
FH Y SICAL RE VIEW 9 VOLUME 19, NUMBER 11

Particle dissociation on a composite target
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We discuss. the Brell-Hiida-Beck (BHB) mechanism for particle dissociation on a composite target.
Working in an approximation scheme of the eikonal type (linearized propagators), terms describing
interaction with more than one target nucleon are easily included. Several interesting features emerge. Due
to cancellations, the only important diagrams are those describing dissociation before the target is

encountered. Disregarding cancellations, internal production vanishes like the longitudinal momentum
transfer. There is thus no intranuclear cascading at high rapidities. A careful analysis of the rescattering
terms for the coherent process Nd ~(Nm. )d reveals that the target is much more transparent than one would

naively think (o., = cr» + cr ~), though not as transparent as indicated by experiments. This suggests that
the DHD mechanism is not the dominant mechanism for exclusive particle production on nuclei at high
energies.

I. INT.RODUCTION

When a proton beam scatters off some target,
there is a large cross section for producing pions.
This is common to all strongly interacting beams,
and in many ways similar to bremsstrahlung. A

simple mechanism for strong dissociation was
proposed by Drell and Hiida' for the case of nu-
cleon dissociation, and by Deck' for the ease of
pion dissociation.

In general, the Drell-Hiida-Deck (DHD) model is
quite successful in describing the gross features
of low-mass production on proton targets. ' How-
ever, the interpretation of these low-mass en-
hancements is not clear, for a couple of reasons.
First, the quark model predicts meson resonances
close to threshold. The low-mass peaks in g -3p
and K -Kzv are mainly J =1', but the failure to
find resonance behavior in the J = 1 waves has
been a persistent problem. For the pion excita-
tion (A, ), a possible solution has recently been
suggested by several authors. ' They argue that
the direct production of A, is negligible, but that
it is formed in final-state interactions. The de-
duced mass and width of the A., agree well with
data on v - (3m) + v, .' This solution to the problem
should be contrasted with the recent phase-shift
analysis by Pernegr et a$.' of data on nuclear 3g
production. They conclude that the 1' wave is
resonant. This would seem to indicate that when
produced on nuclei, the DHD mechanism is strong-
ly suppressed, leaving resonance production as
the dominant mode. However, the puzzling point
is that the nuclear data are consistent with the ele-
mentary production strength being only slightly
smaller than for production on hydrogen. '

'The second reason the interpretation of the low-
mass enhancement is unclear is that when pro-
duced on nuclei, these low-mass states appear to

have very small cross sections for interacting
with target nucleons. " It has been argued" that
if the DHD mechanism were dominant, the cross
section (cr, ) should be of the order of the sum of
the elementary cross sections. In particular, in
the case m —pic, one would expect" 0» ~ 1.70„„,
which is definitely ruled out by the experiments. ' "

We want here to discuss in some detail the sim-
plest example of DHD dissociation on a composite
target, Nd- (Nm)d, paying particular attention to
the rescattering, i.e. , contributions where both
target nucleons participate. If the deuteron is to
remain bound, the two nucleons tend to share the
overall momentum transfer. This, however, can
take place in a variety of ways. To second order
in the scattering amplitudes, the beam nucleon
can scatter off both nucleons, the pion can scatter
off both nucleons, or the beam nucleon can scatter
off one nucleon and the pion off the other one. Be-
cause of cancellations, the first type of terms is
not important, whereas the last two are of com-
parable magnitude. We also discuss terms where
either of the target nucleons interacts with both the
outgoing particles. A careful analysis of the re-
scattering terms can reveal to what extent the
DHD mechanism is important.

The pion can be produced before, between, or
after the two scatterings on the target nucleons.
An evaluation of these amplitudes therefore pro-
vides a quantitative insight into the spacetime
structure of this kind of particle production. We
shall in particular show that internal production
is strongly suppressed for low masses and/or high
energies, irrespective of the energy loss of the
leading particle. This phenomenon is related to
the suppression of bremsstrahlung from a high-
energy electron going through an extended medi-
um, first discussed (incorrectly) by Williams. "
Feinberg and Pomeranchuk" pointed out that this
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suppression of particle production at high energies
depends upon the mean free path of the particle
going through the medium. Therefore, it sets in

at much lower energies for N-&n in nuclear mat-
ter than for e -ey in atomic matter.

