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¥ ABSTRACT
Pioﬁ éiffradtioﬁ dissociation into méssés up to approximately'
6 GeV is observed in the réaction TP 5;'p + X at 205 GeV/c. The
bion singie diffraction Créés section for mass-squared = 32 GeV2‘
is 1.910.2‘mb. |
‘Diffraction'dissociaﬁion of the pion into states of masé g 2 éeV has
been established in pion-nucleon expériméntstat momenta up;fo lLO‘GeV/c° We
deécribe here'a stﬁdy of;205 qev/q . p intéractions in which the first evidence
.is preSented for\diffractibn dissociation of pions into substéntially higher
‘ masSeé, up to approximately é GeV. Many of the features of'pi§n diffractioh\
dissociation which we will discuss are similar to théée recehtly observed'for
proton diffraction ;n pp«interactiéns at NAL and ISR ehéréies,
Our‘réSuits.are based onfa 48, 000-picture éxposuré of\the NAL 30-incb
% hydfogen bubble chamber, The expéiimental‘érrangeﬁent, thé»scaﬁningvaﬁd
- ,mea;urement of events, and the éeparation of élastic and inélaétid‘Z—prong
eﬁents have beeg_de5cribed prgviously.2 The(data>sample to be discu;sed

consists of 1566 inelastic events of the form

Tp-> p+X , : (1)
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where the outgoing proton, identified by ionization, has momentum = 1,k GeV/c.
T, \ _ |

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

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

dependence (see below) indicates that biases introduced by the cutoff in

- .. o 2 2 .
proton momentum are negligible up to M = 180 GeV ., The error in M2 was

’ : 2 . .
determined to be approximately *1,3 GeV from 2-prong events which fit the
Vo o

elastic hypothesis,

A

Mass distribﬁtiéns and cross sectiogs.——Figures_l(a—e) shdw the distri-
butions in M° for charged multiplicity 2, 4, 6, 8, and 2 10 for reaction
(l).3' We note #hat: (1) The inelastic 2-prong events show a large peak
centered at M° = 2 Gev2, of fuil width 4 GeV2, with a shoulder extending
‘to about 20 GeVg. _(2) The.h—prong events:show a prbminenf peak similar in
position and wiath to the 2-prong peak, bué'extending to about 30 GeV2.

(3) The 6-prong events show a.broad enhancement which rises sharply from
threéhold and extends to about,30 GeVz. (4) The 8-prong eveﬁtS‘show a less-
pronouncéd enhancement which rises slowly from threshold. (5) Fox 2 10
prongs, no well—aefined_structure'is observed iﬁ_the mass region below 30 GeV2.

We interprét these enhancements as evidence for the presence of diffrac-’
tionvdissociation'of the»pion into massés up fo‘about 30 GeV2 in the 2=, k4,
6~, and possibly, 8-prong events, To estimate the éross section for pion
single diffracfion dissociafion; we>have taken an upper limit of M? = 32
GeV2( for diffraction and have coﬁnted events above a smoéth hand-drawn
background separately for each mu1tiplicity. The background curves used
are shown in Fig, 1. Table I gives the cross sections béfore and after
background subtrgction. The errors shown take into account statistical
uncertainties, as Well as uﬁcertainties in background size and shape énd
in the gorrécﬁions applied to the data. 'We obtain an overall pion single

diffraction dissociation cross section of-l.9io.2 mb for M2 < 32 GeV2.
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- At lowei ehergies, pion diffraction has been observed only for M2 <l
GeV2. Our cross section for this region,rl;Oiogl mb, :is comparable to corre-
sponding values at lower.energies,,consistent with the energygindependence
expected for diffraction, .For the high-mass iegion, M2 =4 to 32 Gevz, we.
find a pion diffraction cross sectioh of 0,9%0,2 mb, When pion—nuqlebh.data

at higher energy become available, it will be important to determine whether
. -

this high-mass part also has an.energy dependence consistent with a diffrac-
tivevinterpretatior.x° |

Combining Figs. 1(a-e) we obtain dc/dM2 inclusivé,,shown in Fig, 1(f).
The pion,diffraction dissociatiqn contribution is given in Fig, 1(g), Qﬁich is

simply do/dM2 for events with = 8 prongs, after subtraction of non-diffractive

- s : . 2 -1
background, The curves in Fig, 1(g) show the functional forms da/dM ~M7,

2 2

and MT3,'all normalized to the measured value of dc/dM at 10 GeV A

M-2,

: - - .2
dependence between M 2 and M ~ reasonably represents the data for 5 <M< 4o

GeV2. If the pion diffractive part of reaction (1) is produced by Pomeron

-2

. ' . . 2 -
exchange, then triple-Regge theoryu would predict dc/de ~ M and M 3‘for

PPP and PPR coupling, respectively, where P indicates the Pomeron trajectory

and R, the effective meson trajectory. .

