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ON THE POSSIBILITIES OF POLARIZED EXPERIMENTS
IN PROTON (ANTIPROTON) STORAGE RINGS

V.G.2elevinsky, S.G.Popov, A.N.Skrinsky
Abstract

The poesibilities of carrying out the experiments with
the internal gas polarized target in the proton (antiproton)
storage ring with electron cooling are discussed. The following
two variants have been considered: a) injection of the polari- °
zed besm of particles into the storage ring and b) enrichment
of the unpolarized beam with the particles of specific polari-
zation, due to spin dependence of the particle loss probability
in the interaction with the polarized target. The estimates of
optimal operation regimee are given for the second variant.

I, In recent yéars the interest in the experimental stu -
dieg dealing with the interactions of polarized particles has
been considerably increased. Both the accelerators with polari-
zed particles are being developed and the methods for polarized
targets are being worked out in various laboratories /1/. The
measurements of the elastic and inelastic interaction cross
sections for pure spin states  are essential for verifying nu-
merous theoretical predictions. In the case of pp - scatte -
ring, the effects of polarization and gpin correlation are
 large and strong dependent on the emergy /2/, that may be in-
. dicative of the existence of exotic states with the double
baryon charge. It would be extremely interesting to conduct
gimilar experiments with antiproton-proton scattering.

A conventional technique of the experiment involving the
polarized particle source, the accelerator with the emitted
 beam and the polerized target faces the gerious difficulties in
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all sections of the facility. The beam intensity available is

not sufficiently high;*) the commonly used targets /4/ are not

purely hydrogenic; there are undegirable phenomena of the ra -
diation damage and of the target depolarization under action
of the beam.

2. In connection with this, it seems to be worthwhile to
discuss snother possibility; namely, the possibility to perfomm
the experiments with the internal gas polarized target in the
proton (antiproton) storage ring. The methodicse of polarized
gas jets have being intensively worked out by number of experi-

mental groups /5/. In last years the facility with the elect -
vron storage ring and internal gas target has been succesfully
used in the experiments on electron scattering by the nuclei
at the Institute of Nuclear Physics of Siberian Division of the
USSR Academy of Sciences /6/.

To eatimate the achievable luminosity of the experiment and

the degree of polarization we use the notations of the opera -
tion regimes with "thin" or "super-thin'" internal targets in
the charged particle storage ring. Let n be the number of

particles injected into the storage ring per ‘second. Let us as-
gume also that just the interaction between the particles and
the target is a main reason for the particle losses in the bean,

whereas the interaction between the particles and the residual

gas can be neglected. 1f the process under study has the effec-

tive cross-section G , then the observed counting rate will
be egual to :

N=n-

(1)

«Al

where G, is lhe total sross-gection of the interaction proces-
ges knacking e particle out of the beam. The equality (1) cor=

responds to the fact that the relative probability for a given

partlcle o undergo the interaction under gtudy is equal to the

ratio ;&% , and therefore thig is suit to both the single and

*) Though, there exists a pussihilitF /3/ to increase the inten~

gity with the beams of negative H~ ioms.

multiple processes.

Under usual conditions, the particles are lost moatly .
due to the multiple scattering processes, which lead to incree-
ging the transverse size and (or) energy spread of the beanm
and their values can exceed the permissible ones. However, if
the demping mechanism exists, the demping being shorter  tham
the particle lifetime due to mmltiple processes, then it pro -
ves to be possible to operate in the stationary regime with
the beam parameters (size and energy spread) independent on
the, time. As a damping mechanism one can use the radiation
damping for electrons (positrons) end electron cooling
/9, 10/ for protons, antiprotons or more heavy particles. Here .
the total cross-section 6y will be determined by sing-

le processes rather than multiple ones, for example, by in -

elastic scattering or elastic- scattering at the angle excee -
ding certain maximum value. The maximum scattering angle de -
pends on the cooling kinematics or on the aperture of.the va-
cuum chamber. Such experimental conditions are generally re-
ferred to as /7/ the operation in the "super-thin" target re-
gime in contrast to the "thin" target regime, when the multi-
ple processes are not suppressed.

The luminosity of the experiment with the internal tar -
get according to (1) is equal to '

L=#-2 (2)
e S,

end independent of the target thickness, because, the particle
lifetime, i.e. the number of intersections of the target by the
particles, as well as the stationary currant increase as the
thickness is reduced.

3. Two variants for producing the pclarlzed heam in the
atorage ring are possible. First, one can to inject the pola -
rized particles from the accelerator intc the storage ring.
Second, it is possible to "enrich" the bean with the particles
of specific polarization (faster extinciion of the opposite
polarization), due to the spin-dependent scattering of the par-
ticles by the polarized target /11/. Let us meke some remarks




concerning the first variant. To this end we cite a typical
quantitative example.

