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ABSTRACT

Semi-inclusive invariant cross sections for x~ producédAin'pp inter-
actions at 205 GeV/c are'compafed, at fixed n_/<n_$;'wifh data at Tower |
energies ranging from 13 to 28.4 GeV/c. Except in the éentra1 region .
(x=0), the data are found to be in good égreement with KNO predictions

for semi-inclusive scaling.
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. Since the ISR at CERN and the 300 GeV'Synchrotron at NAL came into
operation, a great deal of interest and effort have been conceﬁtrated on
“the search for systematics inihigh energy collisions. It is now commbnTy
accepted that for inclusive reactions such as'> N

. | pp »~ «~ + anything, ‘ ' A'-_ ()
the scaling of invariant cross sections in the‘fragméntation'regioﬁ seems
to be a vaIid princjp]e and that in the pionizétion region (x=0), the in-
variant cross sections are approaching asymptofic sca]ingi at a rate of
-1/4

] .
,m“hyﬂw.

uséd to study reaction (1), one of the most accurately determined quanti-

.. When a 4r solid angle detectbr such as a bubble chamber is

tieé'is the total number of chargéd particles, n, in a given eVent.‘ This
quantity is noi an explicit variable in most ﬁode]s'for fnc]usive reaétions;
It was proposed about é year ago by Koba, Nié]sen and Olesen2 (KNO)
that there exist scaling laws applicable to thé so-called "semi-inclusive
feaétion“. A semi-inclusive_reaction is an inc]usive'rea;tion,’such as

reaction:(1), for a particular topology. An example wou]d be

pp+ n~ + (n-1) charged + anything neutral " (2)
Assuming that Feynman's scaling function, | -
@) : ' ._ - 1 P
1° 911=.x2> Pes ....Xq’,qu) 20, a1 d3p; d3p, dgpq; (3)
Zm]. zmzv-..an .

is non-singular at xj = Xp = oo xq =0, and'that‘it.approaches scaling

rapidly as s » =, KNO proved that

Pa(s) = Loy + y(an2s) ®)

“ine] <n>
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to the highest order in 2n s. In equation (4), ¥ is an unknown function of
n/<n>'ph1y and ¢(zn‘25)_represents‘a correction which varies, at ﬁost, as
fast as the inverse of ens, " In spite of the explicit ésymptotic nature
‘of equation (4), KNO's first semi-inclusive scaling law (hereafter re-
ferred to as KNO-I) appears to be satisfied in the 50 to 303 GeV/c regfon.
S1attery3.has shown that the product <n>P, when plotted versus n/<ﬁ>: : |
fo]]owé a universal cufve independent of s. ‘ | |

“KNO further predicted4 that the semi—inc]usi&e inQafiant crdss sec-
tions should also sta]e asymptotica]]y.' For reaction (2), the‘Semf-inclue

sive ¥~ invariant cross section, defined by

e SRR - 1-:
ndp s ( )

: - . - 1 do
: SaX_» = —
should scale as
g, (xpy) = ROy nfenz) [+ oCy1 (6)

where the éubscript and superscript "-" stand for #™'s, and # is aﬁ un-,
known fuﬁction independent of s. Equation (6) is’referféd to as KNO-IT.

" In this letter, we report a tést of this sca]ing law usinétpp“infer—
actions at 205 GeV/c as combared to data from simiTar reactions bgtween ’
13.0 and 28.4 GeV/c. The high enefgy data were‘qbtained from ah‘exbosure
of the 30-inch hydrogen bubble chamber at NAL to a proton beam of 205 GeV/c
incident momentum® and the Tower energy data were obtained using the Brook-
haven AGS and the 80-inch hydrogen bubble chamber. Measurements for the
13.0 to 28.4 GeV/c events were done at LBL and processéd through the TVGP
system at MSU. Since K™ and p contaminations below 30 GeV/c are believed®

