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The Double-Pomeron Exchange Contribution to the Reaction 
pp - pplr +lr - at l05 GeV Ic* 

M.� DERRICK, B. MUSGRAVE, P. SCHREINER and H. YUTA 

Argonne National Laboratory, Argonne, illinois 60439 

. The reaction pp - pplr +lr - at l05 GeV Ie is analyzed in 

terms of the rapidities of the secondary particles to measure 

thE~	 contribution of the double-Pomeron exchange process. Us­

ing a sample of 191 events, we estimate the maximum possible 

contribution for this process to be 44 ....b for the region of lrp 

effective mass greater than l. 0 GeV in a total cross section of 

680i: 140 f-Lb. 
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The multipe ripheral model has had considerable success in recent 

'1 ears in explaining many of the features of high energy reactions observed 

at the CERN Intersecting Storage Ring and with the bubble chamber at the 

National Accelerator Laboratory (NAL). (1) The nature of the exchanged 

particles has not been explicitly studied except that Pomeron exchange is 

thought to be responsible for the diffractively-produced events. In one of 

the simpLest multiperipheral models, (2) multi-Pomeron exchange processes 

with non-zero couplings would lead to divergence problems in the cross sec­

tion, so it is important to search for evidence of multi-Pomeron exchange. 

We have looked for double-Pomeron exchange (DPE) in the reaction 

pp - p1l' 
+

11' 
-
P ( 1) 

at 205 GeV Ie which would occur via the diagram of Fig. 1(a). This diag ram, 

with a single pion loop, is perhaps the simplest case where one might see 

evidence for OPE. Reaction (1) has been extensively studied for momenta 

up to 28 GeV Ie, (3) and several attempts have been made to evaluate the DPE 

. (4 5)
contribuhon. ' However, at low energies such a contribution in the cen­

t ral rapidity region is es sentially masked by the pronounced low p1l' +"r - mass 

enhancements resulting from diagrams such as 1(b) and l(c), 80 that the 

t~arlier estimates were not conclusive. The present experiment has the ad­

vantage that at our high energy a much larger range of rapidity space is 

;-tVailable to the secondaries, which reduces the degrHe of overlap between 

tLt~ diffractive and any DPE contributions in the central rapidity region. 



3 

The data were obtained from 50, 000 pictures taken with the 30-inch 

hyd roger. bubble chamber exposed to a lOS GeV I c proton beam at NAL. The 

+ ­
r«:>sults reported here are based on 191 pptr 'II' events selected by kinematic 

fitting from 1175 successfully reconstructed four-prong events in a 36 em 

long fiducial volume. A detailed discussion of the fitting and event selection 

is contained in Ref. 6. We me-asure the cross section for reaction (1) to be 

t80 ± 140 I-!b, where the error quoted includes our estimate of the possible 

contamination. 

+ - + - + ­Fig. 2(a, b, c, d) shows the p1r 1r , ptr , ptr , and "If "If mass distribu­

tions, respectively, and summarizes the prominent features of the reaction 

+ ­
( 1). The low 1''11' 11' mass enhancement, which results from diffractive exci­

+ ­tation of the proton, and pronounced ptr and p1f low mass peaks dominate 

+ ­he reaction in a way similar to what is seen at lower energies. The 11' 11' 

mass distribution in Fig. led) shows that the dipion mass tends to be small 

witt: most events falling below the p mass. There is no evidence for strong 

production of either p (765) or f(lZ60), in qualitative agreement with results 

at 24 GeV Ie. (5) 

To isolate the DPE contribution, one can impose cuts on the various 

sub-energies to restrict the rapidities of the secondaries. Fig. 3(a, b, c) 

shows the longitudinal center of mass (eM) rapidity distributions of the pions 

and protons for the fitted events. There is good overall forward-backward 

symmetry in each case, demonstrating that our fitted sampLe is not strongly 
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affected by any bias or contamination. Overall, the low mass p" 'If system 

is as sodated with a single proton in the opposite hemisphere with an average 

gap from this leading proton to the p'll'1I' system of ..... 5 units. A rapidity cor­

+ - + ­
relation study of the low p" 'II' and" 'If rna•• distribution indicates that 

+ ­
r"lOS t of the"" pairs are emitted as a result of dirfractive excitation of 

either the beam or the target proton. Since we expect the pion pairs from 

the OPE process to have a large rapidity gap from both proton., we first im­

pose a re striction that the longitudinal CM rapiditie s of the 11' + and 'If - lie be­

tween the two proton rapidities as shown in diagram of Fig. l(a). Events 

8elected in this way are shown hatched in Fig. Z. 

Fig. 3(d) shows the longitudinal CM rapidity (Y ) distribution for the 
11'11' 

+ ­
T'" 1f system considered a8 a single particle. The hatched area again cor­

responds to the rapidity selection described above. The clear double -peaked 

str'lcture is attributed to the p1l' +" - low mass enhancement observed in 

Fig. Z(a). We also note that the distribution is nat in the central region 

wh£ re the double-Pomeron contribution is expected to contribute. This is 

true for both the total sample as well as for the hatched events. However, 

because of the tails from the diffractive proces8, any estimate of the DPE 

contribution can be strongly influenced by the parameterization adopted for 

the diffractive process. 

