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OU3UKA BJIEMEHTAPHBIX YACTHUIl U ATOMHOI'O SAOPA. TEOPUA

CALCULATION OF SPIN ALIGNMENT OF DEUTERONS
TRAVELING THROUGH MATTER

L. S. Azhgirey, A. V. Tarasov

Joint Institute for Nuclear Research, Dubna

Calculations of the spin alignment of the relativistic deuteron beam passing through matter are
described. The tensor polarization is calculated within the framework of the Glauber multiple scattering
theory. The calculation results are compared with the recent experimental data.

Onuc H p cyeT BBICTPOGHHOCTH IO CIMHY IIydK pPEIdTUBUCTCKMX ICHTPOHOB, MOSBIAIONIeiica mpu
€ro MPOXOXIEHUU uepe3 BeIeCTBO. TeH30PH s MOJIApHU3 LU BBIYUCIAETCS B P MK X TEOPUH MHOTOKp T-
HOro p ccesHus I y6ep . Pe3ynsT THI BRIUHCIICHUII Cp BHUB I0TCS C ITOJy4€HHBIMH HeJl BHO dKCIIEpH-
MEHT JIbHBIMH JI HHBIMH.

PACS: 24.70.+s; 25.45.-z; 29.27.Hj

1. It is known that the availability of a small quadruple moment of the deuteron gives
rise to a number of polarization effects in the nuclear reactions involving the deuteron [1-5].
Recently the phenomenon of spin dichroism (production of a spin-aligned deuteron beam
arising as initially unpolarized deuterons pass through matter) has been observed using an
extracted unpolarized 5-GeV/c deuteron beam of the Nuclotron [6]. In this paper the results of
the calculation of the tensor polarization of the relativistic deuterons traveling through matter
are given.

2. Before writing the expression for the total cross section of the deuteron-nucleus
scattering, let us consider the nucleon-deuteron (N D) scattering. The total cross section
of the ND scattering for a definite spin state of the deuteron A may be represented in the
form [7, 8]

ot = 9Re / Prpp T (ep)) (rp) / d*bynp(b,s). (1)

Here rp = (sp, zp) is the distance between the nucleon and deuteron center of gravity; sp
and zp are the transversal and longitudinal parts of this distance, so that d3rp = d?spdzp.

The profile function vy D(b, s) can be expressed through the functions vy, and yx,, for
the proton and the neutron, respectively:

1 1
ynp(b,sp) = {WN;; <b - 5SD> +YNn <b + §SD> -

1 1
— YNp (b - 58D>7Nn (b + 581))} )]
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The nucleon profile functions are connected with the corresponding amplitudes of NN scat-
tering by the expressions

YNp (b - %SD> = /d2Qpr(Q) exp [—i (b - %SD> q],

(3)
1 . 1
YNn (b + §Sp> = /d2Qan(Q) exp [— i (b + 55D> Q]~
If the amplitudes of the NV scattering at high energies have the form
fapl(@) = ~=0'(1 — ian,) exp | — 3 Bg?
e 4x NP Np 271 ]
. 4)
fan(q) = L gtot (1 —iann)exp | — qu2
" 4o N " 2 ’
the profile functions may be written in the form
2
1 1 . 1 1
'7Np<b_5sD> :M—B(l—zaNp)exp{—E<b—5sD> :|, (5)

1 1 1 1y
nlb+ = = —(1—iann ——(b+= .
YN ( +25D) 47TB( ion )exp[ 2B< +2SD) ]
The total cross section of NIV scattering oy and the ratio of the real to imaginary parts

of the forward NN scattering amplitude o averaged over the deuteron nucleons are

1 OppQpy + Tpn
pppp pnpn
ONN = =(Opp + 0Opn), a= .
2
Opp + Opn

(6)

The total cross section of the deuteron scattering on a nucleus is

U?%A) = 2Re/d3rp¢g\)T(rD)¢g\)(rD)/d2b X

A
X/\‘I’A({Tz‘})FHdSH Tap(b,sp;{si}). (1)
i=1

The nuclear profile function has the form

A
FADZI—H{I—’}/ND(]I)—SZ‘,SD)}. (8)

i=1

Here b is the impact parameter between the deuteron and the nucleus; s; and sp are the
transversal parts of the distances of the nucleus nucleon from the center of gravity of the
nucleus and the deuteron nucleon from the center of gravity of the deuteron, respectively.

The wave function of a nucleus W 4({r;}) is connected with the nuclear density p(r;) by
the relation

[Ta({r:})* = Hp(ri), 9



716 AzhgireyL.S., TarasovA. V.

where
/ p(O)Pr =1, p(r) = pls, 2). (10)

The second integral in the expression for the total DA cross section may be written in the
form

A
[ 1ara)? [T Tan(o.sni s:)) =
i=1

A
=1- {1 - /p(s,z)d2sdz FAD(b,sD;s)] . (11
The spin structure of the deuteron wave function is expressed in the following way:

8‘)(1‘) = [QSS(I‘) + 21%(3 opV - OV — 1)(;5,1(1‘)] Xg‘), (12)

where

v=5 {60 1o} dr=1.

