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The possibility of setting up the experiments on proton-
antiproton scattering at small angles in the region of Coulomb-
nuclear interference on superhigh-energy colliding pp-beams is
discussed, It is shown that the implication of high-energy elec=-
tron cooling allows one to obtain the required resolution.

The latter condition becomes very hard at superhigh emnergies.



is Une of the most important characteristice of hadron

phyzice is the energy dependence of the total cross section
g*?&; of a hadron interaction. In view of this, the measure-
mente of such a crogs section were carried out, az soon asg an
opportunity arose, at all existing accelerators. Equally with
direct investigation of &(s; , of great interest is a measure-
ment of the real part of the elastic scattering amplitude

Re F(5,t) . The reasons are the following: 1} This quantity may
be related, by means of dispersion relations, to the total cros:
section d‘?ﬁ; and, with both these quantities independently mea-
aured, the dispersion relations and, hence, the physical princi-
vles underlying the derivation of these relatioms (first of all
nicrocausality) can be tested, 2) If the dispersion relations
are regarded as the valid ones, then with Re F measured, they
can be used in finding the energy dependence of é??i in the
range of higher energies (the energy is more higher, the ﬁigh&r
is the accuracy of measurements). 3) The measurement of REf%;
i8 of great significance with a view to the comparison with

;Egﬁiﬂ and verification of the various consequences of the Po-
meranchuk theorem (behaviour of Ke F,:fp / Im ‘L:EF s comparison of

ddgp /et with clépp/dt |, ete.).
é standard way of finding Re F isg the measurement of the
elastic scattering in the region in which the interference of
atrong and electromagnetic amplitudes is essential. Extensive

satudies of the Coulomb-nuclear interference have been carried

out in the direct beam experiments both in pp /1/ and ¥ p-collj
=+

sione /2/, as well as in K'p, i*p, pp collisions /2a/.
At high energies mchievable on colliding beams, the inte
‘erence region lies within very small scattering angles, The

proton=proton gcatiering at the highest energies has been



studied with the CERN ISR in the experiments performed up to

JE- = 63 GeV /3/. From the measured values of ReF . it hes
been concluded that 8'(s) will continue growing (as the squared
logarithm of § ) up to fE” = 500 GeV, After the antiproton
storage ring in CERN had been put into operation, the first ex-
periments on studying the antiproton-proton scattering at the
ISR with.\ﬂf‘= 53.2 GeV /4/ in the interference region have
been carried out.

Tt should bear in mind that the investigation of pp (pp)
scattering in the interference region becomes more complicated
with increasing the energy of colliding beams. For this reason,
undoubted interest is of non-traditional approaches to the ex-
periments of such a kind. In the present work we would like %o
emphasize that the electron cooling makes it possible to carry
out the antiproton-proton scattering experiments in the inter-
ference reglon at superhigh energies, In this case, the focusing
system of a storage ring is assumed to be used as the analyzer
of the detection system.

2, In order to define the parameters of the aystem, let us
use the estimates of the cross section of the process which are
degsceribed in detail in the Appendix. The curves JQKJf‘ and R =
(jrfff)-j-f(fﬂ))/ﬁfp:d) at p = 0.14 in Fig.1 allow one %o
conclude that the maximum interference takes place within the
0.001+0.0015 (GeV/c)? range of the values of a parameter [£] ,

which is equal io _
2
t= ﬂip*(ﬁ'vfpﬁdy x "_F’f;;.‘ P _ (1)

where p is the particle momentum in the c.m. frame. Note that
in the experiment /3/ the maximum interference also ftook place

at |t]/= 0,001+0,002 {GEFHG}E. Therefore, one can estimate it

basing upon & very weak dependence of the pogition of a maximum
of interference as a function £ of energy § . This means that
in the experiment under discussion several tens of points should
be resolved within the 0,001-0,015 (GeV/c)? interval which cor-

responds tc that of scattering angle E% in the c.m, frame:
0.034/f < 6,< 0134y (2)
where { = VS /2 u,

To obtain the predictions, similarly to /3/, concerning
the behaviour of Gg:? up to the values Vfﬁ, which exceed more
than by ten times the values of U?f at which p has been measur-
ed, it is necessary to detect about 105 events at every energy,
that gives the required statistical accuracy.

