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We have obtained an estimate of the ineliwtic diffractive 

cross section by measuring the spectrum of slot" recoil protons. 

coming :from interactions' ~f 102 GeV protons in hydrogen. The 

data are from a preliminary 5000 picture expo·s.ure of the NAL 

30-inch bubble chamber. We find a value fortt.he total cross 

section for single diffractive dissociation of' 6.8 ± 1.0 mb, 

mainly contributed by the two-pronged and fou~-pronged topologies. .... 

*Research supported by the U. S. Atomic Energy Commission.� 

t A. P. 'Sloan Research Fellow'.� 

tContributed paper, Amer. Phys. Society, New York (January, 1973.)� 



r
i

-2­
• 

The idea� that hj.gh 'enere;y multipa:rticleproduction in ..
hadron-hadron collisions may occur through t\-W distinct compon~ 

ents is not new. (.1) It has been suggested tbat there may be 

a diffractive dissociation (D) component and a non-diffractive 

(ND) component" each of which have different multiplicity dis­

tributions and, energy dependenc ies . Recently" multiplicity dis­

tributions obtained in pp collisions in the 13-200GeV region-

have been used to estimate the ratio·of' the D to ND components; 

these estimates yield values for 0D in the 7--9 rob range. (2) 

In order to get a direct measure of C!- possible D component 

in pp collisions, l'Ve have analyzed the spectrum. of slow protons 

produced in 102 GeV pp collisions in the NAL30-inch hydrogen 

bubble chamber. The present data are from a preliminary 5000 

r"� picture exposure which yielded about 30 eventL;/mb • vIe are 

studying the reaction 

p + P -t P + anything (1 ) 

and we select events which have a proton '\-lith lab momentum less 

than 1.2 GeV/c. Such protons can be reliably identified by 

ionization and we will refer to them as slow protons. The 

mass (M) of the "anything" system can be obta:Lned from a mea­

surement of the momentum and 'angle of the slm'v proton, yielding 

a resolution in M2 of ±. 7 GeV2 • Our separati.on of elastic and 

inelastic events has been described eIsel-there. (3) Due to the 

rapid fall-off in transverse momentum, our 1ab momentum cut 

does not introduce any appreciable bias in the data for values 
2 2 ..,� 

of M <.80 GeV .� 

.J 
J 
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In '\\Tha t follows lye will be mainly co~erned with ·the 

type of diffractive process. wherein only one pf the incident 

protons dissociates. D-type events of this variety are expected 

to produce a peak at low M when the beam proton dissociates, 

and a high M continuum "lhen the target proton dissociates. . 

ND-type events' (as well as the smaller DD-component which in­

volves the simultaneous dissociation of both incident protons) 

will also contribute to:the high M eontinuum. We look for 

evidence for such possible behavior by plotting the distribu­

tion in M2 for various topologies in Figure 1. The data shm'! 

a marked change in the slow proton spectrum as a function of 

the number of charged prongs (n). Diffractive peaks at 1m'! 
2M are clearly evident for the 2 and 4 prong topologies, but 

not for n ~ 6. 

In Figure 2· \'le show the fraction of each topology that 
. 2

has both a slow protqn and M < 50 GeV2 . (1,Ile multiply the ob­

served fraction by two because of the symmetry of the pp system.) 

If we interpr~t the cross section for M2 < 50 as having mainly 

a diffractive origin, then we conclude from this graph that 

2-prong events may be almost totallydiffractive whereas for 

events with n ~ 6, the diffractive component is no more than 
" 

10-20% of each topology. It is clear that the position of the 

cut on M2 cannot critically alter the general features observed 

in Figure 2. (4 ) 

In Figure� 3a, we show da/dM2 for all slow protons, integrated 
·22 over transverse momentum up to PT = .6 (GeV/c) . F~gure 3b shows 

.the distribution in M2 of the average prong. number associated 
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Fwith any M • A priori one expects <n> to increase \'lith M2 for 
E 

events in which the beam proton dissociates. For target pro­ r 

ton dissociation and ND events one expects a weaker correlation 

in the high M region. vIe note a definite break in the <n> data 

nearM2 = 25 Gev2., which we employ as an arbitrar~ cut-off 

value for the definition of the singly diffracted inelastic 

component in the data. 

The cross section forlv12 < 25 GeV2 is (3.4 ± 0.5)mb which 
-, 

yields a total single diffractive cross section of 2 x (3.4 ± 0.5) 

= (6.8 ± 1.0)mb.(5) This is in good agreement with the estimates 

of reference 2, and.lends support to the idea of distinguishable 

and approximately constant values of aD and aND at higher energies. 

