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We review the properties of particle clusters produced in the processes 
of single and double diffraction dissociation of protons at high energies: 

p+p~X+p 

I~ n + neutrals� (1)
c 

(2) 

These clusters appear as jets close to the direction of the dissociating 
~ protons and henceforth will be referred to as diffractive or forward jets. 

Our review is organized as follows: After a brief introduction into 
the phenomenology of diffraction dissociation, we discuss the production 
cross sections of the diffractive states X, their multiplicity distribu­
tions, and the angular or pseudorapidity distributions of the dissociation 
products. Throughout our discussion we emphasize the points that allow one 
to predict the properties of diffractive jets at the SPS and Fermilab pp 
Colliders (IS • 540 and 2000 GeV, respectively). 

I. PHENOMENOLOGY OF DIFFRACTION DISSOCIATION 

The amplitude for single diffraction dissociation is presented sche­
matically in Figure 1. 

h • Q • ; X 
:q
I 

a • 6� • a 
Fig. 1.� Amplitude for diffraction dissociation of a hadron h on a 

target particle a (schematic). 
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The excitation mass, Mx, is related to the forward component of the four­
momentum transfer, qq , and to the Feynmann x variable, x - p; /P:,max 
of the recoil proton, as follows: 

M 2 _ ~2 

Iqu I - m _x~-s--'::=-- ~ m (I-x)� (3)
p� p 

As the wave length associated with q., ' A - II Iq" I, becomes larger than the 
interaction radius, R = l/mrr, one expects coherence or diffraction phenomena 
to appear. Thus, the condition for inelastic diffraction is 

(4a) 

m'lT 
1 - x S =0.15� (4b)

s m 
P 

As seen in Figure 2, the differential cross section, d2o/dtdx, which is 
fairly flat in the central x region (not shown entirely in the figure), 
increases rapidly with decreasing I-x in the region I-x ~ 0.15. 

2 
da- ( X) • USA-USSR }dt d(MllSl PP- P� Akimov " 01. 

• CHLM (ISR) S=500 
Albrow " 01.

Itl=0.042 .. RUTGERS-IMP COlL. 
~ 5=500� Abe " 01.:--'1 

+N
I� USA-USSR }

Akimov "01.- 1000 9 RUTGERS· IMPCOlL. S=100 ~ 
> Abe " er.� 
CI>� 5=100C)- .} CARNEGIE-MELLON S= 40 

500 
o and BNL S= 20� 

.0� • Elelstein et 01. S= 13
E 

L-I 

)( 200"C-~ lIMl� 
b� 

N 100� 
"C� 

v 

50 

0.002 0.005 0.01 0.02 0.05 ·0.1 0.2 0.5 

2/sl-x =MX

~ Fig. 2.� The inclusive single diffraction dissociation cross section d2o/dtdx 

versus I-x for pp ... Xp at various values of s. As the energy in­
creases, the low mass "resonance region" moves to smaller values of 
I-x while larger masses enter the diffraction region to form a IfM 2 

continuum (from K. Goulianos. Proc. Xlllth Rencontre de Moriond, x 

Vol. I (1978), pp. 457-459]. 
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This increase is attributed to the setting in of the coherence condition 
,- and, therefore, the peak at small I-xis identified as "diffractive." The 

higher the s-value, the larger the Mx2 that fulfills the ocherence condition. 
At the Fermilab pp Collider, ;S. 2000 GeV. the mass corresponding to 

2/s •M 0.15 is M 780 GeV ! . As larger mass states are produced diffrac­x x • 
tively, the overall diffraction dissociation cross section increases. At 
IS ~ 2000 GeV, about one-half of the inelastic cross section is expected to 
be due to single and double diffraction dissociation. 

The differential cross section 

(4) 

depends weakly on s. is exponential in t. varies as I/Mx2 and obeys factor­
ization and the finite mass sum rule. This behavior is consistent with the 
hypothesis that diffraction dissociation is dominated by a triple-Pomeron 
Regge type amplitude. 

The phenomenology of diffraction idssociation is discussed in detail in 
an article prepared by the author[l] for publication in Physics Reports. In 
the next three sections we review the properties of diffraction dissociation 
which are relevant to the understanding of diffractive jets. 

