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Abstract
We study the momentum unbalance in twec-iet events which we have
obtained with a two-arm calorimeter array at Fermilab. Although
the unbalance is relatively sharply peaked near zero, the rms
unbalance is considerably greater than that due to instrumental
effects alone. We interpret the unbalance as being principally

due to effects of parton transverse momentum K We give results

T*
for the resolution-corrected rms unbalance (approximately equal

to KT) for a range of values of jet‘pT. pp collisions are studied

at three s values, and n+p collisions are compared with them at two
of these s values. The results are compared with information on

KT obtained from other experiments, principally experiments on di-

muon production. Implications of the similarities and of the

differences are discussed.
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1 Introduction

The transverse momentum, KT, of partons in a hadron has recently
attracted considerable attention for two reasons. If KT is suffi-
ciently large, it may partially explain the apparent failure of

the single particle high Py spectrum to exhibit the expected pT'4

1,2 In addition quantum

dependence of simple hard scattering.
chromodynamics (QCD) should be able to calculate the details of

that part 6f the KT spectrum due to the radiation of gluons before
and after the hard scatter.3 Because of this, information on the

KT spectrum may serve as a test of QCD.

Previous experimental results have come primarily from two
types of measurements: (1) Non-coplanarity of hadrons in single-
hadron-triggered high Pr studies and (2) transverse momentum
measurements of di-muons produced in hadron collisions. In the high
Py single-hadron-trigger studies, carrigd out principally at ISR,
the non-coplanarity of the triggering hadrons with respect to other
single hadrons in the opposite-azimuth hemisphere has been measured

and described with a variable p the momentum component of the

out?

away hadron which is orthogonal to the scattering plane defined by
the beam and trigger particle. The first of these measurements,
by Darriulat et 31.4 at the ISR, gave a mean magnitude of about

500 MeV/c for Pout Similar results have been reported by Della

2

Negra et al. at the ISR. P values as measured for single away-

out
side hadrons have also- been reported by Bromberg et al.,5 who found

<pou;7 n 350 MeV/c. These values, all roughly similar, have been

2,6

2
interpreted to imply .49 < <FT“>«R .58 (GeV/c)2 for a parton.

 d



More recently, the CERN-Columbia-Oxford-Rockefeller (CCOR)
group at the ISR has madec mecasurcments for much higher values of P
on both the trigger-side and the away-side hadrons. They have found
that <?ou;> shows a continuing increase with Pr of the away-side
hadron, reaching values above 1.2 GeV/c for Pr (away-side hadron)

of 5 GeV/c or more.7

From their results it is evident that <Pou€>
increases both with P of the triggering particle and with P of
the away~side hadron, at least for di-hadron effective masses up
to 10 GeV/c2 or more. Their new larger values of <%ou€> at
higher P indicate that <FT€> is larger than previously indicated
in high P hadronic events.

Production of dimuon pairs in hadron collisions also relates

to the K. spectrum of the partons since the basic reaction 1is

T
presumably a quark-gluon or quark-antiquark collision.8 If the
transverse momentum, po, of the dimuon9 is thought of as coming
simply from the two colliding constituents, then <KTi> + <KT§>=
<§%>. For p-nucleus collisions at 400 GeV experimental Values10
of Q)%> increase with dimuon mass to a value of <p%>% 1.9 (GeV/c)Z
which is approximately constant for Myy above S.GeV/CZ. If one
naively assumes the colliding constituents contribute equally,

then for the di-muon production one obtains <KTZ> = 1/2 <pT2>=
0.95 (GeV/cz). It is to be noted that the mass dependence of
<§T%> for the di-muon process shows a flattening above 5 GeV/cz,

while for the di-hadron events the CCOR data show a continuing

increase of <é

)
ou€> with mass for masses up to 10 GeV/c™.




We discuss in this paper a detailed study of KT using the data
obtained in a two-arm "jet pair'' experiment. It was previously

reported briefly1ls12:13

that in this experiment we have observed
for the first time approximate P balance in thé two arms. It
appears that the Pr unbalance gives information on the magnitude

of parton <%T> . We start in the next section with a brief discus-

sion of the nature of hadron jets as observed with a calorimeter

trigger.