II. DISSOCIATION ON A SIMPLE TARGET

We consider first briefly the dissociation &-Nn
on a simple target. Like for bremsstrahlung, the
only role of the target is to take a little momen-
tum, thereby restoring the energy-momentum bal-
ance. This can be achieved in three ways, as il-
lustrated by the diagrams in Fig. 1.

Let us then see how the three diagrams add. We
take a pseudoscalar ~NN coupling. One usually'
represents vertex corrections by some form fac-
tor. However, this form factor is slowly varying,
and since we are interested in the limit of small
momentum transfers, we shall ignore it. (This
allows us to use a very simple notation for the
terms involving two target nucleons. ) In scattering
off the target nucleons, the quasireal nucleons and

pions will be treated as real particles. For a fixed
final mass M close to threshold, the momentum
transfer required to get it on shell is at high ener-
gies very small. We take the elastic scattering to
be spin independent, and may then write

( +m).
M. =&y~NN(Ey, q) 2 2 &~gy'&(,

P -m

, (P'+m)Mg=&g&~gy', 2, ~NN(E(, q) &),
P -rn

Neglecting terms -q, and identifying M~~ and M,
„

in terms of scattering amplitudes, we find

fNN(~~. q)
2E~ q~

f..(~'.q)
2E, q~

f. (~, q)
2coq

8 =81Tmf &gay B

(2.2)

HI. DISSOCIATION ON A TWO-NUCLEON TARGET

The above simple structure is essentially the one
arrived at by Stodolsky. '4 However, he did not
consider the term we here refer to as M„and it
was Ross and Yam" who first realized that the
terms M, and M~ are comparable and of opposite
signs. We should like to stress that this cancella-
tion comes about (as in the case of bremsstrahlung)
because the elastic scattering amplitude (at fixed
momentum transfer) is proportional to the energy.

A detailed, quantitative study of the baryon-ex-
change terms has been performed by Cutler and

Berger." They allow for the off-shell-to-on-shell
NN scattering amplitudes to be different from the
on-shell-to-on-shell amplitudes, and find the can-
cellation to depend somewhat upon the form adopted
for these amplitudes. This sensitivity to the form
of the off-shell amplitude probably comes from the
fact that the virtual nucleon in the two cases is off
the mass shell by amounts which are comparable,
but of opposite signs.

k

Pi

Pi (b)

pr
l

(c)

FIG. 1. Diagrams and kinematical variables for the
DHD mechanism on a simple target.

In dealing with the scattering of extremely rela-
tivistic particles off weakly bound target nucleons,
it is convenient to do an adiabatic approximation.
'The energy transferred to the target nucleons is
negligible, and we may regard them as fixed dur-
ing the scattering process. " In fact, we shall first
write down the amplitudes for a fixed separation
of the target nucleons. This allows us to get some
insight into the space-time structure of the dis-
sociation. Relevant deuteron results are presented
later. Since we are mainly interested in qualitative
features, we shall work in the limit oNN(E,.)

NN( f)'
We distinguish three types of terms, (i) single-

scattering terms (one of the target nucleons inter-
acts with either of the fast particles), (ii) double-
scattering terms (both target nucleons interact
with either or both of the fast particles, but none
of them interacts with more than one fast particle),
and (iii) correction terms (either or both target
nucleons interact with both the fast particles).
'The latter are known as "absorption corrections"
in the case of a single proton target. "



3428 PER OSLA1VD 19

A. Single-scattering terms

he single-scattering diagrams are for either
target nucleon given in Fig. 1. There are thus six
terms, out of which four will cancel pairwise in
the limit o~N(E() =o„N(Ef). We are left with

k~
Pi ~p P

k

(1)r 'r . rrr 5 2frrrf( r q)(rJ =Qy2v &g ')/ Q]

Z (e (q r/2+erq r/2)

2~~~-lf (~ q)(e iq r/2 +e(q r/2)

with

5
'

1X—= 2v ~gu&y Q,. g~

(3.1)

(3.2)

Pi

Pi

P (
9

I
k

P(

(b)

For coherent dissociation off a deuteron target,
the two exponentials give a form factor, and the
dependence upon q will be given by 2f,„((d,q)S(2'q),
like for gd elastic scattering. However, in the re-
gion of double scattering, the dissociation ampli-
tude becomes very different from the elastic wd

amplitude.

