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What is dark photon?

• A vector boson coupled to the SM sector only through kinetic mixing 
with the photon and Z0.

• We are interested in the case 𝑚" ≪ 𝑚$.
• The interaction with Z boson is suppressed by a factor of ( ⁄'( '))+

L = �1

4
Vµ⌫V

µ⌫ +
1

2
m2

V VµV
µ � 1

2
0Vµ⌫B

µ⌫

<latexit sha1_base64="z/hq198FLhVDgbLZQGYn54bS714="></latexit>

Fµ⌫
<latexit sha1_base64="oS5XVepepbjFmh9MiQP4Q1AEqt0=">AAAB8XicbVDLSsNAFJ3UV62vqks3g0VwVRIrPnZFQVxWsA9sYplMp+3QmUmYh1BC/8KNC0Xc+jfu/BsnaRC1HrhwOOde7r0njBlV2nU/ncLC4tLySnG1tLa+sblV3t5pqchITJo4YpHshEgRRgVpaqoZ6cSSIB4y0g7Hl6nffiBS0Ujc6klMAo6Ggg4oRtpKd1f3ic+NL8y0V664VTcDnCdeTiogR6NX/vD7ETacCI0ZUqrrubEOEiQ1xYxMS75RJEZ4jIaka6lAnKggyS6ewgOr9OEgkraEhpn6cyJBXKkJD20nR3qk/nqp+J/XNXpwFiRUxEYTgWeLBoZBHcH0fdinkmDNJpYgLKm9FeIRkghrG1IpC+E8xcn3y/OkdVT1atXazXGlfpHHUQR7YB8cAg+cgjq4Bg3QBBgI8AiewYujnCfn1XmbtRacfGYX/ILz/gXc/5Eu</latexit>

Zµ⌫
<latexit sha1_base64="c+IikMyzVsuMEVs0npjK2Y7xnyU=">AAAB8XicbVDLSsNAFJ3UV62vqks3g0VwVRIrPnZFNy4r2AdtYplMJ+3QmUmYh1BC/8KNC0Xc+jfu/BsnbRC1HrhwOOde7r0nTBhV2nU/ncLS8srqWnG9tLG5tb1T3t1rqdhITJo4ZrHshEgRRgVpaqoZ6SSSIB4y0g7H15nffiBS0Vjc6UlCAo6GgkYUI22lbvc+9bnxhZn2yxW36s4AF4mXkwrI0eiXP/xBjA0nQmOGlOp5bqKDFElNMSPTkm8USRAeoyHpWSoQJypIZxdP4ZFVBjCKpS2h4Uz9OZEirtSEh7aTIz1Sf71M/M/rGR1dBCkVidFE4PmiyDCoY5i9DwdUEqzZxBKEJbW3QjxCEmFtQyrNQrjMcPb98iJpnVS9WrV2e1qpX+VxFMEBOATHwAPnoA5uQAM0AQYCPIJn8OIo58l5dd7mrQUnn9kHv+C8fwH8A5FC</latexit>



What is dark photon?

• The effective Lagrangian

L = LQED � 1
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Stueckelberg:
• Without the Higgs mode
• Or 𝑚,- ≫ 𝑚"

