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On the basis of the most general expression for e*e‘«-QQQ

)rocess cross section calculated in the first order in dg

vith regard to primary particles polarization and Ehe mass of
quark, the dependence of the cross section J%/dTWi? on the
polar and azimuthael angles of the vector:? (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 f . iAn analysis of angular distributions depending

on the values of the parameters T and N is made.
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0.7, LAXTTASAPAH

YTJOBUE PACUPHIMLGEIA JULl TPEXCTPYAHOIO
IPOLCCA e¥ePqgg B CIVUAE TAMBIX KBAPKOB

Ha oCHOBe BHYMCJEHHOTO B IEpBOM noparmé no ofg Hauboaec
OCLEr0 BHPAKEHWA LA CEdYeHHA Ipolecca e"’eiqi g C ydYeTom [o-
JIADHABALMI Haqanbggx YaCTHL ¥ MACCH KRapKa HaiifeHa 3aBUCHMOCTH
CedeHuA d36/def OT MNOJAPHOTO ¥ A3UMYTAIBHOT'O YIJIOE IIPOC-
TPAHCTEEHHO! OpPMEHTAIMY BEKTODA T , XApaKTepu3yumero mnIMOyase
HauGosee SHEPTUYHOI'0 MAPTOHA HE3aEMCHMO OT TOIO, SABIAETCH JU
UM KBAPK, AHTUKBADK WM IVIOOH, UMCJEHHHE DacYeTH, BHIIONHEHHHE
IpY HEeKOTODHX 3HAYEHWIX BeJMuMHH T , yKa3SHBAOT HA TO, UTO
KOSUUUMEHTH, OIpeledawuye YIVIOEYO 33BUCKMOCTDL CeveHHd, cyme-
CTEEHHHM 06Pa30M B34BHCAT OT MACCOBOI'C IADAMETDA n . llpoBenmeH
aHaJM3 YIVIOEHX pacnpeznefeHiit B 3aBHCUMOCTH OT BEJIMUMHN Mapa-

mMetpoe T un .

EpepaHckmil @uandeckuii MHCTUTYT
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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
[2-6] show, taking the mass of heavy quarks into account exerts
e noticeable influence on the theory predictions. The most ge-

neral expression for the cross section of the proceass e’e'-—q@g ;

with polarized initial particles and with regard to quark mass,

calculated in the first order over olg has the form:

s Q2 1 day docy 2, a2 0oy
d6=——_—(2:lt)a 5 *———'——————(1_3::)“_::5){2(-’31*"”2)(1*?, 2)

n 1-x; -~ .
-at (17 ) [0, )02 - 2(F B4 §4]-

"z (10 %%)[(1*E:)“'z:)'2(;72?1‘.')(32?:)]-

[ o

(xﬁ-xi)a " . )
) ’l( (1-2c7)(1-*2) (1+§1 )t T%2 [(+%, 5, (Bre-,Z2)~
(1)

- = g iy - T ad
~(My (M2 ) - (AL (R )  dardy dy, -
Here § is the square of the reaction total energy, -f 2 is
1(
the electron (positron) polarization vector in its own rest

frame. Subdivision of the vectors -}:, and ?,_ into longitudi- .
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nal and transverse components is done relative to electron
momentum direction U N = 4m%/s is a dimensionless para-
meter which helps to study the influence of the heavy quark
mass; M and @ are the mass and the charge of quark (in the
units of e ); FI.L are unit vectors along the quark, anti-
quark and gluon momenta ( L = 1,2,3 for q q, » § » respecti-
vely); x;=2p, /Y8 eand :1!;=2E¢/f§ characterize the dimension-
less momentwn and dimensionless energy of (L - parton, respect-~

ively, and are related as
‘ 2 e -
‘T,,a:(CC,,z"‘Q) y T3= T3 .

