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Are an'protons polarized 
when they are produced?
From experimental design to data analysis 
in the CERN P371 experiment

Huagen Xu

P371 DETECTOR  · CERN PS EAST AREA, T11

~3.5 m

available

CERN PS East Area, T11 beam line



PHYSICS QUESTION

Can the produc.on process polarize an.protons?
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Polariza8on means that the spins prefer one direc8on instead of poin8ng randomly.

UNPOLARIZED POLARIZED

P371 asks whether produced an4protons carry a 
measurable preferred spin direc4on.

To measure spin, convert it into a le2–right sca6ering asymmetry.
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MEASUREMENT PRINCIPLE

Elas.c p̄p sca6ering reveals polariza.on
The experiment converts an invisible spin preference into a countable le5–right difference.
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1 · PRODUCTION

24 GeV/c proton

prod.

p̄

Select a 3.5 GeV/c secondary 
anBproton beam

2 · SPIN ANALYZER

LH₂

p̄p elas4c sca=ering

CNI region · 6.7–35 mrad

3 · OBSERVABLE

LH₂

NL NR

A polariza4on signal appears as 
NL ≠ NR

The analyzing power 𝐴!tells us how strongly polariza;on produces a le2–right difference.
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CERN CONTEXT

CERN provides the beam condi.ons P371 needs
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CERN PS · T11

Why this beamline?

• 3.5 GeV/c secondary beam

• An5protons: ≈1 in 400 
par5cles

• 2 spills per ≈1-minute 
supercycle

Beam condi4ons drive detector 
design, DAQ, and run 4me.

T11

PS
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EXPERIMENTAL DESIGN

Simula.on turns physics into detector design
The best setup maximizes polariza5on sensi5vity—not simply event count.
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1

PHYSICS
INPUTS

elasBc angular 
distribuBon
analyzing power Aᵧ(θ)
beam momentum + 
composiBon

2

DETECTOR
MODEL

target + tracker 
geometry
detector resoluBon
trigger + PID efficiency

3

OPTIMIZE
THE DESIGN

dimensions + posiBons
acceptance: 6.7–35 
mrad
FOM ∝ Nₑₗ · Aᵧ²

4

PREDICT
OUTCOMES

selected elasBc yield
polarizaBon sensiBvity
required beam Bme

Geometry → acceptance → sta;s;cs → polariza;on sensi;vity
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EXPERIMENTAL DESIGN

A small analyzing power demands a long run
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Desired sta;s;cs: of order 10⁶ elas;c events

Es4mate based on simula4on

1.18 nb⁻¹ integrated luminosity

≈ 8 weeks 2 × 400 ms spills per
≈1-minute supercycle

12% at 5σ disBnguishable from zero

7% at 3σ disBnguishable from zero

Simula'on for 6.7 < θ < 35 mrad

Ref. Eur. Phys. J. C 86, 390 (2026)
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4.5%



THE BEAM

The first challenge: find a rare an.proton
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Only

1 in ~400
beam par1cles is an an1proton

The mixed nega,ve beam is dominated by pions.
That makes par,cle iden,fica,on part of the 
physics—not an a<erthought.

an/proton

Illustra(ve sample—the real frac(on is about 0.2–0.25%.
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EXPERIMENTAL LOGIC

P371: from par.cle iden.fica.on to polariza.on
The detector details support four experimental decisions.
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1

Iden;fy the 
an;proton

ToF and DIRC 
disBnguish rare 
anBprotons from the 
pion background.

2

Select elas;c 
events

Tracking, the LH₂ 
target and two-body 
kinemaBcs isolate p̄p 
scaiering.

3

Compare le2 and 
right

Count the selected 
events on both sides 
a5er correcBng 
acceptance.

4

Determine 
polariza;on

A corrected le5–right 
asymmetry is the 
observable sensiBve to 
spin.