t-dependence.,—The t—aependence of reaction'(l)bis displayed in Fig, 2
which shows: (a) do/dt separately for 2-, M—; 6-, and & prongs in the.pion
difffaction region, M2 < 32 GeVE; and (b) inclusive dc/dt for .several ranges
of M2° All of these diStributions have a simple exponential falloff in t.
There is no evidence for a‘turno§er in the forward direction-(except in do/dt
for 32 <vM2 < 100 Geva, Wheré the turnover is consistent with being a kine-
matic effect associated with minimum alloWed momentum transfer). Exponéntial
slopes, b, were obtained by fitting eaéh do/dt'to_thé form Aebt. In Fig, 2(a)
we find b = 8 GeV-2‘ with little dependéhce on charged multiplicity. We

see from Fig. 2(b) that b falls rapidly from a value of,9.li0°6 GeV_2 for



e | - LBL-2113

2 - 2
M2 < Y4 GeV” to about 6.5 GeV 2 for M  between 4 and 100 Gevz. For comparison,

the slope for elastic scattering is 9.0+0,7 GeV'-zo2

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

. . . . 2 - .
distribution for pion diffraction with M2 < 32 Gev', and for n p —» anything

(inelastic). ‘The average charged multiplicity for pion diffraction isi3.8io.2, >
whiqh is about half of the overail avérage charged multiplicity, 8.02t+0.12,

Figure 3(b) shows the éverage charged multiplicity, (nx), and dispersion,
b, = ((a2) = (a2

: . 2 . .
, as a function of M for the system X which recoils

against the proton in reaction (1). As menticned before, biases due to the

2 = 180 GeVE.

1.4 Gev/c cutoff in proton momentum are negligible upvto M
For comparison, Fig, 3(b) also shows the average charged multiplicity, (nc),
and dispersion, Dc’ for ﬂ-p'~> anything (inélastic)5 as a function of.Q2,
where, for_céﬁter—of—mass}energyv JE, Q ==J; - mP - mﬂ. We observevthat

(nx) and (nc) are remarkably similar over a broad range of energy extending
from M2 =~ 1 up to M2 = 200 Geye. The,disperﬁions Dx and Dc are also quite
similar, particularly above 10 GeV2.

Althoﬁgﬁ our data do not a1l§w a precise determination of the functional
dependence ofv(nx) or D_ on M, we note the following trends: (1) for e 2
10 GeV2, (nx)vand D, are consistent with logarithmic. dependences of the form
(nx) = 0,3+ 1.30g M2 and Dx = 0.2 + 0.6&@ M2 [solid straight lines, Fig,
3(b)]. A fug e behavior for (ﬁx) is predicted by triple-Pomeron theory6 in
the high-mass diffractiye region, 10 < M2 < 30 GeV2, and also by the ABFST

2{ (2) For the pion-diffractive

»

multiperipheral'model7 for M2'2'20 GeV
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 = 0,6x0.4, and n = 1,1%0.k4
for 1 s M2 s 32 GeV2 [dashed curve, Fig. 3(b)]. This is compatible with

both the nova model8 and the diffractive excitation model,9 which predict

n=1,
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Table I, Cross sections for -n—p - p+ X
with recoil proton momentum = 1,4 Gev/c,

LBI~-2113

2 2 Pion single

M~ < 32 GeV, . .
no background dlffractlo? (mb)

subtraction

Prongs - (mb) M2 < 32 M2 <l

2% 0,70£0.09 0.67+0.09  0.46t0.07

) 0.97£0.09 0.84#0.08  0.4620,05

6 0.39%0.05 = 0.29#0,06  0.04*0.01

8 0.17+0,03 0.10£0.04  0,004*0,00k
z10 0.04+0,01 ‘ —_— -—
Totals 2.3:0.2  * 1.9¢0.2 1.0t0.1

aInelastic only.
bAfter background subtraction described in text

- (negligible for M2 <l GeV2).

.

L
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FIGURE CAPTIONS
. . . . . 2 - . s
Fig, 1. (a—e) Distributions in M~ for = p - p + X for inelastic 2-, k-,
6—, 8 and 2 10-prong events, The dashed curves are estimates of the

. : 2 . . .
non-diffractive background. (f) Inclusive M~ distribution [sum of (a-e)].

(g) Inclusive M2 distribution for pion diffraction only., The curveé show

- - - ) ‘ 2
M l, M 2 and M 3 dependences normalized to the measured value of do/dM

at 10 Gev2. )
Fiqg. 2. (a) do/dt for inelastic 2-, L-, 6-, and 8-prong eventé in the pion
diffraction region, e < 32 GeV2; (b) inclusive do/dt for several ranges
of M2o 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 azimﬁthal angle abtut the beam direction, The
. straight lines.inb(a) and (b) shbw fits to the_férm Aebt’ yielding the
exponential slopes indicated.
Fig. 3. (é) Charged multiplicity distribution at 205 GeV/c for 1 p N anything,
inelastic (solid curxve) and for pion single diffraction dissociation with
M2 < 32 GeV2 (dashed curvé)., The curves have been drawn to guide the eye,
(b) Comparison of the energy dependence of the average charged multiplicity
and dispersion for the system X in x p - P+ X, inelastic (*), and for
7 p — anything, inelastic (A) (Refs. 2 and 5), The ﬁorizoﬁtal axis for
TP o P +.X is M2 and for w p — anything it is Q2, the square of the
available center-of—ma;é energy. The dashed curve is a fit to (nx) for

1l = M2

A

32 Gev® of the form a+bM", with n = 1.1z0.4, a = 1,3%0.6, "

and b = 0,6%+0.4, The solid straight lines show the functional forms

(nx) = 0.3 + 1.3y M2 and [(ni) - <nx)2]1/2 = 0.2 + 0.6y M2,
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