Pi

"/2

B. Double-scattering terms

he double-scattering terms are given by the
six diagrams in Fig. 2, plus those where the tar-
get nucleons are interchanged. We do not dis-
tinguish between whether the target nucleon is a
proton or a neutron, so interchanging them
amounts to reversing r,

Pi

Pi

2
f'/p

(e)

St"'(r) =alt,"'(r) + alt',"(r)+ ~ ~ ~ +mf"(r)

+

For the first diagram, we find

FIG. 2. The simplest diagrams describing DHD
production on a two-nucleon target, with both target

,nucleons participating.

3

Jil,"'(r) =((f (2,', 4((f„~(Ef,q, )e"2' '
27T J p' -m +zE

&& 4((f~„(Efrq()e "1' '
2 2 . (~gr'(((,

P —PPl + 2&

where p =p& —p, q& =p —p', q =p' —p&, q= q, +q„EI,=E~, =8&. Neglecting terms -q, and q„wehave re-
placed the numerators (P+ m) and (P"+ m) by 2m.

At small momentum transfers we may parametrize the amplitudes as

fN~(E q)=(2«Ne/4&)e '"' "
where we have neglected the real part. If we now linearize the propagators, p" -m'+&&= -2Efggg+
p' —m'+i&= -2Efq~+2&, the integration over transverse momentum transfers factors out, and may be ex-
pressed in terms of

2

GN„(s;qr)=
( ), e' ' exp(--2'a„[(2'qr+p)'+ (-, qr —p)']), (3.3)

where r = (s, 2), q = (q„q,).
The z values of interest are large compared with the range of the NN force, so we may further approxi-

mate
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J dq&1 exp{--,'a«[(qx —qxl. ) +q&r. ] fqzrg) ~ -a q 2/2 -ic s
&g~z ~&-&gaL, &- 'aL,

2r -q~+q»+sr (3.4)

and get

OR&'&(r) = ~ iXo»'G««(s; qr)e '«'s '8(z)e "s,' '. (3.5}

The longitudinal separation z enters only in an overall phase factor e "L' ' and the 8 function. All dia-
grams describing external production [2(a), 2(c), 2(d), 2(f)7 give amplitudes of this structure. However, for
internal production [diagrams 2(b) and 2(e)] this is not so.

Consider next diagram 2(b). Linearizing the propagators, and integrating over transverse momentum
transfer's, we now get

2+ 2'&

OR(2&(~) 1 X QG (~, ) jq I/2 qlL P L 2 «l q ql .L qlL & qlL (3.6)

This integrand has two poles on the same side of the real axis, separated by q~, and the approximation
(3.4) leads to

OR',"(r)= ,'ix-o-'G„(s;q, )e '«'I.' '8(z)(e "~' ' —e "~' '). (3.7)

For small values of q~z, (OR',"(r)
(

will vanish relative to )OR,"&(r)
) like q~z. This result can be obtained

qualitatively from the uncertainty principle. However, it is worth stressing that the momentum conjugate
to r is the overall momentum transfer. Neither the momentum p, —

p& lost by the incident particle nor the
momentum k of the produced particle enters explicitly.

The remaining terms are evaluated in the same manner. We find

OR,"&(r)= ,' iXo--'G «(s; q, )e '«'L' '8(z)e "~'/' (3.8)

%'"&(r)=

OR "&(r)=e

OR"'(r) =

(s. q )[+ c«cg2/28(z)e fags/2++ a&cp/28( z)efcgc/2]

(s. q )8(z)(e-a«e& /2&-&a&a/2 e-a„a&/2eiq&z/2)

4iXo,„'G„„(s;q)e '~'& '8(z)e "&' '

(3.9)

(3.10)

(3.11)

In analogy with (3.3), we have defined

2

G«(s qr) (2 )
e exP[ 2 +«(2 qr +P) ] exP[ 2 + (2 q, —P)']

G„(s;qr)=
( ), e' ' exp{--,'a, [(&qr+P)'+(2qr p) ]].

(3.12)

Both terms OR('(r) and OR&'&(r) that describe internal production vanish for q~z-0, in agreement with
qualitative expectations based upon the uncertainty principle.

In contrast to the analogous first-order terms, OR,"'(r) and OR,"&(r) do not cancel unless q~z-0. But their
sum is precisely cancelled by OR', '(r),

OR."&(r) +OR ',"(r)+OR,"&(r)= o,
so no terms fx:o~„'will survive.