At has already been mentioned, the complexity of the expe-
riment under discussion is, first of all, associated with the
necessity for detection of the particles elastically scattered
at a small angle, To do this, it is neceasary to provide:

- fairly smell emittances of pp beams and such values of the
rata~functions in the collision region which enable the required
high angular resolution, by a factor of 5-10 better than | P
to be obtained;

- the required resolution of a detector over the scattering
angle 95 3

- the possibility of separating the elastic scattering
events on the background of inelastic processes with small en-
argzy losses;

- the corresponding fixed nature of the geomeiry of the
sxperiment (mainly the geometricel stability of the beam para-
meters).

The requirements listed above have to be correlated with



the conditions for achieving & luminosity which makes it pos-
sible to collect the indicated statistics (the total counting

rate in the interference region is of the order of 1 Hz ).

3, Por the elastic scattering events to be selected, a
detector is to be installed inside the vacuum chamber of a stor-
age ring at the section which igs removed, over the phase of

vertical betatron oscillations, from the collision region by

~ %(En + 1), n is an integer, (3)

Oz4
that provides the maximum vertical displacemént of particle scat-
tered at the angle éh . In thies case, the limitations on the
spatial resolution of a detector are not so hard. At the same
time, in order to remove the inelastically scattered particles
(which have lost even a small fraction of their energy) from

the flux of particles entering the detector, it seems reason-
able to place the diafragms cutting from the gide of low energy:
for example, after detectors, or/and the thin counters of anti-
coincidences, thereby producing a maximum of the dispersion Zf

on the orbit section which is removed, over the phase of radial
betatron oscillations, from the collision region by

aﬁ: T(2n + 1). (4)

As a result, those particles will be extracted from the beam

which have lost an energy
af § 8Kt (Rt R t’}-j
oot — — 5 (5)
£ Ve UEQE Vo /

where AX.¢ is the radial aperture on the extraction region,
ﬁhf is the value of the radial beta-function on the extrac-
tion region, ﬁhu and §, are the values of the radial beta- and

dispersion functions on the collision region. The minimum value

R R R O R R E———E——NRRRRRRRRERR ™™

of pF Tfor extracted particles may be made less than the rest
energy of a pion., The suggested method of extraction naturally
apsume the detection of useful scattering evenis in vertical
plane. In this case, the particles scattered simultaneously at
a small radial angle, which is comparable with the vertical
scattering angle to be measured, should not reach the detector.
¥Wor this purpose, similar cutting diafragms should be placed on
the section with a large value of the radial beta-function,

which is

14 Iy
8es = F (en + 1) (6)

apart the collision region over the phase of radial betatron

ppecillations.

4, It is clear that the detection and extraction systems
have to be installed in pairs and symmetrically with respect to
the collision region. |

Detectors may be made like a telescope of thin coordinate-
sensitive semiconducting counters. These counters are included
into n logical circuit which is intended for gelection of el=
astically scattered proton-antiproton pairs. The vertical ar-
rangement of counters is preferable also for decreasing the
backpround caused by the particles which redislly escape from
the beam due to intra-beam scattering. For the same purpose,
the r-z coupling of particle motion in a atorage ring need to
be eliminated, too.

The experimental conditions impose particular limitations
on the parameters of the beam and focusing system at the colli-
aion region, The first of these limitations is to provide the
angular resolution in the region of a minimum scattering angle

E%”ﬁﬂ . Tt is obvious that, in this case,



the angular beam spread in the collision region should not ex-

ceedéLmhfﬁh and hence the requirement for the vertical beam
verticali
emittance £, and the value of the,beta=-function ﬂéu at the col-

lision point 18 of fthe form
-3

b A 8l

L e L "
R S 157 k, (1)
i 24

The second requirement is to provide the possibility of extract-

ing the particles scattered at the angle §,, . , out of the beam.
To do this, it is necessary that the deviation of a scattered
partiele should exceed a half-height of the beam by a factor

2 2k l/éfﬁh"‘ # R W1P

Gf J{E .