Higgsed Case:
• Assuming 𝑚,- ≈ 𝑚"
• eDmV hDVµV

µ
<latexit sha1_base64="M3O1NY81k3G2NkH5gb3wKHf8XDw=">AAACAHicbVC7TsMwFL3hWcqrwMDAYlEhMVUJQoKxAgbGItG0Uhsix3Vaq7YT2Q5SFXXhV1gYQIiVz2Djb3DbDNByJPsenXOv7HuilDNtXPfbWVpeWV1bL22UN7e2d3Yre/u+TjJFaJMkPFHtCGvKmaRNwwyn7VRRLCJOW9HweuK3HqnSLJH3ZpTSQOC+ZDEj2FgprBzS8AaJ0EcDW/2wKzLkP9g7rFTdmjsFWiReQapQoBFWvrq9hGSCSkM41rrjuakJcqwMI5yOy91M0xSTIe7TjqUSC6qDfLrAGJ1YpYfiRNkjDZqqvydyLLQeich2CmwGet6biP95nczEl0HOZJoZKsnsoTjjyCRokgbqMUWJ4SNLMFHM/hWRAVaYGJtZ2Ybgza+8SPyzmufWvLvzav2qiKMER3AMp+DBBdThFhrQBAJjeIZXeHOenBfn3fmYtS45xcwB/IHz+QOsrZUr</latexit><latexit sha1_base64="M3O1NY81k3G2NkH5gb3wKHf8XDw=">AAACAHicbVC7TsMwFL3hWcqrwMDAYlEhMVUJQoKxAgbGItG0Uhsix3Vaq7YT2Q5SFXXhV1gYQIiVz2Djb3DbDNByJPsenXOv7HuilDNtXPfbWVpeWV1bL22UN7e2d3Yre/u+TjJFaJMkPFHtCGvKmaRNwwyn7VRRLCJOW9HweuK3HqnSLJH3ZpTSQOC+ZDEj2FgprBzS8AaJ0EcDW/2wKzLkP9g7rFTdmjsFWiReQapQoBFWvrq9hGSCSkM41rrjuakJcqwMI5yOy91M0xSTIe7TjqUSC6qDfLrAGJ1YpYfiRNkjDZqqvydyLLQeich2CmwGet6biP95nczEl0HOZJoZKsnsoTjjyCRokgbqMUWJ4SNLMFHM/hWRAVaYGJtZ2Ybgza+8SPyzmufWvLvzav2qiKMER3AMp+DBBdThFhrQBAJjeIZXeHOenBfn3fmYtS45xcwB/IHz+QOsrZUr</latexit><latexit sha1_base64="M3O1NY81k3G2NkH5gb3wKHf8XDw=">AAACAHicbVC7TsMwFL3hWcqrwMDAYlEhMVUJQoKxAgbGItG0Uhsix3Vaq7YT2Q5SFXXhV1gYQIiVz2Djb3DbDNByJPsenXOv7HuilDNtXPfbWVpeWV1bL22UN7e2d3Yre/u+TjJFaJMkPFHtCGvKmaRNwwyn7VRRLCJOW9HweuK3HqnSLJH3ZpTSQOC+ZDEj2FgprBzS8AaJ0EcDW/2wKzLkP9g7rFTdmjsFWiReQapQoBFWvrq9hGSCSkM41rrjuakJcqwMI5yOy91M0xSTIe7TjqUSC6qDfLrAGJ1YpYfiRNkjDZqqvydyLLQeich2CmwGet6biP95nczEl0HOZJoZKsnsoTjjyCRokgbqMUWJ4SNLMFHM/hWRAVaYGJtZ2Ybgza+8SPyzmufWvLvzav2qiKMER3AMp+DBBdThFhrQBAJjeIZXeHOenBfn3fmYtS45xcwB/IHz+QOsrZUr</latexit><latexit sha1_base64="M3O1NY81k3G2NkH5gb3wKHf8XDw=">AAACAHicbVC7TsMwFL3hWcqrwMDAYlEhMVUJQoKxAgbGItG0Uhsix3Vaq7YT2Q5SFXXhV1gYQIiVz2Djb3DbDNByJPsenXOv7HuilDNtXPfbWVpeWV1bL22UN7e2d3Yre/u+TjJFaJMkPFHtCGvKmaRNwwyn7VRRLCJOW9HweuK3HqnSLJH3ZpTSQOC+ZDEj2FgprBzS8AaJ0EcDW/2wKzLkP9g7rFTdmjsFWiReQapQoBFWvrq9hGSCSkM41rrjuakJcqwMI5yOy91M0xSTIe7TjqUSC6qDfLrAGJ1YpYfiRNkjDZqqvydyLLQeich2CmwGet6biP95nczEl0HOZJoZKsnsoTjjyCRokgbqMUWJ4SNLMFHM/hWRAVaYGJtZ2Ybgza+8SPyzmufWvLvzav2qiKMER3AMp+DBBdThFhrQBAJjeIZXeHOenBfn3fmYtS45xcwB/IHz+QOsrZUr</latexit>



The dark photon model

• Lagrangian

•

•

4

The dark photon decays fast and can be the mediator of the dark force. 
Landau-Yang theorem

The dark photon can easily be cosmologically stable, and play the roll of dark matter.



Dark photon dark matter

• It can be absorbed by materials.
• It can be produced inside stars.
• It can be emitted from radio sources.
• It can be converted into real photons.
• CMB, visible light, radio wave …



Absorption of dark photon DM

• Electron recoil events.

• The binding energy is at eV scale. 
• 12 eV for XENON10 (signal electron)
• 400 eV XENON1T
• 160 eV for CDEX
• 12.4 eV SENSEI 
• …



Absorption of dark photon DM

HA, M.Pospelov, J.Pradler, A.Ritz 1412.8378
HA, M.Pospelov, J.Pradler, A.Ritz, K.Ni 1510.04530

XENON1T, 1907.11485 



Evolution of stars



New channels of losing energy

• The star will lose more energy.
• The burning phases will burn 

faster and become shorter.
• However, the giant phases will 

become longer since it cost more 
time for the temperature to 
climb up to ignite the next fuel.