Summing all terms, we get

OR"'(r)= ~iXo,«e '~'I '[o„„G„„(s;qr)e"I' '+o «G „(s;qr)8(z)e "&' 2+ {r--rH.

(3.13)

(3.14)

C. Correction terms

There are corrections to the above results due to the fact that either or both of the target nucleons can
interact with both the fast particles. 'Terms involving only one target nucleon are shown in Fig. 3. When
we describe each interaction by the physical scattering amplitude, no pair of particles is allowed to inter-
act more than once. There is thus no term where the nucleon scatters before and after emission. One
might likewise argue that diagram 3(b) should be omitted. Actually, for small q~ its contribution vanishes
relative to the dominant term like a,q~, and the reason we include it is to cancel a small contribution
from diagram 3(a). The sum of the two diagrams thus gives a very simple result (For the .corrections to
the double-scattering terms, the inclusion of diagrams of this type leads to tremendous simplifications. )

The two diagrams give
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Pi (0)

P)
k

P~ (b) Pi
(b)

FIG. 3. Absorptive corrections to the single-scatter-
ing terms.

FIG. 4. Absorptive corrections to the double-scatter-
ing terms. Contributions proportional to 0 ~ O~g.

4iifwv(+/~ qx)e
( p/+ q, )' —iii'+ is

+4nf„„(E,, q, )e 'qi'/', , i Wgy'u{+ (r--r),
p, —tg, -m'+iE

with q, =q —q, . For the transverse part we use the definition (3.12), and get

{&& (r) &
&~& & G (p.q )e-a„a12/2(e-iq r/2+eiq r/2)~

where the transverse integral is

(p )
1 1 1 a, a„

2n a +a 2 a +a7r a~+a~ )
P

This is a significant correction. Let $"' be the ratio Jif''I, (r)/N'"(r). Then

(3.16)

(3.16)

]{1)(q) NN exp w

q
2

4w a„+a~ 2 a, +a~ ~ j
(3.17)

This type of correction has recently been considered by Berger and Pirila, 8 for i{/p-(~ii)p, who, doing a
more detailed analysis arrive at essentially the same relative strength. With a, =8 (GeV/c) ', a„=10
(GeV/c) 2, and o„„=40mb, we find

){"(q)=-0.45 exp[3.6 (GeV/c) '
&& qr'j . (3.18)

For proton targets, this correction has two desired features. (i) The cross section for nucleon dissocia-
tion is reduced by a factor of 2 to 3,"'"and (ii) it produces for low masses a dip around q' -0.3 (GeV/c)'."

The basic diagrams giving amplitudes proportional to o „„o»are given in Fig. 4. In addition, there are
two analogous diagrams, where the fast nucleon inter'acts with the second target nucleon (obtained by the
replacement e 'qs' -e'qs' ' '). Finally, there are four diagrams obtained by interchanging the two target
nucleons.

The contribution from diagram 4(a) is

(fp + {li + {f2) —y, +g. E (p/+ {f~) —P2 + iE

~here q, -"q- q, —q . When we linearize the prcpagators, all energy factors in the amplitudes cancel
against those of the propagators. Diagrams 4(a) and 4(b) thus contain the same integral, apart from the
"reduced propagators. " The encircled numbers in Fig. 4 label the different reduced propagators that ap-
pear. They are
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d, '=-2q2~+ic, d '=-2(q, +q2)~ +i@, d, '=-2q»+i@, d4 '=2q2~+ie.
Summing both combinations of reduced propagators, we get

1 2mi 1
5(q» )8 q~ q~L

—ql + SE'

(3.19)

'The fact that this has to vanish unless q,~ =0, can also be seen from the cancellation encountered in Sec.
II. The sum of contributions from all eight diagrams is

2'3R"'„„,„(r)==,'i'„'o„„G„,„(s;q)e 'wwT '[8(z)e "~w '+9( z)e"—t. ' '] (3.20)

where we have defined for the transverse integral
2

2 2

G„N(s;qT) =
( ), ( ), e' '' exp(-ma, [(2qT+ P)'+(2qT —P')']j exp[=,'aN(p' —p)']

(3.21)

(3.22)

where

2 2 I

GNN (s;q, )=
( )2 ( )

e exp( 2a [(2q +P) +(2qT P ) ]] exP[ 2a (P P) ]