II Hadron Jets

If parton-parton collisions give rise to pairs of hadron jets
similar to those observed in e'e” collisions,14 then one may hope
to study KT in parton collisions by studying jet péirs. Although
it is not possible to define two jets in hadron collisions with the
same simplicity as in ete” collisions, two large calorimeters set

to trigger when the scalar sum of the collected P exceeds a threshold

appear to define a pair of high P jets in a useful manner.13’15’16

Jets thus defined tend to balance Py, to yield expected «p and pp

11 15

and to give a pion structure function that agrees

both with data from the Drell-Yan processl7’18’19 and general theore-

20,21

asymmetries,

tical expectations. Results such as these coupled with our

improved understanding of the reasons why a calorimeter is able to

22,23,24

define a jet in a useful manner lead us to believe that the

information presented here may be directly related to parton scattering



In the discussion which follows we rely heavily on one feature

which we have found to be characteristic of calorimeter triggered

jets. Most of the jets which trigger the calorimeter have a spatial

and momentum distribution such that a large fraction of the jet

momentum and jet energy is contained in the calorimeter. This

fortunate result is the simple consequence of the steep Py spectrum
for jets at Fermilab energies (dN/de N exp(-SpT) to exp(—4pT)).
Those jets which incorrectly record appreciably lower jet momentum
and jet energy because of missed fragments tend to be overwhelmed
by lower Pr jets which have less momentum and energy missing. We
have verified this intuitive conclusion to our satisfaction both

25 13

experimentally and with extensive Monte Carlo calculations.

I1T Apparatus

All data presented here were collected from an 18" liquid

hydrogen target viewed by two calorimeter,arms.11

At each energy
we have used only data collected when the calorimeters were posi-
tioned such that each arm subtended ~1 1/2 to ~2 sr centered around
90° in the cms. Six drift chambers located between the target and
the calorimeters were used to identify sources of background and
to study whether events originated in the target.

Target empty rates were about 20% of target full rates at
every pg value, The drift chamber informétion showed that the

origin of these events was in the target wall and superinsulation,

in target empty gas, and in the scintillator immediately preceding



the target. The apparent Pr for these last events is only a few
percent greater than their true pPp so that no correction is made
for their vertex location. We found no significant difference in
the Py dependence of target full and target empty data and have
made no subtraction for this background in the distributions.
presented in this paper.

For runs at 130 GeV and 200 GeV the left and right calorimeters
subtended approximately the same c.m.s. solid angle. At 400 GeV
the right calorimeter subtended a solid angle mzb% larger than the
left calorimeter. At this energy some segments at the edge of the
right calorimeter were omitted in the software trigger to symmetrize
the two arms for subsequent KT analysis. We have checked that this
software reduction in the size of the right calorimeter does not

affect the standard deviation of the Pp unbalance reported below.

IV Trigger

Data were recorded for an event when the scalar sum of P in
the two arms exceeded a preset threshold p.y: |Bp(Left) | +
|§T(Right)| > Pep Three such thresholds were used in order to
keep the copious lower pp events from dominatiné the trigger.

The highest threshold required the P hardware sum to be
greater than about 6 GeV/c. A scatterplot of data taken with this
threshold is seen in Figure 1 for 400 GeV/c pp events. The plotted
points are the magnitudes of the software sums of the ﬁT(Left) and
ET(Right) vectors, calculated by summing over all the individual

calorimeter modules.



A software cut has been made along the line |ﬁT(Left)| +
|$T(Right)| ~ 6 GeV/c which corresponds roughly to the hardware
threshold. In addition a very small number of events has been
excluded because of unphysically large signals in one module. -
Most of these appear to come from noise or large energy deposits
from muon produced delta rays.

A prominent feature of this scatterplot is the tendency for
the Pr collected in the left arm to balance that collected in
the right arm. There is no restriction in the trigger itself
that would prefer such a balance. In fact'this balance does not
occur in a double arm di-hadron experiment which collects only

) 2
one hadron in each arm. 6

As will be seen later, the balance we
observe is much sharper than one can perceive in a simple scatter

plot.

