1. Embedding of top 

2. Embedding of bottom (or lighter quarks) 

3. Weakly gauging U(1)DM



Explicit Breaking of global Symmetry
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DM shift symmetry can be broken by: 

1. Embedding of top 

2. Embedding of bottom (or lighter quarks) 

3. Weakly gauging U(1)DM

predicts  

in tension with XENON1T

λ ∼ λh

Balkin, MR, Salvioni, Weiler,  
1707.07685



Explicit Breaking of global Symmetry
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DM shift symmetry can be broken by: 

1. Embedding of top 

2. Embedding of bottom (or lighter quarks) 

3. Weakly gauging U(1)DM

predicts  

in tension with XENON1T
Balkin, MR, Salvioni, Weiler,  
1707.07685

parametrically smaller λ
Balkin, MR, Salvioni, Weiler,  
1809.09106

λ ∼ λh



Breaking the Symmetry with the Bottom
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• DM shift symmetry only broken by !  coupling 
 
 
 
 

• Explicit breaking also generates 
 
 
 
 
               yields DM-nucleon cross-section.  !

bR

σχN
SI ∼ 10−47

λ ∼ y2
b ≪ 10−3 and mχ ∼ 𝒪(100) GeV

negligible for Dark Matter pheno

yb

f 2
q̄LHbR |χ |2



Breaking the Symmetry with the Bottom
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DM-quark coupling: 
yb

f 2
q̄LHbR |χ |2



Probes for Composite DM
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• Indirect DM detection: s-wave annihilation 
 

• Probing the derivative coupling at colliders 
 
 
                 
              VBF production of DM E

g2
DM−SM(E)

∂2

f 2

Work in progress with E. Salvioni and A. Weiler

χ

χ*



Derivative Coupling at Colliders

!15

Work in progress with E. Salvioni and A. Weiler

f

mχ

1
f 2

∂μ |χ |2 ∂μ |H |2



Conclusions
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• pNGB Dark Matter = motivated WIMP with structurally  
                                  suppressed direct detection 

• Complementary Probes are needed: 

‣ Dark matter indirect detection 

‣ Probing the energy dependent derivative coupling at colliders

χ

χ*

1
f 2

∂μ(h2)∂μ(χ*χ)

Work in progress!



Backup
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Breaking the Symmetry with the Bottom
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SO(7)/SO(6) coset & fermion coupling
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• Yukawas and fermion masses from partial compositeness  
 
 
 

• Pick            representations for fermions

ℒf ∼ ϵqq̄L𝒪q + ϵuūR𝒪u + ϵdd̄R𝒪d

𝒪i :  fermionic operators of the strong sector

SO(7)

fixes size of shift-symmetry breaking

SO(7) ⊃ SO(4)EW × SO(3)′�

{TDM, XRe χ, XIm χ}

DM shift-symmetry  
generators

U(1) generator



Fermion Embeddings
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1 = (1,1,1)

7 = (2,2,1)� (1,1,3)

21 = (2,2,3)� (3,1,1)� (1,3,1)� (1,1,3)

27 = (3,3,1)� (2,2,3)� (1,1,5)� (1,1,1)

SO(4)⇥ SO(3) ⇠= SU(2)L ⇥ SU(2)R ⇥ SU(2)0

SO(7) representations: 

Do neither break U(1) 
nor DM shift symmetry 

qL ∼ 7 tR ∼ 21


