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ABSTRACT

2

The differential cross section, dzcr/c!ttmx ¢« for the

inclusive reaction pp+ Xp has been measured in the

ranges of 0.001 < |t]| < 0.017.(Gev/c)? and 1.2 < m ? <

8.0 Gev? for incident proton momenta from 50 to 460

GeV/c. We present the averaged values of dza/dtduxz VS,

t and u_? from 150 to 400 GeV/c. The differential cross
section has been parametrized by a% /dtdﬂzzts,t,uiz) -

(1 + C/s) A(szj exp(b(sz} (t + 0.01)}.



I. INTRODUCTICHN

The diffraction scattering of protons on protons, deuterium
and helium has been studied at low - t in a series of experiments by
the Dubna-USA collaboration. This paper reports on the results of
s measurement of the differential cross section d%r/dtdnxz, for the
1nc1usi§§ reaction pp + Xp. The measurement has been performed at
Permilab by detecting slow-recoil protons from a hydrogen-gas-jet

target intersecting the accelerator beam.
I1. EXPERIMENTAL METROD

The experimental setup was located in the Internal Target Area
at Fermilab.

The circulating beam of the accelerator multiply intercepted
the pulsing hydrogen-gas~target., The jet target had the following
characteristics: the pulse duration was 100 msec, the quantity of
pulses per cycle 3, the thickness 2 x 10”% g/cm?, the full width at
half maximum 12 mm.

Slow-recoil protons were detected by the stacks of two Si
detectors 6 to 10 mm in diameter. The thickness were 17 to 100 um
for front detectors and 200 to 1500 um for rear detectors.

The detectors were mounted in the movable vacuum " iongquide*
connected directly to the main ring chamber. The distance from the
target to the detector array was 7.2 m., The "lionguide® with the

detectors could vary over an angle of 0-140 mrad (from 90° to the



beam direction). We present data in a |t] range of 0.001 to 0.017
(Gevyc)z. The lower limits depend on background conditions, the
upper limits on the thicknesses of the rear detectors.

The data were obtained at two sets of proton momeﬁta:

1) 50, 160, 340 GeV/c and
2) "50, 270, 400 GeV/c
for twelve angle positions.

About 400,000 inelastic events were recorded for a running
period of 160 hours.

The data were normalized using two permanently fixed détector
stacks which measured elastic scattering at {4 = 0.02 (GeVVc)z.
The absolute values of the elastic differential cross section were
taken from Ref. 1. The uncertainty of normalization was estimated
to be 22%.

The sz values were limited for incident proton momenta, 50,
160, 270, 340 and 400 GeV/¢, respectively: 1.8; 3.4; 5.8; 7.0 and
3.1 Gev?,

III. DETERMINATION OF THE DIFFERENTIAL CROSS SECTIONS
a% /dtdnxz AND THE u;z RESOLUTION

The missing mass squared, sz, and the Jdifferential cross

2

section, dzo/dthx  are given by:

2_, 2 P N
2 en +zp1/|tlE1§ t1+5113) Jﬁ‘;] . (1)



dza - " AN{t) 1 (2)
2 £, At L*AR
aean 2 2 ) Il

where p, is the incident proton momentum, Mp the proton mass, t- the

four momentum transfer squared (lt| = ZMPT, where T is the kinetic

energy of the recoil proton}, & - the recoil angle measured from

90°, At the bin width in t, AN(t) the number of particles recorded
in the At interval, AQ the detector solid angle, and L the target-

. do
bean luminosity (L = Nel/(aﬁ Anel)).

Figures 1 and 2 illustrate the recoil kinematics of the

2 resolution depends con the resolution of

PP + Xp reaction. The M_
Pyr t and 8. We have 4 p; = 26 GeV/c, 48 = t1l.0 mrad, At = 22 x 10

2

(GcVVc)z. In our Kkinematic region the values of A M: are of the

order of 0.1 Gevz.
IV. BACKGROUND SUBTRACTION

Pigure 3 shows the kinetic energy spectra of recoil particles
recorded by a stack of Si detectors at an angle of 78 mrad (from
!0°). The thickness of the front detector is 190 uym and the thick-
ness of the rear detector ~ 1500 um.

Three spectra are presented:

a) P " 400 GeV/c. One can observe the elastic scattering

2

peak and two enhancements which correspond to H‘ = 1.95

Gev? and M2 = 2.8 GevZ.



b) pp = 50 GeV/c. There are practically no inelastic events
in this spectrum, Taking into account the resolution,
the largest H‘z value is about 1.17 Gevz.

€) p; * 150 GeV/c. This spectrum was recorded during the
game time interval as spectra (a) and (b}, 1 sec after
that the first jet pulse terminated. This spectrum con-
sists of the recoils of residual (not pumped-out)
hydrogen.

the shape of the recoil spectra depends on three different

beam-gas interaction regions:

1) The central jet region (about 2 mrad).

2) The region of diffused gas around the jet which is
directly "seen" by the detectors and clearly limited by
longuide collimators (about 12 mrad).

