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The discovery of three-jet events In e+e" annihilation [l] was the1first

direct experimental proof of the existence of gluon and served a weighty

argument In favour of quantum chromodynamics (QCD) with which the hope for

the construction of strong Interaction theory'Is connected. At present it 1s

generally accepted that three-jet events of hadron production in e+e anni-

hilation are due to the Initial process £2,

In which quark or antiquark emits at short distances hard gluon. Further on,

already at sufficiently Urge distances a fragmentation of the mentioned

partons into hadrons occurs that results in three jets of hadrons observed

in the experiment. QCD permits one to describe the .initial* hard part of the

hadron production process as well as to make predictions for a definite class

of quantities which are less than others sensitive to the details of quark

and gluon transformation into hadrons. Here belong the total cross section

of e e -pair annihilation to hadrons calculated \A\ already to the second

order In <&3 as well as the distributions in such parameters as sphsrocity

S \s\ », thrust T [б] * acomplanarity A [i] and some others which

are characteristics of jettiness of events.

Beginning from the first works [l, 3, 5-8} up to the present time the



process (1) has been intensively studying both experimentally and theoreti-

cally. There is already calculated up to the second order in c(g the

Sterman-Weinberg type |8] cross section £9] of formation of hadronic three-

jets as well as the distribution in variable T [io] . In a number of works

the Influence of quark mass account fill on one or another characteristic

of process (1), the angular dependences [l2j and some other questions were

studied. All that was done with the aim to check up the main propositions

of QCO, the vector nature of a gluon as well as to find out the parameter

The object we persue in this work Is somewhat different. Assuming that

QCO is valid, gluon spin is 1 and the perturbation theory calculations make

sense, we are interested in a question whether one can by means of studying

angular dependence of the process (1) cross section in the case of polarized

primaries claim that the hadronic jet produced at this angle or another

1s predominantly the quark-antiquark or giuonic one.

In the first order of QCO the color summed differential cross section

of process (1) with due regard for the primary particles polarization has

the form:

- г ( « П Р Г д ^
(2)

Here

S is the reaction total energy square, Л is the theory parameter.
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Net 1s the number of active flavours, Qe, Is the charge of CL quark of a

flavour in 2. units, ̂ ^г
г
\ Is the electron (positron) polarization vec-

tor In Its own rest frame, Xj = 2£i/^S Is a relative energy share of L -

parton ( I « 1 , 2 , 3 for quark, antiquark and gluon, respectively), rT[

Is unit vector along I -parton momentum. With these quantities the energy

and momentum conservation laws are written down 1n the form:

Х^Хг + Х з ^ г , х,£, + х г гг г *Х 3 Г1 5 * о. ( 3 )

The angular variables are defined as follows: 2 . \ .
e
C O S © L , $i is «rector

Г Ц polar angle in coordinate frame with the 2. axis along electron

momentum characterized by the unit vector V , flj 1s azimuthai angle

between electron polarization plane (IT, ?, ) and quark production plane

(IT, rt
4
) In the mentioned coordinates, *fg 1s azimuthai angle between

(ft,v) and (»ЦгГ
г
) planes In coordinates with the polar axis along it^ vector.

Integrating the cross section (2) over angular variables results In the

well-known expression [з, 5, б] with an additional factor И + £ * f " ) that

reflects the fact of annihilating electron and positron hellcity conservation

Our purpose Is to study the angular dependence of the process (1) cross

section, In particular, the azimuthai dependence in the polarized primary par-

ticles case. Since It Is unknown so far how one can distinguish between quark

and gluonic jets, It Is. necessary to study spatial orientation of quanti-

ties which characterize the jet Irrespective of the fact whether It 1s quark

(antiquark) or gluonic. As such quantity we use a thrust T . For the transi

t1on In the cross section (2) to this variable one must divide the energy part

of the phase volume Into the regions [l3J

I *Х
|
 L I

 (4)

Note that there 1s no need for one to consider separately also the regions ob-

tained from (4) by the replacement X,^i Х
г
 , since the cross section (2) is



Invariant relative i» the replacement of variables characterizing quark and

antiquark. It Is «MMghtet redouble the result for each of the regions (4).

If angiiar distributions allow one to refer one or another event to one of

the mentioned regions, then belonging of the event to region I м Ш mean

that the least energetic jet 1s gluonic, and the other two ones are quark-

antiquark. In region II the gluonic jet Is Intermediate In energy, and 1n
»

region III 1t 1s the most energetic one.

Let us find out the T axis spatial distribution In separate regions (4).

