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The  Dark  Photon

A  vector  boson  Xµ couples  to  SM  matter  electromagnetic  
current  Jµem   as

εeQemjµem Xµ

ε << 1
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Generating  Dark  Photon  Interaction   through  
Gauge  Boson  Kinetic  Mixing

L  =  - ¼  FμνFμν – ¼  XμνXμν

will  use  X  or  A’  for  dark  photon

Portals to Dark (Hidden) Physics

• Two nice* ways for new hidden physics to couple:

• Vector Portal:   
(X = “hidden photon” )
 

• Higgs Portal:
(H’ = “hidden Higgs”)

�|H 0|2|H|2
h

h’ h

* nice = renormalizable, no singlets

✏Xµ⌫F
µ⌫

X a

¡

X and A are gauge fields of U(1)X X U(1)A
This term is renormalizable and gauge invariant

ε is a unknown number in a given model.

Holdom  1986,  Foot  and  He  1991,….

Vector Portal Couplings 

•                                         gauge invariance:

• Here:
                                                          photon
          
                                                          Z boson

                                                          dark vector
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There  are  many  interesting  consequences
Consider  U(1)A =  U(1)Y and
U(1)X a  new  gauge  group:  dark  photon  or  …

Dark  photon  connected   to  a  hidden  world  
(dark  sector…  )

Dark Vectors

• Focus on the vector portal.

• Assumptions:

• new U(1)x gauge invariance

• unbroken or broken at mx << mz 

• no direct coupling to Standard Model matter

• main connector is gauge kinetic mixing = vector portal

• Dark = Hidden
May or may not be connected to dark matter.
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Case 1: Couplings to Matter

• Putting in the shifted vectors,

• The hidden vector now couples to SM matter!
    controls the strength of the interaction.✏
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Case 1: Couplings to Matter

• Key interaction:

• Note: dark particles do not couple to the photon!

�L � �✏ejµemXµ

X

SM

¡

a

SM
Case 1:  Anomalous Magnetic Moments

• New contribution from dark photon:

• Can account for the muon discrepancy:

a
X

f

f

[Pospelov 2008] 

aµ � aSM
µ = (287± 80)⇥ 10�11

Dark Vector Friends:  Dark Matter

• Dark Matter may interact mainly with U(1)x.

• DM Annihilation:

• Direct Detection Scattering:                   

A�

A�
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�+
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DM DM*

Nucleus Nucleus

[Pospelov, Ritz, Voloshin 2007;  Arkani-Hamed, Finkbeiner, Slatyer, Weiner 2008, ...]
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Z-Dark Interaction at Low Energy

• Using the trick, we get:

• Has additional suppression as            . q2 ! 0

M

f f

s s

X

¡

⇠ (g
Z

Q
Z

)
q2�m2

Z

�
✏tW q2

� (g
x

Q
x

)
q2�m2

x

⇠ ✏ (g
Z

Q
Z

)(g
x

Q
x

)
m2

x

⇣
q2

m2
Z

⌘Case 1: Induced Mass Mixing

• Great, but this induces residual mass mixing:

• Rotating this away in addition, we have in total
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Loop  generation  of  photon  and  dark  photon  mixing
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Summary  of  constraints  on  the  dark  photon  mass  and  coupling

n

6

Iten et  al,  arXiv:1603.0892



What  CEPC  can  do  for  dark  photon?
This  talk  describe:  
study  dark  photon  using  e+e- ->  γ A’ −>µ+µ−
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CEPC  project  (Xinchou  Lou)
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~1010 Z  bosons
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Naïve  expectation
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Evaluation  of  the  cross  section
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e+e- ->  γ γ∗ ->  γ µ+µ-
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e+e- ->  γ Α’∗ ->  γ µ+µ-

σ(e+e−à γ µ+µ-)  =  σ(e+e- ->  γ A’)Br(A’->µ+µ−)  



Observable

Given  σ with  sensitivity  on  R,
ε2 is  a  function  of  mA,  σ = 0.5% mA
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CEPC  may  have  advantage  probing  dark  photon  
at  10  to  a  few  10s  (<<mZ)  GeV  mass  range.  

n

15

Iten et  al,  arXiv:1603.0892

CEPC,  FCC-ee



Spontaneous  symmetry  breaking  and  
Abelian-NonAbelian  gauge  fields  mixing
Arguelles,  XG  He,  G.  Ovanesyan,  T.  Peng  and  M.  Ramsey-Mulsof,  arXiv:1604.00044

Assuming  that  there  is  a  field  Δa transforming  as  3  under  SU(2)W,  then  
one  can  make  gauge  singlet:        Waµν X µν Δa

If  the  VEV  of  <Δa>  =  v3/sqrt(2)  along  a  particular  direction  in  group  
space  is  not  zero,  one  can  generate  kinetic  mixing  term

W3µν  X µν v3/sqrt(2)

Problem:  not  renormalizable.  
If  one  gives  up  renormalizability one  can  write  higher  order  operators  
to  generate  abelian and  non-abelian gauge  fields  mixing!
In  fact  in  the  SM,  one  can  generate  such  a  mixing  between  SU(2)L and  
U(1)Y

Waµν X µν (Η+τaH)
Here  H  is  the  usual  SM  doublet!

