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The Trangverse Momentum Profile of a Quark Jet

G. Eichmarn  and F. Steiner
II. Institut fiir Theoretische Physik der

Universitdt Hamburg

and

Deutsches Elektronensynchrotron DESY, Hamburg

Abstract:

The first and second moments of the transverse momentum distribution of
pions in e'e - annihilation at fixed longitudinal momentum with respect
to the jet axis are discussed, treating the hadronic final state evolving
from the 2-quark system in the framework of a fireball-model. Good agree-
ment with the published data is found. A comparison with the Pr —distri-

bution of electroproduction is made, showing qualitative agreement.This

casts serious doubts on previous conclusions favoring a large parton kT

inside the preton.

+ Supported by Bundesministerium fiir Forschung und Technologie



The study of jet structures in multiparticle final states is now

attracting 2 lot of interest hrrh o the experimental and the theore-

tical side []], The jets obgerved in e+e_ - annihilation, deep inelactic
lepton scattering in the virtual photon fragmentation region and in
hadron-hadron scattering at large transverse momentum are €onsidered as
fragments of guarks which have suffered a large momentum transfer in the
process. In parton models, the emphasis is put on a description of the
longitudinal distribution in the scaling region, whaeraas the transverse
distribution, if considered at all, is introduced in a more or less adé hoc
fashion. Tn the framework of QCD statements on R are obscured by con-—
finement and nonperturbative effects presently not calculable from QCD.

Here usually quantities like spherocity or thrust are considered as .a measure
for jet-like behavior. However, a much more direct insight in the struc-
ture of a jet is in our opinion provided by studving the transverse momentunm
distribution at fixed longitudinal momentum, or alternatively the moments

<§T (pL)/ s where-gT andgﬁ‘ are defined with respect to the jet axis.

In this note we present results for the moments{éT (z,W)} and(&é& (z,w1> ,
Where 2 = Zyﬁd /W and W = total e e -CMS - energv, obtained from the
Todel of ref. {2) fer e+e— - amnihilation. This modeil describes the final
state evolving from the intermediate 2-quark state prcduced by the timelike
virtual photon as a system of hadron=balls. The jets then appear as the
decay products of these hadron=balls, which have to be thought of as loca-
lized objects consisting of excited hadronic matter and decaying according
tc a thermecdynamic law in their rest system. The basic assumption was that
two such objeets corresponding to the two intermediate quarks are produced

with equal masrs and opposite mowenta, and cne further object with fixed mass
Mo in the low momentum region. A possible explanation of the third object in

the context of source theory has been given in ref. [3].Scaling for the
inclusive spectrum is obtained by choesing for the fast hadron-balls a

mass distribution like

P,
dM M>

Y



The relative normalisation i1s fixed by the energy conservation sum rule.

With this picture it was possible to fit the shape and energy depen—
dence of the inclusive pion spectrum between total € M S -energies W =
3.5 and 7.4 GeV with only 3 free parameters. Furthermcre, as a jet axis
is inherently given by the momentum direction of the moving hadron=balls,
the integrated longitudinal and transverse momentum distributioms could be
evaluated without further freedom. For both, goocd agreement with the data
could be cobtained. Tt is a remarkable property of the model that longitu—

dinal and transverse momentum behavior of the jets are closely interrelated.

The nth moment of the Pr ~ distribution is defined by

2
(P:‘%V)) = | ITB'” G(P}-,E, W/ o/ﬁ 2)
| | .[F' G (B2 W) dp

A . .
where = maximum transverse momentum for given z and W and C 1s
Pr

related to the invariant cross section by

3
G:' b 1 (E‘g(T;'} (3)

E Coe

C being =a constant. From formula (2) of ref, [2 i fellows:
/M L
G < pne™ g eI
£ 0 Eﬁ?ﬁ%-—d / E
L7/

+f M,,%ée_/g(g&‘-»ph\/{fﬂ)}] (4)

Here, | is the energy of a jet, E, =(W - MO)/'Z and E =ypS - falig r}i;

the pion energy. The parameters from [ZJ are unchanged:

M, =146 GeV' , M, = 46¢V’ /¢'=4/r._._'5-6¢y-f

The results for the moments <pT (z,w)_,}z and &pi (z,W)> are shown in
figs.2 and 3 for different energies. In fig.4 a comparison is made with
the data from SPEARI:A.j' for (pT (z)>2 at W= 7.4 GeV., We emphasize that
our curves are absolute predictions of the model of ref. [2] .The excel-

lent agreement with the SPEAR data strongly supports the basic assump-
tions cof the model. Our results show a "seagull-effect", i.e. an in-

s 2 . . .
crease of <ﬁT> and <p1.> with increasing z at small z and a



kinematical fall-off towards the kinematical boundary z = 1.
This behavior is trivial if the moments are calculated at fixed
values of the radial scaling variable x = 2 [ff}ﬂﬂ, as they have

to vanish for x-» o for kinematical reasons. [5]

For fixed z,the seagull=effect is nontrivial, as it depends on
the dynamics. The basic reason for the increase at small z is not
the jet structure of (4). This can be seen from a study of the

spherical symmetric case

G ~ e &

(5)

Here the moments can be evaluated analvtically and an increase of

7 2 $ mtained from eq.- i
{Pr (z);> and <:pT (z);> similar to the one oatalne om eq. (4) is
found, In contrast, for a Gaussian distribution

-Alpl+Pr)

G”e (6)

as well as for all factorizing distributions G = GL (z) GT (pT)
like for instance in the naive parton model, a1l momernts are
z-independent, apart from the influence of the kinematical boun-
dary near z = 1. This means that the Boltzmann-factor exp (—/3E)

is responsible for the seagull-property.

For the second moment, the asymptotic behavior can be found

explicitly,

i M
(P;(;,y-m»: 4T (1 + 37-2) .

showing a finite limit at fixed z with a linear z-dependence,

which is already visible at finite W in a limited z - range, See fig.3.
In contrast, QCD predictszscaling, i.e. an increase of <%§ (z»

roughly proportional to W, which should already become visible

at PETRA-energies [6]. The reason for the different behavior

is that our model has an intrinsic mass scale determined by T

which governs the high energy behavior.



Finally, as an application of our results we compare the trans-
verse momentum profile cof the jets from e’e” - annihilation with the
jets observed in deep inelastic epw=or P -scattering in the virtual
A fragmentaticn region. The similarity of the longitudinal structure
functions has been demonstrated by several experimental groups [?].
In the case of electroproduction the target structure function is of
importance in addition to the quark fragmentation function. Thus the
transverse momentum PT of an inclusive hadron preduced by an € or M
recelives contributions from two sources:

(i) the transverse momentum krof the quark inside the target proton,
(i1) the transverse momentum Pr of the hadron emitted from the
struck quark.

The dependence of‘(,?%} on {k%& and (p%} can be found from a

geometrical consideration |g]

B> - (e - 2%k @)

Here x is the usual Bjorken variable for electroproduction and z the

longitudinal momentum fraction of the cbserved hadrom.

Data for \/PT(Z)>Ire shown in fig.4. They show a qualitatively similar
behavior as \/PT (z)) inee . In a first analysis based on eq.
(8)ya - independent (p% ) was assumed, explaining the whople va-
riation of the data as being due to the explicit Z-dependence of (8),]:72].
The value of (kT> thereby found was 950 L 150 MeV, in qualitative
agreement with the value extracted from lepton pair production [“}]
However, this latter result hat been critisized [-_40] » 45 the treat-
ment of nuclear effects in ref. [9J is not reliable, showing that a
modified procedure can easily vield much smaller values for <kT> .
Tn contrast to ref.DZ] , we are now able to repeat the  analysis
with a realistic function <pT(z)> , given by our model. A compari-
son of (PT(Z)> and \/pT(z)> , which corresponds to the emissiocn
of the \/k;> - term in eq. (8), shows qualitative agreement. This
means that the seagull-effect observed in electroproduction is inti-~
mately related to the one in e+e—, leaving not much space for the
parton <7k'1‘> inside the proton. A quantitative discussion of this

question will be given elsewhere.
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FIGURE CAPTIONS

A .
Fig.1 Comparison of our result for \/pT (z)> with the SPEAR data [4]
at W = 7.4 GeV,

I

Fig.2 Our results for -(pT (z)> 2 for W
200 GeV.

5.5, 7.4, 9.5, 38 and

Fig.3 Our results for (p% (z)> for W= 5.5, 7.4, 9.5 and 38 GeV,

Fig.4 Data for \/TT (z)> from pg -scattering _{1]] . The curve
shows \/pT (z) > for e e at W= 7.4 GeV. The similarity
shows, according to eq.(8), that \/kT} of the quark inside

the proton is small.
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