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ABSTRACT 

Some simple general features of the diffractive hadron 
dissociation process are discussed with emphasis on its relation 

to elastic scattering and the total cross section of hadrons. 
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In the past few years, the diffraction dissociation process 

h + A + X + A at 1ow t (1) 

has beeh studied for h,A = ,l, 7/, K± and also for pd + Xd. The differ
ential production cross section 

d2a/dtdM 2 = fh,A (s,t,M 2
)� (2)x X 

has been found to exhibit certain simple features. In this report, we 

review these features and examine some properties of hadron cross sections 
that can be derived from them. Specifically, we discuss: 

(i)� The s,t, and M
X

2 dependence of the diffractive cross sections, 
(ii)� the factorization of the diffractive vertex, 

(iii)� the first moment finite mass sum rule (FMSR) and the low mass 
enhancements of the diffractive cross section, 

(iv)� a comment on the s-dependence of the diffraction dissociation 
cross section, 

(v)� a relationship between the elastic and the total cross section 
of hadrons, and 

(vi)� the total cross section of the diffractive mass X with the 

nucleon -- and why the accepted method for extracting this 
cross section may be wrong! 

With the exception of results from the Rockefeller experiment E-396 at 

Fermilab, all the experimental results referred to in this report are pub
lished. However, since this is not a summary of results but a review 
focusing on the elucidation of the points mentioned above, not all the 
published results on reaction (1) are quoted here. 

High energies (s ~ 100 GeV 2 
) are essential for observing a diffraction 

dissociation signal above the non-diffractive "background" from central 
collisions. This is illustrated in Fig. 1 for pp + Xp. The cross section 

dcr/dx (x = p */p * ~ 1 - M2/s) which is approximately flat in the central 
II max X 

x region increases dramatically with decreasing 1 - x in the region 
1-x ~ 0.1. This increase of the cross section is due to the diffraction 
dissociation of the proton which follows a l/(l-x) law. For a given s, as 
l-x '" M//s decreases, the value of M/ enters the "resonance region" 
(MX

2 $ 5 GeV 2 ) and finally reaches the pion production threshold where the 
cross section must come down to zero. The higher the s, the lower the value 
of l-x corresponding to a given mass Mx' and the higher the invariant dcr/dx 
cross section for the diffractive production of this mass. Thus, large 
diffractive masses can be "seen" above background only at appropriately high 
values of s. This point is discussed quantitatively in Part I below. 
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FIG. 1 - The invariant differential 
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section d2o/dtd(M 2/s)cross x 
for pp ~ Xp at t = -0.042 (GeV/c)2 and s from 13 to 500 Gev 2 . 

I. The s, t, and M2 dependence of the diffractive cross section 
X 

2In the region M ~ 5 GeV 2 , It I ~ 0.1 (GeV/c)2 and l-x ~ 0.1, the
X 

differential cross section for hA ~ XA is 
cribed by the simple formula 5,6,7) 

d20' = Al (1+8/ s ) b t 
---:----e 1dtdx l-x 

where the constants Ai, B, bI , A2 and b2 
The first term on the right hand side is 

found experimentally to be des

b t 
e 2+ A2(1-x) (3 ) 

depend on the particles hand A. 
identified with the diffractive 

cross section while the second term is presumably due to non-diffractive 
processes. This view ;s supported by the fact that the first term follows 
Simple factorization rules as discussed in Part II below, while the second 
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Fill. 2 - Values for pp + Xp vs M 2,
x 

term does not follow these rules. 

The t-dependence is exponential as 

expected from a naive diffractive 

picture and the l/l-x behavior is 
responsible for the increase of the 

cross section at small l-x. For 

pp + Xp, the constants in Eq. (3) are 
approximately5,6) Al ~ 4 mb·(GeV/c)-2. 

B ~ 65 ± 25 GeV z (including estimated 

systematic errors), Az/A 1 ~ 100, and 
bi ~ bz ~ 7 (GeV/c)-2. Thus, at l-x = 

0.1 the diffractive and non-diffrac

tive terms are approximately equal 

while at l-x = 0.03 the diffractive 

term is responsible for about 90% of 

the inclusive cross section. 

