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ABSTRACT 

We have observed evidence for the double diffraction process pp i N*N* 

at 300 GeV/c. The symbol N* is here used to refer to the low-mass enhancement 

which decays into three charged particles (with or without neutrals). The cross 

section for this reaction is measured to be 0.12 2 0.05 mb. The cross section 

for the single beam diffraction reaction, pp -f pN*, is measured to be 

0.82 * 0.08 mb. These data are in good agreement with the predictions of the 

factorization hypothesis. 
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Many of the characteristics of very high energy reactions observed in 

the CERN-ISR and with the Fermilab 30-inch bubble chamber can be understood 

in terms of multiperipheral or fragmentation ideas. Certainly a major 

component of such ideas, especially in reference to diffractive scattering, is 

the idea of Pomeron exchange. In order to understand the nature of this process, 

the differential cross section for reactions in which either projectile or 

target diffracts, e.g. pp + pN*, have been studied from threshold up to the 

(1) highest energies currently available . There have thus far been no measure- 

ments of the cross sections of the reactions in which both projectile and target 

diffract in the same event, e.g. pp + N*N* (2) - . At low energies it is particu- 

larly difficult to isolate a clean sample of such events because the rapidity 

difference between the target fragmentation region and the beam fragmentation 

region is small. The current experiment has the advantage that at this very 

high energy there is a relatively large rapidity gap between the two regions so 

3 clean separation becomes possible. In this work we use the symbol N* to refer 

to a low-mass enhancement which decays visibly in the bubble chamber into three 

charged particles (with or without neutrals). 

The data were obtained from 35000 pictures taken with the 30-inch hydrogen 

bubble chamber exposed to a 300 GeV/c proton beam at the Fermi National Accele- 

rator Laboratory. The results reported on here are based on measurements of 

1197 six-prong events, which is about 79% of the total sample in the film. The 

events have been measured at the Fermilab and details of the scanning, measuring, 

reconstruction, etc. have been published(3). 

In this work the measurements of six-prong events are used to isolate a 

clean sample of double diffraction events. We select those six-prongs with 

low-mass pn+,r- combinations in the target fragmentation region (low momentum 

in the laboratory frame). These particles are slow in the bubble chamber and 
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therefore can be measured well. We then calculate the missing mass against 

this slow system, and select only those events for which this missing or 

"fast" mass is small as candidates for double diffraction. The observation 

of six charged particles in the final state thus guarantees that the event is 

not a single target diffraction event. This method is used because of the 

unreliability of measurements of fast tracks in very high energy experiments 

in the bare 30-inch bubble chamber, and the consequent large uncertainties in 

kinematic fits at these energies. In this way our results are independent of 

any measurements of the fast system or of any kinematic fits; yet the observed 

charge and (after the cut is made) low mass of the "fast" system recoiling 

against the measured "slow" system ensure diffraction of the beam proton. 

Figure la shows the distribution in M(pn+~-) for all possible prr+n- COlP 

binations consistent with ionization. All measured six-prongs were examined 

on the scan table and the bubble density recorded for all tracks with measured 

laboratory momenta less than 1.6 GeV/c. Since each positive track is recon- 

+ 
strutted as either a proton or a II , there is a theoretical maximum of 24 

possible pn+rr- combinations per six-prong event, but 76% of these combinations 

are rejected by ionization inconsistency, observed stopping protons, etc. The 

distribution in figure la is dominated by a large low-mass enhancement centered 

at about 1.8 GeV. The distribution in figure lb shows M(p~?n-) with only one 

pll+TT- combination plotted per event. A cut at M'(pn+n-) < 40 GeV' has been 

imposedC4), and for those events with nore than one combination satisfying 

this cut, that p*+n- combination with the lowest ]tl from target to prr'n- 

system is chosen. Just as for figure la, the distribution in figure lb is 

dominated by a low-mass enhancement centered at about 1.8 GeV. 

Figure lc shows the distribution in the square of the missing mass recoiling 

f- 
against this pn 71 system whose invariant mass distribution was shown in figure lb. 

A clear low-mass signal above the dashed background curve can be seen in the 

region less than 40 Ge?. There are 17 events with negative missing mass squared, 
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i.e. missing momentum greater in magnitude than missing energy. These 17 

events were judged to have wrong mass interpretations chosen and were rejected. 

Figure 2 is a plot of the laboratory longitudinal rapidity of the "fast" or 

missing system versus the mass of this "fast" system for all events shown in 

figure lb. The low-mass high-rapidity enhancement in the "fast" system can 

be seen at the top of the distribution. We point out that the striking corre- 

lation between rapidity and the square of the missing mass is due to the 

restricted range of transverse momenta. 

