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TOTAL PION-PION CROSS SECTIONS FOR THE 2-GeV DI-PION MASS REGION*
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Assuming single-pion exchange in the reaction 7I+p —r+7t+8 where B is the final-
state baryon, we have calculated the total ~+7r, ~ ~, and ~ 7t cross sections from
the elastic scattering amplitude in the forward direction.

We have studied the three-body reactions

77 +P n + 77 + 77

~P +77 +77,

—Pr +(1236)77-+ 77-

(2)

(3)

in a hydrogen bubble chamber experiment at
an incident pion momentum of 8 GeV/c. For
high M~~ we observe a concentration of events
with small t~~, the four-momentum transfer
from the target proton to the final-state bary-
on, as well as with small t~-~-, the four-mo-
mentum transfer from the incident to the final
state 7t . We present arguments that these
events may occur via the mechanism of one-
pion exchange with m7) diffraction scattering.
We have extrapolated the differential cross
section over a small interval in cos0~-~- to
yield the forward ~r elastic scattering cross
section. From this we calculate the total r&

cross section via the optical theorem, neglect-
ing the real part of the forward scattering am-
pl:itude. We report the total ~r cross sections
for the systems m+r, r r, and ~ v, and
from these we deduce the total cross sections
in the three isospin states.

A total of 40000 photographs of 77 p interac-
tions were taken in the Brookhaven 80-inch
hydrogen bubble chamber in a beam of 8.05+ 0.04-
GeV/c momentum. Some 20 500 two-prong and
10000 four-prong events were measured and
processed. Events corresponding to Reactions
(1) and (2), and to the reaction
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events could be uniquely identified from ion-
ization. Of the 1318 events of Reaction (1),
the positive particle was uniquely identified
by ionization in 684 cases, and for 485 others
the GRIND fit was unique. An additional 149
events had acceptable GRIND fits for both Re-
actions (1) and (2) but were included in the sam-
ple for Reaction (1) on the basis of effective-
mass and momentum-transfer distributions.
(Details of this analysis will be given in a. fu-
ture publication. ) Our sample also includes
708 events for Reaction (2) and 1800 events
of Reaction (4). Of the latter, 377 events have
Mp~+ in the N*(1236) region (1.125 to 1.325
GeV) and have been classified as Reaction (3).
We estimate the background in the N* region
to be approximately 10%.

Figure 1 shows the distribution of cos6)~-~-
1.0—

77 +P P+ 77 +'77 +77 (4)
I 1.0-
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M e m (GeV)

were selected on the basis of GRIND fits, re-
quiring in addition (a) that there be no alterna, -
tive elastic fits for events of types (1) and (2),
(b) that the ionization of the positive particles
be consistent with the fitted momenta, and
(c) that the square of the missing mass be in
the interval 0.30 to 1.50 GeV' for Reaction (1),
-0.08 to +0.08 GeV2 for Reaction (2), and -0.02
to +0.02 GeV2 for Reaction (4).

In Reactions (2) and (4), about 90% of the
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FIG. 1. The cosine of the angle between the incident
and outgoing 71 in the di-pion center of mass as a func-
tion of the di-pion mass for the reactions (a) & +p

+z++n, (b) x +p vr +z +p, and (c) 71 +p pf*++
+ 7r + 7r . por (c), only the outgoing & with cos6)71--71--
&0 has been plotted.
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dt dM 2d cos 8
NN

do
=Gt , MNN' mz dcos8 (5)

to relate the differential rv elastic cross sec-
tions' to the observed differential cross sec-
tions for Reactions (1)-(3). For Reactions (1)
and (2),

(the angle between the incident and the outgo-
ing v in the di-pion center of mass) as a func-
tion of M~~ for Reactions (1)-(3). The events
show a very strong concentration in the forward
direction, becoming more pronounced as M~+
increases. ' It is interesting that the events
in this forward peak occur with low tNN,

' the
distributions of tNN show an exponential fall.
The facts that the events with low tNN appear
with cos6I~-~- =1, and that the Trieman-Yang
angular distributions are isotropic (see Table I),
suggest that such events are produced by one-
pion exchange and that we are observing pion-
pion scattering at energies above 1.5 GeV.