V Event Selection

For the purpose of this study we have made a fiducial cut
which restricts analysis to events which have the two jets directed
in the lab at the central areas (+10° in c.m.s. azimuth and polar
angles) of the respective calorimeter arms. About 15 to 20 percent
of the events survive this central-region cut. We define a jet
direction by the vector sum of observed momenta in the calorimeter
modules of a particular arm. The original intent of this selection
was to limit our sample of data to events in which almost all of

the energetic jet fragments were captured by the calorimeters.




We note that even without fiducial cuts the triggering events are
heavily concentrated in these central regions of the calorimeter
arms. This is because the steeply falling Py Spectrum for jet
production strongly favors a trigger for those events in which
almost all of the jet energy is collected, as discussed in
Section II.

If we define a coordinate system having an x-axis in a horizontal
plane containing the beam and the calorimeter arms and having a
vertical y-axis, then this event selection constrains pry of the
di-jet system to small values while leaving Pry unconstrained. In
terms of the transverse momentum of parton constituents this event
selection would remove from our data sample those scatters whose
initial parton pair had a net component of transverse momentum
(greater than ~600 MeV/c) perpendicular to the plane containing the
beam and calorimeter arms.

We thus present only the unbalance,vaX, in the x-component of

27 1f the two colliding

the transverse momentum for the two jets.
partons, 1 and 2, are assumed to have similar KT distributions, then

<?T%> 1/2 of a single parton is the same as <?TX€>1/2‘

6oy G+ o) - ) ) - )

Therefore in what follows <§TX€>1/2 may also be interpreted as the
r.m.s. transverse momentum of a single parton after applying some

corrections to be discussed in Sections VII and VIII.



Figure 2 shows a sample log plot of the distribution of this
transverse momentum unbalance centered in a band 0.8 GeV/c wide in
a region of average transverse momentum Prp = (pT(Left) + pT(Right))/
2.0 = 3.0 GeV/c. It is strongly peaked at Pry near zero and has a

28,29

gaussian behavior. Unlike the dimuon experiments we are unable

to see a significant deviation from gaussian behavior, and our first

and second moments are simply related by <p£>2 = w<%%>‘/4, where
<p,12,>= 2 <pT)2(> . As a result we will hereafter mainly confine our
2

discussion to <PTX> .

VI Distribution of Momentum Unbalance;

Comparison of n+g and pp Collisions

The value of <?T§ for the di-jet is calculated directly from
events meeting previously discussed selection criteria. It is in
fact the square of the standard deviation of Prx about the mean
value of Pry - The experimental mean value is not necessarily zero,

but it is zero within statistical limitations for all data points

presented here.

Figure 3 shows values ofk<§T§>1/2 calculated using data from
Pp collisions with various values of the scalar sum Ppp = (|§T(Left)| +
|5T(Right)|)/2.0. These values of Pra correspond to bands of events
orthogonal to the diagonal in Figure 1. A value of PTaA is the average
transverse momentum of the two jets in an event. For values of PTA
below v 1.5 GeV/c the range of Prx in the selected bands becomes limited
by their intersection with the coordinate axes of.Figure 1. No attempt

is made to determine <£T§>»for PrA below 1.5 GeV/c.
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One can see that uncorrected values oféT)%) in Figure 3
exhibit a definite dependence on the incident beam energy. A
similar dependence is seen in hadron production of dimuons.
Figure 3 also indicates that <%T§>rmay increase somewhat with
increasing P especially in the 400 GeV data.

