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PROPOSAL FOR A NEUTRON SPECTROMETER FACILITY AT NAL 

Peter E. Schlein 
University of California, Los Angeles 

ABSTRACT 

A neutron spectrometer facility is proposed which would permit the measure

ment of tr tr and Krr total cross sections. Time of flight (to ±5o/,) and angular measure

ments (to ±20-40 mrad) on the neutron will permit the differential cross section 
2

d o] dtdm (t is momentum transfer and m is the missing mass above the neutr-on) to be 

extrapolated to the pion exchange pole for reactions of the class Xp - n + (everything). 

This neutron spectrometer may later be coupled with an appropriate downstream 

multi -particle detector to study specific rrrr and Kn inelastic channels. 

1. INTRODUCTION 

The present proposal is for a neutron spectrometer facility and associated beam 

transport system to permit the high statistics detection and measurement of slow 

recoil neutrons from processes of the type: 

x + P - n + (anything), (1 ) 

where X = or± J K±. Por p. A program of experiments is envisioned for each of these 

beam particles in which measurements would be made over a wide range of beam 

momentum of the doubly differential cr-oa a sections d
2 af dtdm (t is the m omenturn 

transfer from proton to neutron and m is the missing mass above the neutron). Time 

of flight (to ±5"/o) and angle measurements (to ±20-40 mrad) on the neutron are 

necessary. 

Aside from the general interest in the t dependence of all reactions at high 

energy, the specific motivation behind these proposed experiments is to study 
2 

d 2o/ dtdm at low values of t (from 0.3 GeV 
2 

down to 0.01 GeV or lower) and to extrap
2 

olate the observed distributions to the pion exchange pole (at t = _m in our metric)
tr 

at fixed m to obtain (initially) the Xn + total cross section. A suggested later addition 

to the facility of an appropriate multi -particle detector (including rr0, s ) and asso

ciated magnet downstream from the target will permit the study of individual Xw+ 

inelastic (as well as elastic) channels. 
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II. PHYSICS AND ANALYSIS BACKGROUND 

There exists now considerable evidence 1- 3 that pion exchange dominates the 
+ - ++ 

low momentum transfer components of the reactions Xp - X1T nand Xp - X1T t> 

up to the highest momenta examined thus far. These processes thus result domi

nantly from X1T+ and XTr - elastic scattering respectively. lt has, in addition, recently 
4

been demonstrated at 6. 6 Ge Y I c that for the reactions: 

- ++ - 0 ++ + - ++ 
pp r- (1T p)t> (rr rt p)t> , (Tr rr n) t> (2a, b , c) 

the relative cross sections when t < 0.2 Gey2 bear the Same relationship as the 
p, t> 

relative cross sections for the processes: 

- 0 - + 
'IT P - TT P. 1'1' 1'1' P. 1T TT n. (3a, b, c) 

This strongly suggests that the final states (2a, b, c) result from an initial proton 

scattering on a virtual 1T- when the other proton is in the virtual state p - 1T D.++ 

Similarly, the processes: 

+ + +
pp - [rr p)n, [rr p1T rr )n (4a, b) 

are foundS to occur with approximately the same relative cross sections as the 1T+p 

reactions: 

+ + + +
;rp-1Tp,1TpTrTr (Sa,b) 

+
suggesting that one proton scatters on a virtual 1T when the other proton is in the 

+
state p - .. rr n , 

There is now a great need to study processes of these types with incident 

Tr'S, K' s , and pt s up to the highest beam momenta and lowest momentum transfers 

accessible. The 6.6 GeV/ c pp bubble-chamber results coupled with other studies 

described in Refs. 1,2, and 3, demonstrate that extrapolation to the pion exchange 
20/dtdm

pole of d should yield X1T + elastic and inelastic cross sections. In particular, 

these results also suggest that the extrapolation functions are rather simple functions 

of t and that they are similar functions for elastic and inelastic processes (otherwise 

the different pp final states in the physical region of the Chew- Low plot would not 

occur with approximately the same relative rates as the on-shell IT +P cross sections). 

III. BRIEF DESCRIPTION OF PROPOSED FACILITY 

In simplest terms, the proposed neutron spectrometer consists of a liquid 

hydrogen target of a few ern length (see Fig. 1) around which are positioned at some 

radial distance,r, a series of closely packed scintillators for neutron detection. 

As much of the azimuthal distribution (above the median plane) as possible 

should be covered to maximize counting rate. Current technology seems capable of 

localizing the traversal point of the neutron through the scintillator to within 2 c m. 
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The target length l and radial distance r are determined as described below from 

consideration of the required 0lab resolution and counting rate. 

