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On the basis of the most general expression for e*e~-»

)rocess cross section calculated in the first order in oi
&

vith regard to primary particles polarization and the mass of

quark, the dependence of tJtie cross section d^/dTdT on the

polar and azimuthal angles of the vector T (thrust) spatial

orientation is found. Calculations carried out at some values

of T show that the coefficients determining the angular de-

pendence of the cross section considerably depend on the muss

parameter Ц . An analysis of angular distributions depending

on the values of the parameters T and n is made.
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Ю.Г.ШАХИЛЗЛРЯН

УГЛОВЫЕ РАС1ШЭДЫМШ ДЛИ ТРЕХСТРУННОГО

ПРОЦЕССА е + е * < ^ д В СЛУЧАЕ ТгШДЫХ КВАРКОВ

На осноБе вычисленного в первом порядке по Ы
3
 наиболее

общего выражения для сечения процесса e
+
e*<jf g с учетом по-

ляризаций начальных частиц и массы кварка найдена зависимость

сечения d
3
6/dTdf от полярного и азимутального УГЛОЕ прос-

транственной ориентации вектора Т , характеризующего импульс

наиболее энергичного партона независимо от того, является ли

им кварк, антикварк или глюон. Численные расчеты, выполненные

при некоторых значениях величины Т , указывают на то, что

коэффициенты, определяющие угловую зависимость сечения, суще-

ственным образом зависят от массового параметра q . Проведен

анализ углоиых распределений в зависимости от величины пара-

метров Т и rj .

Ереванский физический институт

Вреван 1966



In the present work the influence of the heavy quark mass

on the angular distributions of three-jet events in the pola-

rized electron-positron pair annihilation process is studied.

An analogous consideration without regard to the mass of quarks

was carried out in Ref. [1]. Whereas, as the results from Refs

[2-63 show, taking the mass of heavy quarks into account exerts

a noticeable influence on the theory predictions. The most ge-

neral expression for the cross section of the process е*е~-*-оао

with polarized initial particles and with regard to quark mass,

calculated in the first order over oC
s
 has the form:

; dx'
t

со

Here S is the square of the reaction total energy, V is

the electron (positron) polarization vector in its own rest

frame. Subdivision of the vectors y, and £
г
 into longitudi-
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nal and transverse components is done relative to electron

momentum direction XT ; r\ = 4m
a
/S is a dimensionless para-

meter which helps to study the influence of the heavy quark

mass; m and Gl are the mass and the charge of quark (in the

units of e ); flj, are unit vectors along the quark, anti-

quark and gluon momenta ( I = 1,2,3 for Cj, , cj, , g , respecti-

vely); 3Cj=2p./>/s and s& = 2Ei/Js characterize the dimension-

less momentum and dimensionless energy of l-parton, respect-

ively, and are related as

Angular variables are determined to be Ну = cos 6^
 f
 0ij is

the angle included between n-
t
 and flj vectors, E

L
~c.os9i ,

©i is the polar angle of n
L
 vector in the coordinate frame

with its polar axis along the vector If , if., is the azimuth-

al angle between the electron polarization plane ( ̂"> *f
 1
 ) and

the plane of quark production ( IT, Л, ) in the mentioned coordi-

nate frame, у is the azimuth angle between (П,, IT) and

С П,, П
г
 ) planes in the coordinate frame with its polar axis

along the vector П, . In terms of the introduced variables

the energy and momentum conservation laws have the form:

' ' х
3
п
3
 = 0 .

Y/e shall be interested in the magnitude and spatial dis-

tributions of the vector T (thrust) which characterizes the

momentum of the most energetic parton (jet) regardless if it

is a quark, antiquark or a gluon (or jets formed by them). To

pass on to variable T in the cross section (1) it is suffi-



cient to consider three kinematic regions [5j which differ in

the relative value of the gluon momentum:

I. X,* ХгЪ-Хз, I . Xi?>X3>Xz , Ш. X 3 » X, } Хг • ( 3 )

As the expression (1) is symmetrical relative to replacements

X
x
^2?X% , three other regions obtained from (3) by these re-

placements give just the same contribution into the cross

section as the regions (3) do.