4 T
7
€2 ¢ Gk min o 1.1 fj (8}
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The final form of the latter condition is naturally independ-

ent of a value of the beta=function in the detection region,
and both limitations are close to each other.
The coordinate resolution AZjof a detector should be not

worse ithan

(-}fm'

0
A%, V:Bzaggzaf = 212 Vﬂuﬁm (3)

by

%« The luminosity necessary in this experiment can be ob-

tained from the value of the function dé/J¢ represented ir

Fig.1. The integral of this function within the limite of varia-

tion of the parameter [t! is equal tc

Ad oo 4 mo

If it is assumed that the transverse size of the detector in

radial direction provides the detection of particles scattered

!

into a s0lid angle
A} = 0.,2%.46; ,
then the luminosity required for a total counting rate of 1 Hz
equals
Y, . %2.510°7 em™2e87,
6. The luminosity of colliding beams pe-r one collision re-

gion is

¥y .9#?/ m. d’f: (4.,.“ 13::) J'dr’ : (10}. .

where fﬂ is the revolution frequency of partlicles in a gtorage
ring, fy is the number of bunches in every beam, /, ig the num-

ber of collision regions, f:,; is the classical proton resdius,

-
I_:‘i (11)

aW ap}g are the shifts of frequencies of betatron oscillations
¥ - :

caused by the colliding beam:

.ﬂ/ﬁ . ”p d}!‘x‘ ﬂ.l"ﬂ .

r——— ] = {12)

d}'x ,‘?TJ’{ if.!_;"}g;d ﬂﬂz I{g!d LY
X

The limitations on the emittances (7) and {(8) impl:.r that the
maximum luminosity achievable in the experiment is energy-in-
xdependent and is determined by the geometry and the requlred
res;nlution over the momentum tranferred:

X A

Yaart ot (M) (1 B Yohes

where a))m.., is the value of the shift of betatron frequencies
which is admissible in the regime of colliding beams with very

emall values of the emittances., The parameter]in this formula



is equal to 1.

7. The time of existence for so small emittances is deter-
mined by a lot of perturbating factors such as collision effects,
noises of a rf system, instabilities of magnetic fields and
so on, as well as by the effect of intra-beam scattering. With

this effect taken into account, the time of luminosity existence

is /5/ o
M L T _
. Cﬁfig HW% RJE (14)

Here f& is the bunch length, ﬁu iz the mean radius of a atorage
ring, L¢ is the Coulomb algorithm.

The influence of perturbations may be radially suppressed
by introducing the electron cooling at the experiment energy
/6/. The characteristic time of cooling by a circulating elec-
tron beam /5,6/ is

3 Lk 'I/"f: Bac
pe i* Ne Bre

T = 6. 10 . (15)

where ? is a part of the storage ring perimeter which is oc-
cupied by the cooling aection,.ﬂi is the number of electrons
in the cooling bunch whose length is equal to that of the pro-
ton (antiproton) one, KBL are the values of beta-functions on
the cooling section,

It is obvious that the parameters of the electron cooling
aystem should provide a fairly small value of Q; go that, at
least,

& " i
?'-ﬂ < ilas E 116)

This condition for the experiment under consideration may be

represented as an inequality containing only the geometrical

R R R R R R R R R R R R wwwwwwwww—""""""

parameters of pp and e storage rings, the quantity N, end the
required luminosity. Excluding the remaining parameters from

eqs. (14) and (15) by means of eqs, (1043), we find

Tr1as R A nif,, il
= : L o Y
z TR Tl X A

G

where k :#ﬂﬂX% kgsz , With the other given parameters, it

follows the limitation on the quantities !Bm, 1;3” .