A counter C t signals the entrance of a beam particle. A veto counter array C 

insures that no charged particles emerge transversely from the target. A special

purpose veto counter C serves to insure that there is no longitudinal emission of
3 

charged particles and is used as discussed below in a particular series of experiments 
-+ -+ -+ 

to measure TT TT , K TT } and p 1T total-neutrals cross sections. 

Depending on background circumstances, a borax neutron shield house may have 

to be erected around the neutron spectrometer array. 

It is suggested that eventually one may want to couple this neutron spectrometer 

with a downstream multi -particle detector to study specific "" and KIT inelastic 

channels. 

IV. IMPORTANCE OF SLOW NEUTRON DETECTION 

The relationship between neutron laboratory energy and momentum transfer is 

In view of the expected drop-off in dal dt for t:s 0.02 GeV in reactions (1) due to the 

T =_t_ 
neutron 2 0 m 

n 
Thus we have: Flight time per 

t(Gev2) Tn (MeV) 
t meter path 
(nanosecond) 

0.3 t50 5.9 
0.2 tOO 7.2 
0.1 50 10.2 
0.02 10 20.3 
O. 01 5 32. 3 
0.005 2.5 46.0 

2 

IT-nucleon-nucleon coupling in the matrix element. it is important to measure neutrons 

with as small an energy below 10 MeV as possible. 5 MeV is a minimum; 2.5 MeV 

would be superb. 

The pp experiment of Ma et al . , 6 has demonstrated the existence of a drop-off 
2

for t <0.02 GeV in doj dt for pp r- o ++n at 6.6 GeV. More data is necessary to ver-ify 

the precise shape of this fall-off as well as to carry the investigation to lower values 

of momentum transfer and to other related reactions involving incident pions and kaons 

as well. A resolution of ±5% in t and 10-50 MeV or so in mass (depending on mass) 

would be adequate. 

V.	 SOME SUGGESTED INITIAL EXPERIMENTS 
2

1.	 Measurements of d o] dtdm for reaction (1) with no selections made on the 
+

missing system when extrapolated to the pion exchange pole will yield the total X" 

cross section as a function of mass m of the system. In this way p" and p n (for 

calibration and checking purposes) and tr-rr, K" total cross sections can be obtained. 
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The measurements of 1T1T and K1T are, of course, unique and can be obtained in no 

other way. These results should be independent of the beam momentum used and thus 

can be stringently checked. The later addition of the downstream multi -particle 

detector mentioned in the introduction would then permit the detailed study of specific 

inelastic 1T1T and K1T interactions. 

2. The use of a veto counter C just downstream of the target to insure that no
3 

charged particles emerged from the target will permit measurements of the total
-+ -+-+ 

neutrals cross sections for rr TT , K TT J pTT • 

3. With incident proton beam, C 3 not used, and with a pair of wire planes 

downstream from the target (no magnet necessary), the reaction pp-r p n+n may be 

studied. With the emergence of two tracks whose angles (but not momenta) are 

measured with the wire planes, the reaction is a 2-constraint fit if the neutron time 

of flight ~used. or a i-constraint fit if the neutron time-of-flight is not used. Thus 

this reaction may be used to calibrate the neutron counters. Aside from the calibra
2o/dtdm,

tion usefulness of this reaction, a detailed study of d with an order of mag

nitude higher statistics than the work of Ma et al.,6 and at higher beam momentum 

than 6.6 GeVI c , and thus with lower momentum transfer, will shed additional light 

on the one pion-exchange character of the reaction. 
+

4. With incident 1T mesons and the same wire-planes used in (3), the reaction 

+ + +
 
1T P - TT TT n
 

may be studied. The same constraint situation as in (3) also exists here. The 

T ; 2 1T1T elastic cross section may be measured with this reaction. Measurements 

in the 1T1T threshold region will yield the s-wave T ; 2 scattering length. 

5. Similarly, with incident K+ mesons, the reaction 

K+p - K+1T+n 

may be studied to yield the T ; 3/2 K1T elastic cross section. 

VI. KINEMATICS 

Since	 the goal of the proposed series of experiments is to measure the distribu
2

tion in the Chew- Low plane (d o/dtdm), it is convenient to consider the relationship 

between the missing mass m and the obser vable quantities p neutron (t ) and e
la b: 

2 2 
-m ;Ip +p -p 1beam target neutron 

2 
-mbea m (E bea m - 2Pbeam Pneutron cos ela b + 2Tneutron + m p) 

or: m
2 2 + 2 t 1/2 e t (E ) I m bea m Pbeam cos lab - beam + m p m p. 

For cos e ; +1, this is the equation of the Chew-Low boundary. Figures 2 and 3
la b 
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show contours of constant cos 8 for incident proton beams of 7 and 60 GeVI c
1a b 

respectively. It is straight-forward to select the range of cos 8 necessary to cover
1a b 

a particular range of missing mass. 