Figures 4a, 4b, and 4c show data which have been corrected
for instrumental resolution as described in the next section.
Figure 4b and 4c make comparisons of <§T§>'Values obtained from
mp collisions with those obtained in pp collisions for beam momenta
of 200 and 130 GeV/c. Data used in these plots are>given in
Table I. The np data points have been displaced to a higher PrA
to make them distinguishable from the pp points. The similarity
of <éT§> for our 7p and pp data is distinctly different from what
. is observed in dimuon experiments where 1N data give a transverse
momentum that is systematically higher by about 20% than that

obtained from pN data.29’30

VII Monte Carlo Corrections

In order to obtain a more precise value for <%T§>'one must
unfold various instrumental contributions to the measured values
presented thus far. A major source of such instrumental contri-
butions to the observed momentum unbalance comes from the energy
resolution spread in the calorimeter, the angular uncertainty
resulting from the finite size of calorimeter segments, and uncol-

lected jet fragments.
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To estimate these effects we have constructed a Monte Carlo
program which generates jets of a given P in the hadron-hadron
center of mass. The pp Spectra of the Monte Carlo jets generated
are taken to be exponential with the slopes observed experimentally.
Jets are then allowed to fragment randomly into pions (1/3 neutral
and 2/3 charged) with a flat distribution in rapidity y: (1/o(do/dy) =
2).31

axis is gaussian in each dimension with a width of 300 MeV/c. The

The transverse momentum of the pions with respect to the jet

shape of the rapidity spectrum for jets generated in this way com-
pares favorably with that observed at SPEAR.14
Monte Carlo generated jet-pailr events are subjected to the same
selection criteria applied to real events. Experimentally measured
energy resolution is imposed. (See Reference 31.) A crude spread
of hadron shower energy into adjacent calorimeter segments is assumed
which is consistent with our measurements of this effect in a test
beam.
The values of <pT§>obtained by the Monte Carlo program are
approximated by the smooth curves in Figure 3. In applying these
results to obtain a corrected value of pT§> (see below) we have

assumed a random combination of true P and instrumental Pps giving

2 _ 2 i 2 (1)
PTX ) corrected Prx/ raw data <pTX instrumental
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VIII Other Corrections -

When the Monte Carlo corrections described in the previous
section are subtracted from the pTx(rms) values shown in Figure 3,
the resulting corrected values of pTx(rms) continue to show an
increase with P and with s. Before drawing conclusions as to the
preciseness with which these corrected Pry values give the parton
KT, we discuss several other corrections which in principle should
be made to the data. We can make rough estimates of the magnitudes
of almost all of these effects. Our estimates, described below,
indicate that the growth of (pTX) with PTA and particularly with s,
probably represents a true increase of KT with these variables.

In the following, we are interested in two questions for each
type of possible correction effect. (1) Is Prx changed by that
effect? (2) If it is changed, can we estimate wﬁether the change

will have a systematic dependence on Pra and/or on s?

1. £\variation with Prx

The dependence of the parton cross section, dc/d£; on the
square of the four momentum transfer, €1 will have an effect on the
values of <bT§> that we measure. This occurs because a band of
fixed Pra does not correspond exactly to a region of fixed £, Larger
unbalances in jet transverse momenta will be fed on the average by
collisions with émaller t. Since in general the parton-parton
scattering cross section can be expected to increase as { becomes
smaller, larger values of the transverse momentum unbalance will be 7

weighted more heavily.:”2
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Using the QCD forms of dg/d{~givcn by Combridge et al.,33 we
have made Monte Carlo calculations to estimate the percentage incrcase
in our measured <éT§>l/2 from thig effect for each species of parton-
parton collision without regard to the relative weighting of the
structure functions. A gaussian K distribution for the partons
was assumed with a fixed r.m.s value of 0.7 GéV/c. For all permuta-
tions of colliding parton species the percentage increase in<§T£>1/2
was about 4% at Prp = 3.0 GeV/c and 2% at Prp = 4.0 GeV/c. At
Prp = 2.0 GeV/c, however, the percentage increase is about 12% for
unlike quarks and 6% or less for other permutations of partons, so
that a good estimate would depend on the relative structure functions
for the various parton species and on our relative detection
efficiency of them.