II. DIFFRACTION DISSOCIATION CROSS SECTIONS 

We discuss separately the single and double diffraction dissociation 
cross sections: 

A. Single Diffraction Dissociation Cross Section 

The differential cross section for single diffraction dissociation of 
protons on protons is given by[l] 

.--A (l +! 
s 

) (5) 
M 2 

X 

where A· 0.68 ± 0.05 mb, B· 36 ± 8 GeV2 and bSD/b a 2/3 to 1/2. Atet 
Fermilab and ISR energies, the slope for single diffraction dissociation is 
bSD ~ 7 (GeV/c)-2. The average It I of the diffractive states is thus 
l/bSD a 0.14 (GeV/c)2, corresponding to PT a 380 MeV/c. At a beam momentum 
of 30 GeV/c (ISR). the diffractive states are produced at an average angle 
of ~I3 mrad. At the Fermilab Collider, the average production angle will 
be ~0.3 mrad. Thus, the characterization of the particle clusters arising 
from the dissociation of these states as nforward" jets is justified. 

Integrating the differential cross section over t and Mx2 (from
Mx2 • 1 GeV2 to O.ls) yields the total single diffraction dissociation cross 
section 

0.68 tn(O.ls) mb (6)aSD • 
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Fig. 3.� Proton-proton cross sections as a function of laboratory momentum. 
After subtraction of twice the single diffraction dissociation cross 
section, as given by Eq. (6), the remaining rise of the inelastic 
cross section with ener~y is small and consistent with the expected 
contribution from double diffraction dissociation (see text). 

Figure 3 shows aT' 0ei' 0in and 0in- 20SD for pp interactions. The total and 
elastic cross sec~ions have been fitted empirically[2]. The inelastic cross 
section is obtained by subtracting the elastic from the total. Further sub­
traction of twice the single diffraction dissociation cross section from 0in 
(each one of the two protons can dissociate) yields a cross section which 
is fairly flat with energy over the entire range from 2 to 2000 GeV. As will 
be shown� in Section B below, the remaining rise of 0in - 20SD with energy is 
consistent with being due to double diffraction dissociation. Thus. the non­
diffractive "hard core" of the pp cross section appears to be flat with 
energy and one may write the total cross section as 

aT - 0
0 

+ 0ei + 20SD + ODD� (7) 

where 0 - 26.3 mb and ODD is the cross section for double diffraction dis­
0

sociation. 
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B. Double Diffraction Dissociation Cross Section 

The differential cross section for double diffraction dissociation may 
be obtained from the cross sections for single diffraction dissociation and 
elastic scattering using factorization: 

(~h 

d 30 d202 /dOe£III (8)d201� 

dtdM12dM22 dtdH12 dtdM22 dt� 

bt� Assuming e dependence for both single diffraction dissociation and elastic 
scattering, integration of Eq. (8) yields 

°SD
2 

r 2 bSD o .. k --; k .. - ;. r" -- (9)
DD oeR, 2r-1 beR, 

For r .. 2/3, k .. 4/3 while for r .. 1/2, k .. ~. Because of the sensitivity of 
the coefficient k on the value of r, the calculation of oDD using Eq. (9) 
has a large uncertainty. Since experimentally r ~ 2/3, a lower bound for ODD 
may be obtained by using r .. 2/3 or k .. 4/3. At 200 and 2000 GeV/c, this 
yields oDD ~ 1.4 and 2.8 mb, respectively, corresponding to a rise of 1.4 mb 
between the two energies. This is close to the rise represented by the 
dotted band in Figure 3, consistent with an energy independent hard core. 

The double diffraction dissociation cross section may also be obtained 
from Eq. (7): oDD" 0T - 00 - 0eR, - 20SD. Since the hard core may increase 
with energy, using 00 .. 26.3 mb gives an upper bound for oDD. As examples, 
we calculated £oD for the SPS and Fermilab pp Colliders. We take 0T .. 57 
and 64 mb at is .. 540 and 2000 GeV, respectively, as predicted by the critical 
Pomeron reggeon field theory[3]. Then r 

vs .. 540 IS .. 2000 

57.0 mb 64.0 mb°T 
26.3 26.3°0� 

0eQ. .. 0.175 aT 10.0 11.2� 

0SD .. 0.68 tn (O.ls) 7.0 8.8� 

6.7 8.9oDD" °T - °0 - °eR, - 20SD 

6.5 9.2 
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Although the two methods of calculating aDD are in good agreement, we empha­
size that they are both subject to uncertainties. Only a measurement of aDD' 
along with aet and aSD' can yield the coefficient k of Eq. (9) and, given 
aT' check the validity of Eq. (7). Such a measurement has been proposed for 
the Fermilab Collider L4l. 

