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Polarisation pheﬁomenalin elastié'scaftéring at higﬁ-
energies.are’eoﬁsideréda It 1s shown that 1t-is possibié“to
obt&in nucleen beams with cogsideraﬁle polarisation in the'elas_‘
tic sscattering at smali angles, The applicability ef "black nuc-
leus" and "gray absorbing hucleus" approximation to P=D scat-

tering at high energies is discussed.



I. This paper deals with the problém of polarisation phev
nomena at high energiesc‘An attempt,haé been made to.clear up
whét peculiarities the polarization phenomena in the élastic
scattering possess in the approximation when the "dlffraction" eXs
pressions arise for the scattering cross secticn averaged over
spins and what data ‘may be obtained fyom the results of the po=— .
larization experiments at high energiles when the elastic scat—
tering to a great extent is due to inelastis processes. |
| Let us consider first the elastic scatiering of particles
with wpin 1/2 on the spinless particles/event (o, 1/2)/

In the most of the published papers different suppositiohs
are made about the radial potential dependeﬁce after introducing °
the effectivprpotential and the.results of the compaﬁiqon with
experimental data are diseussed from the standpoint of determ=
ining the effective potential parameters /Qee éogo 3 /e

20 We shall do it in another Way .o Detexmine the absorbing

coefficientS' K1 and K2 and the refraction indsces @1 and R,

4,5

by analogy with the spinless event (scs, e:g. Y, without

introducing the interaction potentials., The quantities thus in-

troduced are connected with the four Ffunctions V@I v 14
7 g

SI, 'CR,

VSR from 1 » The quantity KI is,; for instance, proportional to

# There is a lot of papers in which the polarization pheno-
mena in the scattering on nuclel are consideredlusing the aptical
model. We only mention Reienfeld's and Watson's™ and Brown's< pa-
pers where the references to other paperd may be fegnd. The author
takes the opportunityto thank Dr. Brown for sending some results
unpublished yeto
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the imaginary part whereas (DZ?l) is proportional to the real
part of the-mean nucleon-nucleon scattering amplitude at ® =
In the notations of 1

the imaginary and real parts of the quantity

F"loﬂ"‘”{[B*N*’G]pp*‘[BJFN*TGJnP}e:OO S
and X, and (n,~1)k, S |

are analogously proportional to the imaginary and real parts of

™M = - Jm; gj_i | - _i_ 2)
M= ?i[Sinﬂ(CPP+C”P)]6=O°" [dcooG(CPP C"P)]G =0°

If one makes use:of the usual_transition from the Legendre po-
linomials Pg(cos ©) to the .Bessel functions T, ({®) then for
the coefficients A(8) and B(e) of the amplitude

[ Kq_k 1

M=A(8)+B(8)(Gn) n- R
( "R e

one obtains

B

, Ak, -2in,~0)s] ~[k,-2i(n,~1)5 [k,-2i(n ,')]5
2A©)- 1h]edb ], (k&e){ [T B e gl B

B

2B(9)- J&d%)‘(kﬁe)e

O

,-an(n;l'js_]{a-[ka- 2i(n,-n)s é['ka_ gi(na-r)] s}

(%)

where ’a S
5% = RP- p2p?-2 2

other notations are evident, and

U{,»“z:l{emk, S &)

L

Ky and (n - 1) K are proportional to -



| The conditions’('b)‘ gubstitute the requirement that the
sign of the 1mag1nar& part of the scattering phase shifts in
the spinless event would be definite.

3. In the infinite absorption ("black nucleus") KI~**“O@

and
A@®)= tkj%d%f(kﬁe)— J',(Kl?’e) B0, 6= 4 mA( 4)?63”7’5’@ s (8

27RY, 6 6, = TR
and the polarization in the elastic scattering of the unpolari-
zed begm P, , 1is vanlshing, In virtue of time reversal invariance
the‘elastic scattering eross section of the qdlarized beam does
not involve any azimuthal asymmetry and is céﬁsi@ﬁent with the
cfoss section Im(e) of the“unpolarizéd beam scattering,. |