As M2 decreases to values smaller 
X 

than 5 GeV 2 , the slope b increases 
thus causing a low mass enhancement at 

low t values. However, it is impor

tant to observe that the integral of 

the cross section over t behaves 

very smoothly over the entire mass 

region, as illustrated4) in Fig. 2. 

This behavior is just what is necessary 

to satisfy the FMSR as discussed under 

Part III below. 

extracted from pd + Xd at 275 GeV/c. 
d2aldtdM(a) The slope parameter, b(M 2). (b) 2 multiplied byx x 

M2 and extrapolated to t = 0 using b(Mx
Z 

) . (c) Values of 
X 

2(da/dM 2(b) above, divided by values of (a): Mx x ) . 
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II. The factorization of the diffractive vertex 
It has been determined experimentally5,7,9) that at low t and small 

M
X 

2/s the diffractive vertex factorizes as follows: 

)E;;::::::::=' Xh---~ 

(4) 

A----\ }----- A� 

As a consequence of this factorization rule, the cross sections for a 

hadron dissociating on different targets scale as the corresponding elastic 
cross sections 5,7), while the cross sections for different hadrons dissoci

ating on the same target scale as the corresponding total cross sections9). 

a) Proton dissociation on different targets A: 
This has been studied for7) A = p±, TI±, K± (Single Arm Spectrom

eter) and for 5) A= d (USA-USSR Collaboration). The diagram for elastic 
scattering analogous to (4) is 

h----e t----- h 

t (5 ) 

A------.. t----A 
gAA (t) 

Comparing (5) with (4), factorization implies that 

( 6) 

i.e .• at given s, x and t, the ratio of the diffractive to the elastic cross 
section of a hadron h interacting with a target particle A is a constant 
independent of the target particle. As mentioned in Part I, it is the first 
term in Eq. (3) that factorizes in this manner while the second term (non
diffractive) does not factorizeS). Fig. 3 illustrates a test of this fac
torization rule for proton dissociation on p and d targets 5). It is 
important to notice that the test ;s performed at the same s-value and 
therefore at different incident proton momenta in the laboratory. 
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b) Different hadrons h dissociating on the same target particle A: 
9) + + +This has been checked recently for h = P-, ~-, K- and A = P 

(Rockefeller experiment E-396 at Fermilab). From the diagrams below 

h 
X 2 /t=O" h h 

d2 
(1' -- t -- --

dtdx 
p 

h 

p 

2 

~ 

t 
h h 

(7) 

:0= = :0==a:=� t=O(1' tot 

p P P 

one concludes that 

dd::X IOtot = cp (s.x.t)� (8) 

i.e., the ratio of the diffractive to the total cross section of different 
hadrons dissociating on a proton is the same for all hadrons. Preliminary 

results of the Rockefeller experiment are given below: 
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Test of factorization� 
(h + P-+ X + pat 100 GeV/ c)� 

h R (arbitrary normalization) 

p 1.00 ± 0.04 

p 0.92±0.1l R = (dza/dtdx)/at ot + 
rr 1.10 ± 0.05 

1.12 ± 0.03 0, 02 < It1< 0.1 (Gev/c) 
0.86 ± 0.21 ( 0.02 < l-x < 0.05 
1.l5±0.14 

The agreement among the values of R for the various 
hadrons studied in this experiment is reasonably good. 

Eq. (8) implies further that, for given s and x, the t distribution of all 
hadrons dissociating on a proton should be the same. This aspect of the 
factorization rule has not been checked yet. 

III.� The first moment finite mass sum rule (FMSR) and the low mass 
enhancements of the diffractive cross sections 
The FMSR is an extension of the finite energy sum rule for total cross 

sections. It derives from the hypothesis that the diffract;ve cross sections 
can be described either by s-channel resonance or by t-channel reggeon ex
changes. Schematically, 

R(Mi) 

=L� ( 9) 

It is� presumed that at high M2 overlapping resonances result in a smooth 
X 

behavior of the cross section described by diagrams on the right hand side 
of Eq. (9). This behavior, extrapolated to low M2 , should average over 

X 

the non-smooth behavior caused by widely spaced resonances contributing to 
the left hand side of (9). Quantitatively, using analyticity and crossing 
symmetry, one derives l O) the first moment FMSR 

It I dadetR. + [va (d~) d = JV 
O 

rd2aJd {fUncti~n obtained} (10) 
v F v v LdtdV .:..- from hiqh v 

where v = M2 - Mhz = t is the cross-symmetric variable.
X 
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This rule has many far reaching consequences. Two of these conse
quences are described in Parts IV and V later on H . . ere. we present the 
experlmental tests of the rule and comment on its implications on the be
havior of the low mass enhancements of the diffractive cross sections. 