The variable T forjregions I and II 1s defined by » quark jet. Taking

X, = T, d Z . e i ^ K d T and Integrating over 4
t
 angle at a fixed value

of the G-^ angle between quark and antiquark momenta for which

having 1n mind that

and

we

гзг

a

come to the expression

^

dTdfdxa ear s (1-TK1-X»)
(5)

To find put the region I distribution we are Interested 1n,the last cross

section should be Integrated over X ^ In the limits [13]



After the summation of the obtained expression over all the flavours and its

subsequent normalization to the total cross section of the process of e e -*•

hadrons in the first order in ot
s

we come to the following distribution

(7)

where the coefficients A
K
( T ) and Ь

П
( Т ; dependent only on the vector T

modulus for the region И = I are equal to

Here and below through H we denote the angle cosine between the momentum

of the most energetic parton and that of electron.

The corresponding distribution in region II can be obtained by integrating

(5) over Х
г
 in the limits [13]

Finally we come to the expression (7) in which

" ^
T
"

P P
"

T
 (9)



To find out the distribution in region III, where the gluonic jet is

most energetic, one has to express the initial cross section (2) through the

variables of giuori and, for example, of quirk using the conservation laws.

The phase volume here may be written down as

where E, = c o s ® a , 0 a and Ф л are polar and azimuthal angles of

gluon emission in coordinate frame with the polar axis along V , Y , is

the azimuthal angle between ( П 5 , V ) and ( R ^ n , ) planes in coordinate

frame with the polar axis along theA H.̂  vector. In the region under consi-

deration Xa = T , a E j C j ^ s o(T # After integrating over azimuthal

angle ^P" at fixed value of

we get

Finally, integrating the last expression over ~X, in the limits ] l3j

and summing up over a l l flavours, for region I I I distribution we again come

to (7) in which



The distribution in momentum and emission angles of the most energetic par-

ton irrespective of the fact whether it is quark, antiquark or gluon one can

find by adding together the distributions In separate regions

i.e. the total distribution is also defined by expression (7) in which one

should introduce replacements A
n
-*" A and ЕЬ*,-** £> , where

л -
 2
 gnn

 т(1-т) i-T г

As one can readily see, the distributions in separate regions and conseq-

uently the total distribution turn to zero at the lower limit of T varia-

tion, namely at T
 =

 2/3.

Let us dwell at length on a more interesting case of transverse antipa-

rallel completely polarized primary particles, when

the azimuthal angle Y is referenced from the ( V , f
t
 ) plane. The distri-

bution we are interested in takes a comparatively simple form:

(14)

xe"t

where coefficients A ^ and b
n
 ^ the corresponding regions I - III are



given by expressions(8), (9) and (11). The total distribution is determined

by formulae (14) with coefficients A and Ъ from (12), Note that the an-

gular distribution as presented in(7) or (14) corresponds to the division of

the cross section into two parts, one of which omits due to the polar and

azimuthal angle integration, and coefficient A
n
( T J of the second part cha-

racterize the vector "f modulus distribution in the corresponding region.

Emphasize that the angular dependence in all the cases is given by the

Stfi6coS *f combination. Therefore at У - / 2 the cross sections must

not depend on polar angle 9 . It should be noted that the mentioned combi-

nation of the angles is invariant relative to 6 " * ^ / £ ~ 4 t ^ - * ^ M ~ S

replacements. As a result, the dependences on azimuthal angle 9 at fixed

0 o as well as on polar angle " at fixed Ч о
г
^ / 2 " в

о
 must be determined

by the same curves at opposite directions of increasing 0 and f angles

These statements are illustrated by the plots in Figs.1-3, where at fixed

values of T = 0.7, 0.8 and 0.9 is shown the azimuthal (polar) dependence

of the quantity

in regions I - III as well as in the total region at fixed 0 ^ ) (lower

and upper scales, respectively). We have given the corresponding dependences

1n the 0 . and tf angular Intervals from 0 to Щ2. . It is obvious that at

fixed <f the curves defining the 6 -dependence In the interval from,

Sl/fc to Sf will be symmetric to the plotted curves геТЗГШе to 9 « ^ / в ,

while at fixed Q the curves characterizing the azimuthal dependence in the

Interval from $/<> to Sf will be symmetric to the plotted curves relative

to ¥ * $/г
 ;

 as to the interval from 5Г to 85Г , the mentioned azimu-

thal dependence will reproduce again.
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One may be interested in the S distribution at all the values of

гзг

о

as.well as in the M
7
 distribution at all the values of G :

о

The-corresponding dependences at some values of T are given In Fig.4

After Integrating (16) or (17) over the remaining angle we cone to the

expression

coinciding with the results of our previous work [l3J for the separate regi-

ons (taking no account of quark mass) and work [/j for total distribution.