For the polérization of P 6

in

pu after the scattering of

the polarized (P ) beam we obtain

16(8)Ppy = P AT R, Bpu=P A K,] (7)

if one chooses Pin to be.perpendicular t@‘ﬁo and to the normal
fz} It follows from (7) that in the black nucleus approximation
the polarization rotation does not occur. Thus, the "black nuc-
leus" is characterized by the absence of any polarization effects,
Therefore, the observation at high eﬁergies of the polarization
Puu different from zero may serve as a gobd "indicator" of the
nonagélicability of the "black nucleus" conceptso Note right a.
*way that it is difficult to settle this question by studying
only the unpolarized cross sections,
4. In the absence of refraction, l.e., if n;=n, =1

("greg absorbing nucleus")
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A®) = '
- (8
R
B(8)= szad%f(we)shke
and 0 | | |
| Gy == mA( )- ZJ" {1 R "k)R]?[’ -e (1+KR- j(am
A T, B(w PR o] (9),
el (1 0@ e }

The expression for the differentia1 e1astic'scattering cross

section

Lo (8) =) A ()2 +|B(9))2
| " (10)

follows from (8). Integrating over (10) cne may obtain for the

total elastic scattering cross section

e 2 T,

Gy = IR {1 P(rumﬂ{‘ e’ s zm] p 3{)2;?2[1 o
_(j(l‘](a),? : 9 &\ - “(J('{'j'{a)R '

—»@. (hJ(,R-J(QR)j x kj(a)ﬁzR‘,_[i‘@ ) (1“3“?*342'9)]}

‘The expression for the total cposs section of inelastic
processes Gt is obtained as the differehoe between (9) and
(1. |

Let us note when passing to the polarization phenomena that

A(8) 1s a purely imaginary‘quantity andﬂB(e) is a rqu oney 1oy

4 | +
A(B)=-A(8) , B(0)=B(8)5b (12)



The expression for the polarization P,

o ‘ (13)
Lo(8)Puu(B)=A(8)B(8)+A(8)B(8)
vanlishes even if A and B are different from zero., Since the azi=
muthal asymmetry in the cross sestlon of the pclarized bsam seate
tering is proportional to the right—hand side of €13) it is alse
absent in this energy reglon where the scattering phase shifts are
ﬁurely imaginary.
For the peclarization Py, after the polarized beam ssatters
ing we get | ,
- - 5‘” E 2 T —— ~e \
[,(0)P,. =P {(ao-& [F o)~ 2a, B (14)

instead of (7) (A = 1a ). The quantities A and B are given in (8)o

Note ‘that the vanishing of the polarization Py, whem A(8) and
B(8) are different from zera'is known to take place also in the
Bdhrn approximaiion (for real potentials) as is seen from Expres—
sions for A(e) and 8(9) through the phase shifts. When real phase
shifts are small .

AL (0)=Ag(9) , Bly(8)=- By (8)

The polarization (even when potentjaas are real) becomes
different from zero if the expressions for A and B obtained in the
‘BOhin approximation would be made exactly unitary. -

5. It caﬁ be seen from the ¢onsideration of thé‘extreme cas—
‘es that the presence,of the polarization Py, 1s interrelated
with the difference of the refractlon indeces and By frbm‘unityo
The maximum polarizatioﬁ will be when ny =1, szg 0. In this

gase
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A(e LKJ 6dE>J‘ (kEef wo[a(h -a)k5]}#~/\-(e)=|ao

(15)
B(e)zamj l%dm‘<k&e)eﬂ(’sSm[?(“e"“‘s]‘"“BE;EO 3

0 S e . o

and the pobarization reaches 100% at the small angle,when[a°|=lbobk“’
The possible existence of ‘such a:point in the‘case under consideration
follows from the féct that in the region of small angles A(8) is
a decreasing angle funcfipn and B(9) is an increasing one. The in-
tersection,ao = boris made near the first diffraption minimum,

As Brown's analysis has shownfit is_this case which ocifurs
in the proton,interaction with carbon at the energy of about 1
‘billion electron-volts. To describe the scattefing two parame-
ters K1 and n, are necessary here (if the radius R is known/ and
the siudy of the polarization Ppu may appear t0 be a’vgrificat=
ion of the accepted interpretatione

' In this case we get instead of (14)

L) Ppu ()P "(@f -B2) AR 1P (8

«

The polarization experiments necessary for the determinat-
iqn of the effective potentiai parameters if Kl’ K2,'n§g nfikvcr
Ver o, Veg ~Vé%are different from zero were discussed by Riesen-

fgold and Watson 1; » |
| In the present discussion the electromagnetic effects were
, neglecteda As the considewatlon of the spinless event 4 °