2

(2 2 e exP[ 2 a (2 q, +P)']G (o; 2qT-p) ~
27T )

he basic set of diagrams leading to amplitudes ~g,~a~„ is given in Fig. 5. In addition, there are the
analogous diagrams with the pion interacting with the second nucleon (obtained by e '22'~2 e'22' '), and

the ones with the target nucleons interchanged (r --r). Terms o:o,NoNN2 are given by

~ ~

2

(2 )2 e p[ 2 aN(2 q. +P)']GNw(ot -'qT P) ~ (3.23)

The basic diagrams giving amplitudes o:0,~'o~„'are given in Fig. 6. To these we have to add the terms
with the q, and q4 lines interchanged, and those with the target nucleons interchanged. The total amplitude
of this order is

3}l"'„.='„,„„(r)=~~2 iXo '&r 'G (s; q, )e 'w'& ~' [&(T)e "1.'~'+ 8(-z)e"I.'~']
t

where the transverse part can be written as

(3.24)

G, „NN(s;qT) =
(

„GN„(s;-', qT+t)G, „(s;—,'qT —t)
277 )

~

~

2„e''G„,(0; 2q +P)G„,(0; —,'q —P).
2'tl' )

Consider now the total correction to the double-scattering terms

(3.25)

and the ratio &I"= @6''„(r)/8K"'(r) As q~z .-0, the following limit is approached,

2 ] 2
(2)( . )

owNoNN N( lT) oNN GNNw( i qT) 4 owNaNN GwwNN(s~ qT)
2~NNGN (s'qT)+~ NG (s'qT)

To gain some insight into the s and q dependence of this ratio, consider the case a =a~=a. Then

1 1 s2 1
GN, (s; qT) = exp —— ——aqT'

(3.26)

and

1 1 ( 1 s' 1, iG„„(s;qT)=4 3 exp1- 3
—

6
aqT'-

6
s. qT

1 I2 1 ( 1 s 1
NN(', q, ) = 4„,1 „,exp 1;—, —, ——,aqT'

4 1 ( i@2 o„„(11 s2&
]"'(s;qT) =- "N, —(1+a) exp —a1qT ——

1

—n ""exp1- aqT' ——
8ma 1+—2'o. 3 . 12 I,

T a) 8ma i8 4 a j

(3.27)

(3.28)
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P(

Pi

Os

Pf (b)

= 0.8 (GeV/c)', and with o. = —'„this becomes

~&'&(0, 0) = 1.45'&'&(0) . (3.29)

The corr ections to the double- scattering term s are
in this limit much more important than the correc-
tions to the single-scattering terms. Since the
corrections are negative, this implies that there
will be relatively little double scattering (in the
sense thai' both target nucleons participai'e) at
small s.

Pi

IV. THE NOTION OF A FORMATION ZONE

It was pointed out by Landau and Pomeranchuk'
that particle production cannot be localized to an
arbitrary accuracy. They considered soft brems-
strahlung and found that for a particle of mass m
and energy E to emit a photon of energy a& (&d «E)
at small angles, the essential time interval would
have to be of the order

FIG. 5. Absorptive corrections to the double-scatter-
ing terms. Contributions proportional to o~&0&~2. f -E'/m'ro. (4.1)

where a =cr„„/o„„.
For fixed transverse separation s, the ratio in-

creases with qr, as does $"&(qr), whereas for
fixed momentum transfer the ratio decreases with
s (the correction terms are of shorter transverse
range than the ordinary double-scattering terms).

For small transverse separation, s' & 4a= 1.6
fm~, and for small momentum transfers, qr2 s8/a

1

&d —P .k (4.2)

Here j$ is the velocity of the emitting particle, and

LPS denotes Landau- Pomeranchuk-Stodolsky.
We have seen in Sec. III that production can only

take place over an interval z provided zq~ a 1
Icompare the matrix elements 3K&2&(r) and 5Tt&"(r),
Eqs. (3.7) and (3.10)]. We therefore find it more
natural to define the formation zone as

The length corresponding to such a characteristic
production time has become known as the forma-
tion zone.

The importance of the formation zone has more
recently been stressed by Stodolsky, "who defines
it for nonzero radiation angles as th'e inverse prop-
agator,

1 2E,.
q~ M -m (4 3)

P) (b) The quantities (4.2) and (4.3) are in general differ-
ent. For small angles and extremely relativistic
particles, we find

k

Pf
(c)

2 2-1 m
LPS E]

E ~ 2 P1 g EPL —2& 0+E, +
f

(4 4)

(4.5)

- FIG. 6. Absorptive corrections to the double-scatter-
ing terms. Contributions proportional to 0~&2'&N2.

