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ABSTRACT

Pion diffraction dissociation into masses up to approximately
6 GeV is observed in the reaction x p — p + X at 205 GeV/c. The
pion single diffraction cross section for mass-squéred s 32 GeV2

is 1,910,2 mb,

Diffraction dissociation of the pion into states of mass g 2 GeV has
been established in pion-nucleon experiments at momenta up to 40 GeV/c, We
describe.here a study of 205 GeV/c x p interactions in which the first evidence
is presented for diffraction dissociation of pions into substéntially higher
masses, up.to approximately 6 va. Many of the features of pion diffraction
dissociation which we will discuss are similar to those recently ;bserved for
proton diffraction in pp.intefactions at NAL and ISR energies,1

Our results are based on a L8,000-picture exposure of the NAL 30-inch
hydrogen -bubble chamber, The experimental arrangement, the scanning and
measuxement of events, and the goparation of elastic and inelastic 2-prong

) . 2 .
events have been described previously. The data sample to be discussed

consists of 1566 inelastic events of the form

|
|
1

nﬂp—r‘;Pﬁ‘X ’ . (1)
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where the outgoing proton, identified by ionization, has momentum £ 1.4 GeV/e,
2

The mass-squared, M , of X and the momentunm transfer, t, to the proton were

calculated from measurements of the beam and reccil proton, The observed t-

dependence (see below) indicates that biascs introduced by the cutoff in
.. 2 2 .2 *

proton momentum are negligible up to M~ = 180 GeV™, The error in M~ was

. . 2 . .
determined to be approximately 1.3 GeV from Z2-prong events which fit the

elastic hypothesis,

Mass distributions and cross sections,—Figures 1(a-e) show the distri-

butions in M for charged multiplicity 2, 4, 6, 8, and 2 10 for reaction
(l).3 We note that: (1) The inelastic 2-prong events show a large peak
centered at M2 = e Gevg, of full width 4 Gevz, with a shoulder extending
to about 20 GeV2. (2) The L-prong events show a prominent peak similar in
position and width to the 2-prong peak, but extending to about 30 Geve.
(3) The 6-prong events show a broad enhancement which rises sharply from
threshold and e#tends to about 30 GeV2. (4) The 8-prong events show a less-
pronounced enhancement which rises slowly from threshold. (5) For =z 10
prongs, no well-defined structure is observed in the mass region below 30 Geve.
We interpret these enhancements as evidence for the presence of diffrac-
4ion dissociation of the pion into masses up to about 30 Gev2 in the 2-, 4,
6, and possibly, & -prong events. To estimate the cross section for pion
single diffraction dissqciation,.we have taken an upper limit of M2 = 32
GeV2 for diffraction and have ;ounted events abéve a smooth hand-drawn
background separately for each multiplicity., 'The background curves used
arc shown in Fig, 1, Table I gives the cross sections before and after
backgrouﬁd subtraction, The errors shown take into account statistical
uncertaintics; as well as uncerlainties in background size and shape and
in the corrections applied to the data. We obtain an overall pion s%ngle

diffraction dissociation cross soction of 1.920,2 mb for M2 < 32 GeVE.
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At lower encrgies, pion diffraction has been observed only for M2 <y
GeV'. Our cross section for this region, 1,0#0.1 nb, is comparable to corre-

sponding values at lower encrgies, consistent with the energy independence

expected for diffraction, For the high-mass region, M2 =4 to 32 Geve, we

find a picn diffraction cross section of 0,9i0.2 mb, When pion-nucleon adea
at‘higher energf become available, it will be important t§ determine whether
this high-mass part also has an energy dependence coﬁsistent with a diffrac-~
tive interpretation,

Combining Figs. 1{a-e) we obtain dU/dM2 inclusive, shown in Fig, 1(f).
The pion diffraction dissociation contribution is given in Fig. 1(g), which is

simply dU/dM2 for events with £ 8 prongs, after subtraction of non-diffractive

. 2 -
background, The curves in Fig, 1l{g) show the functional forms dc/dM ~ M 1,

- 2
M and M 3 all normalized to the measured wvalue of dd/dM2 at 10 GevV' , A

¥ L4
-2 ~3 2
dependence between M and M - reasonably represents the data for 5 <M < Lo

GeVe. If the pion diffractive part of reaction (1) is produced by Pomeron

M % and M3 for

. . 2
exchange, then triple-Regge theoryLL wvould predict dc/dM ~
P and PPR coubling, respectively, where P indicates the Pomeron trajectory

and R, the effective meson trajectory.

t-dependence ,~The t-dependence of reaction (1) is displayed in Fig, 2

—

which shows: (a) do/at separately for 2~, h-, 6-, and & prongs in the pion

: . . 2 2 . .
diffraction region, M < 32 GeV ; and (b) inclusive dc/dt for several ranges

of M2. A1l of these distributiéns have a simple exponential falleff in t,

There is no evidence for a turnover in the forward direction (except in do/dt
2 2 . . . . .

for 32 < M~ £ 100 GevV', where the turnover is consistent with being a kine-

matic cffect associated with minimum allowed momentum transfer), Exponential

slopes, b, were obtained by fitting cach da/dt to the form Aebt. In Fig, 2(a)

