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I. INTRODUCTION il

Ve present data on diffraction dissociation in 2- and L-prong channels
produced by 206 GeV/e n p interactions in the NAL 30-inch hydrogen bubble
chamber. The uliseparated 205 GeV/c negative particle beam was produced by
targeting 303 Gev/c protons from the NAL Syncarotron and was transported
one km to the bubble chamber. Beam characteristics a% the chamber were as
follows: a momentum spread of *0.1%, an angular divergence of #0.25 mrad,
and K , D and p~ contamlinations of 1.4+0.2%, 0.16+0.1% and 2.210.03%, respec-
tively. The data presented here are based on almost the complete data sample
in an exposure of 48K pictures with an average of 7 beam tra.cks/ frame. The
film was scanned with approximately lifesize projectlon in 3 separate vievs,
by physlcists and independently by professional scanners. DiscrepancieM ASTER
were resolved usliiz a scan tapble projecting 3.5X lifesize images. The
events accepted in the scan weire restricted to a fiducial volume approximately

40 cm long in the beam direction. A more restrictive fiducilal volume (omitting
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the last 11 cm along the beam) was used in this analysis in order to insure

more accurate reconstruction of fast forward tracks. The events were measured
G Pilm-plane wmeasuring projectors. Pubble density pattern:s were compared in
each view in order to ensure proper track matching. Geometrical and kinematic

Titting were performed with the standard programs TVCP and SQUAW.

II. DISCUSSION OF CONSTRAINED FYT'3
‘tYhe constrained fits considered in the snulysis were the felloving,
AP xp , {1}
x> naAp {2}
both nominally 4-constraint fits. Although eiastic scattering (reaction (1))
15 not discussed in this paper, the problem of separating inelastic from
elastic two-prong events 1s relevant to our consideratlons. At intermediute
energles (P, 10 GeV/c), the four-comstraint fits are surficlently poweriul,
particularly if coupled to bubble density information, to identify with very
little ambiguity the real exawples of reactions (1) and (R}. At 205 veVic,
however, momentium measurement uncertaintles are such s to require further
study of the valddity of the fits und the magnitude of background included
i them.
Such & study wvas carried out in the folleving manner. We computed
directly frow the measurements the following quantities:

(a) The mass sjuared; Mﬁ, recolling against the proton (2-prong events) or
recoiling against the combination--proton plus two slowest pions (4-prong
eventa). For the real examples of reactions {1} or (2), this quantity ré
mist, within the errors, agree with the mass sguwred of a plon, 0.0l9 r,evd
The error width in M% is typlcally 21.H (;ev2 and 1s largely determined by

the uncertainty in the direction of the recoil piroton.
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{b) The total outgoing transverse momentum component &'Rn in the plane
perpendicular to the camera lens axis. To sharpen this quantity, we replace
the momentum of the fastest outgoing pion [or the only outgoing plon for
reaction (1)) by the value predicted from longitudinal momerntum balance.
Furthermore we use this modified momentum value to re-evanluate the direction
of the pion at the interaction vertex, the significance of this arising from
the fact that the main azimuthal uncertainty comes from the curvature
unceytainty of the track. W4With this procedure, the typical errcr width
of &y, 15 *50 MeV/c. For real examples of {1) and {2), &y, 1s of course
predicted to be zero vhereas for events which do not fit (1) and {2) we would
usually expect values of several hundred MeV/c. It is necessary to note that

AP a5 calculated here 1s not a valid quantitative meazure of actual trans-

To
verse momentum imbalanca for evepts not fitting (1) or (2) since longitudinal

momentun conservation is explicitly incorporated in the calculation. However
it serves the needed purpose of a quantity which should be close to zero for
2 real fit and broadly distributed for the background.

The additional constraints of longitudinal momentum conservation and
conservation of transverse momentum component in the dlrection of the camera
lens axis involve quantities too impreciszly measured to provide sharp tests
cf fits to reactions (1)} and (2).

Applying these considerations to reaction (1), we show in Fig. la a two-
dimensional histogram of Mﬁ vs AP for 2-prong events and in Fig. 1b the