To isolate the double diffraction signal we now impose the cut that the 

square of the missing or "fast" mass be less than 40 GeV', and in addition 

remove the five events shown in figure 2 with missing mass squared less than 

40 GeV' but with "fast" rapidity less than 3. These five events are those for 

+- 
which the selected "slow" pi n combination is in the beam rather than the 

target fr2lgme*t.3tiOn region, and are therefore unreliable. There remains a 

sample of 118 events which includes the double diffraction signal plus back- 

ground. Figure 3a shows the distribution in the laboratory longitudinal 

rapidity for the 118 selected events. For each event two points are plotted: 

the rapidity of the selected "slow" pn+~- system and the rapidity of the "fast" 

system recoiling against it. Every event contributes one count to each of the 

two enhancements. There is a clean separation on the average of four units in 

rapidity between the two enhancements. 

We have studied the decay characteristics of the slow p~~+n- system for 

the double diffraction sample, and find that the pn 
+ 

and PYT- mass distributions 

(not shown) are dominated by low-mass enhancements in agreement with low energy 

f- 
results and with the p'n TI system studied in four-prong events at 200 GeV/c (5) . 

+- TIIC 'T !: mass distribution (not shown) is heavily peaked at the low-mass end of the 

spectrum with most of the events falling below the p. There is no evidence for 

strong production of either ~(765) or f(1260), in good agreement with results 
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at 200 and 24 GeV/c(5'6). The t-dependence of the data, where t is the 

f- square of the four-momentum transfer from target to slow p?~ 71 system, 

is exponential and shows a slope of 7.4 + 1.2 (GeV/c)-'. 

In order to estimate the cross section for double diffraction, several 

corrections are necessary. The first of these is represented by the dashed 

curve shown in figure lc. This curve represents our estimate of the back- 

ground under the signal in the distribution of the square of the missing mass 

against the slow system. Its shape has been determined from the data by selecting 

all non-diffractive three-particle systems with the "wrong" charge ( i.e. +++ 

or +--) in the 6-prong and &prong events, requiring this charged system to 

be low-mass (PI2 < 40 GeV'), and then calculating the square of the missing 

mass against this wrong-charge non-diffractive system. This shape is then 

normalized to the observed number of events in the region 40 < M2 < 80 GeV2. 

There is a signal of 56 i 16 events above the background where the quoted 

error also includes the uncertainty in the background. A similar background 

subtraction must be performed in the target fragmentation region, leaving 

a signal of 27 ? 7 events. On the basis of the work reported in reference 3, 

these 27 events correspond to a cross section of 0.14 i- 0.04 mb. This cross 

+- 
section represents the process in which the target diffracts into a p1~ n 

system with invariant mass squared less than 40 GeV', and the beam forms a 

low-mass system (HZ also less than 40 Ge?), which contains three charged 

particles (2 positive and 1 negative), and nay also include neutrals. This 

low-mass system formed in the beam fragmentation region contains pn+n-, but 

also includes other states, e.g. ~~~+IT-IT', Ir+n+n-n, etc. A partial separation 

of these states (with large uncertainties) may be obtained thru the use of 

kinematic fit data. This has been done in two experiments at 200 GeV/c. In a 

comparison of the inclusive reaction pp -t pX in the four-prong events with 
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+- the four-constraint exclusive reaction pp -f ppr 71 , Whitmore (7) concludes 

that only about 35% of the low-mass peak in the inclusiv,e distribution of 

missing mass against the slow proton is due to the four-constraint reaction, 

i.e. i- to the final state pn 71 . Similarly, Winkelmann, &al. (8) , in a 

200 GeV/c r-p experiment concluded that the cross section for proton disso- 

ciation into pv+rr- was only 180 pb. out of a total of 790 ub. for proton 

dissociation into three charged particles (with or without neutrals) for a 

ratio of 23%. Both results have large errors, due in part to the uncertainties 

in kinematic fits at Fermilab energies. 

In the current work we do not rely on this separation by kinematic fits, 

but use the cross sections for which the symbol N* refers to all decays into 

three charged particles (with or without neutrals). Therefore our measured 

cross section requires no correction for the beam vertex, but it excludes 

+- 
the cross sections for p -t pn n + neutrals and p + n+n+rr- + neutrals at the 

target vertex, and it also includes contamination from events in which the 

true target fragmentation mass squared (including neutrals) is greater than 

40 GeV2, but the charged-mass-squared at this vertex is less than 40 G&J'. 

These two effects cancel to some extent. 

