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The Reaction n p >- Jill Between 20 GeV/c and 100 (;ev/c 

0. L. Dahl, R. A. Johnson, R. W. Kenney, M. Pripstein 
Lawrence Berkeley Laboratory, University of California 

and 

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

ABSTRACT 

Preliminary do/dt distributions are presented for the reaction 

n p ->- nn (0 < -t < 1.2 (GeV/c) 2). Incident pion momenta were ';SJ.7, 40.t>, 

66 and 101 GeV/c, obtained at the NAL Meson Laboratory. The effective 
. 

Regge A
2 

trajectory for these data is discussed. Evidence from neutral 

0 
final states is presented for the production of w and ~· mesons as well 

as for an enhancement in the f
0

, A2 mass range. 

/\EC Contract No. W-7405-eng-48 (LBL) and AT(U-I)-n8 (Cl'l') 
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I. Introduction 

An experiment is in progress at NAL to measure neutral final state 

reactions of n mesons on protons. We report here some preliminary results 

obtained in the interval between 20 GeV/c and 100 GcV/c for the reaction 

n p -~ nn (1) 

'-,~ 
~yy 

as well as some evidence for production of other neutral final states, for 

example, ~ and 
0 

11 n (l) n. In an accompanying paper [ 1] Wl' g i Vl' rc~su Its r or the 

reaction 
0 

'II p -)- n n. 

The n p reaction leading to the nn final state is considered to be one 

of the simplest examples of the Regge mechanism because this reaction is 

dominated by the exchange of a single Regge trajectory, namely the A2 • 

However, polarization measurements [2] suggest that the interaction is more 

complicated than the simple exchange of a single trajectory. In order to 

investigate the Regge character of reaction (1) it is important to obtain 

measurements at high energy over as large an energy and momentum transfer 

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

for the reaction (1) throughout the momentum transfer range from -t=O to 

-t : 1.2 (GeV/c)
2 

at momenta from 20 to 100 GeV/c and have determined the 

effective A2 trajectory using these data in conjunction with published data 

from 2.9 to 18.2 GeV/c. [3]. 

II. ~xperimental Description 

The data for reaetion (1) were taken simultaneously with the data for 

the reaction 
0 

n p -+ n n. 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 final state was completely neutral. 

The trigger was, of necessity, precisely that trigger used in the charge 

exchange experiment since the data for both reactions were collected simultane

ously. The cut structure used in the selection of the nn final state 

differed from that used in the charge exchange reaction only in restricting 

the mass cut to the n mass peak. For completeness the entire cut structure 

will be listed here for the nn reaction. 

1. The CLEAN requirement. There must be no pulse in any photon veto countl'r, 

thereby eliminating events with photons outside the solj d a11~ I.e of 

the detector. 

2. Cerenkov tag..!.. A pulse in the threshold Cerenk.ov counter is rec1u:Lred, 

thereby eliminating kaons and antiprotons from the beam flux. 

3. Energy in the ~ 0 detector. The measured energy was required to be within 

the full energy peak corresponding to the incident ~ beam energy. 

4. Number of photons. It was required that two individual showers be 

resolved by the detector for the nn reaction. 

5. Cos e cut. In the decay n ~ yy, the emission angle e of the photons 

in the n rest frame with respect to the n line-of-flight can be calculated 

from the data. Those events with Ieos 0j > 0.7 are eliminated because one 

photon has very small laboratory energy near cos 9=1. This arbitrary cut 

is well outside the region where the detection efficiency falls below 

100%. 

6. Mass cut. For reaction (1), the value of the mass M measured by the 

detector is required to be within the n mass peak. 

In calculating cross sections it is necessary to correct for the loss 

of genuine reaction (1) events which are eliminated from our data sample by 

various cuts, and to correct for the inclusion of background events in the 

data sample. These corrections are listed in Table T. Most nf the corrections 
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were measured directly trom the data or from several special runs inter-

spersed with the data collection. Several of these corrections are for 

well-defined physic~l processes for which a reliable calculation <:an also 

be made; wherever possible the empirically determined corrections were 

verified by calculation. 

The fraction of recoil neutrons detected by the veto house was empirically 

measured by examining the pulse height distribution of rr-p + 11°n events as a 

function of the azimuthal angle of the 
0 

1l • and thus, of the recoil neutron. 

A similar analysis was carried out for the charged veto counters on a sampLe 

of data collected for this purpose. The efficiencies of the veto house counters 

as a functiori of energy for both photons and neutrons were also measured using 

a tagged photon beam at the Stanford Mark III accelerator and a tagged neutron 

beam at the LBL 184" cyclotron. 

