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1. Vector Dark Matter (VDM) 

2. Hidden Gauged W in Mirror Twin Higgs 

3. VDM in Left-Right Twin Higgs 

4. Summary

Outline



Vector DM Theory
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EFT

Simplified Model

UV Model
Connection to Hierarchy Problem? Other UV model?

Focus on Twin Higgs model
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Fµ⌫Fµ⌫ + |Dµ�|2 +  �µ Vµ +  �µqVµ + h.c.
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How to obtain VDM?
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• Higgs mechanism or Stueckelberg mechanism

• Another way:  

Need Higgs portal or kinetic mixing to connect to SM

For example U(1), SU(2), SU(3), etc
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Why VDM in Twin Higgs?
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• Mirror Twin Higgs

• Left Right Twin Higgs

Many kinds of dark matter candidate

No dark matter candidate!

Typically encounter Neff problem!

VDM?

Need VDM?



Mirror Twin Higgs
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Mirror Standard Model

SU(4) : H =

✓
HSM

Htwin

◆
! SU(3)

7 Goldstone Bosons, 
Higgs as one of Goldstone Boson

Accidental SU(4) symmetry in Higgs potential

H =

✓
HSM

Htwin

◆
⌘

✓
HA

HB

◆

Z2

Sector A Sector B

 SU(2)A
 SU(2)B

H

Chacko, Goh, Harnik 05

 SU(2)A

 SU(2)B
SU(4)

Global symmetry breaking



Mirror Twin Higgs
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Quadratic div. Cancellation

Naturally arise in hidden sector

L � yAqAHAtA + yBqBHBtB

Dark matter candidate:

twin tau, twin pion, twin baryon, etc

Twin neutrinos, twin photon, Neff constraint tight



Mirror Twin Higgs
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Vectorlike dark fermion instead of chiral dark fermion

Z2

No twin neutrinos, global twin U(1), Neff constraint OK

Twin top quark is typically heavier than twin W and twin Z

(Could have local twin U(1), with small masses via Stueckelberg)



Mirror Twin Higgs
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Twin Spectrum: twin hadrons, twin glueball, and twin W/Z

SM W, Z

hHBi ' f

hHAi = v = 246GeV

SM light fermion

SM Higgs

SM top

Vectorlike top

Hidden Glueball

Twin W, Z

Twin W is the WIMP dark matter candidate



Quirk hadrons
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Stable macroscopic stringQCD string with hadronization

Vector-like

QuirkQuark



Dark Matter Candidate
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• WIMP dark W dark matter:

Higgs portal dark matter

• Adding U(1) dark photon:

Self interacting dark matter

Solve small scale problems

Work in progress ….



Left Right Twin Higgs
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Chacko, Goh, Harnik, 2005

SU(2)R

HB =

✓
h+

h0

◆

QR =

✓
tR
bR

◆

LR =

✓
⌫R
⌧R

◆

TR

SU(2)L

HA =

✓
h+

h0

◆

QL =

✓
tL
bL

◆

LL =

✓
⌫L
⌧L

◆

TL

Z2

Eat 6 GBs

• Should we twin whole SM gauge group?

• Only twin SU(2), but not QCD

L � �ytQLHLTL � ytQRHRTR

• Quadratic divergence cancellation similar



Left Right Twin Higgs
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Problem 2: No dark matter candidate

Right-handed W, Z

SM W, Z

hHBi ' f

hHAi = v = 246GeV

SM light fermion

SM Higgs

SM top

Vectorlike top

large fine tuning!

Problem 1: large fine tuning due to W’ searches

mW 0 ⇠ gf ⇠ 5 TeV



Left Right Twin Higgs
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J-H, Yu, 2017



T-parity
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Higgs Mechanism
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Fermion Portal to Visible Sector
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Higgs Potential
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Inert doublet, heavier than W’ 



Relic Abundance
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B’ as dark matter candidate



Higgs Coupling Measurement
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Direct Detection
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Direct Detection
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Parameter Space
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Conclusion

• UV VDM realization is discussed 

• VDM in Twin Higgs scenarios is natural 

• VDM Pheno is very interesting
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Thank You!

Sorry, missing references