Thus in this model we conclude

(1) <;T§>1/2 is less than 4% larger than KT(rms) for values

of Ppp greater than 3.0 GeV/c, and
(2) thié effect tends to make the measured / 2>}/2 decrease

T

with increasing Pra -

2. Jet capture efficiency and geometry effects

We discusé here three types of possible effects from detector
geometry. Consider first an event in which a jet pair with given
Py values is produced, with each jet aiming at the fiducial solid
angle region of its arm. There is some detection efficiency,
efrag’ which depends on the probability that each jet will fragment
“"compactly', so that essentially all of the jet's momentum and

energy is directed toward the detector. (See Section 2 above and

References 15 and 23.) The question then arises as to how cfrag
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might vary with pTX-;i.e., with transverse motion of the parton-
parton rest system with respect to the beam direction. This is an
important theoretical question but a very difficult one. We know
of no theoretical guidance as to the answer. We can give some
results bearing on this question, however, based both on simple
models and on experimental information.

(1) Efrag has no first-order dependence on'pTx.34
(2) There is experimental evidence which indicates that
€ frag is not varying significantly with pTX.35

A second type of possible geometry effect which could introduce
a "spurious" change of <?T§> with s occurs because the calorimeter
arms were repositioned at each beam energy to compensate roughly
for the change in Lorentz contraction effects with changing beam
energy. It was not possible to preserve exactly the same CM geometry

for every beam energy. Consequently e the effective 'detection

frag?

efficiency" averaged over the fragmentation modes of the jets, could
be expected to change from one beam energy to another. To some
extent our Monte Carlo subtractions should compensate for this
geometry effect. The Monte Carlo corrections, aﬁd their change

with beam energy, are quite small. We therefore believe that this
geometry effect is not likely to be producing a substantial spurious
rise in <bT£> with s -- but it must be realized that this conclu-
sion rests on our belief that our Monte Carlo jet model is not
grossly in error in giving an instrumental correction to <PT§>

-
which is relatively small,
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A third type of detection efficiency effect occurs becguse the
left arm is not as thick as the right arm.11 As one goes to higher
s and higher Pras the laboratory energies of the jet fragments increase,
and non-electromagnetic hadron fragments may tend to give increasing
leakage out the rear of the caloriﬁeter array. From our understanding
of the trigger bias effect pointed out by Driszs‘we do not believe
this increasing leakage affects pTX(rms) for the events observed,
but this thickness effect might cause a different relative intensity
of gluon jets detected compared to quark jets detected at 400 GeV
and at high Prp 2S compared to the relative intensity detected at lower
Pra and lower s. Conceivably this change could affect the behavior of
pTX(rms) as a function of s and of Pra - We are not able to calculate
this effect quantitatively.

3. Multiplicity effects ' .

As s and P increase, the multiplicity of fragments in the
beam jet and in the high Pp jets increases. Secondary interactions
in the hydrogen target can thus give an increasing rms unbalance
<?Ti>l/2° We have estimated the magnitude of this effect and we
find it to be small compared to the observed increase in the reso-
lution-corrected <£T§>1/2' In addition we have measured <pT§>.for
target lengths of 6" and 12" and find the value is independent of

target length. This tends to support the same conclusion.
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4. Effects from final-state radiative gluon jets

In a parton-parton scattering process "bremsstrahlung' gluons
may be emitted by the scattered partons as well as by the initial
partons. Such radiative gluons must be expected also to form jets,
and we have no way to determine how much our measured jets, and <?T§>’
are affected by partial capture of these soft radiative fragments.

It does seem probable, however, that in general some but not all of
these radiative fragments will be captured along with fragments from
the scattered parton. If we could correct to the case in which no
radiative fragments were captured, we could expect that <pT§>1/2
would be larger. Since bremsstrahlung effects in QCD are expected

36 ;¢ seems likely that the increase

to increase with P and with s,
in our <?T§> values with P and with s would Qecome an even larger
increase if we could exclude radiative gluon fragments from the
detector.

We summarize the discussion of this section. To the best of
our ability to estimate the character of the effects discussed here,
these effects do not seem likely to give any appreciable spurious
growth of <bTi> with P and with s. Some of the above effects,

in fact, seem likely to produce a decrease in the apparent value of

AN
<pTX> with increasing P and increasing s.