As an additional check on our overall normalization, we measured tlw 

n p total cross section at 40 GeV/c using the same beam Logic and liquid 

hydrogen target·. Our result of o = (24 ":t 2) mb is in good agreement w.i th the 

50 CeV/c result oi 24.1mb reported by Baker et al. [ '7 J 

III. Results 

2 
In Fig. l(a) we plot the square of the mass (M ) for events at 101 GeV/c 

satisfying all cuts listed in Seeton II except for the mass cut. There is 

a prominent peak around M2 = 0.3 (GeV/c
2

)
2 

associated with the n + yy decay 

mode. The level of background on each side of the peak is minimal, permitting 

clean separation of 11 events. In addition there is a large peak at low mass 

due to ·n° production and a small enhancement at M
2 2 2 

0. 9 (GeV /c ) which 

may bt• associated with 11 (958) production, decaying into two y's. 
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Figures l(b) and l(c) give the M
2 

spectra at 101 GeV/c for N =3 and 
y 

> 
N 4, respectively, where N is the number of individual photons resolved 

y y 

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

1, 2 and 3 from Sec. II. In Fig. l(b) there is a peak around M
2 : 0.6 (GeV/c

2) 2 

due tow production where thew decays into~ 0y. (A small enhancement in Fig. 

l(a) around M
2 

: 0.6 (GeV/c
2

)
2 

is due tow-+ ~ 0 y events in which the detector 

distinguishes only two of the three photon showers.) There is evidence in 

2 2 2 
Fig. l(c) of an cnhanc(_•ment in the region 1.3 ,.._ M 1.9 (CL'V/t- ) dul' to 

0 0 
f and/or A

2 
production. Furthermore, there are peaks in Fig. l(c) in the 

n and n mass regions, mainly associated with the 3n° decay mode of the n 

and the nnn decay mode of the n , respectively. (For purposes of analyzing 

reaction (1) we have not used n events in the N ~ 4 category, but have 
y 

restricted ourselves to then-+ yy mode as seen in Fig. l(a).) 

The preliminary differential cross sections do/dt for reaction (1) at 

20.7, 40.6, 66, and 101 GeV/c are given in Fig. 2. At20.7 GeV/c the region of 

good acceptance for n's was confined to a limited range of momentum transfer, 

2 
and thus we present data for this energy only between -t=O and 0.5 (GeV/c) . 

For the three higher energies the data is presented over the range 0 < -t < 1.2 

2 (GeV/c) . The total number of events at each energy for reaction (1) is 

listed in Table II. There is a forward peak at each energy which flattens out 

at small t and which has a smooth exponential falloff in the region 0.2 < -t < J .0 

(GeV/c)
2

. In Table II we list values for 

a r rr-p + n~ , YJ ~ c c, : ~ d t 

at each energy. These values are also plotted in l·'ig. J as a ruiH'lion ol 

Plab along with integrated cross sections for reaction (1) f'rol!l 

other experiments [J, 4, 5, 6J. The data points of the present PXpPriment 

,• 

• 
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tend to be systematically lower than those of ref. [4). The solid curve 

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

(2) 

based on the data of this experiment and of ref. [3] over the range of p 
lab 

from 2.9 to 100 GeV/c. The fitted parameters were determined to be 

A (297 ± 27) ~and N = 1.47 ± 0.03. Bolotov et al.[4] report values of 

A (230 ± 30) ~ and N = 1.35 ± 0.04 using their data as well as that of Hef. [3]o 

A study has bee:n made of the effective Regge A
2 

·trajectory by f i.tt ing 

data from reaction (1) to the form 

dO 
dt = B 

2 
sq 

2a 
s (3) 

where rx and B are parameters to be determined as a function of t, and q is 

the CM momentum. An overall fi.t (Jt'it 1) from 3 to JOO GeV/c has been carril'd 

out at several t values, using the data of Ref. I ) I and ol till' pn•st.•nl I'XJlt'r i-

ment. The n~sults ·of this fit are summarized in Table Ill, and plots nf 

do/dt versus plab are given in Fig. 4 for several representative values of t. 

The curves in Fig. 4 show the best fit to (3) at each of these t values. 

Fitted values for a are displayed in Fig. S(a). For purposes of comparison, 

we also show in Fig. S(a) the values of 11 obtained by fitting the dat<l of 

Refs. r3J and [4] from 6 to SO GeV/c (Fit 2), as reported in Ref. [l1j. WP 

have not attempted a fit including both our data and the data of Ref. I l1 I 

because of the in('onsistency between their results and our pn:• 1 im inary 

2 
The two sl'ls of u's are in good agreement except nt -l =-= 0.0'> (Cl'V/c) 

where lX from F i.t 1 is larger than ex from Fit 2 by about 0. J. 
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We have also fit separately the data of Ref. l3] from 3-18 GeV/~ (Pit 3) 

and the data of the present experiment from 20-100 GeV/c (Fit 4). (In Fit 4 

we have determined values of a only for-t< 0.5 GeV/c, since the 20.7 GeV/c 

data is restricted to this t region. Without the 20.7 GeV/c data, the 

s-interval of the remaining data is too small to obtain a meaningful fit.) 

The results of Fits 3 and 4 are listed in Table III and are plotted in Fig. 

5(b). The points from Fits 3 and 4 are compatible within errors for nll t 

values, indicating that the effective Regge pole parameterization (3) is not 

incompatible with reaction (l) data from 3 to 100 GeV/c. 