3) The extensive region of diffused gas shielded from direct
view of the detectors by various parts of the apparatus,
This region can provide sources of secondary particles.

Let us consider the shape of spectrum (b} in Fig. 3 which has

ne inelastic events. A steeply decreasing background of low energy
recoil particles is observed from 0 to 2 MeV. The intensity of this
background is directly proporticnal to the thickness of the front
detector and makes a significant contribution of particles other
than protons. The protons having enerqy above 5.5 MeV penetrate
into the rear detector. The AE-E identification begins to work,
and the background steeply decreases. In the range from 8.3 to 13.5

MeV one observes the narrow e¢lastic peak placed on the flat
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pedestal of elastic recoils from the diffused gas. The height of
the pedestal is greatly limited due to the ionguide collimators.
Above 13.5 MeV the background is practically the same as in front of
the elastic pedestal.

We compared many spectra of the (a), (b) and (c) types and drew
two conclusions:

{1) The background level is directly proportional to the
amount of diffused gas (but not to the central jet density);

(2} The shape and the size of the background are practically
independent of the beam proton momentum.

Taking into account these conclusions we subtracted the 50
GeV/c spectra as background from the 160-400 GeV/c spectra. ‘The 50
GeV/c data were slightly stretched to correct for small elastic
kinematic differences at the two momenta and then normalized to the
high momentum data so that the numbers of elastic counts were
equal.

This method of background subtraction made it possible to use
all parts of the spectra including the ranges, where the particles
are not identified, and the ranges near the elastic peak. The
procedure of subtraction does not work at the angles where the
inelastic cross section at 50 GeV/c is sizable. Por these ranges
only particles stopping in the rear detectors were used, and the
background, averaged over the region from the elastic pedestal to
the plion threshold, was subtracted. This background was assumed to

be constant and was equal to (taking into account Eq. (2)):
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nb
(GeV/c) 2 Gev

2 2
4 o/dth! (pl) = 1.2 x 50/p; 3

This background can be seen in Fig, 3b in an interval of 5.5-8.3 MeV

and in Fig. 4, where the differential cross section is shown at 50

GeV/cC,

V. THE DEPENDENCE OF THE DIFFERENTIAL CROSS SECTION
a%a/atan 2 ON INCIDENT PROTON MOMENTUM, p,

The differential cross sections are fitted by the exponential

form:

as
2
dran

(py 4 2.ty = ame?,pp)exp(bipy, M2 (& + 0.01)) (3)

(Ve  use {t + 0.01) instead of the usual (t) to decrease the a
and b correlation. The value t = -0.01 (GeV’/c)2 is approximately
the center of our t-range).

At this step of data processing the choice of just the ex-
ponential dependence is not very important (because our t-range is
very narrow, the fit is done mainly to get the average charac-
teristics of ocur data set.)

Then the a(p,,M, %) is fitted by

2
cm ?
atp, m % = a m?) (14 ---p"l—) (4

The values of a(pl,ux;}, a.tnxz) and C(sz) are presented in Table

1.
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The value of C(szl is shown in Fig. 5. In a range of
1.3 & sz £ 3.2 Gev2 the averaged C value is € = 19 ¢ 4 GeV/c.
Assuming this averaged dependence on p; for all data, we have

2 .
19+4 2 2
_d—oitpl'uxz't) = é_ + _P:i—)a“‘m* )exp(b(Mx y(t + 0.01)) (S)

dthx

The spread and the errors of b[pl.sz) are large, and we do not
present their values here. The values of b(le) averaged over 160-

400 GeV/c will be obtained below.

vi. 4 7 AND t DEPENDENCE OF THE d% /dtam ?
CROSS SECTIONS
To have more information to study the sz and t dependence of

2

dza/dtdn‘ . we combined the data at 160, 27Q, 340 and 400 GeV/¢c and

normalized them to P, = 300 GeV/c according to Eq. 5:

2 2
alo a2g 19 19
99 (p. = 300 GeV/c) = ~—3- (p ) ({ + --—-—)/1 + -—)
aran 2 1 aean ? 1 300 P

These normalized values of dzo/dth,E are presented in Table II.

Several examples of the t-dependence of dza/dtdut2 2

at fixed M:
values are plotted in Fig., 6. Table II, and figures 7 and 8 show

the values of A(H‘z} and b(uxzj obtained by fitting
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2
4 2 {t,sz) - A(sz)exp(btuxz) (t + 0.01)) (6)
dtam

X

Typical values of xz are 1.5 per degree of freedom. We do not show

2) values for sz > 3.2 Gev2 because the errors are very

the bL(M
large. The data at |t} < 6.003 {Gev/c)2 are not used for this fit
as the Coulomb production of pions cannot be neglected at such
small |t|.

We also present an empirical parametrization of A(th) and

b ).

