INTRODUCT ION

In ref. [1] the polarization measurements were performed for
- 180 GeV proton with polarimeters based on PrimakoIf effects
(asymmetry ratio reaches A ~ 0.5) and on Coulomb-nuclear interfe-
rence process (CNI) ( A < 0.05 ). As proton energy increases the
poasibility of these absolute polarimeters seems to have some
difficulties as ahalyzing power for strong interaction processes
can not be calculated using the existing theoretical models with-
out normalization uncertainties.

Thus to analyze mlti—GeVFenergy protons it is more convenient
to utilize the p-e polarimeters based on electiromegnetic interac-
tions with well known analyzing power.

Polarimeters baesed on p-e scattering possess some advantages:
a) theoretically well defined analyzing power A,

b) simple two-particles identification scheme,

c) relatively large recoll eleciron exit angles (for 250 GeV pro-
ton scattering on the rest electron the maximmm proton scatte-
ring angle ¢ = 0.56 mrad whereas the electron recoil angle & =
4 mrad).

d) effective analyzing power 4% 4o/an for scattering of multi-GeV
protons exceeds the appropriate values for Primakoff process
and Coulomb - nuclear interference. -

ANALYZING FOWER FOR p-g SCATTERING
The invariant amplitude of the pe-elastic scatiering with
p, + k, =p, + kz has been written in the following form
ey = 167 t77 Uk, ulk,) WP, v, Gy(t) + in, P(t)Iu(p,)
where t 18 the square of the momentum iransfer,



Gy(t) = F (1) + F,(1), P(t) = F,(t)/2H,
F, and F, are the proton form factors, n, = (p, + P34 In the
center of mass system the differential cross section oI the po-
larized proton on polarized electron scattering 1s {2]
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Here 3 is the total energy squared, p stands for the magnitude of
the three-momentum in c.m.s., u=2N°+2w"-s-t, ¥ and m are the
proton and electron masses correspondingly, Gp=F, +t/4¥°F, denotes
the electric form factor of the protom, «=71/137 = fine structure
constant. The unit 4-vectors ¢ and ¢ are electron and proton pola-
rization vectors, which components are exvressed In terms of the
particle’'s spin in its rest frame, so the spin density metrix has
the form
p(R)=1/2(1+1y £ ) (R-tR)

for the electron and analogous one for the proton.

~ Now we can calculate any spin effect and we do it for the
longitudinally polariged proton and electron beams (4, spin
correlation parameter) at the 250 GeV proton kinetic energy and
the small (sbout 1 mrad) angles of the recoil electron in
laboratory system where electron was at rest before the collision.
We take the dipole representation for the Iform factors



Gy (t)=uGy(t), p#=2.7T93,
Gy (t)=(1-t/0.71) 7,
as 1is usually done for such problems and assume that GEGI>0' The
momentun transfer t has been calculated from the electron recoil
energy €55
t=-2m(s z—m),
that, in turn, depends on its recoil angle ¢ and initial proton
energy E, and momentum p,
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The double helicity asymmetry 1LL which 15 defined as
do(11)-ac(14)

‘ 1L do(11)440(T})
and is equaled in c.m.s.
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Here X is proportional to the Rosenbluth cross-section
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Arrows refer to beam and target particle spin states.

Pig.1 shows the A*do/dn dependence on scattering angles in la-
boratory system for CNI ( above ) (proton energy E = 185 GeV [1])
and for p-e scattering at E = 250 GeV ( below). For the proton
scattering angle ep = 0.5 mrad ( corresponding electron recoil
angle is8 about 2.4 mrad) enhancement is
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Note that p-e analysing power grows with the electiron emergen-
cy angle and easily exceeds the appropriate value for strong in-
teraction [11. '

Pigs. 2:3 show the elastic scattering cross section and asym-
motry rétioc fot longitudinally polariszed 0.25 TeV and 1 TeV pro-
tons scattered oft the longitudinally pelarised electron target.

PROTON SCATTERING FOR POLARIZED TARGET

In fef.747 the electron polarized target (Supermendur in a we-
ak magnetic field with H = 90 Causs) was used to measure the lon-
gitudinal polarigation of 10 GeV electrons due to elastic e-e
scattering. The similar method may be suggested to measure proton
polarization.

Note that the anslyzing power of p-e polarimeters may be en-
hanced using oriented ferromagnetic crystal target placed in ex-
ternal magnetic field. The mean polarization degree for magneti-
zed ferromegnetic target may be estimated with the equation:

S 1)

where «~ denotes atomic megnetic moment, Z - the atomic mumber,
H, —- the Bohr megneton (for Pe one gets P, ~ 0.084). The sign of
electron polerization can be easily changed by reversing the ex-
ternal magnetic fleid.

Another result may be obtained using the oriented crystal.



When the energetic proton is incident at small angle & < & (6.
is critical angle /5/) 1o crystal planes, the proton undergoes

steering by the crystal planes (channeling) /5/. The channeling
proton moves far from nuclei in space regions wiih low electiron
density o but enhanced polarized d -electron density ;. Thus the
elfective electron polarization degree P, ~ p /P, increases.

Fig.4 shows the eleciron polarization degree dependence on
proton incident angle ¢ in Fe crystal oriented with (110) plane
along the beam. The dashed line corresponds to random incident.
Thus for narrow beam a® < 8, (00 15 the beam divergence) one gets
~ 60 X enhancemetit of the electron target polarization,

The polarimeter analyzing power may be evaluated as follows:

Ro-e = A Po
where A is the asymmeiry ratio.

Let us estimate of the polarization measurements accuracy for
following parameiers:

proton energy E = 250 GeV,,

electron scattering angle 6,= 3 mrad,

Bcattering cross section do/dn =’ 170 mBarn/sterad,

detector angular asperture an = 107> gterad,

extracted beam intensity J_ - 10° protons/sec,

target electron density n = 10°%electrons/cm’.

The rate of the detected elecirons is approximately N = 3.10°
evenis per pec. For 1| minuie measurement with effective analyzing
power 4 = 0.24 and 12% polariged electrons one gets aP/P = 0.7 %
accuracy.

¥or polarization messurements in the storage ring we suggest
to use polarized hydrogen jJet. To estlmate the accuracy of pola-
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rization measurements consider 100 % polarized hydrogen Jet with
density n ~ 2.10"atoms/cm’ interacting with collider beam. For
electron recoil angle 6= 3 mrad with detector aperture 107° ste-
rad and for 1 hour measurement with proton current in ring Jj =
0.1 4 one gets statistics N = 2.10°. Thus the polarization measu-
rement accuracy 1s defined by the relation:

AP/P = 1/(NR;e)"’ =3%.

At last it 18 worth to mention that there is another possibi-
11ty to create a polarized electron target, that may be good eno-
ugh to measure polarization of high-energy protons. An intensive
e -beam with the energy E, > 10 keV and polarization P, ~ 50% can
be produced by acceleration of photoelectrons created by circu-
larly polarized laser beam. This electron beam may be used as an
electron target instead of polarized hydrogen jet.
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Figure Captions

Effective analyzing power A°ds/dn (dasked curve) for
Coulomb-nuclear interference (above) and p-e scatiering
(below). : Selid curve-analyzing power.

Cross-section (dashed curve) and analyzing power 4, for
elastlc scattering of longitudinally polarized protons
with !p = 250 GeV (Pig. 2) and 1 TeV (Fig. 3).

The mean polarization degree of electron for aligned
cryastal of Pe (solid curve) and for amorphous Fe (dashed

curve).
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