What conclusions can be done on the basis of the given plots? At all the

values of T 1n the whole angular interval region I dominates over regi-

on II. At T = 0.7 (see F1g.l) region III contribution is, In fact, Inde-

pendent of angles . At ty£ 30° there is the region of 0 angles 1n

which the relative contribution of region III prevails, over the regions I

and II contributions, achieving 46.2% against 28.8 (I) and 25% (II) at

ip = 0 and 0 = 90°. Note that in the other limiting case { VP * 90°

or @ * 0 ) the relative contributions of regions I - III are equal to

42.6, 34 and 23.4%, respectively. As one can see, at T • 0.7 the contribu-

tions of separate regions I <- III do not differ much In magnitude.

A considerable total Increase of absolute values of all the regions contri-

butions 1s noticeable at T « 0.8 (see Fig.2). The angular dependence is ra-

ther weak for the region III. The relative contributions of separate regions

11



I - III In the limiting cases are respectively 60.3, 26.9 and 12.8% at

б = 0 or 9 = 9 0 ° ; 41.7, 25 and 33.32 at 6 - 90° and ^ = 0.

At T = 0.9 (see Fig.3) the absolute contributions of separate regions

differ much, therefore, as distinct from the two previous cases, a loga-

rithmic scale 1s used here. One can readily see that at already 0 3 & 45°

{ Ч' J5 45°) a rather strong angular dependence takes place In all ̂ the re-

gions. The relative contributions of regions I - III In the limiting cases

are as follows: 75.2, 19.5 and 5.3% at 6 * 0 or ^ « 90°; 56.8, 25

and 18.2% at в = 90° and f = 0.

For the Integral dependences К
л
( б ) and /-л(Ф) the statistics is noticeab-

ly larger (see F1g.4). It should be noted that the maxima for them like

those in case of Fa(6,^?) are reached, respectively, at Q • 0 and $ = 90°.

As already at one of the mentioned values the Angular dependence in Fn.(<9, ф)

1s absent at all, the maximum relative contributions of regions I - III to

the integral dependences K ( Q ) and /.(*?) will be the same as their contri-

butions in Г(б,Ф) (for definite T values they were given above).

Following the above estimates one may conclude that the most favourable

from the viewpoint of the quark-antiquark and gluonic jets Identification are

the events with possibly large values of T . Thus , if at studying the pro-

cess (1) at 6 = 0 or ^ - 90 we detect the jet with maximum momentum for

which T =0.9, then in 95 out of 100 events the jet will be quark or anti-

quark and in 5 events it will be gluonic. One can assert that under the same

conditions the jet with minimum momentum will be gluonic 1n 75% of events.

We have restricted ourselves to the consideration of the values o f 7 < 0.9

since at T ~** 1 an infra-red divergence arises, due to which the perturba-

tion theory becomes inapplicable.
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FIGURE CAPTIONS

Fig.l. The dependence of f (6,<PJ . I.e. normal 1zfd on ( ~

thalvalue differential cross section of process (1) on the azimut

angle 4 at some values of polar angle в (lower scale) and on

polar angle S at some values <P' (upper scale) for the fixed

• value of T • 0.7; the corresponding dependences for separate re-

gions are marked by I, II and III.

F1g.2. The same as 1n Fig.l for T • 0.8.

F1g.3. The same as In Fig.l for T « 0.9.

Fig.4. The dependence of the process (1) differential cross section on the

polar [K(6)] and azimuthal Щ Ф ) ] angles at T - 0.7, 0.8

and 0.9; the corresponding dependences for the, separate regions are

marked by I, II and III.

15



R E F E R E N C E S

Brandelik R. et al. Evidence for Planar Events in e e Annihilation at

High Energies.- Phys.lett., 1979 , vol.86B, p.243.

Brandelik R. et al. Evidence for a Spin-1 Gluon in Three-jet Events.-

Phys.Lett., 1980, vol.97B, p.453.

Barber D.P. et al. Discovery of Three- jet Events and a Test of Quantum

Berger Ch. et al. A Study of Multi-jet Events in e e" Annihilation.-

Chromodynairics at PETRA.- Phys.Rev.Lett., 1979, vol.43, p.830.

Berger Ch. et al. Evidence for Gluon Bremsstrahlung in e e" Am

at High Energies.- Phys.Lett., 1979, vol.86B, p.418.

Berger Ch. et al. A Study of Hulti

Phys.Lett., 1980, vol.97B, p.459.

Bartel W. et al. Observation of Planar Three-jet Events in e e Annihi-

lation ano Evidence for Gluon Bremsstrahlung.- Phys.Lett., 1980, vol.9

p.142.