~ However, shows +t 1is essential in some cases to take into account

thelelectxbmagnetic-interactiono



®he change of the phasge @f‘the amplitude thét will produce an ef-
fect upon the gquite small angles is especilally important for the
polarization P,  The expression for the amplitude}which takes
the.magnetic momentum intoc account and 1s obtalned in the Bdhrn
.approximati@n 7 8/ has the following shortcoming. The expression
for Pya does not vanish ;f 6 —»- 8%, The investigation of the
electromagnettc.effects in the polarization may appear to be ex-
tremely interesting for the study of the nucleon electromagnetis
properties, (the relaxation of magnet;c momants)g\

6o The elastic scattering cf particles with spin 1/2 was cop=
sidered above ét the spinless target ( event 0,1/2), The quahi-
tatige results concerning P, hold for the events (1/2,1/2) and
(1,0). (nucleon-nucleon scattering and deutron seattering on
spinless nuclei); Let us preseht thg amplitude M Zfor th® nucleon—
nucleon scatteiing in-the form | |

M BS +C('6"+?§ h)i—{ ‘_(GA)(G A)“‘(GJT)( -V)] an

FH[E D) G 2)~G, 1), )] + NG G, fT
Here

35-"-046’:“6‘2) VTG ae)

,,,,,

:le‘ e z:._;g--g_
Ikofkl I o~ ,l i

It can be seen from the expressions for the coefficients B,Cooog;

oﬁtlined by Wright 9/ that when phase shifts are imaginary B,G,H
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“and N are imagirary quantities whereas C 1s a pi real one. Let

us expebially note that it is this case Hr M0 and for'M' in

1
(1) and (2) that leads to the maximum polarization in nucleon
scattering on nuclei, |

| When the phase shifts are ‘maginary in N-N scaﬁtering the
polarization P, vanishes whereas the scattering cross sect-
ioﬁ of the polariZed beam with the unpolarized target does not
» involve azimuthal asymmetrzo The study of the polarizafion Pug
may, therefore,; appear to be a good means to ve:ify Whefhéf
the diffractional approach with pure 1magihaiy phase shifts to
th@ analysis qf the expeeimental data is cofrecto Somé other
polarization effects (including thevcofrelation of poiarizatw”
ton) are different from zero whereas the correlation of polari-
zation when the beam is pélarized,is}not different frbm the ca-
se of the unpolarized beam on the unpolarized target,

The addition to the ecorrelation

I@(Qﬂﬂpq H SFr46“r4 GIP aﬂ
vanishese. ‘
The number of independent experimenta when phase shifts
are imaginary coincides with that of terms in the émplitﬁde,.thué
the coefficient phases become equal to O and Ii/2. o
 In order to get an idea how it is for elastic scatterlng

of partjcles w1th higher spin let us consider in brief the case



(1, 0) restricting ourselves aga*n by imaginary phase shifts.
The amplitude M for this case coincides, in fact, with M for
the triplet neutronuproton scattering, 10@09 the expression
for M in this case in cbtalned if we put B = 0, T = 1 in (17)
~and in the remaining expressions we s@bstitute (655 (6]5)

for Z(Stl)e‘f where S 4is the cperator of spin lo Th@n9 as

10/

can be seen from 9/ and s the polarization P alse Vo

nishes whereas tha mean values @f\thr tw 18 G 8

D'”{. —“;#(Sl SF{ T 5;(6;') - % 53%

which together with S, characterize the stats of polarization
are different from zero., The crogs sectiorn ¢f the polarized

beam scattering will, generally speaking, involve the terms,

proportional tOAéOS‘? ~and cos?'Y but the term involving
cos - in ﬁrop@rti@nal only t@ the mean value
3 w. L

7o When\discﬁssing the supposed @Rpczﬁ%énts with nucleon
'beams at the energies of some BeV ths nﬁél@on elastic scatter-

ing by nucleons and nucled 1s ﬁéme+im@s considered to be con=-

\

sistent with the simple diffraeti@n pi\fure on thé “bla@k nucleug®
while the polarization phenomena will be absent, This is supporte
ed by a good agreement of the &ailable experimental data on p=p
sgattering and.nudleon ssattering by nuclei with simple formulae
for the cross sections-in the approximati@n cf the'black nuclie-=

us" or "grey absorbing\nucleusﬂ with n = 1, although the values
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of the so obtained cptical parametors in the energy region
about 1 BeV make the authors be surprised at this good agree-
ment, | ’ ,