to be no more than -3%, all negative tracks were interpreted to be due to
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7 's. Partially 1ntegrated 1nvar1ant cross sections for 6 through 14 prongs
from the 205 GeV/c data are shown in F1gure 1 as open circles. ’
According to KNO-II [equation (6)], these cross sections should

scale with the reduced negative multiplicity, n_/<n_>, that is, Should be

identical to those at a different s, and a different topology but the same

“n_/<n_> ratio. Table I shows the averaged'negative‘mu]tiplicity for pp in-

teractions at 13.0, 18.0, 21.1, 24.2, 28.4 and 205 GeV/c. 'Ho]ding-ri J<n_>
constant, 6 prongs at 205 GeV/c are to be compared with 4 prongs at 28 4
GOV/c, 8 prongs at 205 GeV/c w1th 18 GeV/c 4 prongs and SO on. F1gure 1

(a,d,g,k,p) show the x~ semi-inclusive cross sections 1ntegrated over 91?

-and folded and averaged about 90° in the c.m. system. Here one f1nds good-

~agreenent between the high and lower energy data except in the central

region (x=0). This is similar to discrepancies observed® in comparing .
inclusive cross sections ai 28.5 and 205 GeV/c. Figure 1 indicates thét_
the non-sca]ing‘behavior in the centraT region is-nbtArestricted to parti-
cular topologies. In the fragmentation region, the good agreement between
these two sets of data is remarkable in view of the fact that comparisons
are being made betWeen different energies and differenﬁ topoTogiESI‘ It
should be ndted that comparisons made between semi-inclusive invarfant
Cross sections at fixed n show poor agreement. Comparisohs of theilabora-
tory rapidity distributions are given in Eigdre 1 (b,e,h,m,r). The cutoff
on the left side of the figure is at 90° in the c.m. for the 1owérlenergy
data. Again, discrepancies in the central regioﬁ e*ist, while good agree-
ment is observed in the fragmentation region. In Figure 1 (c,f,j,n,s),
semi-inclusive cross sections integrated over x are plotted versus Q&Z. The

KNQ scaling prediction is well satisfied for all values of this Variab]e.
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In.view of the fact that Feynman's scaling hypothesis fails in the
central region and one of the basic assumptions of the KNO predictions.is
the rapid approach of asymptotic sca11ng as s > w, it is interesting to |
ask if the apparent success of the two KNO semi-inclusive scal1ng Taws
can be inducead by physica1 pictures other than Feynman's scaling-hypothesis.
' KNOzlhave pointed out that the energy independence of the ratios'<nq>/<n>q
q = 2,3, 4.... s equivalent to KNO-I [equation (4)]. Pub11shed data3 from
19 to 303 GeV/c 1nd1cate that the ratios <n% /<n>9 are approx1mate1y cons—
tant above 50 GeV/c for all q values. Arnold7 has argued that the success
of KNO-I in the 50 to 303 GeV/c region is on1y'a 1owgener§y phenomenon‘and
" the asymptotic form of the scaling function is that ef é de1taAfunc£ion.
The energy dependence of.w can be seen in Figure 2. Onen points areAfromv‘
- the Tow enengy deta and the so?id curve is from S1attery‘s»fit to'the 50 to
303 GeV/c data. Values from 50 and 69 GeV/c are shown as‘b1é6k circles.

It is obvious that 50 and 69 GeV/c data are well—descnibed by the Curve,‘
whereas-the Tower energy points indicate a narrower distribution. There-
fore, one may conjecture based on data below 303 GeV/c, thef the width of
¥ grows larger for increasing s. Such a trend hes.been shbwns_]o to*be
consistent with a two component picture,.thét is, an energy independenf'
diffractive component plus an enengy dependent non-diffractfve part. How-
ever, wifhin the spirit of such a model, the asymptotic form of ¥ is ex~
pected to be two delta functions, one at n/<n> = 0 for the diffractive com-
ponent and one at n/<n> = 1 for the non-diffractive comnonent. Therefore,
according to the two-component picture, the shape df the ¥ function shown

in Figure 2 merely indicates that asymptopia for semi-inclusive scaling is
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still far off. Turning to KNO-II, equation (6) is a mathematical conse-

qdence of KNO-I being true and the energy independence of the ratio

7,0,0....0)