Tp
corresponding histogram for those events waich kinematically fit reaction {1)

with a Xa < 30. It is apparent that essentially all the real elastics have

fac)
! b
largely inelastic events. By examining the distributions of AP’Itp for "2-

| < 0.20 GeV/e, and that with |&P_ | > 0.25 GeV/c one has a sample of

prong events" manufactured by throwing away two pions from measured 4-prong
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events, we can defermine the shape Of the buckground and thercby estimate
the rraction of inelsstic events hiding under the elastic pesk in Flg. 1,
namely about 4% of the elastic events.
Coming ncw (o redction (2), we anticipate slightly our later discussion
by uoting that almost all events fall into the class of pion diffraction
{three fast n and slow proton) or nucleon diffraction {single fast n and
slow proton, slow ', slow n ). Figure 2ab exhibit two-dimensional histograms
of Hg vs AE.N for vion diffrections and £ig. 3ab exhibit sindlar histograms
for the nucleon diffraction events. The background wader the LC fits is
about 254 (10%) ror the pion diffraction {nucleon diffruction) events. This
background cen M reduced considerably by appropriste cuts as discussed further.
An important qualification must be added to the above discussion. For

pion diffraction events, ve have essentisxlly no way of distinguishing reaction
{(2) from the following,

xp - u'K-K+p . {3
Thus, although in our subsequent snalysis ve shall neglect {3) we must recog-
nize that whemever dissociation of the sorm (n = nan ) or (n = nn i +
neutrals) is discussed it imcludes contributions of the type (n — n K K')

and (n~ - 7K K'sneutrals).

IIT. THE REACTION P = nn =D
From study of Figs. 2a and 3a and subtractlon of the backgrourd, we find
a cross section for the reaction (2) of 530%65 ub-l The momentum dependence
ol this cross section is shown in Fig. AP-2 It clearly uppears to be dropping
only slowly between 20 xnd 205 GeV/c, indicative that diffractive processes
sy be playing & dominant role.

Our subsequent discussion of this process 1s based on 128 fitted cvents
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within cur rather restricted fiducial volume (which provides at least 26 cm
of path length For the measurement of fast forward tracks). These evente
contain backgrounds as discussed above of 25% (pion diffrsction) and 10%
{nucleon diffraction); and, in some of our histograms, we reduce the relative
pion diffraction background population by about a factor of 2 by additionally

requiring that | | < 0.1 geV/c (see Fig. 2)-

&op,
™
In Fig. 5, we show a two-dimensional histogram of the n'n'n+ mass vs
the lower of the two possible px+n' masses. The striking features of this
plot are:

(1) A clear grouping of low (< 3.2 GeV) px+n- mass events, presumably

involving nucleon diffraction,
AP R (n-ﬂ+p) .

(11) Another clear grouping of low (< 3 GeV) A nn mass events, presumably
involving pion diffraction,

- - -+
anp~ (analp .

(411) Finally a few events which exhibit fairly high pr'n and n % n'
masses and perhaps do not belong in the two above categories. As discussed
elsewhere these may be interpreted in terms of double-Pomeron exchange
procesaes.3

- -+ -

Figures 6ab and Tab show the n x n and pﬂ+ﬂ mass distributions. The
calculated crrors in these fitted masses smount to about 50 MeV for M(n'n-n+)
and i5 MeV for M(n n+p) in the regions of the diffractive peaks and justify
the finely binned histeugrams in Figs. 6b and Tb. The shaded region in Fig. 6
is defined by the additional requirement that iAP.m,i s 0.1 GeV/c to rzduce
the background by about a factor of two.

The bl(n-n-u+) spectrum in Fig. 6b is iominated by a very clear peak at

about 1100 MeV, presumably due to the Al. If there are higher mass 3n



~5- LBL-2112

diffractive states, they certainly do not becowe prominent at this energy.
Similarly the n rr+p state appears, within the somewhat meager statistics, to
have a prominent peak at about 1550 MeV, close to the 1500 MeV peak which
seems to dominate the M( n-u+p) spectrum at much lower energles.

FMgure Bab show the t distributions for the x [M(n—n-;) < 3 GeV] and
nucleon [M(n-rr+p) < 3.2 GeV] diffractive pea:s. The very peripheral nature
of these events is quite evident and consistent with their interpretation
as diffractive processes.

Flgure 9 shows nr mass spectra for pion diffraction events (M(3n) < 3 GeV]
with the additionral cut IAP,mi < 0.1 GeY¥/e imposed to minimize background.
In order to search for rr+rr- resonances, we have made the assumption that the
n 1 mass spectrum is the same as that of ﬂ+n.; where n %7 the "bachelor" %
and have subtracted it from the total n n spectrum glving the residual
distribution shown in Fig-. 9c. This distribution appears to be dominated
by the p peak with very little contribution from £, g or any higher mass
mesons. If e significant ccatribution from reactior (3) 1s contained in the
data, the peak in Fig. Yc could well represent a K* state.

Flgure 10 shows p:t+ and pr mas= spectra for the nucleon diffraction
events [M(x n'p) < 3.2 Gevl. A Zrominent & peak as well as some &° are
evident.

We complete this discussicn by quoting our estimates of the pion disso-

cigtion and nucleon dissociation cross sections,

I

33055 pb ,
18036 ub .