III. DIFFRACTIVE CHARGED MULTIPLICITY DISTRIBUTION 

+ +
The charged multiplicity distribution of high mass diffractive ~-, K-

and pt states is represented well[5,6l by a simple Gaussian function that 
depends only on the available mass M a ~ - Mh , peaks at no s ~, where M 
is in GeV, and has a peak to width ratio no/D a 2 : 

a (n-n )2]n 2p .- .. exp - 0 (10)
[n a v'1iT D 2D2 

(M in GeV) 

n ID ;; 2 
o 

The normalization is such that at any value of M the sum of P over odd� 
values of n is unity (to within 'V 1%). n� 

Figures 4 and 5 show fits of Eq. (10) to data. In calculating values 
of <n> and D to compare with the data, one must sum over the physical posi­
tive values of n only. This shifts the average by 'V 4% above the value of ~ 

no and the width down by 'V 6%, so that the average multiplicity is <n>" 2.08 M 
and the <n>/D ratio is 2.2, in agreement with the data. 

The form (10) of the probability distribution implies that KNO-scaling 
is satisfied; i.e., the product Pn • <n> is a function of n/<n> only and not 
a function of n. Indeed, Eq. (10) may be rewritten as 

8 ~ -2(1-n/n)2
P • n • (-) e 0 (11)n 0 11' 
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Fig. 4. Average charged multiplicity and ratio of average to width as a func­
tion of available mass for bp + Xp (h-n!.Kt.pt) [Refs. 5,6]. 
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AVAILABLE MASS, M" M. -Mh (GeV) • PP 200GeV/c 
Fig. 5.� Charged multiplicity fractions versus available mass for diffractive 

states X produced in pp ~ Xp and n-p ~ Xp [Refs. 5 and 6]. 
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Fig. 6.� KNO-scaling distribution for the data presented in Fig. 5. The 

solid line represents the Gaussian function discussed in the text 
(Eq. 11). The broken line is from a fit to the inclusive data 
hp ~ anything (h-p,n-) [Refs. 5 and 6]. 



8 

Figure 6 shows Pn • <n> versus n/<n> for n p and pp diffractive data. Ignoring 
the small difference between <n> and no' function (11) represents the data 
well. However. one observes that in contrast to the fully inclusive reactions 
np ~ anything and pp ~ anything whose KNO-scaling curve. also shown in Figure 
6. is asymmetric and peaks at n/<n> s 0.8. the distribution for the diffractive 
data is symmetric about the peak at n/<n> • 1. 

For pp ~ anything, the average multiplicity is smaller than 2(JS)~ (see 
Fig. 7a). the <n>/D ratio decreases as the energy increases (see Fig. 7b). 
and the KNO distribution, as mentioned above, is asymmetric about n/<n> • 1 
(see Fig. 8). Nevertheless, Eq. (10) still provides a good description of 
the data if applied separately to the two distinct sectors of the inelastic 
cross. section: the diffractive component, for which the available mass is 
M • Mx - Hp, and the non-diffractive "hard core" for which M • IS - 2Mp• The 
solid curves in Figures 7 and 8, derived in this manner [6 ,7] , are in excellent 
agreement with the data. 
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~ Fig. 7. The average charged multiplicity and the ratio of the average to the 

width as a function of Plab for pp • anything and pp • anything. The 
solid curves were calculated using Eq.(lO) at the appropriate avail­
able mass of the diffractive and non-diffractive components of the 
inelastic cross section. 
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pp - onythino 
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Fig. 8. KNO-scaling distribution for charged particles in pp + anything. 
~ The curve was calculated using Eq.(lO) separately for the diffrac­

tive and non-diffractive components of the inelastic cross section. 

+­An examination of data from several other reactions, including e e + 

hadrons, led to the conclusion that the distribution represented by Eq. (10) 
is universal, describing well all known hadronic charged multiplicities up 
to and including the highest ISR energies (1:8 =60 GeV). Small differences 
in the multiplicities between certain reactions, such as between pp and pp 
at the ISR, which cannot be explained by the procedure of applying Eq. (10) 
at the appropriate available mass of each identifiable component of the 
inelastic cross section, may then be attributed to the difference in the 
quark content of the initial states. 

