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Abstract,—In a L8,000-picture exposure of the Fexmilab 30-inchhydrogen bubble
chamber to a 205 GeV/c T beam, we have reasured 169 events of the reaction,

-t - . . - . . .
TP~ xxxp, with a cross section of £35+61 ub. This reaction proceeds

almost ontirsly via low mass x® - 3n end D -» prx  dissociation, Factore

ization is satisfied for p - pmsr dissociation in xp and pp interactions,

Introduction,—The reaction = P - z-n+ﬁ—p has been studied extensively
below 25 GeV and the x - ﬂ_ﬂ+ﬂ“ dissociation part of it has been observed
previously up to LO GeV [1,2], We show that this first 5 p exclusive multi-
particle reaction to be isclated atFermilab energies proceeds almost entirely
via pion aind nucleon dissociation into low mass states with partial cross
sections and other characteristiés similar to those obsexrved in 16-40 Gev.

% p interactions. We have presented preliminary results inref, [3]. The

peam, the film analysis procedures, the geometrical reconstruction and
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kinematical fitting of events (using TVGP and SQUAW) and various checks on
the accuracy and preci#ion ;f the measurements are described in refs, [3-5].
Ref, [6] discusses pion dissociation in the inclusive reaction TP - px“,
Some corresponding data from Fermilab pp experiments may be found in ref.'

[T:}.

Background Analysis,—At 205 GeV L-constraint fits are less efficient than

at lower energies in eliminating background in ﬁhe reaction x p - ﬂ-ﬂ+ﬂ_p.
We have made a study of possible backgrounds [4] usihg several techniques:
(a) simulating missing neutral particles by dropping two or more trxacks from
measured 6~ and 8-prong events and subjecting the events so obtained to the
saiie kinematical fitting and analysis procedures as the real events; (b) by
fitting to the hypothesis n p — n_x+x~p those L~prong events observed with
associated Y — e pairs or strange particle decays; {c) by analyzing
transverse momentum imbalance and missiné—mass distributions.[3,h]; (a) by
simulating digitizations of tracks from possible background and signal
reactions and proccssing thege Monte~Carlo simulated events és wa do the

real ones, Thirteen different reactions were simulated. ©Only a few back-
ground reactions were found [4] to have significant feed-through into the LC
channel; for these, cross checks are available from the measured events and
the events f?om which tracks were dropped. The most potentially coﬁtaminating

. . —-0 - 0 .
reactions were those that produced a lowmass an , n i x , x Xx * % , OF
-+ - 0 . : . X e . -
TR A ﬂo combination in the forward direction. Fortunately, however, the
production of an even number of forward pions requires G-parity exchange,
which is expected to be small compared with diffractive processes at these

; . . . . . o, 0 : .
energies, This is substantiated by the observation that p A production does

. . PR - ot - . .
not contribute significantly to the x w = p final state, as shown below,

‘s -+ -
We conclude from this study that background to events fitting x xw = p



with X? <15 is 1016% for target dissociation, defined as Mpﬂ+ﬁ, < 3.3 Gev,
and 15%3% for beam dissociation, defined as Mmoo < 3.3 GeV; the latter
background is concentrated mainly in the " 1.8 < M3ﬁ < 3 GeV region, as
discussed further below, WNo events which fit w p - ﬂ-ﬁ+x_p with Mpn+ -

< 3,3 Gev and X? < 15 also fit the reaction x p — 7 K'K'p, We cannot
exclude experimentally a possible 10-30% contribution of n_K+K-p to the beam
dissociation sample; however, the only known x+n— state which also has a
significant branching ratio (5%) to K'K is the fo, which, as shown below,
contributes little to our data. Therefore we neglect g“Kfop backgrouﬁd in
‘both target ana bean dissoéiation samples, We neglect contamination from x p