- - - +
oln” = nman)

olp = nnp)
For the M(nan) reglon 800-1200 MeV which includes the A, peak in Fig. 6b,
the cross section is 160240 ub. This number differs very lit'.ie from the
mesdured value in the same mass range at 20 GeV of 190t30 ub, further demon-

strating the diffractive nature of the phenomenon.s
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IV. DIFFRACTIVE PROCESSES LEADING TO REUTRALS IN FINAL STATE
A. Pion Diffraction

Considering first 2-prong interactions, we show in Fig. 1lla, the spectrum
of M° , the mass squared recoiling against the proton for cvents with slow
identified protons in the final state which do not fit the elastic hypothesis.
A large peak centered at W = 2 geV® of full wiath L GeV” 1s seen. Since
the mass resolution is 1.5 Gevz, we cannot say mch about the detailed
shape of the spectrum except that it evidently does not extend to very high
masses. Indeed the spectrum is not inconsistent with what one expects from
the M(n-ﬂ-n+) distribution shown in Fig. 6 and probably arises, in part, from

A, production and decay via the n n°n° mode. The t distribution Tor the

1
events in the peak is shown in Fig. 11b and is highly peripheral as expected.

Just as in elastic scattering, there i1s a loss of events at very low t, so
that the first bin in the distribution is not reliable.

We have estimated the cross section for the pion diffractive dissociation,
np - (7 + peutrals) + p
taking into account (i) that some of the inelastics may fit the elastiz fit
nypothesis, (1i) that some low t events are lost. Making no background

subtraction under the mass peak im Fig. 11, and considering the diffraction

reglon to extend to Mz =20 Ge\f2 we obtain for the cross section
a(x” - n + neutrals) = TOO£100 pb .

This value 1s significantly larger than the cross section for dissocia-
tion into n-n-n+, namely 33C ub. It seems likely that the decay mode (n +
neutralz) includes diffractive states with more than two .

Similarly the spectrum of mass squared recoiling against identified

protons in L-prong processes with missing newtrals is shown in Fig. 12a,
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with the t distribution for low mass events sbhown in Flg. 12b. A copnsiderably
broader enhancement at low M2 is observed, extending to M2 vaiues of about

30 GeVP. The estimate of the cross section for n  dissociation into (x x %

+ neutrals) is much less certain than for (s~ + neutrals) because of the small
signal-to-background ratlio. For the purposes of this analysis we simply
neglect background and take as our measure the event population below

1.12 = 30 Ge\i‘2 Again, adding on tke background included in the fits to
reaction (2) and introducing a generius error to take account of the uncer-

tainties due to the unsubtracted background we obtein
o(n” = nx x + neutrals) = 540130 ub .

The cross sectlon for pion dissociation into 2- and 4k-prong events is

then
olx” - «*(2p,4P)] = 330 + 700 + 540 = 1.570.2 mb .

B. BHNucleon Diffraction

Unfortunately the method used above to analyze the pion diffraction does
not apply to the study ot target dissoclation. In order to obtain some inforwma-
tion on this point we have attempted to separate in both two- and four-preng
events the nucleon dissociations by using the followirg criteria.

(1) Ther must be a fast outgoing = of momentum within four standard Jevia-
tions of 205 GeV/ec.

(2) If there i1s an identified slow proton, the recoll masc squared must be
greater then 30 Gev2 (to eliminate pion dissociation background).

(3) The total energy of all visible tracks recolling against the fast nega-
tive plon must be less than 15 GeV. This test helps elimimuite background
und 1s such as not to discriminate against nucleon dissoclation into final

states of mass squured less than 25 Gev"
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In order to look for a highly peripheral contribution of evens satis-
fying these tests we have plotted the angular deviation 49 in the plane
perpendicular to the camera lens axis between the outgolng fast % and the
beam particle, using an assumed momentum of 205 GeV/c to recaiculate the
direction of the outgoing plon. These piots for varlous classe: of two-
prong and four-orong events are shown in Figs. 13 and 1%. These data all
strongly populate the Ap region below 0.1 degree (-t § 0.15 GeV ), and hence
are in fact highly peripheral. Using 2&p < 0.2° as a definition of nucleon
dissociaticn events, and making small corrections for inefficiencies ii

recognizing protons we obtain the followl- , cross-~section estimates,

o(p - p + neutrals) = 220x40 pb ,

o(p = o+ neutrals) = 420:70 ub ,

o(p » pr'n + newtrals) = 170M0 po
a(p ~ an ¥ neutrals) = MOt130 up ,

o(p » prx) = 18036 pb .

Thus the cross section for proton dissoclation into 2- and 4-prong events is,

alp » p*(2p,4P)] = 1.43:0.2 mb .