Let us assume that we have the internal ges target in the
proton storage. ring. The target is sqppased to be superthin
(section 2) with the 100% polarization. The polarized proton
beem whose momentum, for the sake of clarity, is assumed to
be equal to pz?-—af-f , ig injected into the storage ring. At
this energy one may expect a sufficiently high efficiency of

" the electron cooling /3/.

The particle lifetime is determined by the total cross-
-gection of elagstic (Coulomb and nuclear) and inelastic in -
teractions, The electron cooling mechanism becomes inﬁ:;fecti-
vefigffor the particles scattered to the angles Oz(E3)5. These
things may be substantially improved, if one places the tar -
get within the region of smell values for ﬁ - function
( @=p; ), while the cooling electron beam virith:.tn the large

)9- insertion ( ﬁ= ,B, ), One may have deliberately the in -
crease factor to be edual to 10, thereby incx;gasing a.. limiting
value of the scattering angle wup to =290 . At such angles
the Coulomb scatiering can be neglected for the proton sner-..
gy under consideration.

Assmmihg that cross-section, determining the lifetime of
the particles, is equal to q’t-n-ﬁ:hzﬁ.j., one obtains the lumi-
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. At the target thicknese® the stationary current proves to
be equal toﬂ-fl‘f’n A. If one sssumes that it is possible to
cool the currents accumulated to 1 4, then tliua re;:_;!j‘.?reiiijec-

tion rate is n=3-fﬁ¥';”’, therefore the luminosity ~7U ecm 3
is E.Ghiﬂ"lfﬁd-

“In +he »:3e, when the storage ring slae equals to seve -
rel tens of meters and one has 1 sec injection repetition pe-
riod. the time necessary for the transition to the stationa-
ry regime seems to be equal to a few hours. This time can be
espentially decreased, using a higher rate of injection, which,
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on the present-day knowledge, may achieve 10'" gec "o

4. A high density of the polarized gas target (‘fﬂfﬂ;b;a) is
needed for the second variant, to the discuasion of which we
are proceeding. The point is that the polarization process
calls for the time intervals exceeding the lifetime, whereas
the lifetime at & high target density constitutes several hurs,
A large effective thickness of the iarget may be obtained with
the facility with several gas Jets along the storage ring,
It should bear in mind that this will allow a simultancous
performation of some independent experiments, Moreover, a lars
target thickness reduces the demands made to the residual va -
cuum in the storage ring. Since under our conditions the par-
ticle lifetime is determined by the combination of the Coulomb
and nuclear interactions, then the requirement for the effec-
tive vacuum must include a certain factor depending on Z°
and the atomic number of residual gas nuclei, If thig factoris
taken to be equal to 20 (nitrogen), then in opder that the re-
gidual gas influence on the particle lifetime. may be negli -
gibly small the pressure must be much more less than fﬂ"mmg.
This restriction is not strong, but one needs to tak%mmt

that with decrease of the target thickness the vacium must be
improved correspondingly.

The second variant of the method is based on the injec -
tlon of unpolarized particles, after that the polarization
must be accumulated, due to the spin dependence of the scatte-

‘ring by the polarized target.

The total luminosity may be
estimated just as above. In order %o estimate the polarization
obtained, it is necessary to kmow the interaction cross-sec -
tions of the projectile in certain spin states and the target
possessing a specific polarization. Inelastic scattering remo-
ves the particles from the beam immediately. As to the elastic
scattering, this results in the particle loss, if the scatte -
ring angle exceeds the maximum value. The experimental data
on the pp = scattering at the mﬂmﬁntiﬁﬂi’%&‘thﬂt the elas-

tic cross section at the angles ﬂ?&.'fﬂqis equal practically to

the total cross-section, and the Couwlomb ecattering can - be
ignored. Then one can estimate the stationary beam polariza-




tion in terms of the total crosgs~-sections in pure spin sta -
tes:

Ges — O -G
P=n—t _ Sa-lu. (3
13 * b 2(5}

This formula follows from the obvious expresgion for particle
number N, for each polarization at the stationary regime

Ry p-T = é‘ - (4)
where T is the bean lifetime.
Using the some experimenta: data for PZ%! s we find

P 10% for the transverse polarization. In the case of lon-

gitudinal polgrization /2/ the information on the cross-sec -

tion ﬁifferennéiiﬁgﬁﬂ t0 a 15=-20% polarimation. This gitua -

tion may be carried out with a special magnetic field confi -
guration which must converi Ihe longitudinal beam polarization

at the point of its interaction with the target into the trame-

werse polarisation on the bagic sectiom of the storage ring
f13/.