. A very accurate test of the rule was first performed4) on pd ~ Xd. 
Flg. 4 shows this test at It I =0.035 (GeV/c)2. 

d2
(J'"u (P+ d - X+ d ) / Fd 

dt dM~ If I =0.035 

4 
(PLAB = 275 GeV/c) 

N 
I 1 

1u ,
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FIG. 4 - Test of the first-moment FMSR: Values of v(d 2a/dtdM 2) vs M2� 

for Plab = 275 GeV/c and It I = 0.035 (GeV/c)2. 
X x� 

The rule was tested for other t-values in the range It I < 0.1 (GeV/c)2 and 

was found to hold equally well (to a few % accuracy). As t ~ 0, the term 

2It I dae~/dt ~ 0 and therefore the low M region must have a large b-slope
X 

in order for the rule to continue to hold at small t-values l 1). This is 

what is actually happening (see Fig. 2). In fact, as was mentioned before, 

the integral over t behaves approximately as 1/M 2 even in the "resonance" x 
region where it gradually drops with decreasing mass to become zero at the 
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pion production threshold. In this low mass region the b-slope increases 
with decreasing M

X
2 in such a manner as to satisfy the FMSR. This behavior 

of continuously increasing b-slope as one enters the low mass region has 

been observed also in pion and kaon dissociation8). In all cases, the slope 
of the low mass enhancement is about twice as large as the slope of the 

corresponding elastic scattering. These enhancements are the N*(1400} for 

pp + Xp, the At(llOO) for rrp + Xp, and the Q(1300) for Kp + Xp. None is 

established as a resonance. Their behavior suggests that their production 

is of the same nature as the high mass diffractive dissociation and there
fore it should have the same s-dependence and follow the same scaling rules 
discussed in Part II above. 

Preliminary results from the Rockefeller experiment E-396 at Fermilab 
testing the FMSR are shown on the Table below: 

st Test of the 1 moment FMSR 

(h + P X + P at 100 GeV/c) 
h� R 

p 1. 04 ± O. 05 

p O.74±O.14 
dae£ 

rr+ 1. 05 ± 0.06 It I crt +� 
R _ ---=-=-----~.=....:....:'--'--'--0.98� ± 0.03 4 GeV2 

1.62� ± 0.49 
d 2 a J d tfunction ext~apol ated}

0.97� ± 0.15 v dtdv v from the reglonI ~ ~ 4 < v < 10 GeV 2 

The values of R are compatible with unity 
as predicted by the FMSR. 

IV.� A comment on the s-dependence of the diffraction dissociation cross 
section 

The s-dependence of the high mass diffractive cross section has the form 
given in Eq. (3), 1 + B/s, with B ~ 65 ± 25 GeV 2 for pp + Xp. It was argued 
in Part III that the integral over t of the low mass diffractive production 
should have the same s-dependence as that of the high mass production if the 
result displayed in Fig. 3 i.e., the validity of the 1/M 2 law all the wayx 
down into the "resonance region" were to hold at all s-values. From the FMSR, 
Eq. (10), one then obtains the result that the s-dependence of the diffractive 
cross section is the same as that of the integral £00 Itl (dae£/dt) dt. For 

2•8t 9 •2t 19t PP + Xp. dae£/dt = (184/5) e + 51 e + 23 e (ref. 12), which multi
plied by It I and integrated over t yields 0.67 (1 + 35/s). This s-dependence 
is not statistically very different from the measured 1 + (65 ± 25}/s. 
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V. A relationship between the elastic and the total cross section of hadrons-
In Part lIb it was shown that the high mass diffractive cross section 

for hp ~ Xp scales as the total cross section, hp ~ anything. Furthermore, 

it was argued in Part III that the integral over t of the low mass diffrac
tive production should scale as that of the high mass production if the 
1/M 2 law was to he true for every hadron h dissociating on a proton. Itx 
then follows that the integral over t of the high mass term minus that of 
the low mass term in the FMSR Eq. (10) should be proportional to the total 

cross section, 0tot' 

