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ABSTRACT

T~e inclusive production of
+

u
+, K , K , p and p

for protons incident on carbon and tungsten targets w~s

studied at the Internal Target Area of the Fermilab.

a
We assume an A dependence for the inclusive cross

sections and report here on the variation of a with

incident momentum, transverse momentum and particle

species.
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It has been well established that total cross

sectiorts of high energy hadrons on various nuclei are

proportional

a " 0.7(1).

a .
to A , where A is the atomic number and

This effect ~s naively described as

resulting from the shielding of the interior of the

nucleus by the surface and is dependent on the large

strength of hadronic interactions. Weaker probes of

the nucleus, such as leptons, have total cross sections

more nearly proportional to A.

T . 1 d u c t i . (2)wo recent part~c e pro uct~on exper~ments

reported on the atomic number dependence of inclusive

hadron production at large transverse momentum p
t"

The

results, when fitted by a form Aa(Pt) showed values

of a for all types of produced particle which exceed unity

for P
t

> 2.0 GeV/c. This surprising effect has led

to considerable theoretical discussion in the recent

I " t (3)
~tera ure • ..

In order to study the effect further we have

performed an experiment at the Internal Target Area of

the Fermi National Accelerator Laboratory in which we

compare particle production from carbon and tungsten

over a wide range of incident momenta, Pine' from 50

GeVlc to 275 GeVlc and 0.2 ~ P ~ 2.35 GeV/c.
. t

The experimental apparatus is shown in Fig. 1.

It c o n s Ls t s of two small spectromete.rs viewing the same

target but not in coincidence. While settings of the

main spectrometer were changed to accept various particle

types and momenta the second spectrometer detected



proton beam.
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negative pions at one of two fixed momenta and was used

as a monitor of the run to run variations of the

relative carbon to tungsten targeting efficiency.

The main spectrometer was ISo from the circulating

Tl through T6 were scintillation trigger

counters ranging in size from 3mm x 9.Smm for T
l

to

Scm X Scm for T
6• The magnet ~n the main spectrometer

bent particles vertically with a maximum strength of

1.S Tesla-meters. The back end of the spectrometer

Was set at a central vertical bend of 80 milliradians

for runs with recoil momentum P
l a b

up to 6 GeV/c and at

37 milliradians for P l a b between 6 and 10 GeV/c. The

scintillation counters, T7 8 9 formed a vertical, ,
hodoscope which allowed a run to be subdivided

according to P l ab• A differential Cerenkov counter,

DC, and threshold Cerenkov counters, C
I

and C
2,

allowed.

the pions, kaons and protons to be clearly identified.-

Over most of the momentum range particle ideniification

was overdetermined allowing measurement of efficiencies

and rejection ratios.

The monitor spectrometer was 12
0

from the circulating

proton beam. It consisted of scintillation counters,

8
1

- 8
S'

a bending magnet, and a threshold Cerenkov

counter, C. It was set to count 2 GeV/c negative pions

during all the low-momentum runs of the main spectrometer

and 4.S GeV/c negative pions during the high-momentum

runs.
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An important special feature of the apparatus

was the targeting arrangement. The target consisted

of thin carbon and tungsten fibres mounted radially

on a rotating wheel inside the main ring vacuum

chamber. The wheel w~s 5cm in diameter, and the

fibres extended 2.5 + 0.03cmbeyond its rim. The

carbon fibres were on the opposite side of the wheel from

the tungsten fibres. A signal sychronized with the

50 c.p.s. rotation of the wheel indicated wl,ich target

material produced a given event. The carbon fibres

were 8 •. 44 ! .07 microns in diameter as measured with a

microscope and had a density of 1.87 +
3 .

•05 g/cm as

determined by an electro-balance and by a sink-float

technique. The tungsten fibres were 3.08 +.07"microns

in diameter and were assumed to have a density of 19.3

3g/cm • This target allowed us to take data continuosly

We have therefore

during the acceleration ramp of the synchrotron. ..
The use of only two target materials does not

allow us to verify the AU dependence.

assumed it to be true for each particle species at

fixed P. and P (2) and report here on the variations
r.n c t

of a with P
t,

P. ,and particle species.J.nc .
We have

a =

ratio of rates from equal numbers of tungsten and carbon

nuclei and A
14,

A
C

are the respective a t omi c numbers.