For small energy losses (E,./Ez-1) the two quanti-
ties become identical. However, they will for large
energy losses and hard radiation,

E~ m «1,
co E& E,.

differ b'y essentially a factor E&/E~, our formation
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zone being the shorter one.
'The dependence upon the produced mass and

transverse momentum is more apparent in the
form

V. COHERENT DISSOCIATION Nd ~ (Nn)d

. The coherent dissociation on the deuteron is
given by

2(0
(mx)'+k '+p. ' ' (4.6) 5R,".'„"= (d, M'Igg&»&(r) + gtf &'&, (r)

+OR"'(r)+5g&'&„(r)
I d, M), (5 1)

2'I.= (1-x)
(»x2) 2+k r2+(1 —x)((»2 ' (4.7)

where x=k~/E, = e&/E,
For fixed kr and E, , the quantity (4.7) is maxi-

mal for

2+k 2

„=(&.~')'&'-&, &= ',
For k~ =0, this amounts to the condition that the
outgoing particles travel with parallel and equal
velocities. Obviously, this minimizes their invar-
iant mass, and thus maximizes the formation zone.
On the other hand, maximizing (4.6) corresponds
to having the emitted particle travel with the same
speed as - the incident particle. This is only cor-
rect if its energy is sma11 compared to the incident
energy (x«1).

where Id, M) is the deuteron ground state for spin
projection M.

We define the deuteron form factor by

S-""(q)= «,M'Ie*"Id,M) . (5 2)

A related quantity will in general also be needed

Se'"(qi qr)=2(dM'Ie"~'e*'r'&( ~)IdM-)

S»'»( )

—i (d,M'
I
» (nqI»Z I)8'"r'

I d, M) . (5.3)

The target nucleon that is first encountered will in
our approximation take all the longitudinal momen-
tum transfer. This leads to terms involving the
latter form factor.

Suppressing spin projection indices, the expec-
tation value (5.1) can be written as

JR„„=iX&» -«e ')r'»' '{[s '~'r '--,'&» G„(o;q,)]$(-.'q)
1 I g 1 ~ 2 I

(2 q» q, ) + &».«K ..(2 q», qr) o» K—»»)r( 2q„q,-)
8 & I 2 8

&»2«»» «(2q», rq+)~ &»«&»»» 2 ««(2q». qr)5 (5.4)

where we have defined

rr„,(q, q„)= I
rr'„(q„q„)=f

2

( )2 $(q», P) exp[-2a»(2qr+P)'] exp[-2 a„(2qr—P)'],
2

). Se(q„p)exp(--'a. [(-'q, +P)'+(2 q, -P)']j,
2rr„„,(q, q, )= f (q ), s(q, p)exp[=', a„(-,'q, +)&)*]G„,((); —,'q, -g),
2(„).Se(n, P) exP[='a. (-'q. +P)']G«.(0 -'q. -P),

(5.5)

««(q„q,) =
(2 )2 Se (q», , P)G«, (0; 2 q», + P)G„,(0; 2 q, —p) .

P)

Data on processes of this type. are usually analyzed assuming a somewhat different physical picture. 'The

interaction between the incident particle and one of the target nucleons is supposed to lead to the produced
system (in its initial stage). The incident particle and the produced system (which we denote N*) may
scatter elastically before or after production, respectively. " If the elementary production is described by

M(q) =M(0)e 'pr'(' ',
then for coherent production on a deuteron,

I

2

&)
™(0)(2e 2 $(—'q) —2 [&»»«K» (-2 q», q»)+ &»«*«K2,»q {2q», qr)]),

where

(5.6)



PER OSI. AND 19

lC„„!q,q ) J ( ), Se(q, p)exp[--,'a„(-,'q +p) )exp[--,'a (—', q„.-p)'j,
2

KpxN*(ql p qr) =
(2 ), S()(q~x p) exp[-2 ap(2qr +p)'] exp[-~2aN 4 (~2qr —p)'] .