In the regions I and I , where the quark jet is most

energetic, one must take X,= T , х\=Т'
 }
 d z

1
 dft = dT

in the cross section (1) and integrate over <f
g
 at the fixed

value of 2,g= (<Xj -ОС, - x\}/ ZcCiX^ , taking the dependence of

on variable into account;

The integrated cross section is conveniently written down as:

Here its dependence on the most energetic parton (for the regi-

ons I and Д - that of a quark) angular variables is picked

out and the coefficients Л
п
 and Bn are functions of energy

variables only:



where X$- Z~~T - X^ . Note that if the expression (4) is in-

tegrated over angles, the structure with B
n
 will vanish.

The presented cross section (4) refers both to the regions

П-I and П = Е . The difference between them, which is due

to the fact that antiquark or gluon has a larger momentum,

arises as a consequence cf integration over the remained vari- t

able X% which in different regions varies differently [5] # !

Let us write the integrated over Xg cross section (4), J

normalized to 6
W M
 , in the following form: {

в„(т,

where a factor of 2 is added (with regard to the contributior

of the regions obtained from (3) by replacements л^-з^Яг ) and

the coefficients Яп(Т,»|) and Bn(T, i|) are obtained by integ-

rating the corresponding coefficients in (4). Here and further

on £ indicates the cosine of the angle between the most

energetic part on momentum and that of electron.

In the region I , for the values of T in the range

t 7 )



for "which the JCj. varies in the limits

2(2-T') "
 2

" ' '

the coefficients included in (6) have the form:

ги-т')1г-Т) дпО (9)— W )
For other values

in the region I Xj. varies in the range of

p-T'
 2 ( 1

"
T > >

 <3C' ^ T '
2-1 " 2-T-T' *

 2 < T
 ?

and for the corresponding coefficients in (6) one obtains

2-T-T' L г-т-т
#
 "\

7
 (1-ГКТ+Т') 'Jj ' (11)

:12)



It is not difficult to see that at the lower limit of the

variation L'ange (7) of T , the coefficients (8) and (9) va-

nish, while at the boundary point T = 1-(3q/4X1
+
1
e
A) . which

separates the ranges (7) and (10), with the same accuracy its

value is given [5] , the expressions (8) and (9) turn, accord-

ingly, into (11) and (12).

In the region Л , at values ' %

i

the crosa section (4) must be integrated over X
2
 in the range \

while at values

~ in the range

After integration one obtains the follov/ing expressions

for the coefficients in (6):

for the values of T in the range (13)

г-т r
(т^Т'-1)(2т'-т'

г
-^)
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T
 г

т +
 )

L 6 11T 2T г-r

the values of T in the iw'ge (14)

7
. _

8(г-т'лг-т-то

ги-т'нг-Т'){г-т-т') ̂ \
J/J) (17)

П4(1-r)-T(g-T-rOJ, 1 , 2(1-?) , П _ . ,
 T /

 4(1-PJ

2(2-T'K2-T-T') V 2' 2-T-T' e(1-T0
Lt>
 2-Т-Г

It can be checkcu that at the lower limit of (13) the coeffici-

ents (15) and (16) vanic--, while at the point T= 2(1-^)/(2-v/r^)

they are transformed into (17, and (18), respectively.

Let us now pass on to the regx n l]\ where the gluon .jot

is most energetic. To obtain analogous formulae, it is conven- i

ient to start from а сгоэз section expresat.;- via gluon and, j
t

зау, quark variables. It can je easily obtain^ from X1) making J

use of the conservation laws (2) and of the ph ise volume in

the form

where ^
3
 is the azimuthal angle of gluon emission in the co-

ordinate frame with its polar axis along „he vactor IT , and

9



y>" is the azimuthal angle between (гГ
3
 , я?) and (rt

3
 ,?!,) planes

in the coordinate frame with its polar axis along the vector

ГЦ .

How, by taking X3 = T

over tp" one obtains

= dT and integrating

where

х'
г
= 2-T-aci

By integrating the latter cross section over the variable

3C{ in the range found in Ref.[5] , in the region Ш too one

r/iil come to the expression (6) where

(20)- (T+2T'-2)[1

for values

-T*T
(1
 Ti)

 <
(22)
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and

(23)

< 2 4 )

for values

2(1-
t T 4 i'4- (25)

It is easy to see that at the lower limit of the variation

range (22) of T the coefficients (20) and (21) vanish, and

at the upper limit of the range (25) the coefficients (23) and

(24) do. At the point 7 = 2(1- Щ)/(2.-Щ) they turn accordingly

into each other.

