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in the polarization. The average over our range
of t is 0.12+0.06, where the error includes sta-
tistics only. The polarization gives us a measure
of the ratio 2 Re(E)/Im(N), where F is the nucleon
helicity-flip amplitude and N represents the dif-
fractive part of the amplitude.
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We have measured the differential cross section for small angle p-p scattering from
25 to 200 GeV incident energy and in the momentum transfer range 0.015 & ~t ~&0.080
(GeV/c) . We find that the slope of the forward diffraction peak, b(s), increases with
energy and can be fitted by the form b(s) =bo+ 2+' lns, where bo = 8.3 + 1.3 and a' = 0.28
+0.13 (GeVjc) 2. Such dependence is compatible with the data existing both at hi'gher
and lower energies. We have also obtained the energy dependence of the P-P 'total cross
section in the energy range from 48 to 196 GeV. Within our errors which ar"e-+1.1 mb
the total cross section remains constant.

We have measured the differential cross sec-
tion for p-p elastic scattering at small angles for
incident energies from 25 to 200 GeV, in the mo-

mentum-transfer range from 0.015 to 0.080 (GeV/
c)'. The data have been fitted by the form do/dt
=As ~~'~, and we have determined the coefficient
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b as mell as the energy dependence of the elastic
differential cross section extrapolated to E =0.

The experimental method' makes use of the
fact that the kinetic energy T of the recoil proton
from elastic p-p scattering is directly related to
the momentum transfer ~t) through )f~ = 2mT where
m is the mass of the proton. Furthermore, for a
fixed value of ~t~ the angle of emission of the re-
coil proton is almost independent of the incident
beam energy. We have measured the enex gy and
angle of the recoil protons by using lithium-drift-
ed silicon sohd-state detectors. Eight such de-
tectors mere placed so as to cover the angular
range from 90' to 80' in the laboratory. The de-
tectors mere collimated to an area of 0.6 em' and
mere located 3.5 m fxom the scattering target.
The energy response of the detection system mas
linear and had a resolution of 0.5%. The energy
calibration mas continuously monitored using
5.47-MeV a particles from an americium source. 2

The measurements mere performed at the Na-
tional Accelerator Laboratory using a polyethyl-
ene target in the internal beam of the accelerator.
The target consisted of a thin (typically 3 pm)
strip of polyethylene foil which x otated at 60 Hz
through the internal beam. The axis of rotation
mRS ox'lented Rt RD RDgle of 20 from the beRQl
dix ection. The tip of the foil mas 6 mm wide at
the tip. The foil mas eut radiaQy so as to render
the interaction rate independent of beam position.
The thickness of the foil was uniform to + 4%.

The detectors mere mounted on a carriage so
that their angular position could be changed.
Data mere obtained at six different carriage po-
sitions which provide (1) for cross calibration of
detector acceptance and efficiency, and (2) for a
measurement of the shape of the background un-
dex' the peaks. It mas observed that the back-
ground ls 1Ddepe1ldeDt of deteetox' posltlon to R

high degree of accuracy. One of the detectors
mas kept at a fixed angle to serve as a normaliza-
tion monitor. The beam intensity mas also moni-
tored using a toroidal coil eneix cling the beam
pipe. ' The signals fxom each detector mex e rout-
ed through appropriate circuitry to a single ana-
log-to-digital converter and then mritten on mag-
netic tape. The signals mere gated in synchron-
ism with the foil passing through the beam; an
asychronous gate provided simultaneous target-
out data. Each event recorded on tape contained
information on detector position, the recoil pro-
ton energy, the primary beam energy, and the
target status. In addition, events occuring during
the analog-to-digital convertor x'eadout time mere
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FIG, 1. Typical pulse-height spectrum from a 5-mm-
thick solid-state detector. The elastic peak appears at
an energy of 14.1 MeV and is due to protons stopping
in the detector.

and the slope parameter b(s) was determined for
eight different energy intervals, The width of the
energy bins mas IO GeV centered at 25-Gev in--
tervals. Data from all detectors and all positions

counted and recorded for use in correcting for
dead-time losses. Clear peaks corresponding to
elastic scattering mere observed in the energy
spectrum of each detector, a typical spectrum
being shown in Fig. 1. At low values of ~t( the
peak is due to protons stopping in the detector,
whereas at high (f) values the peaks were due to
the energy loss (fdE/dx) of protons traversing
the detector. The elastic peaks mere superim-
posed on a backgxound arising mainly from the
proton-carbon interactions in the target. To ex-
tract the yieM of elastic events a background en-
velope, obtained from several positions of the
same detector (but separately for each given
energy), was subtracted from the data histogram.
That this procedure selects only elastic. events
from p-p interactions in the target was verified
by comparing data for the same ~t~ value (and
same energy), but obtained from different detec-
tors as their angular position mas varied. Final-
ly, the elastic yield mas corrected for the follow-
ing effects: (a) nuclear interactions in the detec-
tor, ' 0.2 to 2.6/0, (b) interference of the Coulomb
and nuclear amplitudes, 1.V to V.0%', (c) geo-
metric acceptance correction, 2.5 to 12.3%.

The differential cross sections extracted from
the data in the interval 0.015 & (t ~

&0.080 were
fitted by R fuIlctional form

—(s t) =—(s t=O)e '(') I~I
do' d 0'
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TABLE I. Energy dependence of P-P total cross section,

b(s)"
(GeV/c) '

Re~ c (do/dt)t 0

(Relative units)
(do/dt) ~2/(1 +u 2/2)

(Relative units) +tot

48
73
98

122
147
172
196

10.9
11,1
11.8
11,5
11,6
11.7
11.7

—0.16
—0,09
—0.09
—0.09
—0.09
—0.09
—0.09

(1.03)
0,96 + 0.06
0.96+0.06
0.98 + 0.06
0.96+0.06
0.95 + 0.06
1,01+0.06

(1.00)
0.98 +0.03
0.98 +0.03
0.96 +0.03
0.98 +0.03
0.97 +0.03
1.00 + 0.03

(38,5 ~0.1)
37.7 R 1.1
37.7,+ 1.1
37.0 + 1.1
37.6 +1.1
37.4 + 1.1
38.5 + 1.2

The energy bins are 10 GeV wide centered at the indicated energies.
The slope parameters are obtained from the fit shown in Fig. 8.
The values of 0'. are taken from Ref. 5 for the lowest energy and assumed to be —0.09 for E 73

GeV. Note that if o.' =0, the change in a~ is 0.5%.
The forward cross section is given in relative units with the 48-GeV point having been set-equal

to 1.03.
The total cross section at 48 GeV was normalized to the point given by Denisov et a/. , Ref. 10.

we obtain the p-p total cross section at the re-
maining six energies. " The error on each point
is + 1.1 mb, and within these errors the total
cross section remains constant in the energy in-
terval from 48 to 196 GeV. This observation is
in agreement with total-cross-section data re-
ported by Holder etal. "at an equivalent energy
of E= 500 GeV and by Charlton et al. "at E =200
GeV.
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