17

. IX Dependence ofSpsz on XL’\_ and on Energy

Figure 5 is a plot of <;Ti>1/2 for pp collisions versus
Xop = ZpTA//§ as corrected by the Monte Carlo program for instru-
mental effects. The dependence on incident beam energy is seen
to persist after correction for these instrumental effects.

The energy dependence of Prx Suggests that a scaling law may

37
apply.

. 2 . .
The simplest form would be pTX‘>~= F(XTA) s, where s is
the invariant energy squared of the colliding hadrons, F is some
function of unitless variables and Xpa = ZpTA//E. However, most
attempts to describe K; recognize a primordial Ko in the hadrons

which is not described by the gluon radiation in GCD. This suggests

2
Prp

<PT52<> = Flxpp)'s + <I’Té>

Figure 6a is an attempt to plot <pT)2(X from pp cellisions as a
/

the addition of a constant term >to the scaling law.

function of center of mass energy squared for several values of

XA having the best statistics. There is a definite increase in

TX TA”

We have explored the usefulness of the above scaling relation

<p 2>with energy and possibly some dependence on x

by trying a x2 fit to our entire sample of data for two arbitrary

functions of F, F = constant and F = constant ° X The first

TA®
function gives {p 2\ . (0.00125+0.00010) °s + (0.353+0.042) (GeV/c)2
TX

with a x2 confidence level of 1.5%. This confidence level might be
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considered adequate for data with the systematic errors of our
experiment. The second function gives

= (0.00723+£0.00055) X s + (0.0750£0.0598) (GeV/c)2

2
Prx TA

with a XZ per degree of freedom of 0.94 and is thus certainly
sufficient to describe the present data. This latter fit along
with the data used is shown in Figure 6b.

The first fit implies a primordial transverse momentum of
594+35 MeV/c and the second implies a value of 270+111 MeV/c where
the errors are statistical only. It is apparent from these results
that extrapolation to s = 0 depends sensitively on knowing the

correct scaling law to use.

X Comparison of <pT§>1/2 With Di-muon Results

and with Other Results

1. Dependence of <bT§ On Py
In di-muon production.<?;§uu at fixed s and at rapidity y

near zero typically rises with the mass Muu at low Muu and then

clearly flattens at higher Muu. This occurs both for pN collisions38

and for =N collisions.30

Since the transverse momenta in our di-jet experiment nearly

balance and both jets are roughly at 90° in the center of mass,

2y 17,

Prp 1S closely related to the di-jet mass, M 37 Pra * hJ

JJ° by M
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. 2 .
The average mass of a jet varies Wlth‘pTA, but MJ v 2 GeV/c” in
the range of this experiment. Thus our di-jet data with DA from

about 2.5 to 4.5 GeV/c have M ranging from about 6 to 10 GeV/cz.

JJ
In this interval we observe (Figure 5) that for beam energies of
130 and 200 GeV the corrected pqy is approximately independent of

M but for 400 GeV it shows a definite increase with mass.

JJ?
Thus the di-jet data indicate that at 400 GeV <?{>JJ increases
somewhat with MJJ in contrast to the flatness of <é£>uu with Muu
for the same range of mass -- i.e., for the same range of parton X
values or of VT = M//s. Lederman®? suggests that the flattening
of <pr>uu may be due to the dominance of quark - gluon collisions
in the pN case. We note that the di-jet process differs from the
di-muon process for pN collisions in three respects: (1) quark-
quark collisions can readily contribute, (2) the QCD diagrams which
contribute to <?£> for the two types of collisions can be very
different, and (3) the target is not a complex nucleus as it is in
the di-muon experiment.

2. The magnitude and s-dependence of <bT ZJJ compared to prZ
N 2

The dashed line in Figure 7 shows the fitted energy dependence
38

of <}%>Lu presented by Yoh et al., for pN » di-muons with M >

Hu
2

\
5 GeV/CZ. We compare this to a fit of our values of'<;;>’= 2 Prx

2 _ .
at MJJ N 7.0 GeV/c (pTA = 3.0 GeV/c) where we have the best statis-
tical accuracy. Two points are of interest here. (1) The di-jet
system has a transverse momentum which appears to.be systematically

“higher than that of the di-muon system at a particular mass. As was
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pointed out earlier in this section the QCD diagrams contributing
to these two processes are quite different, so one might expect a
quantitative difference. (2) The qualitative increase of <?%>>with
incident energy which one observes is anticipated by QCD for both
processes, and the intercept at s = 0 might be interpreted és a
primordial transverse momentum associated with colliding hadrons.
Although the closeness of the two intercepts suggests that the
QCD picture of parton collisions for these two processes may be
correct, it does not necessarily imply the correct extrapolation
has been used to obtain the primordial KT of the partons.