- % pop and from any reactions caused by the X (1.4%) and 3

components,

Rezsults:  Cross Sections,—We find a cross saction of 635221 wb for x p —

x-n+n—p at 205 GeV after subtracting the above background estimates and making
corrections [4] of 5,5%0,6% for loss of short recoil protons, and 7.L4L+2% for
fitting inefficiency., This cross section is 18#2% of the total L4-prong Cross
section of 3.5 mb at 205 GeV and 2,6% of the 24 mb total cross section, For
comparison, at 20 GeV [1] the h~prong cross section is 8.52¥0.25 mb, of which
only 10%, or BBQfgS pb, is npﬁ - ﬁ-ﬂ+ﬂ-P. The cross section for n-n+x_p
falls more slowly at high beam momentum than below 20 Gev (Fig, 1), as might

be expected ifrit is increasingly dominated by diffractive processes, Similar
behavior is observed [8-10] for elastic scattering, also shown in Fig, 1; e.q.,
‘elastic scattering and n_ﬁ+f3>cross sections fall by the same fraction, ~ 30%,

between 20 and 205 GeV,

. . . -+ - . .
Characteristics of the n 7 ¥ p Final State,~Fig, 2 shows M._ﬂ+“- vs the
- b1d

Y. . . . + - .
smaller of the two-Mp“+n_ compinations for each nn # 5 p event, Two distinct
ciusters of events are observed, one with low M3Ir which we associate with pion

dissociation and the other with low Mpnx which'we associate with mucleon dissocia-



- 4 - . . ; s ez
tion, To the 635 pb n « ¥ p cross section, pion dissociation (M < 3.3 GeV)

3
contributes about 2/3 (416250 ub) and nucleon dissociation (Mpﬁ+n“ < 3.3 GeV).
contributes about 1/3 (184%33 pb). There are no events common to both categories
(thus defined) and only 5.5% (35212 pb} falls in neither category [4,11]. ™o
events fall simultaneously in the p9 region of Mﬁ+ﬁ' and the A° region of Mﬁ"P’
leading to a 90% confidence upper limit of 8.5 ub for the x_p - poAP cross

section at 205 GeV,

Pion Dissociation,~It is clear from Fig, 2 and the M

3 projection in Figq,
3a  that the'pion dissociation sample is dominated by a peak near l;l GeV,
This peak is associated mainly with po as shown by the Mpoﬁ'distribution
(shaded‘in Fig. 3a} and the Mﬁ+ﬂ- aistribution of Fig., hLa, The po_decay
angular distribution (Fig, 4b) for M3ﬂ < 1.2 Gev is consistent with predom-
inance of the céseé? term expected for the A) S-wave np state and has an asym-
metry similar to that observed at lower beam momenta [1]. In the 3y rest

system the azimuthal angle about the beam direction of the normal to the 3n

decay plane [4] is consistent with isotropy, also as observed at lower energies.

Based on lower energy results [2], we do not expect to see with our limited
statistics a significant A3 peak in Fig. 3a, nor a significant fo - ﬂ+ﬁ-
signal in Fig, L4a. We see no significant nyx mass peaks above the po, nor

3 mass peaks above the Al'

Fig, Ha shows partial cross sections vs beam momentum for three M bands,

3

region, 0.8 < M3n'< 1.2 Gev, is 188+30

< 1.k, it is 83220 pb, and for the third region

The cross section at 205 GeV for the Al

pb; for the region 1,2 < M3n

{1,k <M, < 2,0Gev) it is 9525 pb, In obtaining the 205 GeV cross sections

3n

we have subtracted the estimated neutrals background shown by the dashed curve
in Fig, 3a. Thus the production cross section above ~ 20 GeV for the Al
mass region is constant within errors as would be expected for a diffractive

process, The cross section for the higher mass regions may fall somewhat

with beam momentum,



The distribution [4] qﬁ the square of the four-momentum transfer t from
bean to 3x system for the Al region has an expohential slope of 11.612.7 G‘e‘f—2
for 0,02 < -t < 0.3 Geve, consistent with that observed [1] at éo GevV {13,014
Gev'z); For M3n < 3.3 GeV . the slope is 9.2¢1.2 Gevre for 0,02 € ~t < 0.5

Geva, similar to the slope of B,810.L Ge\f’_2 that we observe for elastic scattering,