Even though the 3p tungsten fibres were so thin that

they occasionally broke while the target vas rotating

in the main ring vacuum their tip could only extend about
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a millimct~e in the beam before producing excessive

counting ~ates. Because of this and the fact that

each fib~c varied in length by u few tenths of a milli-

met~e the ~elative amount of tungsten and ca~bon was

unce~tain. This unce~tainty, which is ene~gy dependent

because of a small ve~tical movement and sh~inking of

the b~am du~ing the accele~ation ~amp, was estimated bv
•

studying pa~ticle p~oduction ratios as a function of

ta~get height. It was dete~mined to be about + 157..

of + 0.05.

This gave an ove~all unce~tainty in a at each ene~gy

On the othe~ hand the use of the 12 0

monito~ spect~omete~ enabled the dete~mination of the

va~iation of a with P t at fixed ene~gy with much bette~

accuracy.

It should be noted that the data presented he~e

have been obtained at a fixed laboratory angle, e =

260mr. In- the proton-nucleon cent~e of mass system dhd

at a fixed incident ene~gy this corresponds to·a cent~e
I

*of mass angle e which va~ies with P t and depends on

*the p~oduced particle mass. The ~elation between e

and P t at 3 diffe~cnt P. is shown in figu~e 2. The
1llC

same figu~e shows 6Y, the rapidity gap between ta~get

and ~ecoil pa~ticle. as a function of Pt'

Figure 3 shows the value of a as a function of

P t fo~ va~ious particle species at 3 incident energies.

In all case~ the exponent rises above unity and

continues rising at the highest P t of 2.35 GeV/~. At

fixed P
t

a does not show any significant dependence on



at each energy.
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P. although a 10% variation from 75 GeV/c to 250J.nc

GeV/c would be compatible with our overall uncertainty

At the highest P the value of a
t

for a given particle approaches that of the corresponding

antiparticle. This remains true for pions over the

entire P
t

range while for kaons and especially for

protons the two diverge at lower P
t

' For protons

The same

we observe a turnover around P = 0.7 GeVlc with a
t

rising very rapidly as P
t

decreases.

behaviour seems to be true for pions although the rise

is less dramatic and the turnover occurs around P
t

=

0.4 GeV/c. Unfortunately we do not have data for kaons

and antiprotons below P
t

= 0.5 GeV/c.

The detailed behaviour of a reported here indicates

a dependence on the produced particle species which

does not follow any simple pattern. The turnover at

low P
t

may be related to the kinematics at fixed •

laboratory angle shown in figure 2. Fo r example, a which is

a func t ion of P
t

and particle species may also depend

on centre of mass system variables such as

*a or x =
* -1 2 P(tana) __t

ri:

However, any such dependence would also imply a variation

of a with P. at fixed Pt'J.ne
A more natural possibility

would be that a depends on the rapidity gap between

nuclear target and recoil particle. As can be seen

from figure 2 this gap decreases with decreasing P t and
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the turnover in a at low P may refleet the onset of
t

target. fragmentation. The fact that the turnover

for pions oc~urs at lower P
t

and is less pronounced

than for protons can be understood in terms of the

different 8Y variation for pions and protons shown

in figure 2. Finally, the value of P
t

at which

a goes through a minimum is independent of P.
1nc

In

the above picture this implies that the rapidity gap

oVer which target fragmentation is important does not

depend on incident energy.

We wish to thank the staff of the Internal Target

Area at the Fermilab and in particular Mr. Paul Kurylo

who prepared the rotating fibre targets.
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FIGURE CAPTIONS

Figure I

Schematic view of the experimental arrangement.

Figure 2

*On the left the production angle B in the prototi-nucleon
centre of mass system as a function of P

t
at 3 incident

energies. On the right the rapitidy gap 6Y between
produced particle and nuclear target. Broken lines
are for pions, solid lines for protons.

Figure 3

The power a of the A dependence vs P
t

for the six particle
species at 3 incident energies.
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