The one-pion-exchange process has been treat-
ed by a number of authors. s& Detailed treat-
ment of absorption effects is only possible in
the limited case of quasi-two-body processes.
In the present case, where the final state con-
sists of three nonresonant particles, we rely
on the fact that the Ferrari-Selleri form fac-
tors have been able to account for the gross
features of the tNN distribution in processes
where one-pion exchange is applicable.

We use the Chew-Low formula as modified
by Ferrari and Selleri3:

s and p are the square of the total energy and
the incoming nucleon momentum in the over-
all center-of-mass system, and q is the pion
momentum in the di-pion center-of-mass sys-
tem. ' For Reaction (3) the procedure is the
same, except that instead of (5) above we use
Eq. (1) in the first reference of footnote 1.
To determine the total 7tv cross sections 0»tot,
we first fit the cos6~-~- distributions of Re-
actions (1)-(3) with an expression

dZ(8) dZ(0)
d cos8 d cos8 sexp n, t (7)

(a) (b) (c)

for fixed M~~ mass intervals and for events
with ItNN I

- 20m~'. We have divided the events
with 0.88 ~ cos8~-~- ~1.00 into three equal
intervals of cos(9~-„- and have performed a
least-squares fit of the parameters dZ(0)/
d cos8~-~- and with one constraint. The y'
values for the fits are all less than 1.8; the
fits for three of the curves are shown in Fig.
2. The curves are quite consistent with an ex-
ponential behavior. All the values of Q. are
within 1.5 standard deviations of the values
for zp and pp elastic scattering. '&a It is impor-
tant to note that the value for dZ(0)/d cos8~-~-
is quite insensitive to n since we are extrap-
olating over a very small interval of cos8 — —.

After converting to do~~(0)/d cos8~-s- using
relations (5) and (6), we find the forward scat-

f' m ' t F'(t —)
( N NN NN

( )'NN' vv 2m p's m ' (m '-t )' vw
'

NN

where f'=0.16 and 0.08 for Reactions (1) and

(2), respectively,

E(t ) =0.28+0.72[1+(m -t )/(4. 73m 2)]
NN NN

20-

0
UJ

IO-

I.8& M - o& 2. I

a = 4.2+ 2.0

2O X = 0.00
&2.4

+ 2.0

IO-

IO-

& M — -&1,8
= 8.6+ 5.0
= 0.05

Table I. X values for isotropic fits to the Trieman-
Yang angular distributions with five degrees of free-
dom.

5 IO I 5
I I ' I

5 IO I5

1.2-1.5
1.5-1.8
1.8-2.1
2.1-2.4

1.0
7.9
6.6
5.2

9.3
4.6
2.2

4.2

Di-pion mass interval X Values for the Reactions
(GeV) nzr+Z- P7t mo N*Z

FIG. 2 Distributions of t~-„-, the square of the
four-momentum transfer between the incident and out-
going x measured in m+2 for (a), Reaction (1); (b),
Reaction (2); and (c), Reaction (3). In each case the
distribution shown corresponds to the highest 7t~ mass
interval used in the analysis. The di-pion mass inter-
vals (in GeV), the slopes of the fitted curves n (in
GeV ), and the X values for the exponential fit (one
degree of freedom) are also shown.
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tering amplitude from the relation

1 do (0)
If(0) I

=
Ifi(0) I + If (0) I

where fl and fR denote the imaginary and real
parts. Assuming f(0) to be purely imaginary,
we have

Cr~-~+ (mb)

60-

4Q—

20—

(a)

It is known for the cases oi wp, pp, and Kp scat-
tering' that IfR(0) I' is at most about 10%%uo of