3
M _-M_\2
2,0 (1 _(:x oIS P (M) +
AM, = (1 exp(j 0.22) o1 k'x
M -M\2 1
- % o ~=3 (7
+tc, “9((0.056) )) M 2
where M, = Hp + M_, F, are the Breit-Wigner type functions
2, M v 2 2.2
Py = C T,/ M (4(M ~M )" + T\ 7)) (8)

1.14 £ 0.05; €, = 1.58 2 0.02; C, = 0.12 + 0,04;

0
[
[ ]

2 3

(¢ ]
[ ]

4.64 ¢ 0.10;

M, = 1.408 & 0.002, M, = 1.682 + 0,003, M, = 2,14 = 0.02.

3
= 0.33 =+ 0.10.

2
r1 = 0,356 ¢ 0.007, r2=0.216 + 0.013. ry
bluxz) is parametrized by

ba,%) = (13.2 £ 1.2) exp (-(0.74 £ 0.30) .2 - u DY

+ 6.5 (Gev/c)™2. (9)
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The asymptotic value b(M = = =) = 6.5 (GeV’/c)'2 was not found

by this fit but was taken from references 2 and 3.

VII. CONCLUSIONS

The results of this work can be summarized as follows:

1)

2)

3)

4)

The experimental method of the gas jet target together
with recording reccils by solid state deteétors works
well for studying the reaction §p + Xp to |§ as small as
lt| = 0.001 (Gev/c)?.

The tables present the differential cross section

2 vi. t and sz averaged over 160-400 GeV/c in

2 < 8.0 Gev? and 0.001 < |t} <

a%s /atan,

intervals of 1.2 <M,
0.017 (Gev/e)2.

The differential cross section is parametrized by

rl

-~ (em ) = A Drexpb,?) (¢ + 0.01)).
x

The parameters A(sz) and b(u‘z) are approximated by
empirical formulaé (7) and (9).

The b(nxz) values are in good agreement with data of
other experiments on nucleon diffraction dissociation at
lacger H values (for instance, references 4 and 5).
This means that the exponential t-dependence of the

differential cross section dzu/dtdnx2

holds down to |t
= 0.002 (GeV/c)z. No indication o©f a turnover is

observed.
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5) The differential cross section dzcydtdnx shows a small

enerqgy dependence form 50 to 400 GeV,

The s-dependence, averaged in an interval of 1.2 < sz £3.0

chz. is approximated by

2
29 (s, tm?) - (1 + 39—-’—9-) a, (t,u %

8
dtdﬂx
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TABLE CAPTIONRS

Table I: The values of a(pl,uzz) determined by the fit

2
99 (p,.M 2,t) = alp).M, Dexp(b(py M) (& + 0.01)).

2
atamM

The parameters C and a_ are determined by the fit

c (uxz)
Py

2

l(pl,sz) =a M 1+

(The errors are statistical).

2 obtained for

Table II: The differential cross section dzq/dtdux
P equal to 160, 270, 340, 400 GeV/c and normalized to
P" 300 GeV/c according to Eg. 5; A(uzz) and b(nxzj are
determined by the fit
2

—do m?e - A(sz)exp(b(uxz) (t + 0.01))

2
dtgﬂx

(The errors are statistical).
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FIGURE CAPTIONS

Pigure 1: Recoil kinematics for the inclusive reaction pp + Xp at
400 GeV/c beam momentum.
{8 is measured from 90° to the beam direction).

Pigure 2: Missing ﬁtass kinematics at a fixed angle of 100 mrad for
several values of the beam momentum,

Figure 3: Energy spectra of recoils observed by the detector stack
at an angle of 78 mrad. The thickness of the front detec-
tor is 190 pm and the thickness of the rear detector 1500
um. The dark line is the spectrum at 400 GeV/c. The
light line is the spectrum at S0 GeV/c. The shaded spec-
trum is recorded from residual gas at 150 GeV/c. This

figure is discussed in detail in the text.

2

% at |t] =

Pigure 4: Differential cross section dzq/dtdnxz vs. M
0.01 (GeVYc)z and P, = 50 GeV/c. The background is not
subtracted.

Figure 5: Parameter C(sz) determined by the fit

2 m_?)

<% %0 - 2 +(t x )a,(szlexp(b(PI.szJ (t + 0.01))

P
dthx 1

2

Figure 6: The dza/dtdnx vs., |t] at several fixed sz values,

The data are obtained at 160, 270, 340 and 400 GeV/c and

normalized to 300 GeV/c according to Eq. 5.

2
x

lt] < 0.017 (Gev/c)? by the fit

FPigure 7: Parameter b vs. M determined in the interval 0.003 <
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a%o/daean 2 %,t) = A Dexpiom ?) (¢ + 0.01))

The so0lid line corresponds to Eq.' 9.

{The data are normalized to 300 GeV/c).

Pigure 8: Parameter A(sz) (see the craption of Fig. 7) or the value

of dza/dtdnxz vs. “xz

at [t] = 0.01 (GeV/c)2. The solid
line corresponds to Eg, 7. (The data are normalized to

300 GeV/c).
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