The Reaction 2 p » un Between 20 GeV/c and 10U Gevie

9. L. Dahkl, R. A. Juhnson, R. W. Kenney, M. Pripstuin
Lawrence Berkeley Laboratory, Universiry of Calitornia

and

A. V. Barpes, D. J. Mellema, A. V. Tollestrup, R. L. Walker
Duepartment of Physics, California Institute of Technology, Pasadena

ABSTRACT
Preliminary do/dt distributions are presenced for the reaction
mp+nn (0 <~t<1.2 (GeVlc)Z). Incident pion momenta were 20.7, 40.8,

66 and 101 GeV/c, obtalned at the HAL Meson Laboratory. The effective

Regge Al trajectory for these data is discussed. Evidence from neurral

final states Ls presented for the production of «” and 1" mesoms as well

as for an enhancement in the fo. A2 mass range.
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I. Introduyction

An experiment is in progress at NAL ro wmeasure neurral final state
reactions of 1 wmesons on protons. We report here some preliminary resulcs
obtained in the interval between 20 GeV/c and 100 GeV/c for the reaction

7 p > nn (§9]
~.
+ ¥y
as well as some evidence for productlon of eother neutral final states, for
cxample, n'n and w’n. In an accompanying paper [ 1] we give resalis for the
reaction # p -+ 7 n.

The n p reaction leading to the nn final state is considered to be one
of the simplest examples of the Regge mechapism because this reacrion is
dominated by the exchange of a single Regge trajectory, namely the AZ.
Lowever, polarization measurements [2] suggest that the interaction is more
complicated than the simple exchange of a single trajectory. 1In order to
investigate the Regge character of reaction (1) it is important to obrain
measurements at hijh energy over as large an energy and womentun transfer

range as possible. We have therefore measured the differential cross section

for the reaction (1) througt the

un transfer range frem -t=0 to
-t I 1.2 (cev/c)z at oouenta from 20 to 100 GeV/c and have deterained the

eifective A2 trajectory using these data in conjuncrion with puhlished data

from 2.9 to 18.2 GeV/c. {3},

1l. Experipental Description

The data for reaction V1) were taken sirulraneously with the data for
the reacrion B—p » 7%. The apparatus and experimental arrangement were
identical for studying both reactions, and the reader is referred to the

accompanying paper [1] for details.
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The trigger condition assured that the Lindgl atdie wap coppletely neutoal.
The trigger wvas, of neceusiry, precisely that trigper nicd dn the charge
exchange experinent since the data for both reactivma were collveted sigultane-
ously. The cut structure used in the selection of the an tinal state
differed from rhat used ln the charge exchange reaction oanly in restricting
the ndss cut to the n oass peak. For coapleteness the entire cut struccure
will be listed here for the un reactiom.

1. The CLEAN requiresent. There cust be slo pulse in any photun vete countor,

thereby :lirinnti:g events with photuns outzide '
the detectocr.

2, Cerenkov tag. A pulse in the threshold Cerensov counter .. . ... red,
theteby elioinating kaons and antiprotons from the beaa flux.

3. Ergy o the 2° detector. The mcasured energy was required Lo be withia
the full cnergy peak corresponding to the incident = beam emerpy.

4. Nuumber of photons. It vas required that two individual shovers be
resolved by the detector for the m reaction.

5. Cos @ cut. In the decay n + yy. the calssion angle @ of the photons
in the n rest frage with respect te the n kine-oi-{light can be caleculated
from the data. Those events with [cos 9| > 0.7 are «liminated because one
photon has very s=all lsboratory energy near ces 8=1. This arbitrary cut
is well outside the reglon uhere the detectlon efficlency {alls below
100z2.

6. Mass cut. For reaction (1), the value of the mass M ocasured by the
detector is required to be within the n 3ass peak.
ln calculating cross sectlomns it s necessary to correct for the loss

vi genuilne reaction (1) events which are elininated from ocur data sanple by

various cuts, and tu correct for the Inclusion of background eveats io the

Jdata sample. These correctioos are listed in Tahle 1. Most of :lu- carrections
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were neasuced direetly 1vom the data or Erom several speclal runs inter-
spersed with the data eollection.  Several of these carrections are for
well=delined physfcal processes for whieh a reliable caliulation can also
by mude; wherever pussible the coplrically deterained correct ions wers-
virified by calcufatiun.

The fractlon of -ccofl ncutrons detected by the veta huuse uwasn copirically
acasured by cexanialng the pulse height distribution of ‘_p » Mo cvents as a
tunctior of the azimuthal angle of the nu. and thus, of the recoil acutren.

