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Vector DM Theory

Connection to Hierarchy Problem? Other UV model?

UV Model
Focus on Twin Higgs model
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How to obtain VDM?

e Higgs mechanism or Stueckelberg mechanism
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LD —ZF’U’VF/“/ =+ ‘D,quIQ T %W”wvu
Need Higgs portal or Kinetic mixing to connect to SM
LD ¢*H?>+F'A,,

For example U(1), SU(2), SU(3), etc

e Another way:

LD Yy qV, + h.c.



Why VDM in Twin Higgs?
e Mirror Twin Higgs

Many kinds of dark matter candidate

Typically encounter Neff problem!
Need VDM?

o Left Right Twin Higgs

No dark matter candidate!

VDM?



Mirror Twin Higgs

Mirror Standard Model

Chacko, Goh, Harnik 05

Sector A Sector B

Accidental SU(4) symmetry in Higgs potential V(H) = —-m2H'H + \(HTH)?

_( Hsu \ _ ( Ha\ +SU@2)a
H= ( Htwin ) - ( HB ) <—SU(2)B SU(4)

/ Goldstone Bosons,
_( Ha\ « SU(®2) Higgs as one of Goldstone Boson
H = ( Hp ) <—SU(2)2 o5



Mirror Twin Higgs
Quadratic div. Cancellation
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Dark matter candidate:

Naturally arise in hidden sector

twin tau, twin pion, twin baryon, etc

Twin neutrinos, twin photon, Neff constraint tight
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Mirror Twin Higgs

Vectorlike dark fermion instead of chiral dark fermion

SM Twin

m
<

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

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

4 A )
Unstable Glueballs
Vectorlike top
SM top (Hp) ~ f
o Twin W, Z
SM|Higgs
— 0'[—-
SMW, Z |
(Hy) = v = 246 GoV —2T =35
—_3T —3+ 17
' / \
Go+(\_\_0_++/) 2 e I
— 0’+
SM light fermion Hidden Glueball —
Gop =0
\_ _J

Twin W is the WIMP dark matter candidate



Chiral limit
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Quirk hadrons

Darkonia
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QCD string with hadronization
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Stable macroscopic string
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Dark Matter Candidate

e WIMP dark W dark matter:

Higgs portal dark matter
e Adding U(1) dark photon:
Self interacting dark matter

Solve small scale problems

Work in progress ....
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Left Right Twin Higgs

e Should we twin whole SM gauge group?

[ Hy «— SU(2) 4
H_ ( HB ) <—SU(2)B

e Only twin SU(2), but not QCD
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Left Right Twin Higgs

Problem 1: large fine tuning due to W’ searches

Vectorlike top
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Problem 2: No dark matter candidate

>

Right-handed W, Z
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SM top
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SMW,Z
(H4) = v = 246 GeV

SM light fermion

fine tuning!
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Left Right Twin Higgs

J-H,Yu,2017
SU(2)L U(1): U(1)2 SU(2)r
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Hig| 1 z 0 2
Hop 2 0 % 1
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T=-parity

H = = (Hy+ Hy) B* = - (B + BY),
H' = %(Hl — Hy),B'" = %(Bf—Bg),
TLr= % (ThL,r + T2L.R)
T; p = % (ThL.r — ToL.R) -

T-parity even fields: H, B*, Ty, g, and W} g, qL . R:

T-parity odd fields: H’, B, 7" with H’'
~-H', B & -B., T < -T.

H
H = k , H' =
Hpg

|
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Higgs Mechanism

L= (D,H,)'D"H, + (D, H>)"D"H, — V(Hy, Hy).
Dule = 011H1 T lgW“Hl +ig,B1uH1,
D”HQ — 8“H2 + lgW“HQ + ig,BQ“HQ,

L=(D,H" —igYB,H'")(D"H + ig'Y B,,H")
+(D,H'" —ig'YB,H")(D"H' +ig'Y B/,H),

,_,
D*H = 0"H +igW"H + ig'B*H,
D'H' = 0"H' +igWHH' +igB*H'.

e In typical case, for example, the T-even field B#
absorbs the CP odd component of the T-even H
and obtains its mass from its VEV (H);

e The terms 0" H'B], H and B"* B/, H' H indicate that
the T-odd field B* absorbs the CP odd component
of the T-odd H’ but obtains its mass from VEV of
the H.
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Fermion Portal to Visible Sector

H = %(Hl + Hy),B* = %(B'; + B,
H' = % (H, — Hy), B'" = % (B — B,
T'Lr = %(TILR‘*'TH,R)
T r= % (T1L.r — T2L.R) -

Lterm = L. rY'Dyuqr.r + CL.rY' Dyl R
+ To.rY'D,TiL.r + 1oL YD, ToL R

DFTy o = O"T; + ‘Itg,YBIII‘QTl.Q.

L=Tiv9,+1ig'YB,)T + T'in*(0, +igYB,)T"
—g'Tﬁ“BI', T — g'T'" B,T.
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Higgs Potential
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Relic Abundance

mp = 54 f
mypr = M

B’ as dark matter candidate

e B'B" — W*W~™/ZZ via t-channel exchange of
b (1)

e B'B’ — tt via t-channel exchange of 7”.

2N.q"*Y? m,
(ov) BB/ 1 =
O

(m3%, + m7.,)?
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Higgs Coupling Measurement

1500 Excluded Region by

Higgs Coupling Data
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68% CL
Allowed Region
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Direct Detection
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Direct Detection
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Parameter Space
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Conclusion

e 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
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