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- ) Abstract

Using new vp charged-current data from the Fermilab 15< !

a

foot hydrogen bubkble chf.mber, some properties of the v-induced
hadronic jets are studied,s The angular size of the jeis is mea-
sured and compared with results from c+e— annihﬂ%tion, The
jets in the two processes are found to be quite similar in terms

-

of the variables sphericity, thrust, and energy flow,
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Data on e'l.c— annihilation [1—5] in the ¢, m, energy range 3 < VW < 13
Gé&V have recently been compared fairly successfully with fragmentation je;t
models and Quartum Chromodynamics {QCD) jet theories, However, it has
been suggested [6-8] that in the QCD frarnework, due to gluon emission, the
single quavk jet (the current fragments) produced in lepton-nucleon (£N) col-
lisions has different properties than the jets produced in c-}—c— collisions, while
the jet rgsultiné from the recoiling quark-qguark system (the target fragments)
will likely be more collimated than that of the single quark, Of course, ‘infthe
naive quax! parton model (QPN), agmenting s
flavor is expected to be the same in e+e— and N interactions. In both of ihcac
models fc= ;N collisions, one is also faced v-(.h the complicatim;\of the pri-

rks in the nucleon, It there-

X‘J

‘mordial trznsverse momentum of the confined qu

fore seemns vory important to experix

in IN and ¢’ e collisions,

k)

In this paper we present new vp charged-current data and show that the

N wnis pa

observed jets are in fact very similar in angular size and shape to those

+

found in e"e  experiments for center-of-mass energies W< 10 GeV, We

also examine the direction in which the measured jet axis actually points in

- +.,0 . s :

vp - p X cvents at finite energy.
¢ The data sample was obtained from exposures of the Fermilab 15-foot

hydrogen bubble chamber to a broad-band antineutrino beam. Over 907 of

the data were obtained using 400 GeV protons with focussing provided by two

magnetic horns. Data from néutrino-induced "backgro und" events in the ex-
. ; | . . . S cpretTeens
periment were also analyzed and are displayed in some of the distributions
|
. - - | -
in this paper. Only cvents with three or more charged particles werc pro-

cessed, Neutral particles arc in general not detected in this experiment, so



one must make somec assumptions to calculate the bearn crergy [9] . The

muon track was sclectcd using kinematic technigue 5 [10] . Corrections Lave

been made in all distributions for muon selection elficiency, ncutral current

background, and encrgy resolution,
»

4 -
Since pubhshcd results on ¢' ¢ jets arc always given for events hav-

ing Z 4 charged particles, we impose the selection 5 charged particles

(= 4 charged hadrons) on our data, To reduce backgrounZ, we also dernand
that y = (T‘ - - Ep.)/E" £ 0.8, We use only events with: E. > 5 GeV, We
present the ieb results in the ¢, m, frasnie of the virtuzl boson-nucleon system,

slection on the data

as suggesizd by Stevenson [6]. We do not impose a Q
presented in this paper, buit have checked thati 2 Q > ((EcVIc)Z scluction

has little e7Zect on our resulis for W > 3 GeV.

The angular size of a jet has been defined by many different variables,

Ve first consider sphericity [11-12), Gelined as

rela

where P; is relative to the jel axis and sum is over &ll charged particles,

e FA

For a ''perfect" jet event, S~ 0. The jet axis S is'cefined as the direction

¢

in space that minimizes 5; for vp mfcractm'ls that axis should approach the

\

wvirtual bos on- nuclc,on axis at high c.m. energy, ’ b .

A secondrheasure of the shape of an event is the variable thrust [13—14] ,

defined as
T = Max |2 | P, | /20 (?).] , o -
i iy 1

where Pu is relative to the jet axis and the sum is over 21l charged particles,

Fox’a “"perfect" jet event, T - 1, Thc jet's thrust axis, 'E‘, is the direction

~ ”~~
that maximizes T, At high energy, one cxpects T = S and so it is of interest

to check how close these two dirj ctions are at present eanergies,




In calculating S and T, we use tracks from both the single quark and
o1

quark-quark hemisphercs, JFigure 1(a-b) shows our measurements of < §>

and 1 - < T> as a function of hadronic mass, W, from 2 to ~ 11 GeV, Both

o

v and vp data are plotted, Above 4 GeV, thereis a clear decrease in the

- adey

jet angular sizc as the hadronic mass increases, The variation is consistent

. -1 - s qs . .
with a (log W) ~ dependence, There is little diffcrence betvwezen the jets of the

o

LI
two lcpton—proton reactions. Also shown are uncorrected ¢’¢  annihilation

measuarem (n‘._S‘IOl‘ a similar W range [ 2-5], including the new results from

+_~ - . . .
e produced by e ¢ and vp interactions, This

PETRA,

At the vp events always contain a bavyon and

r_:

cnarm particle contribution for W above 4 GeV,

iguzs {c) shows < 8> for vp as = function of W for different paruc‘le

]

As one would expeci, low mult are more j=t-

like than thzz2 of high mmitiplicity at & fix=d W, However, above 4 GeV, all
-ow 2 decrease in < S>> with-it:creasing mass.