(5.7)

We shall refer to Eq. (5.6) as the KM (Kolbig-Margolis) amplitude.
The quantity of greatest interest is oN+N. In related. experiments [nA-(ptt )A and pd- Xd28] this is

found to be small compared to o„„,and definitely much smaller than 0»+o„„.This has traditionally"
been taken as an argument against the DHD mechanism.

For a comparison of (5.4) with (5.6), let us specialize to the case q~ =0 (i.e. , q~A «1, where A is the
deuteron radius) T. he form factors (5.2) and (5.3) are then the same.

Let us for a moment consider the case of a "large" deuteron, i.e. , let the. ranges of the forces be neglig-
ible compared to the size of the deuteron (a„,aN, a „aNq, «R'). The p and qr dependences in Eqs. (5.5) and

(5.7) then decouple. Using"

we find

d'p (-)
(2(() 2(( r (5.8)

1 1 1
KN, (qr) = ——, exp[-8 (a„+a, )qr2], (5.9)

etc. With

Eq. (5.4) takes in this limit the simple form

(( N

(5.10)

[2o eat'/4 +a capt'/4 ~ (o e(aN+ a )t '/8+a e(aq+() ) t'/8) + & ~2o eat '/4]
g& &2 NN NN (5.11)

whereas Eq. (5.6) becomes

p[( „=pet(0)Iexp(-,' a,t')S( ', )') — —,) [a „e-xp(-',(a„+a)()+ a„„exp(-,'(,a'+a, )t')jI. (5.12)

In general, no value of 0„~~will make the two
amplitudes the same for all values of t', due to
their complex t' dependence. However, with a
suitable choice of 0„*~,they may in a limited
range of g' look very similar. Consider the near-
forward direction, where the dominant part of the
amplitude goes like S(4 f'). In comparison, the re-
scattering terms are essentially t' independent.
'The relative amount of rescattering will be the
same, provided 0„~„=54 mb. Without the correc-
tion terms (g -0), the corresponding value would
have been O„*~=a„~+a,„=65 mb. As discussed in
Sec. III, this increased transparency is due to the
correction terms being relatively more important
for the double-scattering than for the single-scat-
tering terms.

Effects due to the size of the deuteron being com-
parable to the range of the forces, do only quanti-
tatively modify the above result. For an investiga-
tion of these effects, we take a realistic multi-

Gaussian parametrization of the deuteron wave
function with 6.7% d state. The slopes of the elas-
tic amplitudes are fixed to a„=8(GeV/c) ', a„
= a„*= 10 (GeV/c) '.

To compare the double-scattering contribution to
the cross sections as determined from the matrix
elements (5.4) and (5.6), we consider the ratio

do lw~h

~(tx) d Nd~(N(()d(" e ~ ~ ~ ) ND~Nb(e )
Np ( N ~& p ( e ~ ~ ) d(t (f ')

The dots denote any set of variables that gives a
complete description of the two-body Nw final
state, e.g., mass and decay distribution variables,
MN„cos8o„po,. In the limit considered, q~ -0,
the above ratio does not depend upon kinematical
variables other than t'. The evaluation of the deu-
teron cross sections is outlined in the Appendix.

In Fig. 7 we compare tptnt(n(t') with R«(t') for
three values of a,=15, 10, and 5 (GeV/c) ', and
for three values of g~~N =20, 40, and 60 mb. Be-
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FIG. 7. The rescattering ratio R(t') as defined by
Eq. (5.13). Solid curves: RD„D. Dashed curves: REM.
Three production slopes [15, 10, and 5 (GeV/c) ] and
three values of 0&~z (20, 40, and 60 re) are considered
for &KM

VI. CONCLUDING REMARKS

We have presented a qualitative way of analyzing
Drell-Hiida-Deck-t;, 'pe dissociation on a composite
target, with some detailed results for the process
Nd- (Nv)d.

For low masses produced at high energies, the
only relevant diagrams are those describing dis-
sociation before the target is encountered. There
is thus no intranuclear cascading of the fast par-

cause of the neglect of transverse parts of the
propagators, only small values of ~t'~ are consid-
ered.

The value of g„*„that corresponds to the rescat-
tering given by the DHD model depends significant-
ly on a„and p'. At t'=0, the equivalent g~+N de-
creases with decreasing a~, but at larger (t'~ the
situation is reversed. Typical values are around
50 mb. Although being significantly below the val-
ue 0„~~=g»+ g„„,this seems still too high com-
pared with the value g~+~-——,'g„~favored by the
CERN ISB data. ' This suggests that the DHD
mechanism is not the dominant production mechan-
ism at these energies.

ticles, they are produced before the target is en-
countered, like for production on hydrogen.