To isolate a possible DPE contribution, we simply define as diffractive 

rho H' events having anyone of the four possible p'll' masses less than Z. 0 GeV. 

rhi s leaves the nine events (7) shown in black on Figs. Z(a, d) and Fig. 3 Cd). 



5 

Most of the nine events are in the central region of rapidity, i. e., Iy I
lT11' 

<' 1. O. Effectively, these mass cuts remove all the events having pTr 
+

Tr 
­

+ ­mass less than 3 GeV as well as the low mass pTr and plT enhancements. 

The remainder contains the possible DPE contribution plus other contribu­

tions such as single diffraction in the region of plT mass greater than 2 GeV, 

and these nine events correspond to a cross section of 44 ± 15 tJ.b. 

However, we find that the events in the central rapidity region mainly 

+ ­(orne from those with 11' Tr mass greater than 0.6 GeV, whereas we expect 

the OPE process to be dominated by a low mass s -wave Tr'lf system. This is 

best shown by the Y distributions of Fig. 3(e, f) where the Tr +IT - mass is 
'IT 'If 

selected to be less than 0.6 GeV and greater than 0.6 GeV, respectively. 

As indicated by the hatching, events in both plots satisfy the rapidity order­

ing previously dis cussed. We note that with the restriction of M
TrTr 

< O. 6 

CieV, we obtain a cross section of 9 tJ.b based on two events. 

The diagrams of Fig. 1 assuming a fixed 11' Tr mass suggests a Y dis-
Tr'IT 

tribution of the form (8) 

dN 2 Z 2 --- .:: 2A cosh (oY ) + 2AB cosh (oY ) + B
dY 11''IT 11'11'

trlT 

where A And B are the parameters to characterize the diffraction and the 

double-Pomeron processes, respectively, and 6 is the difference between 

the intereepts of the Pomeron and the f Regge -trajectorie 5, taken to be O. 5. 

\V e have Citted the hatched distribution in Fig. 3(d) to this form. In the fit, 

Wt~ only consider Iy I< 2. 0 where the above formula should be 
1f'IT 
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d. ppropriate to our data. We find that the DPE parameter B is consistent 

with being ze roo (9) The best fit curve is shown in Fig. 3 (d). We note that 

A naive calculation of the DPE contribution based on the ABFST 

model, (2.) without introducing any form factor, gives a cross section of 

70 ~b(10) for the region of the p11' mass greater than 2. GeV and 1t I
11'1r 

2.< 0.5 GeV Here t is the momentum transfer squared between the two
1r1r 

pions as shown in diagram <a) of Fig. 1. For the same p'Il' mass and t
11'1r 

delection, we measured a cross section of 24 ..b which is substantially lei. 

than that calculated. 

In conclusion, we see no evidence for a double-Pomeron exchange con­

+ ­
uilJUtion to the p1T Tf P final state and measure the maximum possible DPE 

.:ontribution of 44 ± 15 fJ-b for the region of the p11' mass greater than 2 GeV. 

Compared to a naive ABFST calculation of the DPE contribution in a restricted 

j:>1T mass and t region, our data give a cross section which is smaller by
11'11' 

..:l. factor of about 3. 

We acknowledge the effort of the NAL staff for providing this exposure 

ind of the ANL film scanning group. We are also gratefu 1 to D. Sivers, 

!. Snider, S. Pinsky, B. Webber and R. Shankar for stimulating discussions. 
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we remove events having either PI1T 1 or P2.1T 2. mass less than 2. GeV 

wlw re p. and 1T. (i = 1,2.), respectively, denote the proton and pion of 
1 1 

Fig. 1(a), we obtain an extra two events. Both of them have a smaller 

pit 1T mas s than 3 GeV and a large I y I of order of 2. 
11'11' 
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8 We thank S. Pinsky for providing the formula. 

Without restrictions on the pararnetE'r B, we obtain n nega.tive valuf~ of 

B from the fit. Since the parameter B is physically expected to be posi­

tive, the best fit is obtained by setting B = 0 and gives A = 1. 89 ± O. 06. 

10. We thank D. Snider for calculating the cross section. 

Figure Caption. 

Fig. 1 Feynman diagrams representing (a) double-Pomeron exchange, 

(b) and (c) diffractive production of the plT +11'- system. 

Fig. 2 The effective mass distribution for (a) the p" +11' -, (b) the p11' +,� 

- + ­
(c) the p'lT , and (d) the 11' 'IT systems. The hatched events 

correspond to those where both protons are at the ends of the 

rapidity chain; the shaded events also have the p11' effective mas­

ses greater than Z GeV. 

Fig. 3 The eM longitudinal rapidity di8tributi~n for (a) the 11' +J (b) the 

1T and (c) the proton from reaction (1) and the eM rapidity dis­

tribution for the 11' +11'- system, (d) for all the 11' 11' mass range, 

(e) for the 11'11' mass leIS than 0.6 GeV and (f) for the 11'11' mass 

greater than 0.6 GeV. The hatched events correspond to those 

where both protons are at the ends of the ordered rapidity chain; 

the shaded events also have the p" effective masses greater 

than 2 GeV. 
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