Par;cle iden;fica;on is the gatekeeper—not the final measurement.
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THE APPARATUS

One par.cle crosses the complete P371 setup
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DEFINE THE INCOMING BEAM TRACK + INTERACT IDENTIFY THE PARTICLE STOP TIME

The apparatus is one coordinated measurement: trajectory + ;ming + par;cle-ID 
response.
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TRAJECTORY AND INTERACTION

Target and trackers define the elas.c event
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LIQUID-HYDROGEN TARGET · interac4on point STRAW-TUBE TRACKER · incoming and outgoing 
trajectories

tracker

Tracks connect the beam par5cle, interac5on vertex and scaKered par5cle.

target
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PARTICLE IDENTIFICATION

Three detector types provide trigger and PID
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AEROGEL

Fast Cherenkov response for 
trigger and veto logic (n=1.03)

DIRC

Cherenkov-light paiern for 
parBcle idenBficaBon

SCINTILLATORS
Start/stop Bming for the Bme-of-
flight measurement as well as 
triggers
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DOGMA READOUT

DOGMA turns detector pulses into precise .mestamps
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DOGMA / DiRICH board

32 channels on a 10 × 4 cm board

• Both signal polari4es
• Gain: 30
• Adjustable threshold  
• Op4cal connec4on 

edge → 4me width → ToT

TDC digi4za4on: ≈12 ps RMS
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CERN T11

A compact experiment with a lot happening at once

GGSB 2026 · CERN P371 13

Side view: detectors, services and readout Top view: the full instrumented beam path

The engineering looks complex; the measurement logic remains simple.
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DOGMA READOUT

63 DOGMA boards build one event

A common trigger and 5me reference connect detector hits.
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1

DETECTORS

pulses

2

63 DOGMA 
BOARDS

edge Bme + ToT

3

COMMON TIME
trigger + 

reference

4

EVENT BUILDER

match detector 
hits

5

ONLINE VIEW

monitor the run

DOGMA does not determine polariza;on by itself.
It ensures that every detector hit belongs to the same event.
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COMMISSIONING

Commissioning makes the data trustworthy
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01 Channel mapping
Connect each cable and channel to 
the correct detector element.

02 Detector tuning
Find opBmal working condiBons for 
each detector

03 Beam alignment
Adjust the detector center to the 
beam axis

04 Online monitoring
Monitor detector, beam and DAQ 
status Only then could produc;on running begin.
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DATA TAKING

The run moved from commissioning to control data
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1

COMMISSION

map channels
align Bming

detector alignment

2

PID CALIBRATION 
MOMENTUM SCAN

check ToF trends
and detector response

across momenta

3

PRODUCTION

4

EMPTY TARGET

measure backgrounds
and non-target
contribuBons

Three 400 ms spills per  approximately one-minute supercycle including one 
addi;onal spill

≈3 weeks
at 3.5 GeV/c

accumulate staBsBcs
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TIME OF FLIGHT

Time of flight is simply a .me difference
Two scinBllators record the same parBcle at the start and end of an approximately 8.5 m path.
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T₀ STOP

flight distance  L ≈ 8.5 m

records  t₀ records  t₁
ToF = t₁ − t₀

t = L/(βc) same selected momentum

π p̄
pion: earlier an4proton: later
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TIME OF FLIGHT

Two ToF popula.ons at 3.5 GeV/c
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π-

earlier
p̄ cand.

later

PRELIMINARY · pion-suppressed trigger selec;on

𝛥t ~1ns
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ToF Spectrum ToT vs ToF 

π- p̄



DIRC

DIRC turns Cherenkov light into a par.cle-ID pa6ern
The angle and paKern depend on the par5cle velocity.
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1 · RADIATOR

A charged parBcle crosses 
the transparent radiator.

2 · CHERENKOV LIGHT

θC

Photons are emiied at a 
characterisBc angle θC.

3 · SENSOR PATTERN

Photons are guided to a 
pixelated PMT.

DIRC is independent of ToF, so agreement between them is especially valuable.
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DIRC

DIRC response: a photon arc
The visible photon arc is encouraging; the result remains preliminary.
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All hits

ToF-tagged
p̄ candidates

ToF-tagged
pions

At beam momentum 
p = 3.5 GeV/c

Expected Cherenkov 
angles:

𝜣c (p̄) = 45.99∘

𝜣c (π-) = 47.80∘
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Expected Cherenkov-angle posi8on



DATA ANALYSIS

Planned analysis chain
The sample becomes smaller—but more reliable—at every analysis stage.
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1
CALIBRATE

align DOGMA Bmes
and detector channels

2
RECONSTRUCT

incoming track, vertex
and outgoing tracks

3
IDENTIFY p̄

combine ToF and
DIRC informaBon

4
SELECT ELASTIC

LH₂ vertex and
two-body kinemaBcs

5
CORRECT

acceptance, efficiency
and backgrounds

6
INFER P(p̄)

from corrected εLR
and analyzing power

Each cut reduces yield; each correc;on protects the result from a false le2–right effect.
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ELASTIC SCATTERING

