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we have mea5ured the 1nc1u51ve 7r ° pr0duct10n at h19h tran5ver5e m0mentum fr0m 60th p10n and pr0t0n 6eam5 at 100 
and 200 6ev/c. 5a11ent character15t1c5 are a w1de p1ateau 1n the cm an9u1ar d15tr16ut10n and ev1dence f0r 5ca11n9 1n 60th np 
and pp 1nteract10n5. 7he rr-+p ~ ~r°x cr055 5ect10n5 fa111e55 5teep1y w1th x11 = (p11/pmax)cm, and peak at x11 = 0.14, 1n c0ntra5t 
t0 the pp ~ n°x cr055 5ect10n5, wh1ch peak at x11 = 0. 

7he 065ervat10n 0f part1c1e5 pr0duced at 1ar9e tran5- 
ver5e m0mentum p• ha5 pr0v1ded c0n51dera61e 1n519ht 
1nt0 the fundamenta1 1nteract10n 6etween the c0n5t1- 
tuent5 0f  the 1nc1dent hadr0n5. N0t 0n1y the0ret1ca1, 
6ut a150 exper1menta1 eff0rt ha5 c0ncentrated 0n 
p r 0 t 0 n - p r 0 t 0 n  1nteract10n5 1n the centra1 re910n 
(ar0und 90 ° 1n the center 0f ma55 (c.m.)). Pr09re55 1n 
under5tand1n9 may 6e made 6y extend1n9 the data 0ver 
1ar9er an9u1ar re910n5, and 6y varY1n9 the c0n5t1tuent 
c0mp051t10n 0f  the 1nc1dent 6eam. 70ward th15 end, 
we pre5ent the f1r5t c0mpar150n 0f 1nc1u51ve 7r 0 pr0duc- 
t10n fr0m 7r • and p 6eam5 1n a 6r0ad k1nemat1c re910n. 
We f1nd a 519n1f1cant d1fference 1n the x11 = (P11/Pmax)cr n 
d15tr16ut10n 0f  7r 0•5 pr0duced 6y p10n5 c0mpared t0 
that pr0duced 6y pr0t0n5. New data fr0m f0rward 

1 Pre5ent addre55:Hu9he5 A1rcraft C0mpany, Cu1ver C1ty, CA 
90230, U5A. 

2 Pre5ent addre55: Ferm11a6, 8atav1a, 1L 60510, U5A. 
3 Pre5ent addre55: 8r00khaven Nat10na1 La60rat0ry, Upt0n, 

NY 11973, U5A. 

an91e5 ena61e u5 t0 pr06e the d1fference 1n the m0men- 
tum d15tr16ut10n 0f c0n5t1tuent5 1n the p10n and pr0t0n. 

7he exper1ment wa5 c0nducted 1n the M2 6eam at 
FNAL, and the apparatu5 and a 5u65et 0f  the data 
11m1ted t0 the 90 ° re910n have 6een de5cr16ed e15e- 
where [ 1 ]. 7he exper1menta1 apparatu5 c0n515ted 0f 
tw0 1ndependent Cerenk0v c0unter5 f0r ta991n91nd1v1- 
dua1 6eam part1c1e5, a 114u1d hydr09en tar9et, and a 
ph0t0n detect0r (f0r deta115 0f  the ph0t0n detect0r, 
5ee ref. [2]). 

7he ph0t0n detect0r c0n515ted 0f  a1ternat1n9 1ayer5 
0f 5c1nt111at0r and 1ead 5heet5.7he 1ayer5 0f  5c1nt111at0r 
were d1v1ded h0r120nta11y and vert1ca11y 1nt0 70 10n9 
narr0w r0d5 (73.5 × 1.05 cm). E19ht 1ayer5 were 
c0up1ed t09ether t0 1nte9rate the 5h0wer deve10pment 
thr0u9h 19 rad1at10n 1en9th5 0f 1ead, and the pu15e- 
he19ht d15tr16ut10n5 1n the5e c0unter5 were pr0p0rt10na1 
t0 the ener9y dep051ted 6y ph0t0n5 h1tt1n9 the detect0r. 
7he p051t10n and ener9y 0f  5h0wer5 f0und 1n the detec- 
t0r a110wed the ma55 0f  the parent part1c1e t0 6e rec0n- 
5tructed. 7he ma55 5pectra 0f ph0t0n pa1r5 (c0rrected 
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F19. 1.7he 1nvar1ant cr055 5ect10n f0r ~r ° pr0duct10n ver5u5 x11 f0r 5evera1 react10n5: (a) ~r-p at 100 6eV/c; (6) pp at 100 6eV/c; 
(c) rr-p at 200 6eV/c; (d) pp at 200 6eV/c. F0r d15p1ay purp05e5, the cr055 5ect10n51n a1ternate pj. 1nterva15 are 1a6e11ed. 5m00th 
curve5 1nd1cate the parametr12at10n de5cr16ed 1n the text. 