In order to determine the missed portion of the cross section for 

++- 
p+lrTrn + neutrals at the target vertex, we perform a calculation in which 

neutrons with the same transverse momentum and longitudinal rapidity distri- 

butions as observed protons are generated, added to the observed events with 

low-mass n+lr+n- systems, and these "expanded" events are processed the same 

as real events but with the neutron included in the "slow" system. The loss 

++- 
of double diffraction events with p -t n n v + neutrals in the target frag- 

mentatlon region is 8% of the observed signal. The contamination from events, 

whose: I ntt, t~;t*-~~-t Iii-agmental~i.on ma54 squared (~Lnclud.Lq neutrals) la greater 
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than 40 GeV*, we estimate thru a Monte Carlo calculation in which we 

assume that TI 0, s are distributed in longitudinal rapidity and transverse 

momentum the same as charged pions, and that the average number of T Of6 

per six-prong event is 3.8 2 0.4, as determined from a study of y conversions 

in the bubble chamber('). The same Monte Carlo calculation simultaneously 

gives the correction for improperly excluded events with 71"s in the target 

fragmentation region, i.e. for p + pn+n- + neutrals. This calculation shows 

that 19% of the observed signal is in fact contamination. Thus the cross 

section for the double diffraction reaction pp + N*N*, where each N* decays 

into three charged particles (with or without neutrals) is 0.12 ? 0.05 mb. 

The quoted error includes our estimate of the uncertainties introduced by the 

background subtraction and also the uncertainties introduced by the corrections 

for neutrals. 

In order to compare our result with the predictions of the factorization 

hypothesis, it is necessary to obtain an estimate of the cross section for single 

diffraction at 300 GeV/c. This is best done thru a study of the missing mass 

against a slow identified proton in the four-prong events. Figure 3b shows the 

distribution in the square of the missing mass against the proton for a sample of 

1168 measured four-prongs in this experiment. A cut has bee" made that the 

measured proton momentum be less than 1.6 GeV/c. All four-prong events have 

been looked at on the scan table and the bubble density of all tracks with 

less than 1.6 GeV measured laboratory momentum has been recorded. In this 

region identification of the proton by ionization is quite reliable. A clear 

low-mass signal can be see" in the region less than 40 GeV*. In addition there 

are 48 events with missing mass squared less than -40 GeV'. These 48 events 

were judged to be events in which the "slow proton" has been incorrectly iden- 

tified, and are rejected (10) . The remaining 259 events in the region below 

40 GeV2 include the signal for single diffraction of the beam proton into 
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three charged particles (with or without neutrals) plus background, and 

is exactly analagous to the beam diffraction signal in the six-prong case 

shown in figure lc. In this case the dashed curve represents an estimate 

of the background, whose shape is determined from the distribution in the 

square of the missing mass against a negatively charged track of momentum 

less than 1.6 GeV in the four-prong events. This shape is then normalized 

to the observed data in the region from 40 GeV2 to 80 GeV2. There is a 

signal of 189 events above the background. On the basis of the work reported 

in reference 3, these 189 events correspond to a cross section of 0.82 i 0.08 mb. 

This should be compared to the value of 0.79 2 0.14 mb. for this process found 

by Winkelmann, et al. (7) in w-p interactions at 200 GeV/c. The t-dependence 

of the enhancement region, where t is the square of the momentum transfer 

from target proton to recoil proton shows a slope of 10.4 ?r 0.8 (GeV/c)-*. 

The correction for beam diffraction where the recoil proton has a momentum 

greater than 1.6 GeV/c is negligible. 

The prediction of the factorization hypothesis is that 

oDD(predict) = 
(asn) * 

"EL 

where D SD is the single vertex diffraction process measured in the four-prongs 

(beam diffraction),and 0 EL is the pp elastic scattering cross section at 300 GeV/c, 

which has been measured to be 7.89 ?r 0.53 mb. (3) . Thus uDD(predict) = 

0.09 t 0.02 mb., which is in reasonable agreement with our measured value of 

0.12 i 0.05 mb. 

We thank the staffs of the accelerator, Neutrino Lab., 30-inch Bubble 

Chamber, and Film Analysis Facility at the Fermi National Accelerator Laboratory 

for their help with the experiment. We also thank Tom Clark for his excellent 

work on the ionization. 
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Figure Captions 

Fi .gure 1: (a) Distribution in M(p~+rr-) for all combinations in the 

six-prongs consistent with ionization. 

(b) Distribution in M(pn+rr-), one combination per event with 

M2(pir+n-) < 40 GeV', and the combination with lowest ItI 

chosen. 

(c) Distribution in the square of the missing mass against the 

+- 
selected plr TI system, whose mass distribution is shown in 

figure lb. 

Figure 2: Plot of the laboratory longitudinal rapidity versus the square of the 

mass of the missing or "fast" +- system recoiling against the selected pin il 

system, for all events with M2(prr+n-) < 40 GeV* as shown in figure lb. 

Figure 3: (a) Distribution in the laboratory longitudinal rapidity of both 

the selected pn+lr- system and the missing or "fast" system 

for those events with both M*(pn+v-) and missing mass 

squared < 40 GeV'. Each event has two points plotted, one 

each in the beam and target fragmentation regions. 

(b) Distribution in the square of the missing mass against a 

slow identified proton with momentum less than 1.6 GeV/c 

for the four-prong events. 
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