The resolution in 8 for fixed Pbeam' t, and m is given by:
1a b 

m 
1/2 . 

P beam t s in 81a b 

The following examples demonstrate that a 8 resolution of perhaps 15 mrad is
1a b 

necessary: 

assumed 
p i; 8 (mrad)<sin Blab ) reaction m lab i;m 1a b 

pp 1. 24 7 0.02 0.01 0.7 18
 

pp 2.0 7 0.02 0.02 0.7 58
 

pp 4.0 60 0.02 0.03 0.7 20
 

-rp 4.0 60 0.02 0.03 0.7 20
 

-rp 2.0 7 0.02 0.03 O. 7 87
 

vn, DETERMINATlON OF RADlAL DlSTANCE TO NEUTRON DETECTOR 

Given that the interaction point in the neutron counter can be localized to 2 ern 

(by measuring the time difference in light signals received at opposite ends of the 

scintillator), and with i; Blab determined as above by the kinematic conditions, a 

given target length then implies a specific radial distance to the neutron detector. 

For example, a 13 mrad i; 8 and a 13 cm target length imply r = 10 meters.
1a b 

/ 13cmL = 0.013 rad. L 
0.013 

2,
Since the counter area (and hence cost and background) go as r it is desirable to 

keep r as small as possible. To do this and not exceed the requisite i; 8 means
1a b 

making the target length smaller (at a loss in counting rate). To optimize these 

parameters, it is thus necessary to know: 

1. Experimental cross section expected for the reaction and Plab' m, t under 

consideration. 

-339



-6-	 SS-138 

2. Expected background rate in neutron counters per cubic meter used; 

perhaps this can be minimized, at least for slow neutrons, by using a borax shield 

around the entire neutron detector array. We thus make no attempt to arrive at a 

detailed design of the apparatus here, but rather assume no background is present 

and try to show what counting rate may be expected in a typical experiment 

(at 7 and 60 GeV/c, respectively). 

vm. COUNTING RATES
 
6


10 particles/pulse passing through a 13-cm target have a total track Iength 
6

of 0.43 x 10 feet or a yield of 500 events/ mb/pulse. Assuming a neutron counter 

efficiency of - 200/0 and 1hat the counters cover an azimuthal r ange A q, = rr and a 

'" cos 0lab - 0.5, we have an effective yield of 500 X 1/5 x 1/2 :1/ 2 =25 events/ mb/ pulse.
 
2


At 7 GeV/c, the interesting cross section in pp r-rprr n(namely fort<O. 3 GeV

and 1. 14 < m + < 1. 42 GeV) is 1. 5 mb , giving a counting rate of 37 events/pulse 
rr p 2 

for events with t < 0.3 GeV ",m - 0.3 GeV. 
-2 

To obtain estimates at higher beam momenta, we just assume that the Plab 

behavior which is observed to be valid to 28 GeV/ c remains valid. Thus at 70 GeV/ c 

the counting rate is -4 events/pulse. 

Since strong interaction total cross sections are approximately independent of 

Plab' one can expect these order of magnitude rates to describe the situation at 

higher missing mass values (-4 events/pulse per 0.3 GeV ",m range with 
2 

t<0.3 GeV at Plab = 70 GeV/c). 

If the linear dimensions of the system are cut down by a factor of - 5 so that 

the neutron counters are at a radial distance of 2 meters and the target Iength is 

- 2. 6 em, the counting rates for pp - '" ++n are - 7 and - 1 event/ pulse at 7 and 70 GeV/ c 

respectively. Of course, when one takes into account the entire missing mass range, 

the 101al counting rate is correspondingly higher. 

IX.	 DESIRED STATIS TICS FOR POLE EXTRAPOLATlON 
6

In the recen1 pole extrapolation analysis of pp-p,,+n at 6.6 GeV/c with 
2. m + in the '" ++ region (1. 14 - 1. 42 GeV), 1here were 1750 events with t < O. 3 GeV

rr p 
This mass region was divided into 9 zxm bins with roughly equal numbers of events 

(- 200 even1s) for each region in which the extrapolation is done. 11 was concluded in 

that work that at leas1 an order of magnitude increase in s1a1istics is desirable 

(- 2000 events). 

Thus we suggest that one should obtain at least 2000 useful even1s per zsm 

region for which 1he extr-apofation is to be done independen1 of 1he magni1ude of Am, 

A1 higher m where one may not require as fine a mass r e solution as at low m , a 

< a >for the zxm region under consideraiion is thus obtained, 
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Fig. 1. Proposed layout of neutron spectrometer. 
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Fig. 3. Contours of constant cos 0lab for inelastic pp reactions at 60 GeV/c. 
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