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Neutron polarimetry

PP -> PP
pd -> pn + (p)
Phys. Rev. Lett 35 (1975) 632
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The existing data for A, in np elastic
scattering indicate that the analyzing
power decreases faster than the pp
analyzing power, becoming very small,
then negative around 6 GeV/c neutron
momentum.

increasing with energy
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The dependence of the maximum of Ay on 1/p,,.
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Black circles: ANL d(p,p)n data [29, 30]: black line: linear fit. Red squares: ANL d(p,n)p data [29, 30]; red line:
linear fit. Blue triangles [25]: p+ CH2—charged+X: blue line: linear fit [25]. Green squares [31] and circles [32]:
p+ C—charged+X; green line: linear fit [25].



Polarized proton (neutron) beam
d+C->p+x
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Polarized proton and neutron beams

¢ (30 cm) Protons and

CH2 (25cm)
target for protons

neutrons <10°
target for neutrons ALPOM2

Ionization
chamber

|

~ 108 per spill ALPHA counting rooms

F3 polarimeter

Scheme of transportation polarized beams from Nuclotron to the ALPOM2 setup and the
location of F3 polarimeter and production target for proton and neutron beams



Beam polarization measurements

beam line

About 5 hours

each point corresponds to one spill.
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Layout of the setup
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Energy deposit measurements in the hadron calorimeter, 3.75 GeV/c

energy deposi

n+g

0.02 0.04 006 008 01 012 014 016 018 02 022 024

n+Cu

10000

14000 — &

12000 —- - =

002 0.04 006 0.08 01 012 0.14 016 018 02 0.22 0.24
Theta (pad)

n+ CH2

0

Scattering angle, rad

e e e T e e ) ey =5 =

508 004 006 008 012 0. 2 022 024
p +CH2

JINR PAC for Particle Physics, June 18, 2018, ALPOM?2

Azimuthal segmentation available
from the hadron calorimeter
for asymmetry measurements
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asymmetry

Measured asymmetries

p+CH2, 3.0 GeV/c, tracks,
scattering angles 0.03-0.24 rad p+CH2, 3.0 GeV/c, hadcal, max amplitude
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Combining of two polarization modes

p+CH2, 3.0 GeV/c Nov 16
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The asymmetry as a function of the azimuthal angle from the
calorimeter (blue squares) and from the drift chambers (red
circles) JINR PAC for Particle Physics, June 18, 2018, ALPOM2 11



Control measurements, proton beams
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Neutrons

different momenta, CH2 - target
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#, events

n(p)? + Cu === one charge particle + X
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Advantage of a copper target as an analyzer one
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1) The observed asymmetry is unpredictably bigger then in ht+Cu wempone char'ge pClr‘TlC|€ + X
np elastic scattering that usually used for neutron 0.12 - T - T - T - T -
polarimetry 3.75 GeV/c
2) The length of the copper target is only 4 cm in /% - \}\ :
comparison with the CH one (> 30 c¢cm) used in the elastic np ’ N T 1
scattering, which makes it possible to improve the accuracy T

of determining the interaction vertex and the scattering il 1
angle. : \

3) Registration of charged particles moving forward is much : / j_ - E_ - \

easier than detection the recoil proton in np elastic 0,04+ f 7 ,i»’ ——————————————————————— i—f—>—<; —————— Ly I ———————— -
scattering 1 & - E N \% : ]

The inverse reaction p+Cu (W) with detection 0,00 f— "
neutron in forward direction by the hadron ‘ :
calorimeter can be used for measurement of -

. . . 0,0 0,2 0,4 0,6 0,8 ' 1,0
the proton polarization at the NICA collider. b, GeV/c
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Measurement of the Ratio G};/G}; by the
Double-polarized 2H(€, /1) Reaction
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Summary of measurements

The ALPOMZ2 setup was designed to measure analyzing powers from different
analyzer targets, for protons and neutrons. It includes a large size calorimeter to
help eliminate multi-particle final states, and correspondingly increase the
analyzing power. So far protons and neutrons of 3.0, 3.75 and 4.2 GeV/c
momentum have been used. Polarized protons of up to 7.5 GeV/c should become
available in the near future.

The proton data in the momentum range available at this point in time are in
general agreement with data from various laboratories.

We now have, for the first time, analyzing power data for the charge exchange
(pol)n+CH2->n+X reactions, as well as for C, CH (scintillator) and Cu analyzers.
Based on the available (and ancient) charge exchange analyzing power data for
np->pn, the expectation was that the same reaction channel for the complex
target available (C, CH, CH2 and Cu) would be significantly larger than for the
forward process, np->np. The new data fully support this expectation.

The consistency of these data clearly indicates that the experimental setup is
adapted to the challenge, that the beam polarization, intensity and stability are
appropriate for this

17



Asymmetries vs Q?
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Future runs
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We are planning to continue the measurements at higher proton and neutron energies

Thank you for your attention
19
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n(p) + Cu(CH2) mm) one charge particle + X
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Neutron Scatterlnq Polanmetrv
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Figure 8: Neutron polarimeter figure of merit as a function of incident neutron
momentum for two styles of polarimeter within the SBS apparatus using prelim-
inary data from the recent Dubna measurement. Blue squares: standard n — p
scattering from CH scintillator, black circles: charge-exchange n — p scattering
from Cu. The red arrow marks the neutron momentum at which a charge-
exchange measurement of the analyzing power of Cu was made at Dubna.
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Hadron calorimeter
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(20 mm Fe +10 mm Sc) x 34 layers

(10 mm Sc+10 mm Pb) x 18 layers +
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I ]
> 20 mm Fe

(10 mm Sc +10 mm Pb) x 50 layers

150 X 150 mm?
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one charge  Hadron nt + Cu === one charge particle + X
Cu particle  calorimeter
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3) Registration of charged particles moving forward is much p., GeV/c
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The inverse reaction p+Cu (W) with detection neutron in forward direction by the hadron
calorimeter can be used for\measurementcofrtheoproton:polarization at the NICA collider.
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