angular variables are determined to be Zij=cos eaj ’ ai.j is
the angle included between R; &nd -r‘-lj vectors, Z;=¢0056; ,
6; is the polar angle of FI-L vector in the coordinate frame
with its polar axis along the vector v y Y, is the azimuth~
al angle between the electron polarization plane ('U;, :{1 ) and
the plane of quark production (E, H, )} in the mentioned coordi=-
nate frame, !_-fa' is the azimuth angle between (ﬂ-:,-l}.) and
( H, , "r?z ) planes in the coordinate frame with its polar axis

along the vector F‘l'., . In terms of the introduced variables

the energy and momentum conservation laws have the form:

x:+x'z+x3'=2, m,n,*‘rznz*xaﬁg':O. (2)

We shall be interested in the magnitude and spatial dis-
tributions of the vector T (thrust) which characterizes the
moumentum of the most energetic parton (jet) regardiess if it
is a quark, antiqua.xzk or a gluon (or jets formed by them). To

—

pass on to variable 1 in the cross section (1) it is suffi-
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cient to consider three kinematic regions [5] which differ in

the relative value of the gluon momentum:

IL.X2%X:225, I.Ty2X32Tz, M T32X12X2- (3)

As the expression (1) is symmetrical relative to replacements
Xy ==X, , three other :E‘egions 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 II , where the quark jet is most
energetic, one must take X,=T , x:-" T ’ d21 dy, = dT
in the cross section (1) and integrate over 502' at the fixed
value of Z,2=($§-a’1,z-$§)/ 2xyX2 , taking the dependence of

R T,

Z, on variable Y, into account:
Y 2 \1 /
2, = 2,2 +(1'Z§)/z(1 - 212)/2 cos'yp,

The integrated cross section is conveniently written down as:

d“Gn - zds na + .3
dTa¥dx, - {‘ﬂ (T, 2z,n) [0+ 201,

~(-22)(F2E) + 2(F § ) (PR BalTy 2, )[C-32(1 ) §)+

1 2

S LTy - o Ty T (4)
(c-2)(E T - 2(TEOTIIN -
Here its dependence on the most energetic parton (for the regi-
ong I and JI - that of a quark) ang:lar variables is picked
out and the coefficients Ap and Bn are functions of energy
variables only:

T "2
ﬂn(T»x'a:'D=T'(1-T')(1-:cé){T + xa +rl[1 X3~ 3(1 2) (1‘7')(1 -T-‘z)]_}
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;o\ 4U-TI-X (1 Xayq®s ¢ nU-2T’+n)
BT, %,0) = = ZTT701-T) (- ) [ Z(T‘T')U-w'z)]’ (5)

where X3=2-T'-&, . Note that if the expression (4) is in-
tegrated over angles, the structure with Bp will vanish.
The presented cross section (4) refers both to the regions
n=I and N=I . The difference between them, which is due
to the fact that antiquark or gluorn has a larger momentunm,
arises as a consequence cf integration over the remeined vari-
able ac'z which in different regions varies differently [5] .
Let us write the integrated over xé cross section (4),

normalized to 6!_,!_. , in the following form:

1 dS 6n - 5d5 Gz

1 - + 22 e S nly
cie ang e KRICAS SO 38

A A
- - - > [
~(-2)(§ T2 (T T 1 BalTm[(-320(1 5 5,0+ (o)
A A
=2 -’.L —’J. - -—--._L **-L
*3((-2)(E ) 2(TEN TR,

where a factor of 2 is added (with regard to the contributior
of the regions obtained from (3) by replacements Xy =~ Xz ) and
the coefficients An(Tn) and Bn(T,n) are obtained by integ-
rating the corvesponding coefficients in (4). Here and further
on Z indicates the cosine of the engle between the mosit
energetic parton momentum snd that of electron.