IV. DIFFRACTIVE PSEUDO-RAPIDITY DISTRIBUTION 

rhe pseudo-rapidity of a particle produced in the dissociation of a 
diffractive state X is given by 

1 + cos ex 
n .! in (12)

x 2 1 - cos e 
x 

where ex is the polar angle in the center of mass of the state. The distri­
bution of the charged particles from an isotropic decay of a diffractive 
state is 

dn c-- . ; ~. n - n (13)
dn nx -n 2

(e + e x) 
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where nc is the total number of charged particles in the decay and n their 
average pseudo-rapidity given by 

n s 1 SII 
~ • 2' zn Mx2 (14) 

The distribution represented by Eq. (13) is plotted in Figure 9. It is 
very similar to a Gaussian function with a standard deviation 

an ~ ± 0.7 
x 

Results[8] from the Pisa-Stony Brook experiment at the ISR (Figs. 10 and 11) 
show that the pseudo-rapidity distribution for diffractive events of a given 
multiplicity (corresponding to a given Mx) is consistent with a Gaussian 
function of width ± 0.6 to ± 1.0, and therefore consistent with Eq. (13). 
This implies that the diffractive states do indeed decay isotropically. In 
contrast, non-diffractive events, centered around n • 0, have pseudo-rapidity 
widths that are much larger than ± 0.7, reflecting the limited transverse 
momentum behavior of high energy collisions. 

Figure 12 shows typical diffractive pseudo-rapidity distributions ex­
pected at the Fermilab pp Collider (is-2000 GeV) under the assumptions that 
the average charged multiplicity is given by n - 2 Mx~ and that the decayc 
is isotropic. Since the cross section for diffraction dissociation is 
da/dMx2 

• A/Mx2 (Eq. 5), it follows from Eq. (14) that da/d~ - 2A • 1.36 mb/ 
(6~ • 1); i.e., the diffractive masses are produced uniformly in rapidity 
space. Figure 12 then implies that the diffractive charged multiplicities 
increase as the rapidity decreases. Indeed, integrating over the entire 
single diffraction dissociation cross section one obtains 

(15) 

where the factor exp(bSotmin) imposes a cut-off due to loss of coherence. 
From Eqs. (3) and (14), 

-411M e (16) 

The expression in Eq. (15) has, therefore, a maximum at the value of n for 
2which n/2 + bSOmp e-4n is minimum, or at n • 1/4 in (8mp2 bSO). For 

bs =10 (GeV/c) -2, which is the diffractive slope expected at the SPS 
Co~lider if bSO/beR. - 2/3, the value of n at the maximum of the distribution 
is =1.1. This value is not very sensitive to the value of s, since bSO is 
expected to increase only logarithmically with s. 

Figure 13 shows the distribution predicted by Eq. (15) for the SPS Col­
lider. In deriving Eq. (15), the width of the charged multiplicity distribu­
tion was neglected. At each mass Mx the multiplicity was taken to be the 
average value, nc • 2 MX~. Bad we taken the multiplicity width into account, 

~ the solid curve in Figure 13 would have been somewhat broader. 

The dissociation of the "other" particle results in a curve identical to 
that shown in Figure 13 but at negative values of pseudo-rapidity. Double 
diffraction dissociation events are expected to have pseudo-rapidity distribu­
tions similar to that of Figure 13 but extending to both positive and uegative 
values of n . 
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Fig. 9.� Pseudo-rapidity distribution of charged particles from an isotrop1c~ 
decay of a diffractive state X of mass M for pp ~ Xp at (c.m.energy)-s. 
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Fig. 10. Distributions of the Fig. 11. The mean pseudo-rapidity n versus� 
mean pseudo-rapidity n for the width ~n at various charged multipli­�
events with a given ~n and fixed cities for events from pp collisions at� 
charged multiplicity from pp PrSR - 31.4 GeV/c at the rSR [Ref. 8].� 
collisions at PrSR - 31.4 GeV/c� 
at the rSR [Ref. 8].� 
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Fig. 12.� Pseudo-rapidity distributions of charged particles from isotropic 
decays of diffractive states expected for pp ~ Xp at IS • 2000 GeV 
(Fermilab Collider). The average charged multiplicity of a dif­
fractive mass ~ is assumed to be nc - 2Mx~ 
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Fig. 13. Pseudo-rapidity distribution expected for single diffraction dis­
sociation� events, pp 0+ Xp. at IS • 540 GeV (SPS Collider). It is 
assumed that daldKx2 '\, IlMx2 and nc • 2 Kx'Ij • 
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