8, It is the sequence in which the parameters of the ex-

periment (see Table 1) have been obtained, It is agsumed that

k= kys5, Le =10, ng=n, =1, = 5 54087 emlet

fs= 1 m, Ta/T21.5.
Note that the choice of a value of the beta-functions on the
cooling section ﬁxc,,gzc and on the detection aectioﬂéﬁga strong
influence on the remaining parameters. Unly increasing ;%1 and
Pzd and decreasing Bz , one can reach the satisfactory con-
ditions: small cooling time at a rather large displacement of
the particles being detected from the beam axis In the detector

region:
Sed = é% JﬂioﬁIJ p (18)

that make realistic the requirements for the coordinate resolu-

tion (9).
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Table 1. FParameters of the experiment

Storage ring SE3 Doubler UNK
CERN Fermilab THEFP
Parameters
Parameters of a storage ring
Particle energy, CGeV 270 1000 3000
Mean orbit radius, km 11 1 3.3
Betatron oscillation 27.6 30 . 30
frequency
Revolution frequemncy, 43 45 15
Hez
Conditions of the experiment
Values of beta-functions gy, 12.5 12.5 1245
jn the collision region,m Bz 2.5 245 2.5
= -8 =9
Beam emittances £,=£,; . 1.4+10 7 110 1:110
cmerad 3 3 3
Shifts of betatron oscil- 4y, 2.4°10 2.410 410
Number of particles in
i SR 5,2010° 1.4010°  0.8210°
Time of intra-beam
scattering, ¢ 4500 1600 170
Parameterg of the electron cooling systienm
Values of beta~fumctions A 1100 1000 3300
on the cooling section,m g; 10 10 10
Humber of particles in T LL T L1012
the electron bunch L 3.10 taly
Cooling time, c 2500 G00 80
Parameters of the deteciion system
function , m
VYerticel beam size, mm 1.2 0.3 0.2
Displacement of a par-
ticle scattered at 5s5 1.6 1.0

angle G5 msy, mm

- g

Appenidilx

In the small momentum transfer region it is amecepted to
describe the elastic proton-antiproton scattering cross section
by the intergerence formula:

-8t f‘if
d _urdGiGh | et e | e

1T 16 ¥ g |
G,Gr00 € 55.(fcn§‘+s;,.3j ,

where t=-2p*(t-tng)=-p HI ‘ﬂ » p= 171 is the partlcle momern=
tum in the ¢-frame, O, is the scattering angle, ,;‘pr:) is the
total pp-interaction cross section, £ is the parameter of =
slope of the diffraction cone; it is assumed that

i + -6
dg 1= o Refy5,00/Im Fop(50) 5 Gyl#) = Gy =
! "1 are the electromagnetic formfactors of the pro-
=(1 +ﬂ?fﬂe'f’
ton and antiproton; 3‘ = - d(éﬂ M*C ) s C = 0,577 is the

€1
phase of the Coulomb amplitude /7,8/; & = 1/137. Formula (1)
holds under the condition that 1) ¢ is t-independent (within
the interference region); 2) the spin effects are not essentizl,
The cross section (A.1} includaa 3 parametera which can be ex-
perimentally found: 8 @ s 1T 3;? is measured indepen-
dently, only two parameterﬁ f and 6 ghould be found.

For the crose section to be estimated at the energies of
proton accelerators of the new generation (SPS in CERN, Doub-
ler in Fermilab, UNK in IHEP), it is necessary %o extrapolate
the parameters sﬁ;’ , 68 » # in eq.(A.1). One of the way is to
use the parametrizations available (see Refa. /1,9/):

fa‘!‘ g

where £ = 4Ef = 2m£; is taken in {Ge?iz,
GFP =I6¢9 =+ D-TTPHSI(GE?}*-Ei {.ﬂ-j)

in alternative method is to use the Lipkin parametrization /10/
for ¢** and p , basing upon the quark model. This parametriza-
tion well describes the data mvailable on hadron interaction at
high energy. Note that either variants are well consistent with
each other; for example, at ys = 600 GeV we have éf?r = 65 mb
and P = 0.74, according to the Fxtrapnlation formulas, and the

Lipkin parametrization gives é}f = 63 mb and { = 0.18, respect-



iveiy and, hence, the distinction between the variants have no

influence on the results of the present  paper. References.
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