- consfant for all q, (7)
1) (o)1 | ST
where %(q+1) (x_,gl", 0,0....0) stands for the Feynman scaling function
 [equation (3)] integrated over transverse momenta for all particies'other .
‘than the =~ and eValuated at xy=xp = f.; Xq=0. Since»KNO—I is knoﬁn not to
| -be va]id.below 50 GeV/c, the agreement With KNO-I1I from 13 to 205 Gey/c'can
ba induced by the function ¥ and fhe.ratidA given in equation (7) having'
| sihi]ar'energy depehdence. The apparent success of.KNO-II should be |
viewéd és an'empirical fact and may serve as a constraint to theoreiiéal
models such as the two component model.  >: | —
" One of us (Z.M.M.) would Tike to thank E. Yen'for informative‘disf

cussions on theoretical models.
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Table I. Averéged Negative Multiplicity <n_>

13.0 GeV/c ‘18.0 GeV/c .21.1 GeV/c 24.2 GeV/c 28.4 GeV/c 205 GeY/c

<n.> 0.83%.02 1.02+.02 1.15¢,02  1.24+.02  1.30+.02  2.83%.09




Figure 1.

 Figure 2.

-9-_

FIGURE CAPTIONS

Comparisons of semi-inclusive invariant cross sections at fixed -

n;/<n_>. Data'shown in the x and Y1ab distributions'have”been

‘ foned and averaged about 90° in the c.m. system.> In“the sz

distributions, data have been integrated over X. ‘Good agreement -

with KNO-II is seen in the data except near x=0. .~

Energy dependence of the KNO-I $caling funétion.'AThe'sdlid

curve is from a fit to 50-303 GeV/c data by S]éttefy.“A'trend '

. for thé distribution to become broader with increasing s is

- observed.



pp— 77 -+ (n-1) charged -+ anything neulral

0205GeV/c 6prong
* 284 GeV/c 4prong

16°3 5 O
5 _(;." ' a |
|62 - ] - ++ R ) ___*_;'__;_

Ty [ T,
'0[0 T | | r t—f'
ol s , B |

[ 0205GeV/c 8prong g
* 180GaV/c 4prong %

-
ld'é;%.“ . :  : M..g-.-‘ﬁ; _ o F
R %

T 8 + - |  + e _‘)F:t | .
|64,LA—I_IJ—I-—I.—I—| M ) 1 ' ‘_“' 4 . 3 3 ». v . J»

-
T

[

'0205GeV/c 10prong
- *284GeV/e Sprong -

]
dx (Gev/e)™2 i
3

dx
| }Jr
|

—_—=
__§_
L
7o,
-+
-+
E__don

=}
(]
R
14 1
!
wToh /

g - h

'|64||1|4Lv111 ) s .

b}

]
[ 0205 GeV/e 12 prong - & ol
(o 211 GeV/e 6prong 4%

e o
163} f o F ’ R R o

BTN )52 o ll)'i Lfll‘Jl‘LV‘

109

[ ©0205GeV/c 14prorg
I, *®180GeV/c Gprorg

i ‘ i
; B

£ "‘..»;”".‘ %
I T, : e

L i L )]

1
(o] 05 10 ] (o] ) [¢] 03 200 12 16
-X Vit ' P (GaV/e) .




> on/oing

100

1o!

10

ol
ol

@210 GeVie

o 13.0 GeV/c
A 18.0 GeV/e

vV 24.2 GeV/c
X 28.4 GeV/c .
e 50,69 GeV/c 7 -

: .
1.5 2.0

N/

2.5






