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Vector Portal

• The vector portal naturally arises in the framework of the Mirror
World.

• Standard Model Lagrangian can be extended in a following way:

L = LSM −
1

4
F ′µνF

′µν +
ε

2
F ′µνF

µν +
m2

A′

2
A′µA

′µ, (1)

where F ′µν = ∂µA
′
µ − ∂νA′µ, A′µ is extra U ′(1) boson.

• Massive (dark/para/...)photon can be produced in fixed target
experiment.



Current limits

Figure by S. Andreas. ” Light Weakly Interacting Particles: Constraints
and Connection to Dark Matter”



Beam Dump



SHIP @SPS

New fixed-target experiment designed to search for hidden particles



SHIP details

• 2 · 1020 protons on target, Ep ∼ 400 GeV.

• 52 m tungsten shield

• 50 m vacuum vessel



Paraphoton production in a beam dump

Considered channels:

• Proton bremsstrahlung

• Secondary electron bremsstrahlung

• Production in decays:

π0 → A′γ, η → A′γ, ρ± → A′π±, . . .



Proton bremsstrahlung

• Differential A′-rate per proton interaction calculated in the
Weizsäcker-Williams approximation reads1:

dN

dzdp2⊥
=
σpA(s ′)

σpA(s)
wba(z , p2⊥), (2)

σpA(s ′) is proton-Nucleus cross section after A′ emission and z is
fraction of the initial proton momentum P carried away by A′ in the
direction of incoming proton.

• Applicability conditions of WW approximation are:

Ep,EA′ ,Ep − EA′ � mp,mA′ ,
√

p2⊥ (3)

1J. Bluemlein and J. Brunner, Phys. Lett. B 731 (2014) 320



Proton bremsstrahlung
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Figure: Flux of produced A′ per
beam proton as function of z .
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Figure: Flux of produced A′ per
beam proton as function of p⊥.

Masses of A′ are (up to down) 100 MeV, 1 GeV, 5 GeV, 10 GeV. Mixing
parameter ε = 10−4.



Production by secondary electrons

A′-production cross section calculated2 in the Weizsäcker-Williams
approximation:

dσ

dxdcosθA′
≈

8Z 2α3
QEDε

2E 2
0 x

U2

χ

Z 2

[
(1− x + x2/2)− x(1− x)m2

A′E 2
0 xθ

2
A′

U2

]
,

where E0 is energy of incoming electron, EA′ = xE0, θA′ is angle between
A′ and incoming electron in lab frame, Z is atomic number and

U = U(x , θA′) = E0xθ
2
A′ + m2

A′
1− x

x
+ m2

ex .

2J. D. Bjorken, R. Essig, P. Schuster and N. Toro, Phys. Rev. D 80 (2009) 075018



Production by secondary electrons

Effective flux of photons is given by

χ ≡
∫ tmax

tmin

dt
t − tmin

t2
G2(t), (4)

where G2 is a general electric form factor. As was shown in
arXiv:1311.5104 the limits in (4) are crucial!

tmin =

(
U

2E0(1− x)

)2

, tmax = m2
A′

• tmin = (mA′/2E0)2 could lead to ≈ 30% overestimate of the cross
section.
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Figure: cross sections for mA′ = 1 GeV and initial electron energies (up to
down) 40, 20 and 10 GeV. Mixing parameter ε = 10−4.



Proton vs Electron bremsstrahlung
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r =
NA′(p + Z → A′ + X )

NA′(e + Z → A′ + X )
(5)

A′ lifetime doesn’t exceed the length of detector.



Production in decay

Electromagnetic decay of π0 meson:

Br(π0 → A′γ) ' 2ε2
(

1− m2
A′

m2
π

)3

Br(π0 → γγ)

Decay of vector meson V (e.g. V = ρ±, ρ0, ω) into A′ and pseudoscalar
meson P (P = π±, π0, π0, respectively):

Br(V → PA′) '

ε2
(m2

V −m2
A′ −m2

P)2
√

(m2
V −m2

A′ + m2
P)2 − 4m2

Vm
2
P

(m2
V −m2

A′)3
Br(V → Pγ),

(6)



Decay channels and lifetime

• Partial decay width into a lepton pair:

Γ(A′ → l+l−) =
1

3
αQEDmA′ε2

√
1−

4m2
l

m2
A′

(
1− 2m2

l

m2
A′

)
,

• Partial decay width into hadrons:

Γ(A′ → hadrons) =
1

3
αQEDmA′ε2 · R(mA′),

where

R(
√
s) =

σ(e+e− → hadrons)

σ(e+e− → µ+µ−)

Lifetime:

cτ =
1

Γ
≈ 3

(1 + R(mA′))mA′αε2
' 0.8m

1 + R(mA′)

(
10−6

ε

)2(
100MeV

mA′

)
.



Current limits

Figure by S. Andreas. ” Light Weakly Interacting Particles: Constraints
and Connection to Dark Matter”



Conclusions

• There are different production channels of dark photons at SHIP
experiment.

• Planning experiment will be sensitive for Dark sector in a wide range
of the parameters and will sufficiently increase current statistics.

• Large region of parameter space will be excluded.

• Accuracy of the WW-approximations in the case of proton
bremsstrahlung remains to be an open question.