Here ¢s(r) and ¢4(r) are the wave functions of the S- and D-states of the deuteron; v is the
orientation of the deuteron spin. The spin function of the deuteron XSJ/\) is connected with the

nucleon spin functions by the relations

WD = /2 0/2),
AU = X Dy 112, (13)
1 . .
WO = E{xé””x% 12) 4 ””x%””]-

3. If the deuteron wave functions ¢4 and ¢4 can be represented as the sums of the Gauss
functions [10]

5 5
$s =Y Ajexp(—aiq®), ¢a=q>Y _ Biexp(—fiq®), (14)
i=1 i=1
and the nuclear density is chosen in the simple Gaussian form
1 r?
p(r) = R2)P2 exp <— R—(Q)>7 (15)

the integrals of this problem can be taken analytically.

4. On the above assumptions in line with the multiple scattering theory, the difference of
the total cross sections for the scattering of deuterons in different spin states (+1) and (0)
from the nuclei may be written in the form

A
1 v A

Ao = ——
Ns+ Np

Ac™), (16)
N=1
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where the cross section difference for the Nth collision is given by
N— N —m—n(N
v Ayl

N
AcV) = ’
o WR1R2mZ::0”Z:;) [(m+n)Ry + (N —m —n)Ry] n! m! (N —m —n)!

(17)

There the following notations were used:

5 . 3/2 )\(N)
AR =3% ) CiDy (—) —
=1 k=1 Tik (M + Tik)?
3 o (T 32 NI BANY + Tvi)
+ 2 Z Z R Uik ) 3
i=1 k=1 & Vik(Am,n + Vi)
with

m,n 4

A _1<N—m—n 4mnR%+(m+n)(N—m—n)R%>

N B Ri[(m+n)R3+ (N —m — n)R3 (18)

QN — cos (2N —m —n)®, & = arctana.

m,n

The parameters R;, Ra, aj; and ay are expressed in terms of constants peculiar to this
problem:

R?=R?+2B, R3=R:+B,

2 2
ONN /7 3 oin(1+a%)
e 1 2 g —7NN
“ =gVt @ 16m2BRZ (19
2

where (%) and (r2) are the squares of the rms radii of the nucleus and the proton, respectively.
The effective numbers for the S- and D-states are

5 5 5 5
CiCkWS/Q 15 Dkaﬂ'S/2
Ng = ————, Np=— — 7 (20)
;,; (pi + pr)3/? 8 ; ; (wi +wg)7/2
where
Ci = A; (25/0:)°, Di =V2B; (25/8,)"7,
Pi = 6.25/0&2', w; = 625/51,
Ti,k = Pi + Wk, Vik = Wi + Wg.

5. The following values of the parameters were used in the calculations: oy = 4.40 fm?2,
any = —0.339, B = 0.297 fm? [9]. The constants a;, b;, o; and (3; were taken from [10];
they correspond to the deuteron wave function of the Reid soft core potential. The rms radii
used in the calculations are given in the second column of the table [11].
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Root-mean-square radii R4, cross section differences Ao, Pz, and target thicknesses x for
different nuclei A calculated under the assumption that the beam intensity behind the target falls
down to 0.01 of the initial one

A R4, fm o¢, mb Ac, fm? Pzz x, cm
9Be 2.26 540 3.16 0.171 | 68.8
2@ 2.42 650 3.79 0.174 83.0
2TAl 3.06 1090 6.25 0.170 | 70.3
40Ca 3.52 1400 7.78 0.165 | 1412
51Cu 3.88 1880 9.58 0.151 29.0
106 Ag 4.40 2630 11.91 0.135 | 30.0
197 Au 5.33 3850 15.56 0.121 20.3
207pp 5.42 3980 15.93 0.120 35.2

6. It can be shown that the tensor polarization of the deuteron beam arising from this
cross section difference is

1-— —NA
Py = S exp(ENA0T) 1)

1
1+ 3 eXP (=NAoz)

where N is the number of nuclei in cm® of matter = cm thick. The calculation results are
shown in the figure by solid curve together with the recent experimental data [6].
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Tensor polarization of deuterons vs thickness of the carbon target [6]. The dashed region shows the
error corridor, the solid curve is the calculation result

In the table the values of Pz for different nuclei were calculated under the assumption
that the beam intensity behind the target falls down to 0.01 of the initial one. The total cross
sections of the deuteron nucleus interaction o; were calculated according to [12].

7. A formalism is elaborated to calculate the tensor polarization of an initially unpolarized
deuteron beam arising as deuterons pass through matter. The effect is treated within the
framework of the Glauber multiple scattering theory.
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The results of the calculation are compared with the recent experimental data obtained
with the extracted unpolarized 5-GeV/c deuteron beam of the Nuclotron. The calculation
results are in qualitative agreement with the experimental data.

The possibility of producing spin-aligned high-energy deuteron beams at the sacrifice of
beam intensity is noted.
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