. -2 . . e
we find b = 8 GeVv with little dependence on charged multiplicity, We

see from Fig, 2(b) that b falls rapidly from a value of 9,140.6 GeV 2 for



- LBL-2113

2 2 -
M~ < Lk Gev™ to about 6.5 GeV e for M2 between I and 100 Geve. For comparison,

the slope for elastic scattering is 9,0#0,7 GeV'_e,2

Charged multiplicity.—In Fig, 3(a) we show the charged multiplicity

distribution for pion diffraction with M2 < 32 Gevz, and for g p -» anything
]

(inelastic). The average charged multiplicity for pion diffraction is 3,820.2,
which is about half of the overall average charged multiplicity, 8.02:0,12,

Figure 3(b) shows the average charged multiplicity, (nx), and dispersion,
D, = ((nf) - (nx)z)l/z, as a function of M2 for the system X which recoils
against the proton in reaction (1), As mentioned before, biases due to the
1.k Gev/c cutoff in proton momentum are negligible up to M2 = 180 GeV2.

For comparison, Fig. 3(b) also shows the average charged multiplicity, (nc),
and dispe;sion, D.» for n p — anything (inelastic)5 as a function of Q2,
vhere, for centef—of—mass enerqgy ‘Jé, Q =~J§ - mP - mﬁﬂ We observe that

(nx) and (nc) are remarkably similar over a broad range of energy extending
from M2 =1 up to M2 = 200 GeVe. The dispersions Dx and D; are also quite
similar, particularly above 10 Gevg.

Although our gdata do not allow a precise determination of the functional
dependence of (nx) or D on M, we note the following trends: (1) for Mg-z
10 Gev2, (nx) and D_ are consistent with logarithmic dependences of the form
<nx) = 0,3+ 1,30y M2 and Dx =.0.2 + 0,60y M2 [solid straight lines, Fig.
3(b}]. A ixg M2 behavicor for (nx) is predicted by triple-Pomeron theory6 in

b

the high-rass diffractive region, 10 < M2 < 30 Geve, and also by the ABFST
multiperipheral modelT for M2 = 20 GeVe._ (2) For the pion-diffractive
region as a whole, (nx) is consistent with a power-law dependence of the

form a + an, with fitted values a = 1,3%0,6, b = 0,620.%4, and n = 1,1*0.h
for 1 = M2 s 32 GeV2 [dashed curve, Fig, 3{(b}]}. This is compatible Qith

both the nova mod018 and the diffractive excitation modcl,9 which predict
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Table I, Cross sections for n_p - p+ X
with recoil proton momentum £ 1,4 Gev/c,

2 2 Pion single

M < 32 Gev,  Plon sing
no background diffraction” (mb)

Prongs subtraction o 5
g (mb) M® < 32 M= <k
2 0.7040.,09 0,67+0.09  0.46%0,07
i 0.97+0.09 0.84+0.08 0.46+0,05
6 0.30%0,05 0.29+0,06 0.0h+0,01
8 0.17+0,03 o.lo+o0,04  o,00Lz0,00h
z 10 0.04+0,01 ——— ——
Totals 2.3+0,2 1.9+0,2 1,040.1

aInelastic only.

bAfter background subtraction described in text

{neqligible for ME <y GeVE).
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FIGURE CAPTIONS
Fig., . (a—e) Distributions in Me foxr K-P - p + X for inelastic 2-{ h—,
6~,‘8- and 2 10-prong events., The dashed curves are estimates of the
non-diffractive background. (f) Inclusive M2 distribution [sum of (a-e)].
(g) Inclusive M2 distribution for pion diffraction only. The curves show
Mdl, M—2 and M-3 dependences normalized to the measured value of do/dM2
at 10 Geve.
Fig, 2. (a)} dc/dt for inelastic 2-, 4~, 6-, and &-prong events in the pien
diffraction region, M2 < 32 GBVE; (b) inclusive dc/dt for several ranges
of Ma. In (a) and (b) the data for 0,01 < -t < 0,03 Gev® have been
. corrected for loss of short, steeply-dipping protons using the observed
distribution of the proton azimuthal angle about the beam direction, The
_straight lines in {a) and (b) show fits to the form Aebt, yielding the
exponential slopes indicated.
Fig., 3. (a) Chérged multiplicity distribution at 205 GeV/c for x p — anything,
inelastic (solid curve) and for pion single diffraction dissociation with
e < 32 Gev® (dashed curve), The curves have been draﬁn to guide the eye,
(r) Comparison of the energy dependence of the average charged multiplicity
and dispersion for the system X in 5 p - p + X, inelastic (¢), and for
% p — anything, inelastic {(A) (Refs, 2 and 5). The horizontal axié for
ﬂ-P - p+ X is Mz‘and for .H,P - anything it is Q2, the square of the

-

available center-of-mnass energy, The dashed curve is a fit to (nx) for

15 M0

1A

32 GeV2 of the form a+—an, with n = 1,1%0.4, a = 1,3+0,6,
and b = 0,6:0.4. The solid straight lines show the functional forms

(nx)‘z 0.3+ 1.3 M2 and [(ni) - (nx)e]l/2 = 0,2 + 0,60y ME.
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