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Abstract 

We have observed the coherent dissociation of neutrons into pTI 

systems at incident momenta up to 300 GeV/c. We present the dissocia

tion cross sections for a viariety of nuclear targets for pTI masses 

below 1.B5 GeV. Using a model incorporating both electromagnetic and 

hadronic production, we have extracted the total cross sections for 

scattering of unstable pTI systems on nucleons. 
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We have measured the dissociation of neutrons into pTI systems on 

the nuclear targets Be, C, AI, Ti, Cu, Ag, Ta and Pb, for neutron 

momenta in the range 100-300 GeV/c. The experiment was performed in 

the M3 neutral beam at Fermilab. The apparatus was described in a 

, (1), d f d i .. ,prev10us Letter wh1ch concerned our stu y 0 1ssoc1at10n uS1ng a 

hydrogen target. The measurements using nuclear targets differ in that 

no total absorption calorimeter was present at the downstream end of 

the apparatus, and the use of a solid target precluded any measurement 

of the recoiling nucleus. In this Letter we present the measured dis

sociation cross sections, and the total cross sections for the scatter

ing of the produced states on nucleons; the latter are determined in

directly with the aid of an eikonal model. A detailed comparison of 

the pTI decay angular distributions for the nuclear and hYdrogen(2) -
data will be presented elsewhere. Similar measurements of neutron dis

sociation at lower energies have been reported previously in the 

literature (3) • Although, for brevity, in this paper we shall often refer 

to pTI systems as N*S, this should not imply that these systems are 

necessarily resonant or of unique isotopic spin. 

We restrict our discussion to N* 's with invariant masses (m) in the 

range 1.165 to 1.85 GeV. Below 1.140 GeV, the extremely small opening 

angle of the proton and pion degrades the mass resolution and causes 

reconstruction losses which are difficult to assess in an accurate 

manner. Above 1.165 GeV, the mass resolution is ~15 MeV (standard 

deviation), the reconstruction efficiency is ~97%r and the spectrometer 

acceptance is always larger than 50% and, typically, about 75% for N* 

masses less than 1.85 GeV. All cross sections presented here have 

been corrected for acceptance, as well as for losses due to a-rays 

striking the veto counters around the target (5-11%), and for small 
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spark chamber inefficiencies (typically 5%). Target empty corrections 

ranged from 4% to 20%, depending on the mass range and the specific 

target considered. The absolute normalization of the data is estimated 

as good to ±10%, whereas relative normalization between elements is 

good to better than ±3%. 

A final, potentially important, correction to the data is the back

ground due to other coherent dissociation processes, such as n+A ~ pIT- IT0 +A, 

+ 
or n+A ~ nIT IT +A, and that due to incoherent pIT production. From Monte 

Carlo simulations we estimate that for events with small four-momentum 

transfers, t'=lt-t . 1<0.03 (GeV/c)2, these backgrounds are approximately
nu.n 

15% for m < 1.3 GeV, and about 5% at the highest masses. 

Coherent dissociation can proceed either through the strong nuclear 

force or through an electromagnetic interaction between the incident 

neutron and the nuclear Coulomb field. The atomic number dependence of 

the coherent diffractive production reaction, n+A ~ pIT +A, is strongly 

affected by the f~otal cross section of the produced pIT system on nucleons. 

The nuclear diffractive cross section for a given mass range (6m) and t' 

range (6t') is given in the optical model by: (4) 

0diff(6m,~t') = J dm I dt' 

6m 6t' 
(1) 

2
where If (t') 1 :::: C exp(-bt') is the cross section on hydrogen.

H 0 

The eikonal approximation for the nuclear form factor F which we use 

.. . . (4) h
is discussed in detail in the paper by Kolblg and Margolls . We ave 

used c = 1.12A1/3 fermis, and a = .545 fm for the parameters describing the 

nuclear half-density radius, and skin thickness, respectively. The total 

neutron-nucleon cross section (01) and the ratios of the real to imaginary 
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parts of the forward elastic amplitudes for both the incoming and outgoing 

systems (a ) have been fixed at 39mb and 0, respectively. (5) In com
l,a2 

paring this model to experimental results, it is common to take CO' b, and 

02 as free parameters describing production on hydrogen. These parmneters 

are somewhat coupled, and a reduction in the value of Co can often be 

accommodated, without a large increase in the X2 
for a fit, by a corres

ponding reduction in 02. In our analysis, we have fixed the values of 

Co and b to be those directly measured in the hydrogen experiment. (1) 