• 
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Table I 

-Cross Section Corrections for n p + nn 
'-+ YY 

1: 20.7 40.6 66 101 
GeV/c GeV/c GeV/c GeV/c 

Length of LH2 target 40.1 em 40.1 em 40.1 em 60.4 em 

Spurious charged ~eto 
6 -rays from n -5% -5% -5% -7% 
Conversion of y-rays -5% -5% -5% -6% 
Recoil neutron veto* -2% -2% -2% -2% 
AccidPnLals -5% -2% -4% -6% 

Spurious shower veto * 
Recoil neutron veto -5% -5% -5% -5% 
Accidentals -1% -1% -1% -3% 

n detection efficiency * 
Geometrical acceptance -20% -1% -1% -1% 
N = 2 cut -0.5% -0.5% -0.5% -0.5% 
c6sine g cut -30% -30% -30% -30% 

Background 
Target empty +3% +5% +4% +3% 
N* contamination +3% +3% +3% +3% 

* Averaged over t 



20.7 GeV/c 

40.6 

66 

lOl 
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Table II · 

Preliminary·Results for n p + nn 
-+ yy 

Number 
of Events 

530 

3925 

1277 

2775 

: ... 

111-p 
''I 

• 1111 

(4.0 ± 0.3 )~ 

+ (1. 29 - 0. 08) 

'+ (0.61 - 0.01~) 

(0.35 ~ 0.03) 



,. 

Range of plab 

Data Used 

Va Jur:s of a: 
r) 

-t -· 0.05 (t:ev/c)'-

0.15 

0.25 . 

0.40 

0.60 

0. 85 

·" 
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Table III 

Effective Regge Trajectory Values 

for 1(-p -+ T}n 

Fit 1 
3-100 GeV/c 

Ref. 3 and 
Present Expt. 
(Prelim. results) 

0.37 :1: 0.02 

0.33 ± 0.02 

0.27 ± 0.02 

0.14 ± 0.02 

o.oo ± 0.02 

-0.09 ± 0.04 

Fit 3 
3-18 GeV/c 

Ref. 3 

0.38 J 0.0) 

0.30 ± 0.05 

0.24 :1: 0.05 

0.17 ± 0.05 

0.13 ± 0.07 

Fit 4 
20-100 GeV/c 

Present Expt. 
(Preliminary result~;) 

0.);• 1: 0.04 

0.30 ± 0.04 

0.18 ± 0.05 

0.08 ± 0.06 
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Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 
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Figure Captions 

Spectra of ~ at lOl GeV/c. 

(a): Distribution of events satisfying cuts l-5. 

(b) and (c): Distribution of events with Nr=3 and N
1 
~ 4, 

respectively, where Nr is the number of photon showers resolved 

by the detector. Events in these plots satisfy cuts l-3. 

(a-d): Distributions of ~/dt for reaction (l) at 20.7, 40.6, 

661 and lOl GeV/c, respectively. The errors shown are 

statistical only. 

A plot of the integrated cross section for reaction (l) as a 

function of plab" The solid curve is a fit to the data of 

Ref. [3] and the present experiment. 

Plots of cta/dt versus plab for reaction (l) at several values 

of t. The solid curves are the results of fitting the data 

of Ref. [3] and of the present experiment to expression (3). 

Effective trajectory values for reaction (l) displayed as a 

function of t. 
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M2 Spectra at 101 GeV/c 
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Preliminary Data 
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2 

Figure 2(a) 

.. 

1.2 1.4 



• • 
• 

• 

+-
"'0 

' b 0.1 
"'0 

0.01 

- 15-

• 

+ 

Preliminary Data 

v- P - 1']on 
l-yy 

40.6 GeV/c 

t 

1 

0.001~-L--~-L--~-L--~~--~~--~~--~~~ 

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

-t (GeV/c)
2 

Figure 2(b) 
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Preliminary Data 
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Preliminary Data 
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Figure 2(d) 



- 18-

\~ o-(.,.-p-von ) .. YY 

?\ o =Ref. 3 

x =Ref. 4 

o=Ref.5 
20 ?\ A =Ref. 6 

• =Present Work 

10 \ 
(Prelim. Data) 

- 5 ~ ..0 
::i.. -b 

2 

297 p-1.47 .\ ~ 
0.5 +\ 

+, 
0.2 

2 5 10 20 50 100 
'" 

p (GeV/c) 
lab 

Figure 3 



100 

~ 

50 

~-

20 

10 

5 

-"' ........... 2 
~ 
~ 
(..!) -........... 
..0 

::1.. ---"0 
........... 
b 0.2 "0 

0.1 

0.05 

0.02 

0.01 

0.005 

.. 

2 5 

-19-

7T-p--7]n 
L.yy 

t= Ref. 3 

f =This experiment 
(Preliminary Data) 

-t =0.15 

-t =0.40 

-t = 0.60 

10 20 50 100 200 

p (GeV/c) 
lab 

Figure 4 

500 



0.4 

0.2 

0 

-0.2 

a 
-0.4 

-0.2 

-0.4 

-20-

Effective Trajectory for 1r- p __. 77n 
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