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Abstract
v Tﬁe d-d total cross section is expressed, in/ﬁhe'higﬁ—energy approiimation,‘
in térms of nuCieonfnuéleon elastic scattering a&pi&tudeé and the deuteroh ground
state wafe function; Single, double, triple, and quadruple interactions are

. // .
treated. Calculations are compared with measurements.

The study of d-d collisions can yield informatidn about n-n or n-p cross

]
!

sectibns in much the same ﬁanner as the étudy'qf collisions-between.single particles
and deuterons has yielded information about single—particle—neutron.éross sections
The d-d collision is furthermore.the simplest one which involves neither neutron
beams nor neutron targets and yet yields éome infprmatibn about n—ﬁ crosé sections.
As such it may become a means by‘which the chafge:symmetry of huclear forceé can be
tested‘or, if charge symmetry is aséumea, a.means by which the'nf? cross.sectidn

can be estimated. We present here ghevresults of an analysis of d-d total cross

2).

sections at high energies by.means of thé'Glauber*high—energy approximation

The methods used for the present note are similar to those used in a recent

analysisg 5) of the gingle and double interactions in collisions of single particles

"This work was performed.under the auspices of the U. 8. Atomic Energy Commission
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with deuterdns.‘ We characterize high-energy d-d collisions by single, double,
triple, and quadruple interactions and the interferences. between the corresponding

"scattering amplitudes. The d-d elastid scattering amplitudevfdd(g,k) may be given

in terms of the n-n, p-p, .p-n, and n-p elastic scattering amplitudes £ f f .,

rp’ “pn

and £ Dby the relation - _ ~
np -

JREFPICRD - 2[5(g/2) 5(-g/2) [fnn<&;¥/2> + fpp<g,k/2>] + 5" (g/2) £ p(x/2)

. ' 2 ' . . o N - ) ) .
+ 5 ('3/2) fpn(g;k/g)} + multiple interaction terms. = (1)

!
!

where Hng  is the momentum transferred to the target and Zrk is the momentum of .

the incident deuberon in the laboratory system. S{q) is the form factor for the

deuteron’ ground state

o oigry 2
s(g) = [ e = =o)” &
We note that‘fdd(q,k) is giveh in terms of the nucleon-nucleon (N-N') elastic
~ scattering amplitudes for nucleons incident at one-half the deuteron laboratory

momentum.

e

The Tdur'terms-written:explicitly in eq. (1) are those which would obtain .. .

in a simple impulse approximétion.“ Since the multiple interaction amplitudes are

lengthy, we“shall.only record here some of the useful results that can be derived

. . . . . . f‘
" from them. The d-d and N-N' total cross sections Gdd(k) and o (x/2) are given by

the optical theorem:

X

¥ ' .
In the present work the Pauli principle and the spin-dependence of nuclear forces

have been neglected.

IR
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C o0 = (/R) In £, (0,%)
Oy (6/2) = | (8m/x). Inm Ty, (0,k/2)
i o " Ve défine ’.che d-d total cross secti.on dgfect 66 .b‘y/t’ﬁe ‘r'elat_ion
) | .. | | V | v//'/” |
cdd(k) =0 (x/2) + dn_p(k/’a) +' G‘pn'(]f,/ej + oi)p(k/Q) - 80 . (2)
.We' shall analvyzeb o0 in terms of contri’ou’ciéns 8_02, 665, a_nd_'&crlL —wh'ich arise
from double, triple, and quadru'pl.e intgractions, res‘pectively, and writte
‘Svo = 80, +: 653 + 80), - , o , . | _ - (3)
The .fbllowing :lrela;fg;ions: ‘ax;e 'Obtaingd :
do, = -8kf2 f‘{s,(&) S<'3) Re[.fnn(%)?pvp(;é};]f-}-':_.S?_(%?I'Be[fnp(g) ; fpn(-g)]‘
Cere {s(g)ifnp(g)»;s(:.g>fph'<g>1[fnn<-g> ce tia®q
8oy = (8 k5§f‘s<g}s.<g-*'51g[ £ ( i-gif-m (-31)%, (g )+, (97, (g )f?n‘(,‘-g-g' )
* fgp<2;>'fp1;<-&f?fgpi<a‘-‘:wffgn(r@fﬁpﬁ%‘.ﬁ@ﬁs;&’?idi(?)%a(?)a’ SO
y
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. 2 )_l- ) - " .
8oy, = (8/n" k) [ s(g) s(q') Re[f_ (g-¢")

,Axva(z)g a(2)&, d(Q)QH. I NG

hatd

In these expressions we have suppressed the argumen£ k/E in the N-N' scattering
: ‘ il ‘ iy :

/

amplitudes. - . v o o

/,

Eguations (3-6) give’the-general exp;eééion for the cross section défecﬁ
iﬁ'thé.high—gnergy approximatioh; We shaii;discusé hé?e two seté of assumptions
regarding £he N-N' amplitudes and the stguctufé.of theQdeuteroﬁ whiéﬁ lead to |
parficularly-transpérent.results for the tbtal éroés seétioh;

The first set consists of ﬁhose'aSSumptions which when employed in the

analysis of single—particleideuterbn‘cdllisions yieldvthe widely used Glauber .