Possible  to  have  kinetic  mixing  between  ablian and  non-abelian
gauge  fields.  Chen,  Cline,  and  Frey,  2009;;    He,  Ovanesyan,  Ramesy-Musolf,  2014.



UV  completion  of  kinetic  mixing  of  
Abeliand-NonAbelian gauge  field?

Yes,  they  can  be  generated  at  loop  level  starting  from  a  
renormalizable   theory.
The  particle   in  the  loop  carry  both  abelian  and  non-
abelian  charges.
One  can  even  talking  about
SU(N)  and  SU(m)  kinetic  mixing

Waµν YbµνΔab

Kinetic  mixing  between  an  Abelian  and  a  non-Abelian  
fields  should  be  very  common  when  going  beyond  SM.

�

ab W a

Y b

Figure 1: Feynman graphs that generate non-abelian mixing between SU(2) and SU(N).

1 Introduction

2 BW mixing

We start from a warm-up excersize, mixing between groups U(1) and SU(2) of Standard Model
due to a scalar field that acquires a VEV. The e↵ective Lagrangian equals:
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Next, we need to work out the quadratic terms of the gauge boson fields. Plug in the VEV’s
for Higgs and the new hypercharge Y = 0 complex scalar triplet:
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We match this onto Burgess e↵ective BSM Lagrangian of the form:
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As a result we get the following matching1:
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I am a bit confused about the sign conventions, I had to assume that he

uses g00 = �1, otherwise my value for w is negative.
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A  triplet  Δa  (0,3,0)    and  W-B  mixing
SU(2)W =  SU(2)L,  U(1)X =  U(1)Y

Analysis  the  effects  through  S,T,  U  parameters

In the exmpales discussed above, as far as the gauge kinetic mixing is concerned, the scalar fields
can also be taken as product of some other scalars. For example �a can be taken as the product
of the SM Higgs doublet H

i

, �a ⇠ H†
i

H
j

. With a higher number of product of fields, the scale ⇤
should be replaced by ⇤n. Here n is the nunmber of scalar fields forming the equivalent � field.

We have generated mixing between an abelian and a non-abelian gauge fields by introducing
new terms into the Lagrangian which are gauge singlet. However, these terms are necessarily
higher order terms and renders the renormalizability away. This is a crucial di↵erence compared
with the generation of kinetic mixing of two abelian gauge fields. From phenomenological point
of view, these should not be any di↵erence as long as kinetic mixing of gauge fields is generated,
with the understanding that with di↵erent phenomenology depending on how the gauge bosons
couple to SM matter fields. One can view the new terms to be generated by intgrating some heavy
degrees of freedom. Still one may wonder if the new terms introduced can have a renormalizable
realization scheme. We aruge that this is possible by introducing appropriate fermion fields coupled
to scalar fields through Yukawa coupolings. For example, one can introduce a fermion field F
transforming under the SU(2)⇥SU(N) group as fundamental representations. The gauge couplings
from F̄�

µ

DµF will allow dipole moment couplings of W a

µ⌫

and Y b

µ⌫

couple to F at one loop level,
just like dipole coupling generated for electron for amonalous dipole dipole moment coupling. By
introducing the adjpoint representation �ab, a renormalizable term F̄�F is then allowed. At one
loop level, as show in fig. 1, it is possible to generate a W aµ⌫Y b

µ⌫

�ab interaction. In this work, we
will not discuss in detail the evaluation of this term, but to study some of the phenomenological
implications of kinetic mixing of gauge fields of an abelian and a non-abelian groups.
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Y
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L
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The kinetic mixng term can be expanded to obtain the folloowing relevant terms
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The implications can be studied in a typical oblique analisis of S, T and U parameters following
Ref. (eqs. 1 and 2 of C. burgess etal., hep-ph/9312291, PRD49, 6115(1Z994)). We obtain
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From These one obtains the S and T and U oblique parameters
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From PDG global fit of eq. 10.71 (Electroweak model and constraints on new physics)

S = 0.00+0.11
�0.10 , T = 0.02+0.11
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The implications can be studied in a typical oblique analisis of S, T and U parameters following
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Some  phenomenological  implications
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FIG. 1: Bound on abelian mixing parameter ✏ (left) and non-abelian mixing parameter ✏WX (right).

contribution to muon anomalous magnetic moment a = (g � 2)/2
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In the equations above the functions f
1

, f
2

are given by the following integrals over a Feynman
parameter z:
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Performing these integrals we provide analytical formulas for these functions
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In Figure 1 we provide bounds on ✏ in the abelian mixing case (left) and ✏WX in the non-abelian
mixing case from muon g � 2 anomaly. In both plots we assumed ✏Z = � = 0.

C. PV constraints

Constraint from measuring the weak charge of the Cesium [5]
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