Select clean p̄p elas.c events
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CONCEPTUAL TOP VIEW

iden4fied p̄ candidate

LH₂

scaOered p̄

recoil p

two-body topology

KEEP THE EVENT WHEN…

1 the incoming par4cle is iden4fied as p̄

2 the interac4on vertex is inside the LH₂ target

3 the outgoing tracks are reconstructed

4 the geometry and kinema4cs match elas4c 
sca=ering

PID asks ‘what par;cle?’; elas;c selec;on asks ‘what interac;on?’
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POLARIZATION OBSERVABLE

Test polariza.on with a leY–right asymmetry
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TOP VIEW AROUND THE TARGET

LH₂

selected p̄

LEFT

NL

RIGHT

NR

LEFT–RIGHT ASYMMETRY

aEer acceptance correc'ons

εLR ≈ P(p̄) · Ay

asymmetry ≈ polarizaBon × analyzing power

Ay links the measured imbalance to 
polarizaBon.

A sta;s;cally significant, acceptance-corrected asymmetry would be evidence for polariza;on.

𝝴"# =
𝑁" − 𝑁#
𝑁" + 𝑁#
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QUESTION · DESIGN · SIMULATE · BUILD · IMPLEMENT · TAKE DATA· ANALYZE

P371: the complete measurement chain
1 · QUESTION can the produc5on process polarize an5protons?

2 · DESIGN use CNI elas5c p̄p scaKering as the spin analyzer

3 · SIMULATE op5mize geometry + acceptance; predict sta5s5cs + beam 5me

4 · BUILD target + tracking + par5cle ID + DAQ

5 · IMPLEMENT install, connect and commission the complete setup at T11

6 · TAKE DATA produc5on running, momentum scans and empty-target controls

7 · ANALYZE   iden;fy p̄ → elas;c p̄p → le2/right asymmetry → polariza;on
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QUESTION · DESIGN · SIMULATE · BUILD · IMPLEMENT · TAKE DATA · ANALYZE

P371: the complete measurement chain
1 · QUESTION can the produc5on process polarize an5protons?

2 · DESIGN use CNI elas5c p̄p scaKering as the spin analyzer

3 · SIMULATE op5mize geometry + acceptance; predict sta5s5cs + beam 5me

4 · BUILD target + tracking + par5cle ID + DAQ

5 · IMPLEMENT install, connect and commission the complete setup at T11

6 · TAKE DATA produc5on running, momentum scans and empty-target controls

7 · ANALYZE   iden;fy p̄ → elas;c p̄p → le2/right asymmetry → polariza;on

Thanks for your 
a1en2on!
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Backup
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EXPERIMENTAL DESIGN

A small analyzing power demands a long run
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WHY SO MANY EVENTS?

10%
polariza(on

× 4.5%
maximum Aᵧ

= 0.45%
asymmetry

A difference of only about 45 events
per 10,000 selected elas;c events

Desired sta;s;cs: of order 10⁶ elas;c events

Es4mate based on simula4on

1.18 nb⁻¹ integrated luminosity

≈ 8 weeks 2 × 400 ms spills per
≈1-minute supercycle

12% at 5σ disBnguishable from zero

7% at 3σ disBnguishable from zero

Simula'on for 6.7 < θ < 35 mrad

Ref. Eur. Phys. J. C 86, 390 (2026)
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To measure spin, convert it into a le2–right sca6ering asymmetry.



BACKUP · TIME OF FLIGHT

The separa.on changes with beam momentum
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−1.0 GeV/c −1.5 GeV/c −2.0 GeV/c −3.0 GeV/c

The momentum scan checks that the second peak behaves like a 
massive par;cle—not a fixed electronics ar;fact.



BACKUP · TIME OF FLIGHT

The separa.on changes with beam momentum
At lower momentum the heavier an0proton falls further behind; the peaks move closer as momentum increases.
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−1.0 GeV/c −1.5 GeV/c −2.0 GeV/c −3.0 GeV/c

The momentum scan checks that the second peak behaves like a 
massive par;cle—not a fixed electronics ar;fact.



BACKUP · TRACKING

Beam profiles across six straw sta.ons
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The beam spot is followed sta0on by sta0on to verify alignment and acceptance.



BACKUP · DOGMA

Detailed DOGMA op.cal readout topology
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Interfaces adapt 
detector signals to the 

common DOGMA 
readout.


