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Abstract 

We have measured inclusive particle production in neutron-nucleus 

collisions at high energies. Data on positi"" and negative particles 

produced in nuclei, ranging in size frOll .Be teJl Pb, are presented for 

essentially th" full forward hemisphere of the center of mass. Fits 

of the formAn to the invariant production cross s~ction  in~icate  

that <X changes from ·0.65 to ·'0.55 for laboratory rapidities ranging 

from 3 to 8. Hllltipet'i<·heral moods which invoke cut cor.t r i.but.rons to 

l'ilrticlo prodw::tion Lr, nuclei predict such l~havi()r~  

( 

•Research supported tn part by the United :.tates J:."llerqy Research and 
Development Administration. 

tuniverGity of 1l<.ochesl:cr. 1l<.ochaster, N.r .• 14627 (Report UR-620l 

ttFermilab. Batavia. Ill. 60510 

H·tNorthvestern uni""rsity, Evanston, Ill. 60201 (Report NW-EXI'-4l 
Ipresent Address: Argonno Ndt. Lab., Argonne. Ill. 60439 

tPresent address: University of Notre ~er  Notre Dame, Inn. 46556. 

-2­

Then~  he a rcccutly been renewed Lnceeeet; in the study of hadronic 

production using nuclebr targets (1). This has largely been fcstered by 

the hope that through an examination of particle production in nuclear 

~tter  we can obtain information about the space-time development of 

hadronic collisions duri09 their nascent stages. 

we have performed an experiment to measure charged-particle pro-

duct.Lon in neutron collisions with the following nuclear targets, Be. 

AI. Cu. Sn. and Pb. The beam was the broad-band, 1 lIll'ad, M-3 neutral 

beam at Fermilab, consisting of neutrons, with minor K~.  nand 'Y 001II­

ponents. The neutron IIIOIIl8ntum spectrum was peaked at about 300 GeV!c. 

with a full width at half maximWII of -200 Gev/c(.2) The primary proton 

energy was 400 GeV. 

Our experimental apparatus. shown scheMatically in Fig. 1. con­

sisted of a single ann spectrometer with an aperture of :t60 mr in the 

horizontal (bending) plane, and t2.4 mr in the vertical plan~.  The 

trigger requirement "as that no charged particle registered in the veto 

counter A. and that a charged-particle traversed counters Sand L. A 

was a 10 em x 10cm counter located about a meter llpstreat1l of the target. 

S was located iDlllediately downstream of the target. and L ""'s a liquid 

scintillation counter situated downstream of the analyzing magnet about 

ten Deters from the target. Except for a O.75-inch thick lead radiator, 

positioned in front of the L counter (to aid in electron/hadron dis­

crimination), there was no provision IIlilde for particle identification 

in the spectrometer. 

~le  BMlQ9 analysis aagnet provided a 0.5 GeV/c transverse impulse 

to charged tracks. Trajectories were assumed to originate f.-ala the 

target and were measured using magnetostrictive wire spark chambers 
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downstream of til" magnet. The """,11 vertl cal dimension of th" chambers� 

(--1 inch) made patten. recognlt.lon relatively eallY.� 

The Of:utron flux was monitored using a t..otal absorption calorim­�

"ter (3). we esti""'te that our absolute normalhation is known to tIS', 

hut the relative normaliUltioll between el_ent" is reliable to bet.ter 

than i!i\. Th" target thiclcncss.. s used were typically 2~  to 5% absorp­

t.ion lengths of m~terial.  ~  r&. with a beam intensity of -50,000 

neutrons during a two second spill and a bea!Il-spot si~e  of about 1_ in 

diameter. 

'l'he target-empty back9round subtractions ranged from 7\ to 15\ for 

the different·targets. Electron contamination of the data, resulting 

frOlll. y conversions of .,,0 decays, "as qreaUy reduced with the helt> of 

pulse-height information obtained from both ends of the L counter. 

Specifically, events with large signals in the L counter (cau"ed by 

electron "howers form6a in the Pb con1terter) were elblinated from the 

sample, and bppropriate corrections were made for the loss of hadrons 

that interaoted either in the Ph converter OT in the liquid scintillator. 

An internal check on this procedure was _de using two thicknesses of 

Pb targets. The corrections for PT < 0.05 GeV/c. particularly for 

YUB ::; 5, wer" quite substantial, and con"equcnt1y these regions of 

phase space a~  poorly determined. 