Some objections against the applicability ofwsimilaﬁ coﬁ—
sideration for =P seattering in the energy reglon about 1 BeV
are given by Rarita I%/

The results of the discus&ion:given in this paper indicate
that at high energies when the elastic scattering is due to a
great extent to inelastic processes 1t may bé_possible fo ob~-.
tain the nucleon beams with the considerable polarization. The
pressnce of such beams makes it possible to arrange additional
experiments. The polarization edperiments present a effective
msgns @f‘studying the‘spin effects in the elastic‘seattering,
the presence of which may not appear when studying the differen=
‘tial cross sections. .

To realize the predictions of the "black nucleus" or "grey
absorbigg nucleus® épproximation to the polarizaﬁion phenomena
is rather doubltful, since (h ~1)k, (Ny-i)k
are proportional to the rdéal part ofﬁthe forward amplitude and
its derivative by the angle when 9—-*~O° s divided into the,mo=
mentum ¥ . Hoé@ér, even at extremely high energies these quanti-
ties,'as if follows from the dispersion relations, are not equal
to zero but tend to the donstaht values different from Zeroo. In
additions, the existence of the nucleon magnetic moment leads
to the presence in amplitude (3) of the doefficlent B(o) with
the imaginary part different froﬁ}zeroa

- As for the agreement of the diffraction formulae for the

cross sections with the experimental data in the emergy region of



about 1 BeV it seems to be due to a simple @ir@umsﬁana@,‘whi@h
consists in the following, The main features ¢f the elastic scat-=
tering at high energies (the secattering is stretched forward and
cancentrated in the small angle region are given by two simple

inegualities 11, 12, 13 Q)

I, (0°) ¥ Cbﬁg) E | (18)
‘with the help of which one may cbtain 12 , that é)
2, (4 ¢ S
Jjia é(“l’?m’t> (O | (19)
for n-p scattering
’ I >(?ﬁme(6¢ | Gt')ﬁ
Lot 2 (55) (Gpp - Op )™ (20)

~i1s“added to them.

Eqs. (18)=(20) are based upon the optlical theorem, i.6o,
'follow from the genséral property of the unitarity of the S-mat-
rix, which is taken into account in the optizal mbdel as Wella
In the frame of the optical model (if n = 1) (18) turns out
into5the’9quality‘Whereas the main reglon of the scattering an-

‘gles : Y o N2
¢ (5.
e

follows from‘(l9)o"Thef1atter Qircumtances seem to account for
-good consistence of the simple "diffraction” formulae with the
exﬁerimental'data on the'élastic scattering at high energiles.
' ‘Thé7érguments:énalogous to these given by Okun' and Pome-

14

ranchuk point out that the quantity A(9) in amplitude (3)

considerable exceeds B(0) on the whole and, therefore, the latter
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may be neglected when considering the unpolarizeé cross sect-
ions, In spite ofithis9 as the discussion in this paper shows
the considerable polarization.is possible infahe aggle region
_where A(%) and B(8) are found to be comparable,

' Although the- disoussion was main 21y concerned with the nucle= '
on interaction with nucleons and nuclei it may,,of course, be applied
'to the-beams of other nuclei as well as to those of antinucleons,
hyperons, electrons etco N _ | o i.'

Note that the beams of antinucleonsg”hyperons andﬂantihyperons

| ftnrn‘outg generally speaking, to be partially polarized'in the pro-=
duonion processes, This creates the possioility of OBtaining thé |
A"data'about the magnitude of the spin of the hyperons ‘and antia'
hyperons 12/ when studying;the dependece of the interaction cross |
section of these beams with the’nucleons and nuclei upon the )
azimuthal angle *f | h ' - - |

To sudy therpolarization Ppu proves to be 6ffintameato As is

seen from (16) in

PU B(8) coincides practioally with P™ in the angié

region where G© 7 ﬁ% o The polarization rotation is maximum

in the angle region where ;aglslbdo There Py, 1is maximum and Pfu

given by the second term in (16) is rotated relative to P by’I%é.
The author is grateful to SQMQ‘@ilanky, I.1I. Levi?gov,

RoMo Rynding Jvo.Smorodinsky and L.M. Soroko for useful dis-

~cussions and valuable advice,

L. Lapiduso,
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