C. Discussion
It should be first emphasized that the diffraction cross sections quo!ed

are obtal’ned by simple counting procedures with no background subtraction.
We have assigned generous errors which we believe should encompass whatever
modifications a more sophisticated treatment would bring. With this quali-
fication, we can indicate some interesting features:

(1) The ratio between the dissociation cross sections o(p = p + neutrals)
and o(p — a o+ neutrals), namely (220240)/(4%20£70), is in gvod agreement
with the value 1/2 expected if the domlnant final states involve Jjust a

nucleon plus & single pion inan I = 1/2 state.
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(11) The total two-prong pion a.ixd proton dissociatlon cross sectlons, namely
700£100 and 64080 ub respectively, are about the same size. The total four-
prong dissociation cross sectlons, namely 870%140 ub and 790£140 ub, similarly
are nearly equal. It appears on the basis of these comparlsons, that there
may be near equality between the pion and proton dilssociation cross sections

for each individual multiplicity. If we assume thls to hold at higher multi-
plicitles as well, we may speculate that,

olx » n') = alp » p*) ,
where =¥, p* represent the totality of all states I‘Jroduced by the dissociation
or pleons and protons. Assuming factorlzable Pomeron exchange to account for
these diffraction dissociation processes, one would then obtain the following

relation,

gEQPrm) - EQEME

2 2 ]

g"(Pnn"*)  g°(Ppp*)
where the g's are the appropriate coupling constants. One consequence of
this relation which can be submltted to experimental test by sultable comparison
wlth proton-proton interactlon data 1s the following prediction,

alp — *)l O]
olp @ p IO

fpp collisions

np collisions

vhere the cross sections in the denominators are just the elastic pp and np

5
cross sectlons.

(i11) Finally it 1s interesting to note that diffraction processes (elastic
and inelastic) account for 90% of all 2-prong events and 50% oI all L-prong

events. They clearly dominate the low multiplicities.

We want to express our gratitude to the 30-inch bubble chamber staff,
the hadron beam group, the accelerator operations personnel, and our scanning

and measuring staffs for thelr outstanding e:forts.
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FIGURE CAPTIONS

Fig. 1. Plot of l\é s AP‘Itp .for 2-prong events; (=) no restriction other than
fiducial volume and track length; (b) elastic f1t with X2 < 30 also
required.

Fig. 2. Plot of M§ vs AP’Rp for L-prong plon diffraction events [Mz(:t_n-:;r)
< 20 GeV2]; (a) no restriction other than flduclal volume and track
length; (b) £it to = « x'p with X° < 30 also required.

Fig.. 3. Plot of l\é vs AP'I\p for 4-prong nucleon dlffraction svents VACEED)
> 20 GeV°l; (a) no restriction other than filducial volume and track

length; (b) £it to n x n'p with X° <30 also required.

Fig. 4. Momentum dependence of n‘ﬂ-n+p cross section.

Fig. 5. Plot of Mz(zr“n:_n:'*) vs the lower value of M2(1t-n+p)-

Flg. 6. M(x '« x") distribution; (a) 200 MeV bins; (b) 50 MeV bins.

Fig. 7. M(n-:r+p) distribution; (a) 200 MeV bins; (b) 50 MeV blns.

Flg. 8. t distributions; (a) = dissociation [M(sr n x') < 3 GeV]l; (b) nucleon
alssoclation [M(x n'p) < 2.2 Gevl.

Fig. 9. M(wx) spectra for plon dissocilation (M(x = ') < 3 Gevl; (&) M(x n )--
two entries per event, (b) M(x n )--one entry per event, (c) difference
of (a) and (b)--one entry per event.

Fig- 10. M(mp) spectra for nucleon dissocilation (" 7'p) < 3.2 gevl; (a)
M(x"p), (b) M(xp).

FMg. 11. (a) Spectrum of ME, the mass squared recoiling against the proton
for 2-prong inelastic events with identified slow protons; (b) t distribu-
tion for those events with M < 10 GeVt. '

Fig. 12. (a) Spectrum of Mz, the mass squared recoliling against the proton
for U-prong evenis with missing neutrals and identified slow protons;

(b) t distribution for those events with Mo < 20 GeV-.
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Fig. 13. Distribution of &p for events selected as described in text. (a)
2-prong inelastic events with identified slow proton; (b) 2-prong inelastic
events without identifled slow proton.

Fig. 14k. Distribution of Ap for events selected as described in text. (e)
L-prong events which fit reaction (2); (b) L-prong events which do not
£it reaction (2) and have an identified slow proton; (c) 4-prong events

which do not fit reaction (2) and do not have an jidentified slow proton.
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