If&(0) I', which suggests that lfR(0)1' for ~v

scattering is small. If IfR(0) I is nonzero,
then our assumption will lead to an upper lim-
it for the 7T7T total cross section. The results
for o tot ar e shown in Fig. 3 . For the 2-GeV
region, o~+~- and o~-~o are about 20 mb

g tot js about 30 mb.
Having measured the total cross sections in

the three charge states, one can calculate the
cross sections for the three isospin states vo

a and 0 " " using the relations:

4Q

O~ ~0 (mb) 20—

60—

40—

O~-~- (mb)

20—

(c)

o = o +3(o + o—o ), (10)tot tot tot tot
7T 7T 7T+7T 7T 7T'

tot tot tot= 20' —0 -0
7T 7T 7T 7T

1.2
I
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M~& GeV
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FIG. 3. Total ~7t cross sections for (a) 7t-7t+,

(b) 71 7t, and (c) 7T 7t as a function of ~7t7T.

tot tot
(12)

At 2 GeV we find v =41+19 mb, 0 =2+12
mb, and cr, t =32+ 7 mb. Although the uncer-
tainties are large, we conclude that scattering
in the I=0 and I=2 channels dominates in this
region.

We may finally mention that on the basis of
the factorization of Regge-pole residues, "the
following relation is expected to hold:

o =(o ) /o
tot tot 2 tot

(13)

Using the asymptotic values of the cross sec-
tionse o p

o =37 mb and o~pp =25 mb, we

find a~~tot=17 mb, which is in good agreement
with our data.
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tron personnel of Brookhaven National Labora-
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of Mr. John B. Annable with the data analysis.
The cooperation of the Notre Dame Computing
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~This effect can be seen in other experiments. See,
for example, Aachen- Berlin-Birmingham- Bonn-Ham-
burg-London (I.C.)-Munchen Collaboration, Phys. Rev.
138, B897 (1965); and Nuovo Cimento 31, 729 (1964).

Alternative explanations for the events in this region
are that (a) they represent peripheral production of iso-
bars, or (b) they represent diffraction dissociation of
the target nucleon. [See, for example, M. L. Good and
W. D.. Walker, Phys. Rev. 120, 1857 (1960).j With re-
gard to (a) we observe no evidence for N*+(1236) pro-
duction for any value of M7t-+7t.- in Reaction (1) nor for
events with I„-„0& 2 GeV in Reaction (2). For M„—~0
&2 GeV we see no clear evidence for N*+(1236) pro-
duction, but it cannot be ruled out. These events are
therefore excluded from the present analysis. No evi-
dence is seen for the production of higher mass iso-
bars in Reaction (3). With regard to (b), if we make
the simplest assumption that the n7T+ or p7t system pos-
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sesses the quantum numbers of the target nucleon, the
angular distributions of the pion with respect to the tar-
get-proton direction in the nz+ or pr rest frame
should be isotropic. They are observed to be aniso-
tropic.
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tron Report No. DESY-65/13, 1965 (unpublished); and
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~ In the region of the p when the same procedure is
used to calculate 071+7t-— and 0~-„0, the cross sec-tot tot
tions are 110+30 mb and 85 +23 mb, respectively;
these values are consistent with the geometrical cross
section of 120 mb. Thus, the procedure gives reason-
able values for the cross sections even though absorp-
tion effects are not explicitly considered.

~~S. C. Frautschi, Regge Poles and S-Matrix Theory
(W. A. Benjamin, Inc. , New York, 1963), p. 172.

E BRAT UM

BOSON PRODUCTION IN P-P COLLISIONS AT
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sler, K. A. Klare, M. V. Sherbrook, H. J. Ev-
ans, R. L. Martin, E. P. Hincks, N. K. Sher-
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Due to a misprint the momentum spread of
the incoming beam was given a.s +1% instead
of +0.1%.


