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The concept that internal quantum numbers do not change in diffractive production is
extended to the quantum numbers of the quark model. The resulting approximate selec-
tion rules are discussed and compared with the predictions of other models.

Diffraction-dissociation reactions are process-
es having approximately constant cross sections
like elastic scattering. In Regge theory, they
are the reactions which go by Pomeranchukon
exchange. While we know that for a reaction
such as a+b-c+b the internal quantum numbers
8, S, X, G, etc. , do not change from a to c,
there has been some controversy about selection
rules for changes of spin and parity. For ex-
ample, Morrison' has given an empirical rule,
dd'=(-1), while Chou and Yang' have suggest-
ed that the production cross section vanishes in
the forward direction unless the product of the
intrinsic parities of all particles is positive. In
the present paper we extend the idea that inter-
nal quantum numbers are conserved in diffrac-
tion dissociation and arrive at new rules for al-
lowed production which agree with Morrison or
Chou and Yang in some, but not all, cases. Cor-
responding with which these additional quantum
numbers may be specified, we predict a hierar-
chy in strengths of diffraction production pro-
cesses.

The rule that there is no change of B, S, I,

and G is clearly indicated by experimental evi-
dence' that cross sections for reactions involv-
ing the exchange of any of these quantum num-
bers fall rapidly at high energies. The preserva-
tion of internal quantum numbers also follows
from popular theoretical picutres of diffraction
dissociation: (i) If diffraction dissociation of a
compound state results from elastic scattering
of its components, then no internal quantum
number changes. (ii) If the diffraction-dissocia-
tion amplitude is built up by unitarity from a
coherent sum over intermediate states,

ImA(ab -cb) =g A*(ab -ri)p, A(n-cb),
maximum coherence occurs when the quantum
numbers of the final state are as close as pos-
sible to the quantum numbers of the initial state.

In specific models, states are characterized
by further internal quantum numbers. Since in-
ternal quantum numbers should not change in
diffraction dissociation, these models give rise
to additional selection rules. However, such
models are only approximate so one expects a
hierarchy in diffractive production —some reac-

1134



VOLUME 2$, NUMBER 19 PHYSICAL REVIEW LETTERS 10 NovEMBER 1969

tions are fully allowed, others occur only through
a violation of the model.

The example we shall consider in this paper is
the quark model. We expect, in addition to the
usual rules for diffractive production, no change
in the SU(6) representation and [for SU(3) sub-
states] no change in "quark spin" or in the gen-
eralized charge conjugation number 8.'

We shall list the consequences of these rules
for some practical cases and discuss their rela-
tion to the data. A summary of the predictions
is presented in Tables I and II.

mN-n*¹ —In the usual quark model, the & is a
'So, G= -1 state of qq in the 35 representation
of SU(6). Thus it should go preferentially to
'L& L, G=-1, 35 ~* states such as 'D, (1640
MeV?), 'S, satellites, etc. It can go via violation
of quark-spin-conservation to 'P, (A,) and 'P,
(A,). This will give a small "constant" compo-
nent to the production cross section of these
states. It cannot go to 'P, (B) because of G con-

servationn.

KN-K*N. —The E is a 'S, state, a member of
a 6 =+1 octet in the 35 representation of SU(6).
It should go preferentially to 'LJ = l., 8 =+1, 35
K* states such as 'D, (1780?), 'S, satellites, etc.
The K can go via violation of quark-spin conser-
vation to 'P, (1240) and 'P, (1420) yielding small
"constant" cross sections. It can go via 6 viola-
tion [i.e., SU(3) breaking] to 'P, (1320).

NN -N*¹—The nucleon is a qqq compound, a
56, L =0 state with quark spin S= —,'. Thus it

should go preferentially to 8= ~ members of 56,
L states' such as N*(1688) (56, I =2), N*(1470)
(56, L =0 satellite?), etc. It can go via SU(6)
breaking to 70, I =1, S = 2 states such as N*(1518),
and via SU(6) and quark-spin breaking to 70, L
=1, S=2 states such as N*(1710).

Morrison's' rule [b.P = (—1) ~] for diffraction
dissociation can be derived theoretically for pro-
duction occurring via natural-parity exchange if
particle a is spinless and if only the zero-helici-
ty state of c is produced. These assumptions
hold at 0' for a nonconspiring Pomeranchukon
and at all angles for spinless c. In other cases,
the rule has a purely empirical basis. It is
therefore of interest to investigate Morrison's
rule in other theoretical models. The rules
proposed here agree with Morrison's in a num-
ber of cases; for example, quark-spin conserva-
tion would forbid wN -A, ¹ Since quark-spin
conservation is only approximate, we would,
however, expect a small constant component to
the A.,-production cross section. In addition our
rules allow transitions, such as NN N*(56, L
= 2, J = I')N, which are forbidden by Morrison.
Also, there are many cases where ~=(-I)
allows transitions that are forbidden by our
rules, such as NN -N*(70, I, = 1,& = 2 )N

Our results are also similar, in some respects,
to those of Chou and Yang. ' If we deal only with
the conventional quark-model states (3581 all L
mesons; 56 even L, 70 odd L for baryons), our
class of allowed reactions a+ 5 -c+b is the same

Table I. Summary of quark-model predictions for diffraction dissocia-
tion into low-lying nucleon resonances: N+N N*+N.