A nioilar analysis was carrled out for the charged veto counters on a saople

ol data collected for this purpose. The efflciencics of the vetu house counters
as 4 lunctlon of energy fur both photons and ncutruns were alsov oeasured vsing
a cagged photon heam at the Stanford Mark TTI acceleratur and a tagged newtron
bean at the LAL 184" vyclutron.

As an additional cheek on our overall mommalizaclan,wr acasurced the
*"p total cross scction at 40 GeV/c using the sane beas logle and {iquid
tiydrogen target. Our resuit of o = (24 * 2) ©b iz In good agrecaent with the

%0 GeVle tesult of 24.1 2b repurted by Baker et al. (7]

1t1. Results
ia Fig. 1(a) vec plut the square of the oass (Hz) for events at 101 CuwV/c

satis(ying all cuts listed {n Secton 11 cxcept for the mass cut. Therc is

2

a proalnent peak around H° ¢ 0.3 (Gevh:z)2 assoriaful with the n » yy decay

Bode.  The level of background on each side of the peak is alnimal, permitting
cleau scparation ul o cvents. In addition there is a2 large peak ot luw mass

2

2.2
due to 2° productfon and a small enkancement at M a.9 (Ut-V/rl)‘ which

23y be assoclated wilth o (958) production, devaying inte twa 4 's |
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Figures 1(b) and 1(c) glve the Hz spectra at 101 GeV/c for Ny=] and

>
[

Y 4, respectively, where H‘ is the number of fndividual photons resolved

by the detector. The evenis in these histograms have been subjected to cuts

1, 2 and 3 froa Sec. Il. In Fig. 3(b) chere is a peak around H2 2 0.6 {ccV/':2)2
due to w productien where the w decays into nuy. (A small enhancement in Fig-
1(a) around HZ I 0.6 (GcV/:2)2 i{s due to w ~ \!01 events in which the detertor
distinguisbes only two of the three photon showers.) There Ls evidence in

)
ig. 1(¢) of an ecnham-ement in the region 1.3 - H2 .9 (GeV/e ™)™ due ta

i and/for I\; production. Furthermore, there are peaks in Fig. 1(c) in the
n and n° nass reglons, mainly associated with the 3n" decay mode of the n
and the nan decay mode of the n”, respectively. (For purpases of analyzing
redction (1) we have not used n events in the N‘ : & category, but have
restricted ocurselves ro the n + yy mode as seen in Fig. 1(a).)

The preliminary differential cross sections do/dt for reaction (1} at
20.7, 40.6, 66, acd 101 GeV/c are given in Fig. 2. AL20.7 GeV/c che region of
good acceptance for n's was confined to a linjted range of momentun transfer,
and thus we present data for this energy only betwecen -t=0 and 0.5 (GuV/c)?-
For the three higher energies the data ls presented uver the range 0 -~ -t 1.2
(Cu\ll:)z. The total number of events ar each energy for reaction (1) ic
listed in Table Ii. There is a forward peak at each cuergy which flattens out
a: small t and which has a smooth exponentlal falloff in the region 0.2 « -t - 1.

?
(GeV/e) . Irp Table !l we list values for

( _ o
2 p -+ nn [ d
o = oo dt
N oy ] c-loy A
it each enerygy.  These values are alsu plotted fa Fig. §oas o tunetion o)

alcn,s with lnteerated cross

a2k -

Cher experiments D4, o4, 5, LJ. The data poinls ul the Prescnt xperiBent
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tend to be systematically lower than those of tef. |L). The sulid curve

in Fig. 3 shows the result of a fit to the functicnal form

np =T - -H 2
g ~— 77|° & Py (2)
based on the data of this experiment and of ref. [ 3] over the range of pl_eh

from 2.9 tu 100 GeV/c. The “itted parameters were deternined to be

A= (97 * 27) b and W = 1.47 * 0.03. Bolotov et el.[4] report velues or

A

[

(250 + 3) b and N = 1.35 £ 0.04 using their deta as well as that or Rer. {=1.
A study has bren pade of the effective Repge AZ trajectory by litting

data frum reaction (1) to the fora

4 _ B 2
R="a2s (3)
s5q

where o and B are paramcters to be determined as a function of t, and q is
the (M momentum. An overall fit (Fit 1) [rom 3 to 100 GeV/c has been carricd
mut at several t values, using the data of Ref, | i and o) the present experi-
ment. The results ol this fit are summarized in Table 111, and plots of

