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p − p collisions

Radial-scaling variable: xR =
Ep̄

Ep̄.max
, Ep̄.max =

s − 8m2
p

2
√
s
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LAB frame CM frame
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No measurements for
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channels.

Asymmetry from n̄ decay.
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Older p − p datasets did not
include a feed-down for
p̄-production via hyperons.
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Continuing pHe measurements at LHCb after the
fixed-target

√
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All LHCb measurements are expected to be in the
high-energy range.

COMPASS plans fixed-target pp and pHe measurements
at CERN SPS from

√
s ∼ 9− 20 GeV.
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possibly, helium-3 ions in the second stage.

Possibility to collide any available polarized particles: pp,
pD, and p3He.

Planned kinetic energies for p ∼ 5− 12.6 GeV; and for
D ∼ 4− 11.8 GeV.

At
√
s = 27 GeV in pp collisions, L = 1032 cm−2 s−1

should be achievable.
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p̄-production cross section in pp collisions

PYTHIA8 wide-range results

Near threshold energies would likely be accessible as well.



SPD NICA

R. El-Kholy

Dark Matter

Search
Methods

Astrophysics
Search

Secondary
CRs

Uncertainties

Available Data
for σp̄

Planned
Measurements

NICA and
SPD

p̄ production
at 13-26 GeV

SPD Coverage

Requirements
for SPD

Conclusions

32/41

Hyperons and n̄ decay
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Produced momenta

Most produced p̄’s would have momenta less than
∼ 5 GeV/c, which should be accessible by the SPD.
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Angular distribution

∼ 4π angular acceptance and low material budget
(planned to be ∼ 0.012 RL)
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Other particles

ToF system: planned time-resolution < 60ps, which
corresponds to a proton/kaon separation up to 5 GeV/c
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SPD Cuts & Coverage

p < 4 GeV/c, PT > 100 MeV/c, 0.02 < θ < (π − 0.02) rad



SPD NICA

R. El-Kholy

Dark Matter

Search
Methods

Astrophysics
Search

Secondary
CRs

Uncertainties

Available Data
for σp̄

Planned
Measurements

NICA and
SPD

p̄ production
at 13-26 GeV

SPD Coverage

Requirements
for SPD

Conclusions

37/41

SPD Coverage



SPD NICA

R. El-Kholy

Dark Matter

Search
Methods

Astrophysics
Search

Secondary
CRs

Uncertainties

Available Data
for σp̄

Planned
Measurements

NICA and
SPD

p̄ production
at 13-26 GeV

SPD Coverage

Requirements
for SPD

Conclusions

38/41

Requirements for SPD

∼ 4π acceptance and a good tracking system

Low material budget

ToF system (time-resolution < 100 ps) for good PID

Secondary vertices reconstruction (for investigating Λ̄ & Σ̄
decays)
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Conclusions

The SPD planned at NICA could make a sizable
contribution to the search for physics beyond the SM.

SPD could perform precision measurements of differential
cross section of p̄-production in pp and pD collisions
required by the astrophysical search for DM.

SPD can measure energy and angular distributions of p̄’s
produced either promptly or via hyperon decay in the
kinematic range starting from threshold.
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Conclusions

The collider mode and 4π geometry of SPD provide a
unique possibility to study p̄-production at high PT

(∼
√
s/2) which is not possible in fixed-target

experiments.

The programme could be further extended by the
possibility for NICA to operate with light-nuclei beams;
e.g. 3He, 4He.

The main requirements for performing the measurements
would be an advanced PID (ToF system) and precision
reconstruction of secondary vertices.

More detailed MC studies are needed to discuss the
accuracy of the proposed measurements; which would be
carried out with SpdRoot.
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Thank You!
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