f0r 9e0metr1ca1 acceptance and w1th empty-tar9et 
6ack9r0und 5u6tracted) were d1v1ded 1nt0 c0ur5e 61n5 
1n p• and x11.7he 5pat1a1 re501ut10n (•+ 1 mm), ener9y 
re501ut10n (AE/E FWHM = 0.20/~/E(6eV)) and tar9et 
1en9th (60 cm) c0ntr16ute t0 an 0vera11 re501ut10n 0f 

Am2/m 2 = 12%. 7he n 0 519na1 wa5 extracted 6y f1tt1n9 
a 9au551an 519na1 p1u5 a 11near 6ack9r0und t0 each ma55 
d15tr16ut10n. 7he 6ack9r0und ha5 a ma9n1tude - 1 0 %  
0f the rr 0 519na1 and 15 c0mp05ed 0f pa1r5 0f unre1ated 
ph0t0n5 and hadr0n1c 5h0wer5.7he mea5urement5 
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F19. 2. 7he 1nvar1ant cr055 5ect10n ver5u5 0 cm f0r 7r-p ~ n ° + X 
at 100 6eV/c.  A1ternat1n9 P.L 1nterva15 are 1a6e11ed and are 
den0ted 6y 0pen and c105ed 5ym6015. 7he5e p01nt5 are p10tted 
at the 0cm c0rre5p0nd1n9 t0 the 61n center5 0 f p L ,  x11 61n5 
5h0wn 1n f19. 1a. 7he 5m00th curve5 d15p1ay the parametr12a- 
t10n de5cr16ed 1n the text. 

pre5ented here1n c0ver the an9u1ar re910n 15 ° - 1 1 5  ° 
1n the c.m. f0r rr e and p 6eam5 at 100 and 200 6eV/c,  
and they a150 1nc1ude n e and p f0rward an91e data 
( 2 ° - 2 0  °) at 100 6eV/c,  and 300 6eV/c  pp data 1n the 
c.m. re910n 6 0 ° - 1 1 0  °. 

F19. 1 5h0w5 the 1nvar1ant cr055 5ect10n * 1 f0r part1- 
cu1ar 61n5 0fp• p10tted a9a1n5t x11.5evera1 feature5 are 
apparent v15ua11y: the pp cr055 5ect10n5 appear t0 reach 
a max1mum at xtt = 0 a5 re4u1red 6y 5ymmetry, and 
fa11 rap1d1y w1th 1ncrea51n9 x, .  1n c0ntra5t, the 2r-p 
cr055 5ect10n5,2 appear t0 reach a max1mum at xtt > 0 ,  
and vary much 1e55 rap1d1y w1th 1ncrea51n9 x, .  F0r 
examp1e, at 100 6eV/c  f0r 2.0 < p L < 2.4 6eV/c  the 
rr-p and pp cr055 5ect10n5 are near1y e4ua1 at x,  = 0 

,1 5pace 11m1tat10n5 pr0h161t c0mp1ete pre5entat10n 0f the 
data. 8NL.#23844 c0nta1n5 the data 1n a ta6u1ar f0rm. 

,2 1n th15 exper1ment a11 n - p  ~ n°X data are c0n515tent w1th 
~r+p ~ rr°X, and 0n1y the (m0re c0mp1ete) ~r-p data are 
pre5ented here1n. 

6 ~  
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F19. 3 . 7 h e  1nvar1ant cr055 5ect10n mu1t1p11ed 6y (p• + rn 2)N 
f0r ~r-p 1nteract10n5 at 100 and 200 6eV/c,  where the va1ue5 
u5ed are rn 2 = 0.97 and N = 5.06. Data 1n three an9u1ar re910n5 
(90 ° , 30 ° , 10 °) fa11 0n the 5ame 6and. 7he 5m00th curve d15- 
p1ay5 the parametr12at10n, and dem0n5trate5 that th15 4uant1ty 
n0 10n9er depend5 0n 0cm 0r 5. 

6ut 6y X11 = 0.7 the 7r-p cr055 5ect10n exceed5 that 0f 
the pp 6y an 0rder 0f ma9n1tude. Data at much 10wer 
p• have 1nd1cated 5uch a 5h1ft 1n the 2r•p 1nc1u51ve 
react10n5 [3] ;h0wever, th15 15 the f1r5t 065ervat10n at 
h19h tran5ver5e m0mentum. A5 an0ther way 0f  v15ua- 
1121n9 the 5ame data, f19.2 5h0w5 the 1nvar1ant cr055 
5ect10n5 ver5u5 0cm , 3 . 7 h e  centra1 p1ateau f0r 1nc1u- 
51ve pr0duct10n 15 4u1te 5tr1k1n9: the rrp cr055 5ect10n5 
are r0u9h1y f1at fr0m 90 ° t0 ~ 3 0  ° 1n the c.m. A5 ha5 
6een mea5ured at the 15R [4], the pp cr055 5ect10n5 
are a150 f1at, 6ut  1n a m0re 11m1ted re910n 50°<~ 0cr n 
< 90 °. 

