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Several slides will be shown from the meetings in Jlab



The possibility to get additional information about the amplitude
of the elementary charge exchange reaction by means of the charge exchange
processes from the experiments with unpolarized deuteron was emphasized by
A.B. Migdal (ZhETF 28, 1955, p.3)
and I.Y. Pomeranchuk (DAN USSR, 1951, LXXVIII, N2, p.249)
in the early fifties. 

Simplified versions of these two processes in the framework
of the Impulse Approximation are shown below;
a) the charge exchange process np -> pn and
b) the reaction dp -> (pp)n, charge-exchange one on
the simplest nucleus – the deuteron. 

a)

nr

n pt

b)

nr

d

ps

p'

pt

Measurement of the charge exchange np→pn reaction
by means of the deuteron beam (STRELA setup)



The STRELA setup was built to register two protons at emitted angles less 
than 3 degree and relative momentum less than 100 MeV/c. 

As the detected protons have a momentum close to half of incoming deuteron 
momentum, there is a big background of stripping protons from 
fragmentation process.

About a billion triggers were received at the Nuclotron run in March, 2014.
The efficiency of the accelerator was not less than 96%.

Before the dipole
After the dipole



Differential cross section for 
charge-exchange dp->ppn reaction

Thus the charge exchange np amplitude 
is almost completely spin dependent.

Two proton momenta correlation
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CH2-C subtraction

Future studies of charge-exchange 
processes in dp--interactions using 
polarized deuteron beam, ~ 150 hours
of beam time
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ALPOM2 + Jlab experiment
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Deuteron polarization at the Nuclotron
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Polarization transfer

4,0 4,5 5,0 5,5 6,0 6,5 7,0 7,5 8,0 8,5 9,0
10

-2

10
-1

10
0

10
1

10
2

10
3

10
4

10
5

10
6

P
d
= 9 GeV/c

d+C->p+X

d+C->d+X

 

 

E
d

3

/d

3
p

, 
 m

b
 G

e
V

 (
G

e
V

/c
)

-3
 s

r-1

p, GeV/c

0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

-1,0

-0,5

0,0

0,5

1,0

1,5

 

 

K
0

k,  GeV/c

-1 0 1

-2

-1

0

1

P
zz

P
z

POLARIS

2•109

Polarized proton beam

Deuteron fragmentation



Forward, 8-100

40x45x5 mm3

Backward, 68-700

95x150x5 mm3

# cm # cm

1 185,0 4 99,0

2 121,0 5 67,5

3 96,5 6 55,5

7 185,5 10 100,0

8 120,5 11 66,5

9 96,0 12 56,5
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ALPOM2

Neutron beam

Deutron beam
109-1010 per spill

ALPHA counting rooms

Be(C) - target

Unscattered deuteron beam

colimator



The polarized neutron beam.
The neutron momentum distribution in the forward break-up reaction, due to the Fermi

motion of the nucleons in the accelerated deuterons, has a Gaussian-like shape with

FWHM ~5% of the neutron momentum. The production target was positioned close to

one focal point of the deuteron beam line. Protons and deuterons were removed from

the neutron beam by a bending magnet. Neutrons were collimated by 6 m iron and

brass in a path of 17 m upstream from the ALPOM2 set-up. The neutron angular

divergence was ~1.5 mrad. The deuteron beam intensities and corresponding neutron

fluxes are listed in Table 1. The collimators and efficient shielding of the experimental

area decreased the low energy tail of the neutron spectrum to about 1%.

The polarization of incident deuterons is oriented perpendicularly with respect to the

beam momentum, along the vertical axis. The polarization of the produced neutrons has
the same direction and the same value as the vector deuteron polarization.



Nuclear Instruments and Methods 211 (1983) 239-261

Nuclear Instruments and Methods 211 (1983) 239-261
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H.Spinka,  40 years ago



D. Albers et al.: A Precision Measurement of pp Elastic 

Scattering Cross Sections at Intermediate Energies

EDDA, COSY, 2004



CONCLUSION

Elastic pp scattering with detecting scattered and recoil protons 
is the best reaction for proton polarimetry in momentum interval 
from 1 to 13 GeV/c

A cluster target (protons or deuterons or Argon)  should be 
installed in NICA ring 

Thank you!
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proton 7.5 GeV/c






