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A COMPARISON OF THE SHAPES OF "+p AND pp DIFFRACTION PEAKS 

FROM 50 TO 175 GEV/C* 

Fermilab Single Arm Spectrometer Group+ 

ABSTRACT 

The ratio of "+p to pp elastic scattering is found 

to be smoothly varying over the range -t = 0.03 to 

0.4 GeV2. It is well fit by a single exponential, 

indicating the forward behavior must be quite similar for 

the two reactions. 

It has been known for sometime that the logarithmic slope for pp elastic 

scattering is steeper at small momentum transfers, -t 5 0.15 GeV 
2 , than at 

1 
larger momentum transfers. Although some increase at small t is expected on 

the basis of quadratic fits of the type 

do Bt + Ct2 dt = Ae , 
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2 
a high statistics experiment at the CERN ISR indicated a break, or more rapid 

change in slope, near -t = 0.15 GeV2 of about 1.5 GeV -2 . At Fermilab energies 
3 

a compari;on of the slopes observed in the gas jet experiment in the range 

0.005 r-t< 0.09 GeV2 with our 
4 5 

and other results at an effective -t = 0.2 GeV 2 

gives a slope change of about 1.3 GeV -2 . This can be compared with a change of 

0.8 GeVW2 expected on the basis of the quadratic fits to the spectrometer data, 

where typically C=2 and is positive. 

To further investigate the small t behavior of the IT+P and pp elastic 

scattering, systematic errors must be reduced to a minimum. To this end, we 

have examined the ratio 

R = da (n+p+~~+p)&pp+ljp) dt dt 

in the region -t 2 0.4 GeV2. Since the a+p and pp data were taken simultaneously, 

this ratio is insensitive to many systematic effects and gives a highly reliable 

. - result on the relative behavior of the two processes. 

The experiment used the Fermilab M6E high precision beam line and the 

Single Arm Spectrometer Facility to detect scattered particles. Proton and mr+ 

scattering off hydrogen were measured simultaneously under identical conditions 

using the same acceptance and detectors. The apparatus has been previously 
4 

described and we will only discuss those features germane to the ?/p ratio. 

The beam line contained scintillation hodoscopes to tag the incoming momenta 

and angles. Pions were identified with a threshold gas Cerenkov counter, while 

protons were identifiediwith a gas differential counter, and kaons with a DISC 

counter. A pion trigger required both that the threshold counter fired and that 

no proton or kaon.accompanied the pion. A proton trigger required a proton 

coincidence and no accompanying pion or kaon. The elastic scattering angle was 

varied by changing the angle of incidence of the beam on the target, the t range 
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being covered in a series of steps. No Cerenkov information was used in the 

trigger requirement for particles scattered into the spectrometer, leaving the 

trigger e?ually efficient for protons and pions aside from losses of pions from 

decays. To check that the beam line trigger requirements introduced no systematic 

biases, a sample of beam triggers was simultaneously recorded along with the beam 

spectrometer events. The phase space distribution of these beam triggers could 

be determined from the hodoscope information and was essentially the same for 

pions and protons. 

Several potential sources of error were considered. The momentum resolution 

(-,O.l%) was sufficient for the elastic scattering peak to be almost completely 

separated from the inelastic processes with at most a few percent contamination. 

Since the inelastic cross sections in the neighborhood of the elastic peak scale 
6 

proportional to the elastic cross sections, the effects of this contamination 

cancel in the ratio. Another source of potential error arose from possible 

changes in the LI and e contaminations in the beam. This small contamination was 

misidentified as pions by the Cerenkov trigger requirement and could thus cause 

a variation in the pion cross section. The contamination was checked periodically, 

amounted to a few percent and remained constant to better than 1%. A possible 

source of error came from two beam particles separated in time by less than the 

resolving time of the electronics (same rf bucket). This was largely eliminated 

by the requirements of "one particle only" in the beam hodoscopes and at most 1% 

of the triggers contained two particles. Radiative and target empty corrections 

were made and amounted to at most 10%. Estimates were made for Coulomb interference 

effects and were never more than 3%. Corrections of a few percent were made to the 

ratios to take into account double scattering pion Bremsstrahlung, pion decay, and 

target attenuation. These corrections are small (~4%) and only slowly varying in t. 
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Accordingly, we believe the systematic errors affecting the t dependence of cross 

section ratios were less than 1.5%. 

.Figue 1 shows plots of the ratios of "+p to pp scattering at each energy. 

It is clear from visual inspection that a simple exponential fit provides an 

excellent representation of the data. The use of more complex fitting functions 

does not significantly improve the quality of the fits. The results of fitting 

to various t ranges are shown in Table I. 

Figure 2 compares the exponential slopes found at small -t (0.03 to 0.15 GeV2) 

with those at larger -t (0.15 to 0.40 GeV2). Although the small -t slope has 

considerable statistical uncertainty and some fluctuations, the two slopes agree 

with one another to within + 0.25 GeV2 when averaged over momentum. Given this 

result and the smoothness of the TT + /p ratios, we conclude that structure, if any, 
7 

must be quite similar for the two reactions in this t region. 

We would like to express our thanks to the many people at Fermi National 

Accelerator who have contributed to the successful operation of the Single Arm 

Spectrometer and of the accelerator and beam lines. We would also like to express 

appreciation to our technical support personnel for their invaluable assistance. 
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In a separate analysis of the ~+p, - T p and pp elastic data from this experiment, 

it was found that at 50 and 70 GeV/c the forward slopes of these processes 

increase by typically (0.3 + 0.2) GeVW2 over that given by a quadratic fit to 

the data at -t > 0.12 GeV2. 
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TABLE I. Results of the fit of the elastic cross section ratios 

- do + R = -&K p)/$pp) to the single exponential form R = Ae -bt for 

the t ranges indicated in GeV2. 

-^ 

E b(.03 - .4) b(.03 - .125) b(.125 - -4) 

(@-VI GeV -2 
GeV -2 GeV -2 

50 1.52 f 0.06 1.00 + 0.24 1.56 + 0.10 

70 1.97 t 0.06 1.91 + 0.39 1.96 + 0.10 

100 1.94 + 0.12 (4 1.93 t 0.14 

140 1.91 i 0.05 2.56 5 0.41 1.86 i: 0.08 

175 2.00 + 0.05 1.89 t 0.29 2.05 + 0.08 

aOnly a small amount of data was available at 100 GeV in the 

small t range. 

FIGURES 

Fig. 1. The ratios R of the cross sections of elastic IT+P scattering to 

elastic pp scattering plotted versus -t at energies of 50, 70, 

100, 140, and 175 GeV. The lines drawn in have the form exp(-1.9t) 

and are for comparison purposes only (see Table I for the fits). 

Fig. 2. Values of the slope parameter for the ratio R for the t ranges 

0.03 to 0.15 and 0.15 to 0.4 GeV/c' versus the beam energy. (The 

line is simply to guide the eye and is not the result of a fit.) 
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