A11 the data p01nt5 at a11 ava11a61e ener91e5 f0r a 
part1cu1ar 6eam type (w1th xt1 < 0.8) have 6een f1t ,4 
t0 an emp1r1ca1 f0rm Ed0/dp 3 = A(1 -xD)F/(p2+m2)N, 
where x D = (x 2 + ( x , -  x0)2)1/2 and xj• = (P•/Pmax)cm" 

,3 7he va1ue5 and extent 0f 0cm f0r wh1ch the5e data are 
p10tted c0rre5p0nd t0 the center and w1dth 0f a Ap~, Ax11 
61n; 1.e. the data are n0t re61nned. 

,4 1nc1ud1n9 a150 pp data at 300 6eV/c  1n the 90 ° ern re910n. 
N0te that data f0r x11 > 0.8 are n0t 1nc1uded 1n the f1t. 7he  
parametr12at10n 151nte9rated 0ver p• and x 11 and then c0m- 
pared t0 the data 1n each 61n. 
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7a61e 1 
Va1ue5 06ta1ned f0r 1ea5t-54uare5 f1t t0 the f0rm E dcr/dp 3 = A(1 - xD)F/(p~+ m2) N, where x D = (x~ + (x11 - x0)2) 1/2 (f1t5 f0r 
x11 < 0.8). 

8eam part1c1e A F x 0 N m 2 
(6eam m0menta f1t) 
(6eV) (X 10-25 cm2/6eV 2) (6eV/c2)2 

X 2/D0F 

PP 0.122+-0.015 4.42•0.05 0 .02+-0.01 4 . 9 0 • 0 . 0 6  0 .81+-0 .04  306[142 (100, 200,300) 
rr-p 
(100, 200) 0.113-+0.015 3.13e0.10 0.14+-0.01 5 .06 • 0 .06  0 .97+-0 .04  271/132 

~r+P 0.102+-0.015 3.29•0.10 0.14+-0.01 5 . 0 0 • 0 . 0 7  0 . 9 5 • 0 . 0 4  325/130 (100,200) 

Here x 0 15 the va1ue 0fx11 at the peak 1n the x11 d15tr1- 
6ut10n and hence repre5ent5 the d15p1acement (a5 1n 

the rrp data) 0f the peak p051t10n fr0m x1t = 0. F0r 
x n = 0 (a5 f0r the pp data) xn  15 then the u5ua1 rad1a1 
var1a61e x R = (x 2 + x2) 1/2. 7~ae parameter5 A, m 2, F, 

N, and x 0 are determ1ned fr0m the f1t, and the 5m00th 
curve5 5h0wn 1n f195. 1 and 2 d15p1ay the parametr12a- 
t10n ,5 u51n9 the 6e5t-f1t va1ue5 91ven 1n ta61e 1.1t 15 
v15ua11y apparent that th15 51mp1e f0rm 15 4ua11tat1ve1y 
a61e t0 de5cr16e data w1th1n an exten51ve re910n 0f the 
Peyr0u p10t. 

5evera1 feature5 0f the data are ev1dent fr0m th15 
f1t. (1) 7he p• dependence at f1xed x D 15 v1rtua11y 1den- 
t1ca1 f0r rrp and pp 1nteract10n5 ((p2+ m 2 ) - N ,  where 

Np = 4.9 and N~r= 5.0) ,6 .  (2) 7he 7rp 1nteract10n5 have 
an x11 dependence wh1ch peak5 at x11 = 0.14 wh11e the 
pp 1nteract10n5 are 5ymmetr1c a60ut x11 = 0. (3) 7he 
7r-p cr055 5ect10n5 5ca1e a5 a funct10n 0 f x  D 1ndependent 
0f0cm and 5 a5 5h0wn 1n f19. 3 where the (p2+m2) -N  
dependence 15 mu1t1p11ed 0ut. A1th0u9h n0t 5h0wn, the 
pp cr055 5ect10n5 5ca1e a5 a funct10n 0 fx  R . 51nce x R 4= 
x D, 1fx 0 ¢ 0, x D 5ca11n9 1n 7rp 1nteract10n5 1mp11e5 0n1y 
appr0x1mate rad1a1 5ca11n9. (4) 0u r  determ1nat10n 0f 

,5 7w0 effect5 0ccur 1f 0ne parametr12e5 the 7rp cr055 5ect10n5 
w1th0ut an x11 0ff5et: the 6and 0f data p01nt5 5h0wn 1n f19. 
3 6ec0me5 5u65tant1a11y m0re 5cattered, and the x 2 0f the 
parametr12at10n 1ncrea5e5 6y a fact0r 0f ~ 1.5. 