In I"iz. 2 we compare the shapes oi t‘1e ~ -(—l—s— distribu t'c:ns in ete” {2, 5]
and pp interactions for two mean values of W, The agrcement between the
e+e— data and the (N data is again quite good, Both sefs of data show a clear dip
for S 0.1, “ ' | ' \

We next study the question of where the jet axis determined by sphericity |
or thrust actually points. In Fig. 3(a-f), we show the angular distribution be-
tween the 'natural” jet axis O defined by the virtual boson-nucleon direction and
the S and T axes, For 2.5 < W < 3.0 GeV, the jet direction is approximately.
isotropically distributed with z‘tespect toQ. Only for W > 4.5 GeV does the

i

jet axis defined by Sor Ta appdar to be a mceaningful concept - i, ., strongly

corre}ated with the virtual bo.ion direction, This conclusion is consistent



N

with the data of ig, 1 that show < S> decreasing with incrcasing W only
above 4°GeV, Iun all remaining distributions in this paper, 2 W = 4.5 GeV

scelection has been made,

The theoretical uncertainty in the divection of the jet axis can also be

measured by calculating the angle 8 between the S and T axis, TFor the two

mass ranges 4,5 £ W £ 5,5 GeV and 5_35 < W <€ 12 GeV, <8 (& g ,—[)/ 14, 5° 1—

o o o . L o X . .
0.9 and 10,7 0,7, respectively, These values are essentially identical
. p + - ey s R .
to those found {5] in e e annihilation at 9.4 GeV, The strony correlation

~
between the jot axis and the direction Pl" of the fastest pariicle observed in

-

+ - . . . sm . . - = . .
€ e reactions is also evident in vp interactioas, Yor 5,5 < W < 12 GeV,

<O0B-P>=11.3%4 0.8%° and < ¢ (T - I'BF)>= 19.5% £ 0. 9%, so that the dif-

ference between the sphericity axis and the direction of the fastest particle

is not largsx, within arrors, than the difference between the directions of the

3

Ancirer measure of the angular size of the jet is given by the encergy

flow of the pzriicles with respect to the jet axis, Fig. 4(a) shows the distri-

&

di5

. i C . . . :
bution of-ﬁ—‘_. s where X is the angle rclalive to the thrust axis of 2 charged
~4
particle with energy EC‘ The distribution is given for particles in both the

single quark and quark-quark hennsplmrc defined by a plane pc,rpenchcu_o.r
to the thrust axis, The selections W > 4.5 GeV and T > 0, 85 have been applied,

The shapes of the jets in the two hemispheres are indistinguisha 1 with

< >, " 28° 1 2% and <\ > = 26%42° It has been suggested that the
quark-quark jet might in fact be narrower than the single qua.rl: jet [18] . we
find no evidence for this hypo‘chcsi.s1 for W 10 GeV, Fig. 4(b) displays the

strong negative correlation which exists between £ X > and T in both vp and

T
+ - . 4 \ |
¢ e reactions, [5] The data for f,h}fc two processes are at somewhat different
i
r



enclgics, but the results are consistent, again shovwing that the jets arce of
very similar size,

In summmary, we have found that the concept of & jet is meaningfiul only
{for values of hadronic mass > 4.5 GeV, the uncertainty in the direc:tio.:; of the
jet axis ig ~ 100, and that the angular size of jets in charged-current vp
interactions is almost jdentical to that found in c+c“ eonihilation, The overall
similarity between the /N and ete” data in Figs, 1; 2, angt 4 implices that the
transverse momentum of the quarks within the proton does nol increass the
width of the jets,

This sxzoeriment was made possible by the support of the Neutrino
Deapartmern? 2% Fermilab and by the operztiag crev of the 15-foot bubble cha;h—-

ber, This research was supported by the U, S5, Depaviment of Energy,
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and T = 0,85, The solid curve represents the single quark data

distributions for vp interactions with W > 4.5 GeV
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" and the dotted curve r(,presc,nts the quark-gquax:

(L) Correclation betwzen the width of the ener: . flow distribution

of 4{a) and the value of thrust of '\"p_ and e+*c- interactions,
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