Let us write, at last, the momentum magnitude and angular

variables distributions of a parton, having the largest moment-

um in a three-jet process €+e~-*-£^Q , regardless if it is a

quark, antiquark or a gluon:

C23t)2

( 2 6 )

Functions Я(Т,1|) and B(T>i) in three different variation

ranges of T have the form:

11



в
ж

IT гЛ (27J

for values

where

4(1-T'HT*r-1)4l

и ш. I" /
зо
ч

I for values
j

"7Г;/=^"<
Т
<

1
~

Г
Г>

for values

The figur J in brackets by the functions fi
n
 and' B

n
 show the

number / the fornjula they are assigned to. One can see ;.uat

at tb limits of ranges the expressions (27), (30) ana (31)

tur . "пе into another..
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lot us find the dependence of functions i)(T,q) and B(T,ij)

on rj *•, th: fixed values of T . To do this, one is to uetor-

mine at a ".ven T the variation ranges of rj in the three

intervals written out above where the expressions (27), (30)

and (31) determine the functions -Я(Т,Г() and B(T>r[) . The cor-

responding variation ranges of q are:

or

] at

and

1-T « q < 1 - Т
г
.

In Pigs 1 and 2 the curves of dependence of the funct Lons

JUT,ц) and В(Т)Ц) on the variable n in its whole admissible

variation range at гмше values of the parameter T are plotted.

Note, that they are vT-°tted in the logarithmic scale, and the

dependence of the men ioned functions on the mass parameter

is rathei" significant sad one cannot neglect it.

To have an idea about how the account of the mass of heavy

quarks affects on the an.ixlar distributions in the process we

are interested in, let us consider the case with transverse

antiparallel polarized initial particles, when the cross section

(26) transforms into:

where the azimuthal angle <f ir considered from the plane of

electron polarization.
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In Fig.3 the dependence of angular distribution, assigned

by the function

on the azimuthal angle at the polar angle 6 =0, 30, 60 and 90°

is plotted at aome values of r̂  from the admissible variation

range for any of the three values of T = 0.5, 0.7, 0.9. Notts, \

that as the combination sLn
z
6cos

2
y is invariant relative to {

substitutions б-*"Я/г-1р and y-*-JT/2-0 , the presented curves I

describe also a dependence on the polar angle 9 at the corres- •

ponding values of the azimuthal angle у = 90, 60, 30° and 0

at the opposite direction of the polar angle growth.

Let us follow the behaviour of the angular distributions

with the varying mass parameter 4 .At T = 0.5 only large

n are realized, and for some of them the curves of angular

distributions are plotted in Pig.3a (note, that the events with

T < 2/3 can be due to heavy quarks only, since for such T

the parameter 4 is other than 0). The absolute value of the

cross sections increases with i| and their dependence on the

angles becomes more appreciable. In the case of T » 2/3 the

value of the mass parameter may also be II =0. It is well seen

in Pig.3b,с how the absolute value of the cross sections and

the angular distributions with regard to the mass of .quarks,

vary in comparison with the raasaless case. However, while at

T = 0.7 the angular dependence becomes more distinct as n

Increases, then, at T =0.9 tr.e opposite is true, though at

14



the same values for n the absolute size of the cross sections

in this case is noticeably larger and the angular dependence

is stronger than when T = 0.7 (note, that in Pig.3c a loga-

rithmic scale is used). This is due to the fact that at small

values of rj the coefficients Я (Т, rj) and B(T,r^) behave

differently when T = 0.7 and T = 0.9.

The author is thankful to S.G. Matinyan for discussions.
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?ig. 1. Dependence of Я (Т, cj) on the r-ss parameter n at

somo values of T .
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Fig.3. Dependence of F(T,n,6,y>) (differential cross section

d^/ciTclT of the process e
+
e ~*^§ » normalized to

the value (3c(
s
Q 6^/4-31 ) ) or the azimuthal angle у

when the polar angle д = 0 , 30, 60 and 90° and at some

values of the mass parameter r̂  from the admissible,

for the considered values of T = 0.5 (a), T =0.7 (b)

and T = 0.9 (c), ranges. The curves at each r[ ,

corresponding to four values of б , are plotted from

top to bottom. At T = 0,5 and (| = 0.35, due to

small difference only the curves correspocding to 6 = 0

and 90° are plotted.
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