Produced
B~icle
5(84o)

N (147O)

N (1518)

N (155O)

N"(lsso)

N (171O)

ijt (175O)

N (1688)

8 (186Ot)

N (175O)

5 (21so)

~P

1/2+

1/2+

5/2

1/2

1/2

5/2+

5/2+

1/2+

Qmam;k Class%&ca&, on

56~ L~O~ s~l/2
56~ L ~ 0& 8 ~ 1/2

70» I ~lp

70» I =1»

70» L~ lp

70» L~ 1»

70, X ~ 1»

8 I 1/2

S - 1/2

8 ~ 5/2

8 5/2

56p L~2p 8~1/2

56p L 2»

56p L~. Op 8~1/2

7O& L~5~ 8~1/2

no

na

na

no

ForM,14en ~

su(6)

su(6)

su(6), 8

su(6), s

sv(6), s

sv(6)
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Table II. Summary of quark-model predictions for diffraction dissocia-
tion into lour-lying meson resonances: ~(E) +N-~*(K*)+N.

p(vs)

s(vapo }

s(ss&)

~~(novo)

a (asm)

«z(ls4o) v

x(495)

x (890)

x (zsao}

nr(u. oo)

x (xa4o)

x (u,2o)

r.(xvso}v

G

Quark Classification
1
'o

5
8~

1
P~

5
P0

5
P~

5
p~

1
Q

D~

5
D~

5D

180
5

8~
1

P~

5
po

5
Pg

5
p~

1
D~

5
D~

5
D~

5
D$

no

no

no

Forbidden 3y

p& 8

8, Pb

Gp ap pb

Gp Sp P
b

8 Q pb

8 Pb

Absolutely forbidden for natural-parity exchange.
Production of helicity-zero state vanishes for natural-parity exchange.

as theirs in the forward direction. ' Chou and

Yang predict forward dips for all forbidden reac-
tions. In contrast, we expect a small constant
cross section for "forbidden" processes, with
a t dependence similar to that for "allowed" re-
actions. We do, however, expect forward dips
in v(K)N-~*(K*)N, where w* (K*) has natural
parity (1, 2', ~ ~ ~ ).' This dip may be used as
an aid in separating the resonant production am-
plitude from background.

For a+ A -c+d there are further disagree-
ments with Chou and Yang. For example, they
allow N +N -N*(1518)(& ) +N*(1518)(g ), while
according to our rules it is doubly forbidden.

The data on diffraction dissociation into par-
ticular states are very tentative. It is hard to

separate peaks from background, and the ~ of
peaks is not directly identified in most cases.
These difficulties are reflected in the fact that
measurements of the same cross section at sim-
ilar energies by different groups typically differ
by factors of 2.

Considerable confusion in interpreting mea-
sured cross sections arises from the question of
what fraction of the Deck effect should be counted
as resonant. We would like to point out that one
can sometimes sidestep this question by choos-
ing decay modes for a given resonance for which
the Deck contribution will be unimportant. ' For
example, Rushbrooke' has shown that in N +N
-N+(wN) the Deck effect contributes dominantly
to the 3" and 2 (&N) states. Thus the production
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of &
'

2
' "~ resonances decaying into m +N

will not be contaminated by a Deck background.
For N+N -N +(& A) the Deck effect contributes
dominantly to —,

' ' and 2 (mb.) states, allowing a
clean determination of the —,', ~ ', ~, produc-
tion.

There is also a theoretical complication in
estimating the cross sections for high- mass res-
onances whose production is allowed by our mod-
el. For example, in ~ +N -m* +N, the cross
sections for the production of the pion recur-
rences cannot all be equal, since their sum
would soon exceed the "constant" total cross
section. Presumably this is accomplished by a
damping of the production of massive recur-
rences, though it is hard to estimate what rate
of damping one should expe ct.

In N* production, "we note that the dominant
features are peaks at 1400 and 1690 Me V which,
in our model, correspond to allowed —,

' ' and 2
'

resonances (see Table I). Smaller peaks are
also seen at 1520 and 2190 Me V corresponding to
the SU(6)-forbidden 2, (2 ), and v resonances.
The size of the cross sections for production of
these resonances is evidence for the degree of
SU(6) breaking. No peaks have been seen which
correspond to the other allowed states in Table I
[N*(1750, N*(1&60)]. However, these states have
been seen only in phase -shift analyses and appear
the re with large widths.

In meson production, the ambiguities in the
data and the previously mentioned difficulties
of interpretation prevent a meaningful test of

our rules at the present time.
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A solution of the &-number self-consistency condition a~-d~jj, ajaJ, = h; is obtained,
where aL represents the matrix elements of unitary octet vector charge and h~ is a driv-
ing terIn. With a reasonable choice of a driving term, we obtain sine = 0.22-0.14 for
the Cabibbo angle 8, The choice of h' that leads to tano =m„/mA (where m~ and mA are
the quark masses) is also pointed out.

It is conjectured that the weak and electromagnetic properties of hadrons are dete rmined by self-
consistency requirements and, in particular, that the Cabibbo angle is an inherently weak effect. A
solution of the c-number equations (i =1, 2, ~ ~ ~, 6)

ap de pajaJ, = 0,