The extraction of 02 at these energies is somewhat complicated by the 

fact that the one-photon exchange contribution is in some cases considerably 

larger than the strong interaction cross section. In the absence of in

terference between the diffractive and electromagnetic processes (6) , the 

additional contribution to coherent dissociation from Coulomb production, 

for a target of charge Z, will be 

2 ° y (m)Z a (2)° 1 (l:Im,l:It)cou 7T 2 2
(m -m ) 

n 

where c (m) is the cross section for the y + n -+ 7T + p, at the y-n center y 
( 7)

of mass energy specified by m. The detailed definition of the electro

magnetic form factor F is given in references 8 and 9. Because Coulomb 
em 

( 10)
production occurs primarily at extremely large distances from the nucleus , 

this contribution to the coherent cross section is essentially independent 

of any reasonable variation of the parameters 01,02,a and a.
l,a2,c 

Figure 1 serves to indicate the sensitivity of the data to various 

possible values of 02. Figure l(a) displays the t'-dependence in Cu for 

neutron momenta between 200 GeV/c and 260 GeV/c, and for 1. 35 < m < 1. 45 GeV; -
Fig. l(b) provides, for the same mass and momentum band, the dependence 

of the cross section on A. The solid curves represent the sums of the model 
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calculations for 0 (as a function of ° ) and ° . The Coulomb con-
d.l f f 2 coul 

tribution alone is shown as a dashed line. In all of our calculations 

we have included the effects of finite experimental resolution in t'. (11) 

Figure 2 shows the mass spectra for two different regions of t': 

2
(a) t' < .001 (GeV/c) where Coulomb production is most important, and 

(b) 0.005<t' < .03 (Gev/c)2, which, particularly for the lower-z targets, 

includes most of the coherent signal. The data in Fig. 2 indicate sub

stantial coulomb production of 6(1236), especially at small t', where the 

2 
cross section is also approximately proportional to Z. The calculated 

contribution from coulomb production in Pb is shown as a shaded band in 

Fig. 2(a). The width of the band indicates the uncertainty in the cal

culation due to the uncertainty in the measurement of ° (m). The cal
y 

culation agrees with the Pb data up to a mass of ~1.3 GeV, beyond which 

a contribution from diffractive production becomes apparent. The cross 

section for diffractive dissociation appears to peak at a mass of 

~1.35 GeV (see Fig. 2b). 

The energy dependence of the production cross section for several 

mass intervals and targets is shown in Table I. The cross sections are 

essentially independent of momentum, except for elements with large Z, 

where some increase with momentum is expected due to the contribution 

from electromagnetic production in these elements. 

Figure 2(c) displays the results of our extraction of 02. The large 

uncertainty in 02 for the lowest mass band is partly due to the fact that 

the hadronic component of the cross section which is sensitive to 02' is 

small compared to the electromagnetic part. Moreover, there is a fairly 

large uncertainty (±15%) in the Coulomb calculation for this mass interval 

due to discrepancies in the various photoproduction experiments. (7) 
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Nevertheless, it is clear that the extracted N*-nucleon total cross sec

tions are considerably lower, particularly at large masses, than the 

neutron-nucleon cross section. This result is similar to that reported 

recently in an investigation of coherent production of pTI+TI - systems at 

lower incident momenta. (12) 

Finally, we wish to point out that the value of 02 may be a function 

of the spin state of the N*. (13) Because the M-3 neutron beam is un

polarized, we cannot extract the dependence of 02 on specific angular 

momentum states of the produced N* systems. Furthermore, it has been 

" (14) "1 h 1" f Lishown by Faldt, , that neglect~ng poss~ble nuc eon e ~c~ty- ~p con

tributions to coherent production (as was done in the model of ref. 4), 

can lead to an underestimate of the apparent value of the N*-nucleon 

total cross section, particularly at larger N* mass values. Calculations 

are presently in progress to gauge the sensitivity of 02 to such helicity -
flip terms in coherent production. 

We than Drs. P. Koehler, R. Lundy and J. Sanford for their support 

and encouragement. 
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Figure Captions 

1 (a) Differential cross section for neutron dissociation into pTI 

on copper, for 1.35 GeV < m < 1.45 GeV. 

(b)	 A-dependence of the cross section for the same mass range as 

in (a). The solid and dashed curves are the results of model cal

culations discussed in the text. (Several typical error bars are 

shown on the data points.) 

2 (a) Mass spectra for neutron dissociation into pTI systems on C, 

2
AI, Cu, and Pb, for t' < .001 (GeV/c) , and
 

2

(b)	 for 0.005 < t' < .03 (GeV/c) . 