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

_2 &4 8 .\ 1 -2 4
SR d-FUR eTordatedy, O
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for which the X; veries in the limits

the coefficients included in (6) have the form:
2 4 T(2-T)-n
A (M) = =7 T,){D*T M-zt 2oy *

1_TI)2_T2 2- TI 2(1'T )(2"1”) }
*9"(73‘(—21'?7‘[5 T+ 3= (96T (2en) 7 [T+ a7 'l])] , (8)

1 n ) an 2(1-T°)(2-T') _
BI(nQ)=-ﬁ-7{2(,-TI)[1 3T2“4Q(1 T+4)] fn TI(Z‘T')"Q

A-Q
2(2 7 [40-T7)%- -14)(% 8(1 7y (27777 7=t
1-2T'+n 2(1~T)(2-T% (9)
+ 2 (4*’ T-77 (1+— T’(Z"TI)'Q ))})} !
For other values
(- 2n(1+5n2) T (1-n) (10)

in the region I :n; varies in the range of

2(1-T)

/ !
Z_T ZTT’\ngT’

and for the corresponding coefficients in (6) one obtains

(T = ey (T1e 2o e 5 -

2(1=-T)(T+ T/~ r 3-2T-T' il
T 2-T-T [ (1+ (1- T')(T+T’) )]} ()

2-T-T/
B (Tin) = TT' {2(1-7')[1 3T2-4n(1-T/+ )] bn 2= a7 T

T+Tl_1 1 2T+
. (-T)(24T-T) = 4(1-T7)2- - : L
# o [T T-T)-41-Ty2on(ts2T-20) £ G wcmo]} " (12)
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It is not difficult to see that at the lower limat of the
variation ange (7) of T , the coefficients {8) and (9) va-
nish, while at the boundary point T =1-(3n[4)(1+r¥/4) , 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 I , at values

__§.+ 3-(1- %n)’lasTs——-——Z(g:g) a3
the cross section (4) must be integrated over mé in the range

(2-T)%+n

- - / / ——————————
2-T T ‘xQG 2(2_1.,) 7

while at values

~ in the range

2(1 T) ¢ (2-T)%en .

_I
2-T'= 57 € X2 < 37

After integration one obtains the following expressions
for the coefficients in (6):

for the values of T in the range (13)

2(2-T)(T+T/-1)
!1][(T)rl)' T/(1- T,){[1+Ta+rl(T-—fl ]en T(2-T)-1

_(-M(T+2T/-2) -2T-aT’
. O G [1C-2T-3T'+ ,T.(s 4T’ + (15)

2(1-1)%(2-T)
e & (1 (TeT=n) (2T'- 7%= q) ]]}

T(2-T)-1
BI(T"I)=7LT'{§'(%:'T"’)[1'3TZ"“I(' “T'+50) b FET Tl

8
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(2-T)( v+ ZTI'Z) ("1..T+1T/ i

2(2_1.,) (1-T+3 8“ oy [6-1T/-2T- 27 +
) -aT’n 2(1-1)2(2-T) (16)
! 2'3(4+ 1-T7 (1 (T+T/=1) (2T ~-T'2-1n) ))])} }
ier the values of T in the 1..ge (14)
. 21 -T/W2~-T(T+T) _
ﬂn( rl) T(1 T, ( [1+T2+Q(T I’l] E (2__T..T/>(2T.'_T12_rl)
- . T=T T7) )
_ T4 T’) T(2-T-T%] [10"3T' _ A0 — TN
8(2-TH(2-T-T9) 2-T-T -T’
2(1=-T'})(2-T")(2-T-T")
\a I’D 1- T’ [1 (T+T)) ( oT/-Tr2- rt) ]}]} (17)

- 12-T-T)(2T-T%- )
B () =5 {2(1 -T) [1-aT-4q (1745 '”Jg Tt @ty T

1T)__
FL6" N7 =

T [4(1-T)-T(2-T-1)] jo Ly 20-T) on
2(2-T)(2-7T-17) (1+ 217 T s(1-T)

1-2T/+n 2(1-T)(2-T")(2-T-T/) \
1-T! (1+ (T+T’) (2T/-T'2~-n) ))]) - (18]

It can be checkeu that at the lower limit of (13) the coeffici-
ents (15) and (16) vanic. while at the point T+= 2(1-@)/(2'\/?1)
they are transformed into (17, =nd (18), respectively.