2. Appelquist Т., Georgi H. е е Annihilation in Gauge Theories of Strom,

Interactions.- Phys.Rev., 1973, vol.D8, p.4000.

3. Ellis J., Gaillard M.K., Ross G.G. Search for Gluons In e e~ Annihila-

tion.- Nucl.Phys., 1976, vol .BUI, p.253; Erratum, ibid, 1977, yol.B130,

p.516.

4. Dine N., Sapir stein J. Higher-order Quantum Chromodynamic Corrections

In e V Annihilation,- Phys.Rev.Lett., 1979, vol.43 , p.668.

Celmaster W., Gonsales R.J. Analytic Calculation of Higher-order Quantum-

chromodymmic Corrections In е е Annihilation. Phys.RevvLett., 1980,

vol.44, p.560.

Chetyrkin K.G., Kttaev A.L., Tkachov F.V. Higher-order Corrections to

^ • U i (
e + e

 """*"
 h
*drons} in Quantum Chromodynamics.- Phys.Lett., 1979,

VO1.85B, p.277.

16



5. Georgi H., Machacek G. Simple Quantum-Chroniodynamics Prediction of Jet

Structure in e V Annihilation.- Phys.Rev.Lett., 1977, vol.39, p.1237.

6. Farhi E. Quantum Chromodynamics Test for Jets.- Phys.Rev.Lett., 1977,

vol.39, p.1587.

7. De Rujula A., Ellis J., Floratos E.G., Gaillard M.K. QCD Predictions fcr

Hadronic Final States in e e" Annihilation.- Nucl.Phys., 1978, vol.B138,

p.387.

8. Sterman G., Meinberg S. Jets from Quantum Chromodynamics.- Phys.Rev.

Lett., 1977, vol.39, p.1436.

9. Fabricius K., Schmitt I., Schierholz G., Kramer G. Order ot
s
 Correc-

tion to Jet Cross Sections in e e Annihilation.- Phys.Lett., 1980,

VO1.97B, p.431.

bative QCD Calculation of Jet Cross Sections in e
+
e~ Annihilation.-

Fabricius K., Schmitt I., Kramer G., Schierholz G. Higher Order Pertur

bative QCD Calculation of Jel

DESY preprint 81/035, 1981.

10. Kunszt Z. Comment on the O ( d
s
) Corrections to Jet-Production in

e V Annihilation.- Phys.Lett., 1981, vol.99B, p.429.

11. Ioffe B.L. Associated Production of Gluonic Jets and Heavy Mesons in

e V Annihilation.- Phys.Lett., 1978, vol.78B , p.277.

Granberg G., Ng У.Т., Туе S.-H.H. Angular Distributions of Heavy-quark

Jets in e
+
e" Annihilation.- Phys.Rev., 1980 , vol.D21, p.62.

Kramer G. .Schierholz G., WHlrodt J. Crose Sections and Angular Distri-

butions of Three-jet Final States in e e" Annihilation for Heavy Quarks. -

DESY preprint 79/69, 1979.

12. Yunn B.C. On azimuthal Angular Correlations of Jets in Electron-Positron

Annihilation.- Phys.Lett., 1979, vol.87B, p.257.

Koller K., Sander H.G., Walsh T.F., Zerwas P.M. Angular Asymmetries of

17



e e" Annihilation to Three Jets,- DESY preprint 79/87, 1979.

R12ZO T.G. Angular Distribution of Three-jet Event Plane for Massive

Quarks.- Brookhaven preprint BNL 29150, 1980.

13. Шахыазарян Ю. Г. Распределение по Т трехструнных событий

в е + е~ --аннигиляции для тяжелых кварков. Ш>, 1982, т .35,

с.438..

The manuscript was received 26 February 1982.

18



Ю.Г.ШШ&ЗАРЯН

УГЛОВЫЕ РАСПРЕДЕЛЕНИЯ ТРЕХСТЕ7ЙНЫХ

СОНЙИЙ В ПРОЦЕССЕ АННИШДЯЦИИ ПОЛЯРИЗОВАННОЙ e V * - ПАРЫ

( на английском языке, перевод З.Н.Асланян )

Ереванский физический институт

Редактор Л.ПЛ^каян

Тех.редактор А.С.Абрамян

Заказ 227 ВйгО5838 Тираж 299

Препринт З Ш Формат издания 60x84/16

Подписано к печати 9Д1-82г. 1,0 уч.-изд.л. Ц. 15 к.

Издано Отделом научно-технической информации
Ереванского физического института, Ереван 36, Маркаряна 2



индекс 3624