da/duv versus Pyap 4T given in Fig. 4 for several representacive values of t.
The curves in Fig. 4 show the best fit te (3) at wach of these t values,
Fitted values for a are displayed in Fig. 5(a). For purposes of cemparisonm,
wve alse show in Fig 5(a) the values of ao obtained by fitting the data ol
Refs. | 3] and (4] from & to 50 GeV/c (Fit 2), as reporced in Hef. [h]. We
have not attempted a fit Includiag borh our data and the dara of Ref. M}
because of the inconsistency between their results and our preliminary
resslis.  The twe sels of a's are in good agreemenl cxeept at ~1 = U.0% ((:.»\'/r)Z

where o frum Fit | is larger than o froo Fit 2 by abour 0.1.
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We have rlso fit separately the daca of Ref. |3} from 3-18 GeV/c (FiL 3)
and the data of the present experiment from 20-100 GeV/c (Fit 4). (La Fit 4
we have deternined values of a only for -t < 0.5 GeV/c, since the 20.7 GeV/e
data Is restricted to this t region Without cthe 20.7 GeV/c data, the
s-Interval of the remaining data Is too swmall to obtain a meaningful fic.)
The results of Fits 3 and 4 are listed in Table Ill and are plotted in Fig.
u(t). The points rrom Pits 3 end 4 are compatible within errurs rur odl
values, indicaring that the effecrive Regge pole parameterization (3) iz st

inucmpatible with resction (1) dete from 3 to 100 GeV/c.
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Table 1

Cruss Section Corrections for @ p + An
A

Yy
20.7 40.6 66 101
GeV/c GeV/e GeV/c GeV/e
Length of l.u2 target 40.1 e 40.2 oo 40.1 co %0.4 co
Spurious charged veto
b-rays from # -51 -52 -51 -72
Cunversicn of y-rays -5Z -52 -5Z -6Z
Recoil neuEron veto® 2% ~2% -27 -2z
Accidentals -5Z -22 -4l -6Z
Spuricus shower veto *
Kevoil neutron veto -52 -5% -5Z -5%
Accidencals -1z -1z -z -3z
n detection efficiency x
Geuneerical acceptance ~-202 -12 -12 -1z
N, = 2 cut -0.52 -0.52 -0.52 -0.52
clsine O cut -302 -302 -30% -3z
Background
Target ecpty +32 +52 +42 +32
N* contamination +32 +3% +3% +le

%
Averaged over t
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Table II
Preliminary Kesults for n-p *onn
-
Rumber [P '
uf Events - '
-y
20.7 GeV/e 530 (£.0 £0.5 )i
+
40.6 3925 {1.29 - 0.08)
i
66 1277 (0.61 - fr.o4)

+
nl 2715 (0.35 ~ 0.03)
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Toble XXX

Effective Regge Trajectory Values

for n-p —+ nn
Fit 1 Fit 3 Fit b
kange of Py 3-100 GeV/c 3-18 Gev/c 20-100 ceY/c
velu Used kef. 3 end Ref. 3 Fresent Expt.
Present Expt. (Preliminary results:)

(Prelim. results)

Yyalurs of a:

-t - 0.0Y (ucv/c)2 0.37 + 0.02 0.38 + 0.0y U.50 v 0.0k
0.15 0.33 + 0.02 0.30 * 0.05 0.30 + 0.04
0.25 0.27 + 0.02 0.24 £ 0.05 0.18 * 0.05
0.40 0.14 + o.02 0.17 % 0.C5 0.08 + 0.06
0.60 0.0U + 0.02 0.13 + 0.07 ——

0.8 -0.09 + 0.04 —_ .
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Pigure Captions

Spectra of If at 101 GeV/e.

(e): Distribution of events setlsfying cuts 1-S.

(b) end (c): Distribution of events with N =3 end N, 24
respectively, where H7 i the mumber of photon showers resolved
by the detector. Eveirbs in these plous segisfy cuts 1-3.
(a-d): Distributions of do/dt for reaction (1) at 20.7, 40.6,
66, and 101 GeV/c, respectively. Tne errors shown are
stetistical only.

A plot of the integrated cross section for reection (1) es a
function of Piap” The s0lid curve is a fit to the date of
Ref. [3] end the present experiment.

Plots of do/dt versus By, for reaction (1) et seversl values
of t. The solid curves are the results of fitting the data
of Ref. {3] and of the presemt experiment to expression (3).
Zffective trajectory velues for reection (1) displsyed es e

function of t.
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N’ 3pectra at 101 GeV/c
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Figure 2(a)
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Effective Trajectory for n"p—qn
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