In (a) the calculated contribution from Coulomb production in Pb 

is shown as a shaded band. 

(c)	 Total cross sections of the produced pTI system on nucleons 

for several pTI mass intervals. 



Table I - Coherent Production Cross-Sections for n + A + pTI + A 

(a)
M (pIT ) P. . (b)� 2

lnc Cross Sectlon (rob) for 0.0 < t' < .03 (GeV/c)� 
(GeV) (GeV/c)� 

Be� C A1 Ti Cu Ag Ta Pb 

1.165-1. 25� 100-150 .23 ± .03 .32 ± .05 .63 ± .09 1.1 ± .2 1.6 ± .2 2.9 ± .4 4.7 ± .7 5.3± .7 
150-200 .22 ± .03 .28 ± .04 .62 ± .09 1.0 ± .2 1.5 ± .2 2.8 ± .4 5.0 ± .7 5.7 ± .8 
200-260 .19 ± .03 .24 ± .03 .50 ± .07 .9 ± .2 1.6 ± .2 3.0 ± .4 6.1 ± .8 7.2 ± 1.0 
260-300 .17 ± .03 .24 ± .04 .56 ± .09 1.2 ± .2 1. 7 ± .2 3.4 ± .5 7.9 ± 1.2 8.8 ± 1.2 

1.25� -1.35 100-150 .33 ± .04 .46 ± .06 .76 ± .1 1.2 ± .2 1.4 ± .2 2.8 ± .3 3.8 ± .5 3.6 ± .5 
150-200 .27 ± .03 .38 ± .04 .69 ± .09 .9 ± .2 1.5 ± .2 2.4 ± .3 3.2 ± .4 3.6 ± .4 
200-260 .28 ± .03 .39 ± .05 .64 ± .08 .9 ± .2 1.4 ± .2 2.3 ± .3 3.7 ± .r:; 4.3 ± .5 
260-300 .27 ± .04 .39 ± .05 .81 ± .11 1.1 ± .2 1.6 ± .2 2.9 ± .4 4.6 ± .6 5.2:: .7 

1. 35 -1.45 100-150 .30 ± .04 .40 ± .05 .78 ± .10 .8 ::.2 1.4 ± .2 2.0 ± .2 2.5 ± .4 2.6 ± .4 
150-200 .26 ± .03 .37 ± .04 .65 ± .08 .7 ±.1 1.2 ± .1 1.6 ± .2 2.3 ± .3 2.4 ± .3 
200-260 .26 ± .03 .34 ± .04 .63 ± .08 .9 ±.1 1.2 ± .1 1.9 ± .2 2.5 ± .3 3.1 ± .4 

I260-300 .27 ± .03 .39 ± .05 .78 ± .10 1.1 ±.2 1.3 ± .2 2.3 ± .3 4.0 ± .6 3.9 ± .5� ...... 
o 
I 

1.45� -1.55 100-150 .18 ± .02 .28 ± .03 .49 ± .06 .54 ± .08 .9 ± .1 1.1 ± .2 1.6 ± .3 2.0 ± .3 
150-200 .17 ± .02 .19 ± .02 .41 ± .05 .58 ± .08 .8 ± .1 1.1 ± .1 1.5 ± .2 1.7 ± .2 
200-260 .16 ± .02 .23 ± .03 .41 ± .05 .54 ± .07 .8 ± .1 1.2 ± .2 1.8 ± .2 2.1 ± .3 
260-300 .19 ± .03 .22 ± .03 .53 ± .07 .59 ± .10 .9 ± .1 1.7 ± .2 2.5 ± .4 2.5 ± .4 

1.55� -1.85 100-150 .21 ± .03 .30 ± .04 .67 ± .09 .80 ± .12 1.0 ± .1 1.4 ± .2 1. 9 ± .3 2.1 ± .3 
150-200 .21 ± .03 .29 ± .04 .49 ± .06 .78±.11 1.0 ± .1 1.3 ± .2 1. 9 ± .3 1.6 ± .2 
200- 260 .19 ± .02 .29 ± .03 .50 ± .06 .65 ± .09 .9 ± .1 1.4 ± .2 1.6 ± .2 2.0 _ .3 
260-300 .24 ± .03 .31 ± .04 .70 ± .10 .88 ± .14 1.0 ± .1 1.6 ± .2 2.6 ± .4 2.5 ± .4 

(a)� The mean values of the incident momenta for the four momentum bands in this table are 127, 176,� 
230, and 275 GeV/c� 

(b)� The errors contain statistical and systematic contributions, all added in quadrature. 

)� ) ) 
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