Let us now pass on to the reg:. :n EI where the gluon jet
is most energetic. To obtain analogous Formulee, it is conven-
ient to start from a cross section express.: via gluon and,
say, quark variables. Ii can ve easily obtain. . from (1) making
usge of ‘ghe conservation laws (2) and of the phi.se volume 1in

the form

de = dx,dac,dz dpde!

where \fa is the azimuthal angle of gluon emission in the co-
ordinate frame with its polar axis along .he vactor U , and

9
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91“ is the azimuthal angle between (M, ,_'fr') and (A, ,_ﬁ,) planes

in the coordinate frame with its polar axis along the vector

n .
3 A
Now, by taking X3=T , d23d¥,;=dT and integrating
over ‘:ﬂ" one obtains
d46g dads Gz { ’
I A ————

A

-2 (F* §9+ 2T §OFR] B (T el [t-32rey! 31)+

+3(0-23)(F+ §2)- 2 (F g )(T;' N} (19)

where

. 1 2, it P T L
A (0,1 e |0 2 e [T 300 1) Gemceenl)

J 1 7
Bm (T,®1,n)= T2 (1-x}) [4(1-x1)(1‘xé)(1_T)-'ZTZJ;
= 2-T-x}
By integrating the lalter cross section over the variable

X; in the range found in Ref.[5] , in the region il too one

wilil come to the expression (6) where

T+T-1
Ag(T) =+ [201-D+T2-n (T+3)] tn —— -
n(z+n)
- (T«2T'-2)[1+ TR T+ 1, (20)
1 _ T+T’-1
By (Tyn) = [2(1°T)(T+eT’-2)-qTln 37 ] (21)
for values
2 3 o\ 2“ r)
"3" 3 (1 '1) €T < W (22)
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A (T, =F [2(1 T)+T2-n(T+3 rl)]fn 1- (1- .'LT)‘/a

no\ 1-T
-(1_1__?)/2[1'»«(2”[)7-] , (23)
L “'_ * (24)
for values
2(1-Vn) .
m&-ﬁ \<T<1q- (25)

It is easy to see that at the lower limit of the variation
renge (22) of T the coefficients (20) end (21) vanish, and
at the upper limit of the range (25) the coefficients (23) and
(24) do. At the point T=2(1'\171)/(2'\f71) they turn accordingly
into each other.

Let us write, at last, the momentum magnitude and angular
variables distributions of & parton, having the largest moment-
um in a three-jet process e*e‘—»qﬁ,g , regardless if it is a
quark, antiquark or a gluon:

i d3g _3%@.2 {ﬂ T, (1+Za)(1+ ll)._
Sen AT - (emy ( "l)[ 1 52

-(1-23)(§* ??_)+a<‘%’ TOF B2 ¥ g+

+3((1-22)('§L %’;)-2(%?’;)(%3‘?»_}} (26)

Functions A(T,n) and B(T,q) in three different variation

ranges of | have the form:

11

- ————

s >TSS




o e,

A(TN) = Azeg(T)+ A (1),

. 21) ‘
8(T) = Breg (T,n) + By (h1) (27,
for values
3 2(1-47)
where
8 T ) T+T/-1
Arer ()= A (T Ay () = s {1+ T2 ) bn =7 +
T (2+n)T ]} '
+ L2yl Zaanaer-nllf (28)

) ~T'+
B, (W0) BT+ By ()= 77 {a“ 7 (13T 40t~ Hjtarmr,

. RET (1-2T%n) s
+(T+2T'- 2)[21-1 -T- 4(1 T')(Z'T +T- 4(./' .4(1-1")?-(T+T"1) Jj ; (29)

A= AT )+ A (T,

(30)
B(T,) = B (T,n)+ BEY(T,n)
for values
=
—2-‘—J—_—l T<1-n,
Amny= ATy, B(T): BT, 0) (1)

for values
1-0 ¢ T< (-,

The figur s in brackets by the functions Ap and: Bp show the
nunber < the formula they are assigned to. One can see Luat
at th limits of ranges the expressions (27), (30) ana (31)

tur . ~ne into another.
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L3t us find the dependence of functions A(T,n) and B(T,n)
on 1 % th: fixed values of T . To do this, one is to deter-
mine at @ ‘ven T the veriation ranges of N in the th.ee
intervals written out above where the expressions (27), (30)
and (31) determine the functionz A(Tn) ana B(T,n) . The cor-

responding variation ranges of n are:

2
3 V2 o) r 2(1-T) 72 ot T€x
2@m§-T)one [ 57 ] 3
or
2(1-T) 92 3
o<« S5 at T25 ,
2(1'0 ] €1 < 1-T
and

1-Tsng 1-72,

In Figs 1 and 2 tne curves of dependence of the functions
A(T,n) end B(T,n) on the variable 1n in its whole admissible
variation range at some values of the parameter T are plotted.
Note, that they are lotted in the logarithmic scale, and the
dependence of the men ioned functions on the mass parameterx
is rather significent ::nd one cannot neglect it.

To have an idea about how the account of the mass of heavy
quarks affects on the an ular distributions in the process we
are interested in, let us consider the case with transverse
antiparallel polarized }nihial particles, when the cross section
(26) transforms into:

1 _d36 _ 3ts@ [AT.n)(1-sin*Beop) - BLi)(I-3sin'Beostp)] , (32)

=
Spp dTdT  2m?
where the azimuthal angle Y ir considered from the plane of

electron polarization.

13
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In Fig.3 the dependence of anguler distribution, assigned
by the function

ds@y \1 46 -
Fn.8,9)= (S 6,) ooz = 2{[amn)-8(mn)]

- [.ﬂ(T,q)-SB(T,q)]s‘tnzecosz‘f} ,

on the azimuthal engle at the polar angle 6 =0, 30, 60 and 90°
is plotted at some values of n from the admissible variation
range for any of the three values of T = 0.5, 0.7, 0.9. Note,
thet as the combination Sin Bcosz? is invarient relative to
substitutions 6+fN/2-¢ and ¢ =~N/2-8 , the presented curves
describe also a dependence on the polar angle © at the corres-
ponding valiies of the azimuthal angle y = 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 verying mass parameter #f . At T = 0.5 only large
n are realized, and for some of them the curves of angular
distributions are plotted in Fig.3a (note, that the events with
T < 2/3 can be due to heavy quarks only, since for such T
the parameter N is other than 0). The absolute value of the
cross sections increases with n 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 n =0, ;t is well seen
in Fig.3b,c how the absolute value of the cross sections and
the angular distributions with regard to the mass of guarks,
vary in comparison with the massless case. However, while at
T = 0.7 the angular dependence becomes more distinct as n

‘ncreases, then, at T =0.9 tie cpposite is true, though at

14
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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 Fig.3c a loga-
rithmic scale is used). This is due to the fact that at small
values of n  the coefficients A(T,n) and B(T, 1) behave
differently when T = 0,7 and T = 0.9.

The author is thankful to S.G. Matinyan for discussions.
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d35/de:r’ of the process e*e"*q,c';g , normalized to
the value (3dg QZGW//-NIZ) ) or the ezimuthal angle Y
when the polar angle 6 = 0, 30, 60 and 90° and at some
values of the mess parameter 1 from the admissible,
for the considered values of T = 0.5 (a), T =0.7 (b)
and T = 0.9 (c), renges. The curves at each 1 ,
corresponding to four values of 6 , are plotted from
top to bottom. At T = 0.5 and N = 0.35, due to
smell difference only the curves correspolnding to B =0

and 90° are plotted.
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YIVIOBUS PACUPLIELHL! VR TPEXCTPYHHOLC JPOHECT,

etenqfg B CIVUAD THRELIK KBAPKOS

(Ha anmmiickon fi3HKe, mepeeon I.A.:lamiHa)
Pegaxrop J.il,.yxrasmi

Texunyeckust perakTor A.C.AGpanad

dommucano B mewarh IR/U-ior.  Be=0SETC sopiar 613 x0d/ 6
OgcerHad nevyarb.y/d4.Usm.Ja. 1. mpu ©Y% BHB.id. =0 R
SAK. TAd.e 180 HHICRG 35 24

OTneyaTaHo B IPEBAHCKOL! (MBMYECKON MHCTHTYTE
speean 36, Llaprapsna 2
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