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“Photon” portal

• Dark sector particles are electromagnetic neutral

• Talk to photons with higher-dimensional operators

Electromagnetic 
form factors

• Mediator between dark sector and SM sector: SM photon

• How dark is the dark sector?
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Dark States with EM Interactions

• magnetic/electric dipole moment

P, T even

P, T odd: CP violating
Credit: https://www.physics.uoguelph.ca/radon-
electric-dipole-moment
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Dark States with EM Interactions

• anapole moment and charge radius

P odd but CP even

P, T even

(Zel’dovich 1954)

Credit: Lawrence Berkeley National Laboratory
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Effective Operators

Dimension-4

Dimension-5

Dimension-6

• We focus on dim-5 and dim-6 operators and assume UV scale is 
much higher than the CM energy of LHC

• Possible UV completion: compositeness, new charged particles 
in loop at high scale
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Existing constraints

• Stellar energy loss

• Electron-beam facilities 

• Proton-beam facilities 

• Missing-E search at ee colliders

Chu, Pradler, Semmelrock 2019 (PRD)

Chu, JLK, Pradler 2020 (PRD)

Chu, Pradler, Semmelrock 2019 (PRD)

Chu, JLK, Pradler, Semmelrock 2019 (PRD)

• FLArE: forward and energetic flux of dark states from the IP
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Production channels
p beam
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BRM!��̄ / M2 (dim-5),M4 (dim-6)

Preliminary result by Felix Kling, JLK, Sebastian Trojanowski and Yu-Dai Tsai
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Electron recoil signal

• Differential cross section 

• Background: neutrinos 

<latexit sha1_base64="vnwCWyDJ4r7uxiq8n5hm4w5Nh4Q="></latexit>

Nevent = neLdet

Z
dER ✏(ER)

Z
dE�

Z
d cos ✓�

d2N�

dE�d cos ✓�

d��e

dER

<latexit sha1_base64="9ytEvcZsWi9R+em8qotPmhr4vrc=">AAACEnicbZDLSsNAFIYnXmu9RV26GSyCgpTEFnVZENGNUMVeoAlhMj1th04uzkyEEvoMbnwVNy4UcevKnW/jtM1CWw8MfPz/OZw5vx9zJpVlfRtz8wuLS8u5lfzq2vrGprm1XZdRIijUaMQj0fSJBM5CqCmmODRjASTwOTT8/vnIbzyAkCwK79QgBjcg3ZB1GCVKS555WLKwc5Q6IsDXUB9ih8M9vvBuJ1DKrEtteWbBKlrjwrNgZ1BAWVU988tpRzQJIFSUEylbthUrNyVCMcphmHcSCTGhfdKFlsaQBCDddHzSEO9rpY07kdAvVHis/p5ISSDlIPB1Z0BUT057I/E/r5WozpmbsjBOFIR0sqiTcKwiPMoHt5kAqvhAA6GC6b9i2iOCUKVTzOsQ7OmTZ6F+XLRPiqWbcqFSzuLIoV20hw6QjU5RBV2hKqohih7RM3pFb8aT8WK8Gx+T1jkjm9lBf8r4/AFjOJtn</latexit>

30MeV  ER  3GeV

<latexit sha1_base64="9mJkiRMBH0iOl6Y6l9Kk8319Szo="></latexit>

d�dim-4
�e

dER
' 2⇡↵2✏2

E2
Rme

,
d�dim-5

�e

dER
'

↵µ2
�

ER
,

d�dim-6
�e

dER
' 2↵b2�me

Relaxing the energy cut does not improve the sensitivity much 

event rate less IR-biased
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Recoil energy cut:

scintillation + ionization electron
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Projected sensitivity of FLArE

Preliminary result by Felix Kling, JLK, Sebastian Trojanowski and Yu-Dai Tsai

dim-5: MDM/EDM dim-6: AM/CR

• Current leading constraints: proton-beam exp. and LEP missing-E for dim-5, and SN1987A and LEP 
missing-E for dim-6

• FLArE improves sensitivity on dim-5 for sub-GeV mass range and competes with other proposed exp.
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Short summary

• Dark states coupled to photon can be probed at FPF

• For sub-GeV mass range, FLArE can improve current sensitivity 
on dim-5 operators and compete with other proposed experiments

• Dark states are produced by meson decay and Drell-Yan processes, 
and detected via electron-recoil