Supernova

• Supernova (especially type II) is important because it core 
temperature can be as high as 100 MeV and its plasma frequency can 
be as large as about 10 MeV.
• It can produce heavy dark photons or axions. 

• For light dark photons or axions supernova constraints are weaker 
than other stars, this is simply because it produces too many 
neutrinos.



Constraints from the Sun

• Increase the flux of 8B neutrinos constrained by SNO experiment.
• The dark photons or axions can be detected by dark matter detector 

directly.
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Direct detection of the solar flux
HA, Pospelov, Pradler, PLB 725 (2013) 190, 
PRL 111 (2013) 041302



Stellar constraints

log10 mV (eV)
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Star TC
(keV)

𝝎𝒑
(keV)

Constraint

Sun 1 0.3 < 0.1 Lsun (B8 
neutrino)

HB 10 5 < 8 erg/gram/s

RG 8.6 20 <10 erg/gram/s

Essig, Jaros, Wester 1311.0029



Constraints from supernova

• Supernova 1987A
• 𝜔3 ≈ 10 MeV
• 𝑇7 ≈ 20 MeV

• Compared to the 
neutrino production
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Chang et al, JHEP 1701 (2017) 107



Dark photon converts to photon in resonant 
cavity



Microwave through the wall

CROWS experiment

Graham, Mardon, Rajendran, Zhao 1407.4806



Convert dark photon DM into visible light

• Dark photon dark matter oscillate 
to on-shell photons

A stack of dielectric layers, 
with alternating indices of 
refraction provide a non-
zero momentum for the 
photon to propagate.

Baryakhar, Huang, Lasenby, PRD 98 (2018) 035006



Convert dark photon DM into CMB

• Our universe is expanding.
• It is thermal plasma.

•

• Resonant transition when

!2
p =

4⇡↵EMne

me
<latexit sha1_base64="jdW49HkSvh3CcnCRcSbiZMC4noY="></latexit>

!2
p = m2

V
<latexit sha1_base64="VheizT+4ZJCdrN3qtSdJKENyzGU=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclbQVHwuh6MZlBfuANg2T6aQdOo8wMxFL6K+4caGIW3/EnX9jkgZR64ELh3Pu5d57/JBRbRzn01paXlldWy9sFDe3tnd27b1SW8tIYdLCkknV9ZEmjArSMtQw0g0VQdxnpONPrlO/c0+UplLcmWlIXI5GggYUI5NInl3qS05GyAsHNXgJudce1Dy77FScDHCRVHNSBjmanv3RH0occSIMZkjrXtUJjRsjZShmZFbsR5qECE/QiPQSKhAn2o2z22fwKFGGMJAqKWFgpv6ciBHXesr9pJMjM9Z/vVT8z+tFJjh3YyrCyBCB54uCiEEjYRoEHFJFsGHThCCsaHIrxGOkEDZJXMUshIsUp98vL5J2rVKtV+q3J+XGVR5HARyAQ3AMquAMNMANaIIWwOABPIJn8GLNrCfr1Xqbty5Z+cw++AXr/QtxP5OJ</latexit>



Convert dark photon DM to CMB photons

• T < 1 keV

• stops
• photon number is conserved
• a distortion in the CMB is 

generated 

� + e ! 2� + e
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Where else can we find plasma?

• In the corona sphere of the Sun

!p ⇠ GHz
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With Fapeng Huang, Jia Liu and Wei Xue, in preparation

Square Kilometer Array – SKA telescope



Dark mediator search 

• Collider search

heavy

monojet



Collider search

• Light mediator case

light

HA, X. Ji, L.-T. Wang, JHEP 1207 (2012) 182



Search for mediator directly

• Beam damp experiments (high luminosity, low energy)



Search for mediator directly



Search for dark bound states

• If DM can form bound state, there will be multiple charged leptons in 
the final state.
• Production rate is small, but signal is striking.

HA, Echenard, Pospelov, Zhang, PRL 116 (2016) 151801 



Indirect searches

• Light mediator provides Sommerfeld enhancement in dark matter 
annihilation.

• Light mediator may also help to generate dark bound states which will 
also significantly enhance the annihilation cross section.



Bound state formation of asymmetric DM

• Just like in SM we have

• In the dark sector we may have

• Multiple energy levels
• Distinctive signatures in gamma ray spectrum 
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SM charged particles

With in progress with Daneng Yang.



Search for long range force from the structure 
of galaxies

M. Kaplinghat, S. Tulin, H. B. Yu, PRL 116 (2016) 041302



Summary

• For dark photon with mass smaller than 1 MeV, it can be dark matter 
candidate. 
• For dark photon with mass larger than 1 MeV, it can be dark force 

mediator. 
• We are searching for it with all our knowledges. 