Figure 8 compares the magnitude of\<}T> for di-muon pairs
produced in 7N and pN collisions with <?£> of di-jet pairs produced

qQ .
2¢ were collected at 200 GeV and

38

in pp collisions. The pN data
scaled to 225 GeV using the energy dependence
parison with the =N data.:’0

Since pp and 7p collisions give the same <?;> (see Figures 4b

and 4c) for di-jets, we have displayed pp data only. For our gaus-

sianly distributed data we use <%T> = (1r/2)1/2 <%T§>1/2' The 200 GeV

A

data points for di-jets were not scaled up to 225 GeV because the t

correction discussed in Section VIII might be expected to lower them

by a comparable amount.
It would appear from Figure 8 that pp + di-jets has <F%> that

is more readily compared with «N » di-muons than with pN -+ di-muons.

of Figure 7 for com-

-

39

The process pN -+ di-muons should rely heavily on quark-gluon collisions

whereas all the other processes can proceed most easily by valence

quark collisions.
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3. Comparison with di-hadron results for Pout

The CCOR collaboration has reported <§ou€> values for a range
of values of pT(trigger m°) and P (away-side charged fragments).7

They give data for /s = 62.4 GeV. We note that in the coordinate
system defined above in Section I <%ou;> is <%T€> , which is presum-
ably approximately equal in magnitude to <%TX . Examining the CCOR
results for the case pT(away) A pT(trigger), one finds that (1) their
pou2> di-hadron values for a given pp are quite similar to our
pTX> di-jet values for jets of the same P, ©.8. nl GeV/c for Pra
N5 GeV/c, and (2) their <%out> di-hadron values continue to increase
with pp up to the highest P values they give, ~8 GeV/c (or ~16 GeV
di-hadron mass). This increase of <p0u> di-hadron with prp at
Ys = 62 GeV is similar to the increase in Prx) di-jet with pp, at
v/s = 27 GeV and different from the flat behavior of Pr) above
5 or 6 GeV/c2 mass at vs = 27 GeV.

There is some indication that a significant variable in the
flattening behavior of éT>uu is perhaps /71 = Muu/‘/g, rather than
Muu alone. The di-muon data29 indicate that flattening occurs above
YT = 0.2. In this connection we note that both the di-hadron data of

7

CCOR’" and the present di-jet data show evidence of <§T> continuing

to increase as V1 goes beyond 0.2. The di-hadron data go to Mhad-had

~ 15 GeV at Ys = 62.4 GeV, with evidence that <%ou;> is still increas-

ing. If these di-hadron events come from jet pairs, then /7 for the
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jet pairs would be > 0.25. The present di-jet data at /s = 27.4 GeV
indicate that <PTXT>is continuing to increase substantially as /7
passes 0.2 (M, a 5.5 GeV/c?, py, v 2.5 GeV) and is continuing to

increase as /7 goes to its limit in the present data of ~ 0.35.

XI Conclusions

We have argued that the observed transverse momentum unbalance

in the two-jet events we have studied is due mostly to the transverse

momentum of the colliding constituents. Evidence is presented for
the following conclusions:

(1) The transverse momentum obtained is equal for wp and pp
collisions in contrast to the difference observed in diumon produc-
ton in wN and pN collisions.

(2) p£> grows with s

(3) <?T>>increases with di-jet mass at 400 GeV, up to the
highest masses seen ( ~10 GeV/cz), in contrast with the flattening
observed in dimuon production at masses above A 5 GeV/cz.