In Fig. 2 we display for the five eleaents. the measured I1IUltiplicity 

(i.e., the differential cross section for each olellCllt di vided by the 

re"pective total inelastic neut.ron-nucfeus cross sectIon (4) I int<''<jratcd 

over transverse mo~ntum  as a fun..~ion  of ~le  rapidity in tho laboratory 

tracne (yLAB)• For the average value of the beam momentUlll. the rapi di ty 

for II particle at rest in the center of IMBS is abOut 3.2, consequently, 

our data span essent.ially the fUll forward hemisph~re  of the center of 

IlIass. The ,"ultlplicity shows th.. expected fall-off at 
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largo Y values, with the positjvely charged particles shoWing an
LAB 

excess over negative particles at the very largest values of Y
LAB' 

This excess could be due to the presence of protons from neutron dis­

sociation. (Using a pion ~ss  for a possible proton track typically 

causes an upward shift of about 1.S units in the value of the rapidity.) 

Too measured invariant CI'088 sections wel'e fitted to a function of 

the form Aa, where the parlllllCter a is used to characterize the dependence 

of the data on the atomic weight A. Although this specific dependence 

is not in accord with all the data (a appeal's to deozease somewhat with 

increasing A), on the average it is a good approximation, and we have 

used this paraJlleterization to allow coaparison of our results with other 

available data(l). 

The dependence of the multiplicity on A in Figs. 2 (a) and (b) is 

displayod in terms of the a parameter in Fi9S. 2 (cl, and (d) for n<'qathe 

and positive partiole production, respectivelY. It is observed that a 

changes uniformly over the enthe r89ion of Yue' indicating that the 

produced multiplicity is a cor,tinuously fa11109 function of A AS YIAS 

increases. 'this result is expected from models which involve cut con­

tributions to haaronic production in nuolear targets. (5) 

)The dependence of· the cross section on ,. is exulned in lIIOre detail 

in Fig. 3. There we display the values of a as a function of the trans­

VIIrse IIlOIlI6lltum (PTI for three regions of Yu.a' 5 < YIAB <6,4 < YIAS c 5, 

and 6 < Y < 8; for negative particles in (3a), and positive partioles
IAB 

in (3b). The variation of a with P
T 

appears to depend on InYLAIl' 

particular, the value of a for the SIllalIest band of Y drops rapidlyLAIl 

orith increasing P (for P S 0.5 GeV/cl< however, at larger PT'u appears
T T 

to increase for n89ative particles but continues falling for positive 

particles. (6) (The difference could be attributed to the proton 
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component in the positive s!,,-,ctra.) At larger Y the varL.tion of (J
LAB 

with� P'r is leo~  pronouoccJ. 

In conclusion, we have measured the A dependence of inclusive 

particle product Ion in n-II. collisions at high ellergies. Using the 

parameterization of An for the invariant cross section we have established 

that the dependence of th" multiplicity on A varies ...ith the rapidity 

in the forward hcmisl-'here of the center of maSE nnd f s , in addition, a 

systemdtic, a}hei~  complex, function of PT~  

We thank Drs. C. Brown, 11. Greene and the Fermilab staff for their 

support of the experiment which provided the source of the present data. 
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1.� An excellent summary and an extensive list of references is 

available in W. Busza, Proc. of VII International colloqui~  

on ~lultiparticle  Production (Xutzing, 1976), J. Benecke et a1. ,eds. 

2.� Privat" collll1lunication from the Michigan Group (Il. Gustafson et aI, 

Fermilab Experiment 248). 

3.� We thank the university of Michigan Group for the use of their 

calorimeter monitor. 

4.� To obtain the differential charged-partiele multiplicity we assumed 

tl~t  the inelastic cross section for n-A collisions is the same 

as for p-A ~'Ollisions,  namely 46 11.°. 6 9 
rob. See ref. 1 for details. 

5.� See, for example, J. Kaplik and A. H. Mueller. Phys. Re~.  D12, 

3638 (1975) and A. capella and A. Krzywicki, ORSIIY Report I.PTPE 77/16 

(1976). In addition, see the review of N.N.Nikolaev (Preprint from the 
Landau Institute, Moscow - 1976). 

6.� Similar effects hav" been reported previously in me4sure~nts  at 

different values of YLAB' see, for example. J. w. Cronin et al., 

Phys. Rev. Dll, 3105 (1975) and D. Garbutt et ai., 

Physics Letters~.  355 (19771. 
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t'i<juro captions 

1. 

2. 

3. 

Schematic of the apparatus. 

did not depend on nuclear size. 

to positive and negative particles, respectively. 

+ -The symbols q and q referdifferent nuclei·!n (a) and (b). 

Th" parameter f1 shown in (e) and (d) is from a fit of the 

cross scction to the form An; a would be 0.69 if the multiplicity 

Charged-particle moltiplieity as a function of rapidity for 

Varidtion of a with transverse NOGentum for three regions of 

Y[)\8' 
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