Target Dissociation.—The Pﬂ+ﬂ_ mass spectrum (Fig, 3b) shows a prominent
Peak near 1.55 GeV associated with the peaks in the A ana A° mass regions
in Figs, Lc,d, The slope of the distribution of foﬁr~momentum transfer t from -
-target to pnx sygtem is 12,8:2.4 Gev_2 for ﬁpnn < 3.3 GBV. and -t < 0,3 Gevz.
The cross section for 1,L <M o < 1,8 Gev is 95£19 pb, which is roughly haif
.of the 18433 ub target dissociation cross section., For comparison, at 20 GaV
{1 the cross section for the same mass regilon is 113211 pb, which is less than
one-third of the cross section (366£32 ub) for. Mpﬁn < 3,3 GeV, Fig, 5b shows
that tﬁe lower prnn MASS Yegion is produced with cross section falling only slowly
if at all with beam momentum above 20 GeV while the higher Mpnn region falls by
a factor two from 20 to 255 GeV, Thus the p —; P dissociation crosé section
behaves gimilarly to the xn - 3n as a function of bean momentum and of three-

body mass,

Factorization,—As a test of factorization we compare nucleon dissociation,

- . - - 4 - -
P - p* -3 Pﬁ+ﬂ for Mpnr < 3,3GeV in n p - X pux and pp - ppn+ﬁ
- - i
{77 at 205 GeV., If these two reactions as well as % p and pp elastic scattering

are mediated by the same factorizable exchange (e.g., Pomeron), then we expect:

ol p— xp)/olep » pp") = o(x'p > « p)/o(ep > Pp) .
The right-hand side is 0,47%0.03 (i.e., 3.22%0,18 mb/6,800.20 mb) and the left-
hand side is 0,630,15 (i.e., 184+33 ub/290%#50 ub). Thus, factorization is
satisfied within errors., We expect the Mpnﬁ distributions also to be similar,
The dotted histogram of Fig. 3b shows Mpﬂ+ﬁ_ for 205 GeV pp - pm+n—p 7]

normalized by one-half the ratio of % P to pp elastic scattering cross sections
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(both beam and target dissociation are plotted for Pp). Fair agreement is
appa:ent.with the so0lid histogram (Mpx+n' for 205 GeV n-p - ﬂ-ﬁ+ﬁ_p),
except perhaps for the 1,55 GeV peak region, Fac;orization in n-p - pX
vs pp - pX at 205 GeV is discussed in [12].

Conclusions.—The reaction x p -; ﬂhﬁ+#;P has a cross section of 635+61 pb
at 205 GeV, It is dominated by peripheral x — 3¢ and p — prnr dissocia-
tion into low mass states, with mass, momentum transfer and aﬁgular distribu-
tions similar to those observed for corresponding low mass states p#oduced
from 16 to 4O GeV, Tha cross sections for low mass (M { 3,3 GeV) 37 and prn
states are 416250 pb and 18433 ub, respectively. For' M_ < 1,2 GeV and

31

o< 1.8 Gev the cross sections are consistent with being independent of
W .
-+ - . :
bean momentum above ~ 20 GeV, The n n n p and elastic scattering cross
sections both fall from 20 to 205 GeV by approximately 30%., A test of factor-

ization is satisfied for target dissociation in xp and pp reactions,
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FIGURE CAPTIONS
. . i ~ - - -+ -
Fig, 1. Cross sections for (a) n P » np and(b) x P> " X ® P VS beam

momentum, Data are from {1,8,9,10],
the smalier of the two

. - 4 - Caas - -4 -
Fig, 2. Mass of x m nt Vs A pﬂ+ﬂ‘ masses for events fitting w p - = ﬁ+ﬂ P
with X? < 19. The mass resolution is ~°7 MeV for small Mpﬂn and ~ 70

MeV for small M_ .
3n

Fig, 3. (a) Mass of 3rt system. The dashed curve is background from events
with undétected neutral particles, estimated by dropping two tracks from
6~prong events. Events with eithex or both M 4 betwean 0.61 and 0,92
Gev (p° region) are cross-hatched, (b) Mass of pr n system, The dotted
curve is from 209 GeV pp — pﬂ+ﬁ-p [7] normalized by 0,5 times
(ols’p » ' p)/alpp - »p}).