Alongside the considerations connected with the electron
cooling efficiency, the proton mozentum valﬁﬁ.wmhle for
the proton pelarization accunulation due to the presence of
noticeshle pesks in cross-section differodoes Stnd G, -Gy, in
this energy region. The regime, where after the processes of
sccumulation smd polarization the energy changes so that the
meagurenent is carried ouf in the desirsble emergy region, must
be. most probably, the main operating regime. Here the target
on wiich the scatterins vnder study occurs may be different
from thet used for -obtaining the polarized beam. H
fiim cese. becomes smsller due to the decreasing of the avera-
ge imjection rate (an sdditional duty factor arises).

5. Of course, a direct acceleration of the polarized pro-
toms snd their wtilization in the study of interactions with
the enperthin polarized target gives = higher luminosity of the
expe-inemt, compered %o the polarizetion accumulation. due to
ihe differemce of the inferaciion eroga-sections in various
apin ctotes. At presemt only the second variant allows, howe-
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ver, to hope for performing the polarized experiments of suf- ..
ficient luminogity with antiprotons /11/.

Application of this approach to antiprotons seems to be
highly valusble in connection with the recently proposed sche-
mes for antiproton accumulation at an energy of aboul 2 GeV
and an injection rate. of 168 par‘ﬁiq_ﬁlesfsec /14, 15/. In‘'the
gtationary operation regime with the super-thin target the ac-
cesgible luminosity m;a:r be 11:!33 cm_z sen'T, jué,t ag in the
case of polarized protons. '

_ Unfortunately, the presently available experimental in -
formation on the interaction of antiprotons with polarized
protons is extremely poor. Within the experimentai errors the
difference in the cross-sections of the elastic scattering of
different polarization antiproton beamggﬁhe polarized proton
target may be actually considered %o equal to zero. Neglecting
the difference between these cross~sections in the elastic Pp
- scattering and assuming that for the inelastic pp- colll -
sions thig quantity has approximately the same value ag for
the pp - collision, we would find the estimate 4 + 6 % for
the resulting entiproton polarization. Practically, the dif-

Perence between the spin effects in inelastic Pp - and

PP - colligions may prove, however, significant due %o a
large number of resonant reactlon chanmels opened in the fp -

- colligions at fz2 GeV/c.

6. It should be noted, that there is evidence /16/ on the
nuclear enhencement of the spin asymmetry in the inelastic
proton scattering. Therefore, the experiments with super-thin
nuclear targets must be very useful as from the view point of
the study of the nuclear effects themselves, so for the selec-
tion of nuclear targets meking possible to obiain a higher
atationary polarization. In particular, it is reagonable to
test as a target. the nuclei with a high ground state spin.

7. Let us consider in more deteil the regime where one
operate§ at the same energy at which the polarization lig obtai-
ned. Up to now, the question was to obtain a maximum luminosi -
ty L . Here,it is possible to calculate the stationary pola -
rigation P . The requirements for the obtaining of highest




difference of the interaction cross-sections for various spin
states is smell, so that the change of the beam polarization
after the transition to the count energy can be neglected.
Then, similar to (6), we have

-2, -2,(1+5) -%p(1- by z

Gnnsidaring expressinn (9) as & function of X, and of the
total time X= 3-};*1! 1t is eagily to see that an, o timal time
e - _jE:J
share comnected to the counting is equal to-F at =
fixed X . This dependence and the functlonpuiﬂnaxﬁﬁm y deri-
ved from it, are presented in Pig. 3 for 5=§; « At X= 3y
that approximately corresponds to equal times X. and X, , the
curve /L{X) has a sharp maximum. A value A in the point of
. maximum is equal to 0.0038, The account of the accumulation
time somewhat decreases thise quantity. However, this loss may
be reduced, carrying out the particle sccumulation simultane -
ously with the enrichment of the beam with the particles of
definite polarization.

In part this work wag capried out during visit time of
two suthors (V.G.Z and S.G.P.) in CERN in June 1977, in con =
nection with this they express their gratitude to K.Hubner and
L.Dick for fruitful discussions and useful information and to
CERN administration for hospitality. The authors are grate -
ful to [G.I.Budker], N.S.Dikansky, J.N.Meshkov, V.V.Parkhomchuk,
" D.V.Pestrikov for the interest in this work.
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FIGURE CAPTIONS

Dependence of the polarization experiment effective-
neas/\. on a relative count rate for various values
of spin interaction asymmeiry.

Dependence of the maximum offectiveness /\ max ©On
the spin interaction asymmetry.

Optimum sghare Icqpf/.x of the counting time and corres-
nponding effectiveness MfI}ch=x=%nf the experiment .
for the operation at the energy different from the po-.
larization energy.
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