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by collisional ionization. Thus, the effective
cross section for producing a given line does not
continue to rise as one proceeds to lower ener-
gies. Most of the contribution to a given line
comes from a fairly narrow range of energies
around -2 MeV.

Recently, evidence for a galactic component
of the diffuse x-ray background in the 1.4- to 18-
keV band has been reported. " Although the de-
tector is inadequate to resolve lines from this
flux, the data below -2 keV can perhaps be ex-
plained by unresolved Mg n and Si o. lines. How-

ever, the reported flux in the 2- to 18-keV band
exceeds our predicted flux by a factor of -5. Due
to the lower abundances of the heavier cosmic-
ray nuclei the flux from lines above -2 keV is
quite small.

We would like to thank Dr. G. B. Field, Dr. M.
J. Rees, and Dr. M. W. Werner for helpful com-
ments on this work.
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Differential cross sections for the elastic scattering of negative pions from hydrogen
have been measured over a limited range of squared four-momentum transfer (t) in the
vicinity of t = —3 (GeV/c) for incident pion momenta of 2.51, 2.76, and 3.01 GeV/c.
These measurements confirm the existence of a minimum in the differential cross sec-
tion in this region of incident momentum and scattering angle. The minimum occurs at
a smaller value of t [t = —2.6 (GeV/c) ] than has been observed at higher momenta.

Previous measurements of n p elastic scatter-
ing at 5.90 GeV/c clearly show a minimum in the
differential cross section at a squared value of
four-momentum transfer (t) of t = —3 (GeV/c) .'
These measurements stimulated the observation'
that this same structure exists at a similar value
of t in lower momenta measurements. '~ Many
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two-body particle reactions at high incident mo-
menta are characterized by differential cross
sections which have structure as a function of
the kinematic variables. ' Various models have
been proposed to interpret these structures'; for
some reactions, considerable progress has been
made. ' In attempting to understand m p elastic
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scattering near t =-3 (GeV/c)', the lack of pre-
cise data has been a serious constraint on the
theoretical work.

This paper presents the results of an experi-
ment performed at the Argonne National Labora-
tory zero-gradient synchrotron to measure this
structure with precision near 2.5-GeV/c incident
momentum. The apparatus initially was designed
to measure the differential cross section for the
elastic scattering of negative pions from deuter-
ons. A description of the apparatus has been
published with these primary measurements. '
The elastic events were detected by a double arm
spectrometer consisting of two bending magnets
and three scintillation counter arrays. For the
present measurements, the target was filled with
liquid hydrogen and the magnet polarities were
reversed from those of Ref. 8. Appropriate ad-
justments of the positions and timing of the scin-
tillation counters were also made.

The differential cross sections and various cor-
rections were calculated as described in Ref. 8.
The results are listed in Table I. The errors
given are statistical errors associated with event
counts only. There is an additional overall un-
certainty of +7 /o to be associated with all data
points.

The results at 2.51, 2.76, and 3.01 GeV/c from
the present experiment are shown in Fig. 1 along
with some previous results at 3.0 and 5.90 GeV/
c." Although not shown, previous results at 2.5

GeV/c are in reasonable agreement with the
present results at 2.51 GeV/c. ' Note that the
well-defined minimum in the 2. 51-GeV/c data is
located at

~
t i=2.6 (GeV/c)', while, as previously

stated, the 5.90-GeV/c results of Ref. 1 show a
minimum centered at

~
t

~
=3.0 (GeV/c)'. In addi-
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FIG. 1. x p differential cross sections at 2.51, 2.76,
and 3.01 GeV/c from the present experiment, at 3.0
GeV/c from Ref. 3, and at 5.90 GeV/c from Ref. 1.
The 2.51-, 2.75-, and 5.90-GeV/c data are multiplied
by factors of 4, 2, and 10, respectively, for the pur-
pose of illustration.

tion, the present results at 3.01 GeV/c and the
3.0-GeV/c data of Ref. 3 indicate the existence of
a minimum at t =-2.8 (GeV/c)'. Thus, the posi-
tion of the minimum moves to larger values of

~
t

~
as the momentum increases. Note that as the

momentum varies from 2.5 to 5.90 GeV/c, the
value of

~
t

~
at the minimum increases at most

by -15% while the cross section in the region of
the minimum decreases by over a factor of 100.

Table I. n P elastic scattering.

Statistica1 Statistlcai
d /dt Statistical

error t da/dt error dv/dt error

(Ge V/c) pb/ (Ge V/c) iib/ (Ge V/c) (Ge V/c) gb/ (Ge V/c) lib/ (Ge V/c) (Ge V/c) gb/ (Ge V/c) pb/ (Ge V/c)
2 2 2 2 2 2 2 2 2

2.371
2.404

2.439
2.473

2.524

2. 593

2.663

2 ~ 730

2. 837

2. 889

2. 51 GeV/c

58. 1

51.8
44. 7

33.4
23. 5

19.2

19 7

26. 2

28.3

29 3

8. 7
8. 1

73
6.9
3 9
3.5

3.5

5 3

3.6
4, 7

2. 585
2.642

2. 718

2. 796

2.873

2.954

3.012

3 ~ 108

3.173

2. 76 GeV/c

20.2

15.4

13.6
17.8
18.8
23 ~ 9
18.6
25. 5

371

4.8

3 ' 4

3 2

3 ~ 0

3 2

3 ~ 3

4. 1

4.2

6.8

2. 812

2. 895

2. 980

3.065

3.156

3.244

3.376

3.443

3.01 GeV/c

7 4

10.5

12, 1

14. 1

18.5

19.9
18.9
27. 5

2.3

2. 5

2. 8

2, 7

3.2

2, 8

2, 8

4. 1
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It is also evident from Fig. 1 that the differen-
tial cross section decreases more rapidly with
momentum in the region (t(&(t~;„( than in the re-
gion ( t(&(i;„(, where f;„is the value of t at the
minimum. This variation of the momentum de-
pendence may in fact be the most interesting fea-
ture of the cross section to study since, in some
sense, it could be the "cause" of the momentum
dependence of t;„. For example, assume that
the cross section in the region of t; „can be de-
scribed in terms of two amplitudes, the dominant
one for (t(&(t~;„( having a small momentum de-
pendence and the dominant one for (t(&( t, „( hav-
ing a large momentum dependence. The minimum
could then be interpreted as an interference ef-
fect at the value of t where these amplitudes have
a comparable magnitude. This description im-
plies that (t;„( increases with increasing mo-
mentum.

The present results, while not conclusive, do
not favor diffraction models since most models
of this type predict that the minimum should
move to smaller (t( with increasing momentum. '
Regge models can predict a minimum in a differ-
ential cross section when an exchange amplitude
has a kinematic or dynamic zero. Such a mini-
mum, while positioned roughly at constant t, can
be expected to move slightly to larger (t( with in-
creasing energy.

The present results are unfavorable to the sug-
gestion of Booth that this minimum is, in some
sense, the same effect which is evident in the
180' m P differential cross section. ' While the
present data at 2.51 GeV/c show a minimum at
(t(=2.6 (GeV/c)', the data of Kormanyos et al."
place the minimum in the 180' cross section at
I
f (=3.3 (GeV/c)'.
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