If no target nucleon were to interact with more
than one fast particle, this dissociation mechanism
would lead to a strong absorption of the produced
systemq g2 =g~~+g~~. This ls ln clear contradic-
tion with the data. Hcwever, both the fast particles
may hit the same target nucleon. This leads to an
increased transparency of the target, since these
correction terms. are more important for the
double-scattering than for the single-scattering
terms. ("Single scattering" and "double scatter-
ing" refer to how many target nucleons interact
with the fast particles. )

Given the rules for how certain terms cancel,
this increased importance of the correction terms
for the double scattering is essentially due to com-
binatoric s.

'The increased transparency may alternatively
be thought of as being due to the structure of the
target. A different approach, "also allowing more
than one fast particle to hit the target, but neglect-
ing its structure, also leads to the too high value
g2 gNN g &N'

Because of the different structure of the double-
scattering terms in the DHD and the KM pictures,
the equivalent o, becomes somewhat ~t'~-depe -n

dent. For
~
t'~ =0, typical values are around 50

mb. This value is still too high for a favorable
comparison with the preliminary analysis of the
ISB data. ' If these small values of g, are con-
firmed in the final analysis of the data at small
(t'I, one would have to conclude that the DHD
mechanism is not the dominant production mecha-
nism at these energies.

The DHD mechanism is only qualitatively capable
of describing the hydrogen data. One might ques-
tion the omission of interactions of the fast parti-
cles among themselves. Judging from the spec-
trum of resonances, one would expect the relevant
time scale to be of the order of 1/(100-400 Melt' )
in the rest frame of the dissociating system. At
high energies, it should therefore be permissible
to do an adiabatic approximation, i.e., to treat the
dissociation products as frozen (noninteracting) in

their c.m. frame while the interaction with the
target nucleons takes place. Accordingly, the
interaction of the produced particles among them-
selves should not be more important for dissocia-
tion on a composite target than for dissociation on
hydrogen. It thus seems unlikely that this mutual
interaction of the fast particles is responsible for
the small values of g„asargued recently. '

Having left out the transverse parts of the prop-
agators, the decay distribution is not calculable.
But at small t', where single scattering domin-
ates, the decay distribution should be essentially
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as for production on hydrogen (at the same t'). In
the double-scattering region, on the other hand,
the decay distribution might be quite different from
the corresponding distribution for production on
hydrogen (at t'/4). Such a deviation, if found,
would be a clear indication against the KM picture.

ACKNOWLEDGMENTS

I should like to thank H. J. Glauber and D. Tre-
leani for useful discussions and suggestions.

This research is supported in part by the U. S.
Department of Energy under Contract No. EY76-C-
02-3064 and through a travel grant from the Nor-
wegian Research Council for Science and the Hu-
manities.

APPENDIX

We write the deuteron wave function as

4~(r) = —
~
M(r)+

6 S»(r )w(r") ~g", ,

where

S»(r) =3(g„r)(g~~ r) —I = 6(s r)' -4
(s is here the deuteron spin) and gf is the spin
function. The form factor then becomes

s„.„(q)= q", '(s, (q) —s»(q)s&(q))x", .
S (q) and Se(q) are the spherical and quadrupole
form factors, respectively.

The K functions [Eq s. (5.5) and (5.7)] are for
q~ =0 of the form

1

2w & "p(-» q. ) =ra(~pq. »

=r, (ypqr) S„(qr)
,' [r,(~pq ) —-r, (~pq, }]s„(~).

With a multi-Gaussian fit to u(r) and w(r), also the
integral over p can be done analytically. The ma-
trix elements (5.4) and (5.6) take the forin

sit",.'h = 3)fog",
'

[a+As»(qr)+ cs»(@]xx ~

where &go is the matrix element for production on

hydrogen.
The unpolarized cross section can be expressed

in terms of

—Tr Jg, h~

=On,'6}I,((a)'+6[( f ('+
(
c)'- Re(f c*)]].

(2 ), [s,(p)-s„(p)s,(p)]

~exp(-&q, '-Air —~r q, )Xi

where y w0 if the two slopes involved are different.
Integration over the angle leads to modified

Bessel functions,
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