(4) The close similarity in magnitude of transverse momentum
in di-muon and di-jet production and the general similarity in s
dependence constitute strong evidence that both processes involve
parton collisions, with similar types of partons entering in the
two processes.

(5) The fact that the magnitude of’<éT>'is closely the same
for di-muon and di-jet production seems to imply that there is no

substantial additional fluctuation in P introduced in jet formation

from a parton that is not experienced in di-muon formation.

~
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TABLE 1

Beam Momentum PTA pTx(rms) pTX(rms)
(GeV/c) (GeV/c) Protons Pions
(GeV/c) _ (GeV/c)

130 1.9 .81+.04 .78+.07
2.3 72£.03 75 £.06
2.7 82+.02 87+.04
3.0 .82+.04 .85+.06
3.4 .93+.09 1.07+.16
3.7 1.02+.23 1.01+.29
200 2.3 .90+.08 .81+.09
| 2.7 89+.12 73+.16
3.0 .94+.04 .93+.08
3.4 1.00+.07 1.07+.14
3.7 1.03%.17 1.12+.30
4.1 1.06+.34
400 2.3 .93+.08
2.7 .99+.08
3.0 1.15+.03
3.4 1.18+.04
3.7 1.33:.08
4.1 1.30+.13
4.4 1.39+.24
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TABLE 1

The r.m.s. value of the x-component of the di-jet transverse
momentum corrected for instrumental resolution is tabulated at
three different beam momenta as a function of the average transverse
momentum transfer in an event PTA = [PT(Left) + PT(Right)]/Z.O.
Data for pion and proton beams are listed separately except at

400 GeV/c where a pion beam was not available.
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Figure Captions

Figure 1 Scatterplot of the uncorrected software, scalar sum
of P captured in the left calorimeter arm vs. that
captured in the right calorimeter arm for a trigger
which requires pT(Left) + pT(Right] Y 6 GeV/c. Beam
particles are 400 GeV/c protons.

Figure 2 x-component of the transverse momentum unbalance for
two jets having an average transverse momentum, Pra>»
of 3.0 GeV/c per jet. Transverse momentum unbalance

is also the magnitude of the vector sum of the trans-

verse momenta of the two jets. Di-hadron data for a
di-hadron mass of 6.6 GeV/c2 is proportional to invar-
iant cross section taken from Reference 26.

Figuré 3 Measured r.m.s. value of the x-component of the trans-
verse momentum of a jet pair as a function of the
average transverse momentum, pTA’ of a jet in the
pair. Points are data, and curves are Monte Carlo
estimates of instrumental effects. Monte Carlo results
at 130 GeV/c and 200 GeV/é are identical.

Figure 4 R.m.s. value of the x-component of the di-jet trans-
verse momentum after Monte Carlo correction for
instrumental contributions as a function of the average
transverse momentum, Prp» of the two jets in an events.
(a) 400 GeV/c pp data. (b) and (c) Comparison of
proton and pion projectiles at 200 GeV/c and 130 GeV/c.
Pion data is plotted 300 MeV too high in Pra in order

to improve clarity.

A



Figure 5 R.m.s. value of the x-component of the di-jet transverse

Figure 6

Figure 7

Figure 8

momentum as a function of the average jet transverse x,
Xpp = ZpTA//g, for pp collisions at three different beam
energies. Data points are Monte Carlo corrected for
contribution from instrumental fluctuations.

The dependence of the x-component squared of the di-jet
transverse momentum as a func£ion of (a) center of

mass energy squared for three different values of

and center

TA TA
of mass energy squared. The line is a x2 fit to pTi =

average jet X and (b) the product of x

aXpa ‘s + b,

Comparison of the energy dependence of <§T€> for dimuons
and di-jets produced in pN and pp collisions respectively.
The di-muon fit was taken from Reference 38.

A comparison of <?£> for di-muons produced in 7N and

pN collisions with that for di-jets produced in pp
collisions. pN and pp data are ''scaled" from 200 to 225
GeV/c beam energy. <%£> is displayed as a function of

di-muon and di-jet mass respectively. pN data are from

Reference 29 and nwN data are from Reference 30.
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