,6 A1th0u9h we d0 n0t mea5ure p~8 a5 ha5 6een 5een 1n 0ther 
exper1ment5 at FNAL, and the 15R, we n0te that 1n the 
11m1ted 1nterva1 1 <p.k< 4 6eV/c, 1t 15 4u1te d1ff1cu1t t0 d15- 
t1n9u15h p28 fr0m (p~+ m 2)-5 ; thu5 exper1ment5 w1th data 
extend1n9 t0 h19her ran9e5 0f p• have a 6etter determ1nat10n 
0f the pj• fa110ff. A1ternat1ve1y, th15 may 6e a tran51t10n re- 
910n 1n wh1ch the dev1at10n fr0m 10w-pj• exp0nent1a1 faU0ff 
ha5 n0t 6een c0mp1ete1y e5ta6115hed. 
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( 1  - -  xR)4"4 f0r the pp data depend5 m0re 0n the an9u- 
1ar dependence 0f the data rather than 1t5 ener9y de- 
pendence. 7h15 va1ue 0 f F  a9ree5 w1th that f0und 6y 
Carey et a1. [5] 1n a 51m11ar k1nemat1c re910n. 7he 
pp ~ 1r0X cr055 5ect10n5 mea5ured 1n th15 exper1ment 
are c0n515tent w1th the avera9e 0f the 7r + and n -  re5u1t5 

1n pp ~ 7r-*X at FNAL 0ver a 1ar9er ran9e 0fP2 at 90 ° 
[6]. H0wever, the ener9y dependence 0f the pp ~ rr+-X 
cr055 5ect10n5 at f1xed P1 re4u1re5 a (1 - x1)9 f0rm. 
A 9enera112at10n 0f th15 t0 (1 - xR)9 w0u1d 6e t00 
5teep t0 acc0mm0date the an9u1ar 6ehav10r 0f 0ur 
data. 

50me 0f the5e feature5 0f the data can 6e under- 
5t00d 1n the c0ntext 0f hard 5catter1n9 m0de15 [7 -9 ] .  
7he va1ue 0 f N  pr1mar11y ar15e5 fr0m the 5catter1n9 
amp11tude 0f the c0n5t1tuent-c0n5t1tuent 5catter1n9, 
thu5 the 51m11ar1ty 6etween Np and Nrr 5tr0n91y 5u99e5t5 
that the 5ame c0n5t1tuent 5catter1n9 15 1nv01ved 1n 60th 
react10n5.7he fact that the max1mum 0f the np cr055 

5ect10n 0ccur5 f0r x11 ~> 0 can 6e under5t00d 1n that 
a 4uark 1n the p10n ha5 0n the avera9e a h19her m0men- 
tum than a 4uark 1n a pr0t0n, and theref0re the 4 u a r k -  
4uark 5y5tem 15 n0t at re5t 1n the rrp c.m. 5y5tem [10] *7. 
7he (1 - xD) dependence pr1mar11y ar15e5 fr0m the 
m0mentum d15tr16ut10n 0f c0n5t1tuent5 w1th1n the 1n- 
c0m1n9 part1c1e5.7he (1 -xD)3 .1  f0r the 7r-p 1nter- 
act10n5 15 5u65tant1a11y 1e55 5teep than (1 - xD)4-4 f0r 
pp 1nteract10n5, wh1ch can 6e 1nterpreted t0 mean that 
the 5tructure funct10n f0r p10n5 15 f1atter than pr0t0n5. 

1n 5ummary, there are 5evera1 c0nc1u510n5 t0 6e 
drawn fr0m th15 ana1y515; (a) 60th ~rp and pp 1nteract10n5 

,7 N0te that a 51m11ar ar9ument perta1n5 t0 the f0rward peak1n9 
0f ¢ pr0duct10n 1n the ~r-p react10n5 [ 11 ]. 
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5ca1e a5 a funct10n 0 f  a d1men510n1e55 var1a61e; (6) the 

5ame c0n5t1tuent 5catter1n9 preva115 1n 60th  rrp and pp 

1nteract10n5; (c) 0n the avera9e, c0n5t1tuent5 0 f  the 

p10n have a h19her m 0 m e n t u m  than th05e 1n the pr0- 
t0n. 

We w15h t0 ackn0w1ed9e a he1pfu1 c0nver5at10n 

w1th R.8.  Pa1mer, and the c0nt1nu1n9 5upp0rt 0 f  

R. Kenney.  7h15 re5earch wa5 5upp0rted 6y the U.5.  

Depar tment  0 f  Ener9y under  c0nt rac t  N0. EY-76-C- 

02-0016. 
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