Thus, 0tot ~ fltl (doe~/dt)dt = 0e£/be~' where in deriving the last 

step we assumed an ebe~t form for doe~/dt. Using the optical theorem at� 

high energies where the ratio of the real to the imaginary part of the� 

forward nuclear scattering amplitude (p-va1ue) is close to zero,� 
doel/dt ~ (0 2/16TI) ebe~t, one obtains further the result fltl(doe£/dt) dt ~ 

tot 2/bel2 
0tot2

/ be£2. Thus, 0tot ~ 0e£/be£ ~ °tot , which yields the relationships 

bel/lotot = C (s) (11) 

°e£/ oto t 3/2 = CI (5) (12) 

where C (s) and C' (s) are universal functions of s which are the same 
. ..th t" 13)for all hadrons lnteractlng Wl a pro on . 

o 3.5 
Q (b)

><,....� 
~ - 3.0 I ...L,r---ff-------i---i-"'0
t) 

l

<, .....0' 2.5 
........ FIG. 5 - (a) The elastic cross� 

section versus 0tot 3
/ 

2 for various 8 (0) 
hadrons interacting with a proton 
at 100 GeV/c. (b) The ratio 

.0 

6 
0e~/Otot3/2 versus 0tot 3

/ 
2 for

E ...... 
I 4 

the same data as in (a) . 

2 
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°Fig. 5 shows 0e n as a function of tot 3/2 for various hadrons inter-
N 

acting with a proton at 100 GeV/c. The ratio 0e9./0tot3/2 is remarkably 
constant for all hadrons in agreement with our result (12). Result (11) 
follows directly from (12) using the optical theorem. From Fig. 5, one 

now understands why the ~N elastic cross section ;s so small (about 30 wb 
for a 1 mb ~N total cross section). 

VI. The total cross section of the diffractive mass X with the nucleon 
In proton dissociation on a deuterium target, the possibility exists 

for the dissociation to occur on one nucleon producin~ the particle X 

which then scatters elastically from the second nucleon, as follows: 

( 13) 

d ......-.::;t====~....--- d 

The forward elastic scattering of X is proportional to the X-nucleon 
total cross section, oXN. Using the Glauber theory, one then calculates the 

ratio of diffractive to elastic scattering for pp to that for pd to be 

R - (14) 

where the pp and pd cross sections are compared at the same incident 
proton momentum in the laboratory. Fig. 6 shows this ratio as a function 
of l-x for two values of incident proton momentum4) In the coherence region 
(small l-x), R tends to a constant corresponding to oXN = 28 ± 10 mb. 

I I I 

FIG. 6 -
1.8f 111-005 -

The ratio R = [(d2o/dtdX)/(dae~/dt)]pp;l 
[(d2o/dtdX)/(doet/dt)]Pd versus 1-x 

for incident proton momenta of 154 

and 372 GeV/c. 

I I 

001 0.02 005 0.10 

l-X 
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We would like to argue here that this long accepted method for deter
mining the total cross section of an intermediate state X with the nucleon 

may not be valid. The argument goes as follows: We have shown that at the 

same s ~ 2mtarget Pl ab the ratio of the diffractive to the elastic cross 
section is the same for pp and pd, i.e., R = 1 (see Fig. 3). This is a 
consequence of the factorization rule discussed in Part IIa. If it were not 
for the s-dependence of the diffractive cross section (see Eq. 3), R would 

still be equal to unity when evaluated at the same incident proton momentum. 

But in Part IV we argued that the s-dependence of the diffractive cross 
section is tied up to that of elastic scattering through the FMSR. Thus, 
factorization of the diffractive vertex and the validity of the FMSR com

XN pletely determine the value of R and consequently the value of cr . At 
high energies, as the s-dependence of the diffractive cross section dies 

XNout (except for possible £ns terms), a as calculated from� (14) goes to 
XN zero. One sees already in Fig. 6 the trend of decreasing a as the energy 

increases. This behavior leads us to question the interpretation that R ;s 
related to aXN through Eq. (14). 
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