If we set aD = (6.8 ± 1.0)mb, then l'le get aND = ainelastic ­

aD = (26. 0 ~ l.lqmb at our energy. This is neglecting any 

possible uuulJle <.liffl'action dissociation component aDD' Assuming 

factorization of vertices we can estimate aDD = a~4aelastic ~o 

be ~ 1.7 mba This value for aDD maybe an overestimate because 

of the expected kinematic damping of this process (tmin effect). 

We nevertheless assign a value of 1.7 ± 1 mb to aDD' The total 

diffractive component is therefore estimated to be 8.5 ±1.5 mba 

Ignoring the small DD contribution., we obtain <nD> = 3.J~4 ± 0.17 

and <nND> = 7.20 ± 0.21 for-the average multiplicity of these two 

components. We have examined the data for a possible difference 

in the p~ behavior of slow protons from the D (M2 < 25 GeV2 ) and 

ND( 25 <-M2 < 80 GeV2 ) samples but find no significant difference. 

For P~ < .6 (GeV/c)2 we find <P~> = (0.137 ± 0.012) (GeV/c)2 
- . D 

and <P~> = (0.136 ± 0.011) (GeV/c)2. In Figure l~ we shm'l the 
ND 

separate fiul tiplicity dis.t-r:ibutions for the D and ND components 

in our data. We obtain <n > =2.59 ± 0.11 and D2 = <n2> <n >2 = 
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2.27 ± O~19 for the, lID component alone (1'Jhere n_' is the number 

of negative tracks) ~ vle note that the NDcomponent gives an 

excellent fit to a Poisson distribution in n '. The x2for the 

Poisson fit is ~.5 for 7 degrees of freedom. (6) 

In summary, we have obtained an estimate of the diffractive 

production cross section inpp collisions at 102 GeV. Our value 

of 8.5 ± 1.5 mb for this inelastic component is consistent with 

recent estimates based on the assmuption of tv-io-component 

ffiultiplici ty distributions in high energy col1isions (2). '~!e 

' ....ish to emphasize that our result is dependent on the identi­

fication of the observed Im'.J-mass enhancement tn reaction (1) 

with the cross section for single-proton dissociation.' Although 

other definitions for the singly-diffracted component are cer­

~ainly p~s'sible, (7) we regard our identificatic~n of the peak 

at small-M values with 0D as the simplest interpretation. 

We thank the staff of National Accelerator Laboratory, 

and in particular '-that of the' neutrino laboratory, for their 

help j_n obtaining the exposure. An illumil1ating disscussion 

with G. L. Kane is appreciated. 
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l~. He point out that the cut at M2 
=� 50 GeV2? is generous since 
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it allmm 1 GeV· for each charged trackim the dissociating� 

system ''lhen n= 8. l1.ost diffractive 'mode.ls assign smaller� 

values than this.� 

5.� With considerably more data one could hOI~ to obtain a more� 

accurate measure of an by taking into aCC(DUnt its M depen­�

dence and ma.king a background subtraction. Such refinements� 

are not warranted at the present level of statistics.� 

6.� This is not very surprising in view of th~ fact that the , jI 

shape of the full sample of data does not differ markedly 
r 

from a Poisson distribution at this energf ( see ref. 3).� 

It is of interest to look for similar be}~vior at higher� 

energies l'lhere the full sample deviates lTlvre from Poisson.� 

. 7.� Proponents of nova-type of models~ in particular, would 

argue that our measurement of diffrac·tion produ?tion may 

represent only a 101'1er limit for the proc;Bss. See for example 
,i 

the discussion of R. Slansky in the YalelReport No. 30'75-18 

(1972) . 

Figure Captions 

Figure 1.� The distribution of missing mass squared recoiling� 

against the slm"l proton for vario'IJ.Z topologies.� 

(M2 100 GeV2 corresponds to x -.J+8 in the a. m. )�=� =�

The division of events by prong nenber in the lowest 

graph is as 1'01101'18: 8 prongs (38~.J 10 prongs (13), 

12 prongs (9) J 11~ prongs (3). We estimate a 5� to 
2

15% loss of everits at high Pol in the region 80 < H < 100 

due to our slow proton cut. 
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Figure 2. The fraction (times two) of each.i1.otal topology 

having aslovT proton with lab mQnrentum less than 

1.2 GeV/e 
2· 2

and M < 50 GeV . 

Figure 3. (a) The cross 'section da/dl\12 for all sImI proton 

~ven~s l\rith P~ < .6 (GeV/c)2. ~l'he values here have 

not been multiplied by the factorof tVIQ fOl~ symmetry. 

(b) The average prong number vs. 
")

M- for -the'same 

sample as (a). 

Figure ~" Separate multiplic i ty dis tributions for D and ND 

components. The D component is conprised of twice 

the number of events with a slow proton and M2 < 
. 2 
25 GeV. The ND component is defilwd as the remain-. 

der of the inelastic events. The (curve is a Poisson 

with <n > = 2.50 
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