4)

0.~ O+ -0 0 (r-2>/h75-where X

asymptotlc shadow formula < xn oxp xn%xp

represents the incident particle and (r-2) is the.expecfation value of the in-
Versé squafe of thé n—p'ééparétion in the deuteron taken with respect to the
deuteron gfound state. We should note thatvthié simple asymptbtic expréssgon
'and fhe'éorresponding éne for d;d collisions which we shall presentwgivé 1wb

5)

only very rough estimates for the cross section defects - If we assume that

ﬁhe aVEDage n-p separation in the deuteron greatly exceeds the rangés of the
N-N' interactions, 'that = the real parts of the N-N' forward elastic scattering

amplitudes may be'neglected; andathatxcnpn=acpﬁ,ﬂweiobtainvtheasymptotic1results

%

sting results f;om‘réf. 3, we may're—expresS eq. (2)ias Oag = 2(ond-+ Gpd>
v P ! '
- (Gpp + ot Ecnp) - (8q21 + 603 + 6Gh)’ where 602‘15 given by the first two

' terms on the right-hand side of eg. (4). The N-N' and N-d cross.sections refer

again to_ihcident,nucleons with laboratory momenta Hk/2.

-~

'y .
<
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) | ‘, G '2+c-

~ (A) Onp(GnnHiﬁp -2, %mp *%p%mm 1 rer? |
8o, ST (r ") + g <2rr1 In Tffr’l> (7)
(A) - ’ 2.2, 2
D ~ -
B0y n m 0 (R0 O O O ) (T /26T | ®)
(a) 4, 20 . o (2) -
boy, " w32k ({r 7)" [ Re[f (-g) fnn(:&> fp (@] d7g (9)
where 4
' . 1 { o, . 2 .
A bormT) = [f 5= n e le@1 o) Tarar (10).

Considerably different asymptotic expressions for 80, ‘and 50, have been

2 - 3
stated bvaueen 5>._ They are based; on the assumption thai only élastic (i.é.,
unexcited) intermediate ététes occur in the scattering processes, an aséumption
which is rather doubtful for high-energy co;LlisionsJ and they are not equivalént
to egs.(7) and (8). If quadruple interactions are small at high eﬁergie&'and our
calculations ﬁill show that they are, then egs. (2,3, and 7-9), together with a
kﬁowledge Of_cdd’.cﬁp’

naeni imate for o -. | end f = T
magnitude estimate for Gnn . np pn’

an, and the devteron wave function can yield an order of

A second set of assumptions is that in which fpn = fﬁn/ and in which a

o

commonly used form for the N-N' scattering amplitudes is assumed,'namely

. . : 2 °
. — (. -va /2 - s :
fjp(&,k/E) = <1+aj)(kojp/8ﬂ)e T J.— n,pf

&

4

‘If this expression is used in egs. (4-6) the results may be written as



5, 5=: (1/tm) f:{[l-_o@ci

yet available at a given nucleon momentum.

may be necessary to use as input

‘momenta. We have calculated 8c¢

momentum of approximately 2.8 GeV/c by means of egs.

we ha#e used o]
ments at 1.408 GeV/c 6) and 1.38

by making

value of y.= 0.189 e
. , , 8)

~ ing date of McManigal et al.

we have o = 0.21 and an = ~0.

2}

= L6.L87 mb and> o =

- at 1.386 Gev/c}

6 ' UCRL-1669k-

+ (l—on)onp Sz(q)

' 2
. - Y9 11
+ h(l Oﬁgn)oppdnp (q?} e qdg , (11)
- 80,.= :v..[‘(l-i.zozgoa ?ocg)c‘ + (1-20 0, —042)6 ]. !o o /8rr )
A P n.n’np p.mop’ppT Cnp PP
. » o
o : _ 2 . g - 12 d : -
x [2-8(a)e™™ qdaq [7s(al)e Y41 (yaat)a'at, o o (12)
. O . ) ’ v/,’ . N
O = BT p -’ np “op/ 2 lo a4 g
'.Where.Id(y) = Jo(iy)vis the Bessel fdhctidn_of imaginary argument. |
No complete set of measurements fgr an, Upp’ oAy Ob’ v, and Oqq BF€

4.

In a calculation, therefore, it

data measurements made at somewhat different

665, 60&’ and 934 for deuterons with a

(11-13). As input data
25.8 mb which were taken from measure- -
GeV/c 7), respectively. We have obtained a

scatter-

9)

a least-squares fit of the elastic p-p
From theoretical analysés
%1 at 1.408 GeV/ec.

The form factor S(g) was

obtained anélytically from & representation of the deuteron'groundvstate wave

10)

function givenvby Moravesik

The results of our calculations are

.:\.
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8o, = 21.0 mb, 805 = -1.8 mb{ 80), = 0.2 ub, Bg = 19.5 mb, apd‘cdd = 145 mb.

This may be compared with the measured d-d ‘total crosé section éﬁ 3.0 GeV/c
for which an estimate of i22i7 mb has been given ll). Déspite the fact that
the;five nucieon-nucleon input data were obtained from five different sources,
including three independent measurements, it is difficult to.see'what.would_

reduce the calculated value of ¢ by more than é few millibarns and it is

dd

suggested that perhéps another cross section measurement might be made.

-
i

’
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