- iz shaded,
Fig, 4. (a) w x mass for M, < 3,3 6GeVi n x mass . (b) Polar angle

o318
between the beam and outgoing x directions in the po rest system for
+
.2GaV and 0,6l <M 4 - < 0,92 GeV. c mass for M .
M3ﬁ < 1,2 Ge n 6l < - 9 {¢) pn o. orcat <33
Gev, {d) px wmass for Mpﬁu < 3.3 Gev,

Fig, 5, (a) n p — ﬂ-n+n-p cross section vs beam momentum for three bands

of 3 mass, ({b) for two bands of pr x Rass.



o {mb)

{0

o.l

:' T T T TTT7] TV T T
- XY . (0) 7-p elastic -
u 004 2 0 4 N
- 0¥ St g | N
5 b otob- N -
B RN |
L ‘}{’ ¢ %@» S
- ¢ {’ 3
- (b) T p= T T T p ¢ -
(I B S ST N N N SO
1 5 10 S50 100 500
V/c
pbeam(Ge )
| XBL 745-3123

Fig, 1 '



M{T T~ )GeV

20_,_”ﬂsuu;nlzruiil[isllllullﬂlmHH_T
r- et
- . -

I5E E
- -
- '!,:' * :
r- - L

0= * -
S 7
- . -
: ‘ .: L ™) . :.:'-::-.' b :.:o.z-:.::. .l"{.: .'. .....'. - :

O-L[l!llllrl.tiIl!l.l.lll{lllllll"llLllIlJl_‘ll-
0 | 5 10 1o 20

M (p* 7l ) GeV

XBL 745-3i24
Fig, 2



GeV "

Number 7 O.|

Number/ 0.2 GeV i,

30

20

1O

4
s
/ 7 BT ‘
., s
F L e 1”/7‘573';%;'*!;{‘1?-!:97-, | H -
i

L L L

(a) 7 =7t mass

4

pr——

l I i l i

UG g it od

by g
T

RS A

Mass ( GeV)

XBL745-3322
Fig. 3



3l

O

e,

Number per 0.05 GeV

O

FITTPITTad T TR TR b e v b ey

Number per 0.05 GeV

.

O o

4

Number per 0.2

TITT i T T T T T T TT T T TTTT
€} p7+ mass

Mp*rr-:r< 3.3 (Se\!.1

I A L R N I R AR A

2 3
v (p7) GeV |

RN AR N L]
- -

(b)
- M3_n_< 1.2 GeV 1
gt lin e ettty

o)

-10 -05 00 05

cos. 8 (Jackson)

Fig. 4 .

P~ mass

MP"TTT< 3.3 Gev-

“Number per 0.05 GeV

1.0

ﬂnnujt

M{p7™) GeV

XBL 745-3126



400

100

10

I O B T T T LI S S S 4 N A
" S -~ -
| © - @ S

o o

14\

= (.3 g -
- v v =
- = & :
N k & _

a. ) Q
- 2 2 -1.
- v - v .=

<3~ o> Neo) -

-t - — -

- il

. -
E L U N e Zl
£ ° ™ ) -
DLl ! L | 0 1 SRR s g
O o Q0 O O
S 3 8 S 3
3 S S

N . 1 P h ) O -

3 I S I S B M o e T T
- % Er > e % —
(&) &;_’ : G :
- < & .
- v - v ]
5 & v ke ]
i 0 I B e o e i
. = o < ]

v - - E - -
- o - Vv - %’_ - -
3 - ]
- — e - - —_
o o TP B - - ]
Ev » .. - . . :
RN S TN SV U R0 0 O S W ol NI W S S B ITERR,
O O ©) @)
O O O O
o - Q Q —

(q7) o

400

|00

0

.p beam (Gevre)

XeL 745 - 3{27

Fig., 5





