Preprint BON-866(I9)-866

GPELUTL P DP2PGUBE PovUSPSHRS
EPEBAHCKHH @WU3SHYECKHH HHCTHTYT

Yu.G. SHAKHNAZARYAN

© e*e—gqg PROCESS CROSS SECTION TRANSVERSE
" MOMENTUM DISTRIBUTION FOR HEAVY QUARKS

LLHHU Haromundopm
EPEBAH-1986




Vupbwahy EDM-868(19)-86
TUZVNQUL3UY 8ne .9,

e*e'»q,éi,g A8 UR uS,ullePh AUSHANTE CUS LU3BLLh
hrmanLUb SULS PYUPUULELh mrar

Pduwbnw jhy ppndnnpbuwlhluyh 2pfubaliubpncd Showqnnywd § dwlp
gduplubnh quuqudp Swydundul wqnbancfyniup e+9"'—*'q§g
bruwpniup ypngbuh Yuopduwdph pun T /unu)by Jbd tubpghw nilbgnn
yuponth plyneiu/ L x,; /U ney bpyne gopwunYubph :f unwlgph
YywnSuf® qwsbulh plyniyu/ dednpuetubph Puphdul Jpw: 8nujg t
wpduwd, np veuwgynn wpngnilipttipp bogbe Yupdwd by pduplp qubqduo-
bdhg: Quugyuwbh Swrduwnnidp Bhpned L ong Jhwjh X, ~p ndapful
wmhpno b qquih punwyuduln® quuqiludp Swipdh junubygne nbyph Surlb-
Suwm, b wyn whnne jBh wbnwrwnddwbp nbah x, ~h thnpp wndbplbpp,
wiilh d26/deo:_L YunJudph &, =YupJudni@ yniip Yywpugpnn
Ynpbph Jdpuw Yunnqjuwdpbbph wnwpuqlwip:

Lphwvh dhgblw)p hbunhnnewm

bplbuly 1986

© LienTpannsHufl HayuHO-HCCAeN0BLTENBCK K HHCTHTYT HHOPMaUHM
# TEXHHNO-3KOHOMHUSCKHX HCCICAOBaHH A NO aTOMHOM Hayke
i TexHuKe  (LLHMMaromundopwd }UBST.




vreprint Ball-666(10)-46

Yu.G. SHiKHNAZARYAN

e*e’ =939 PROCESS CROSS SECTION TRANSVERSE
MOMENTUM DISTRIBUTION FOR HEAVY QUARKS

In QCD framework the influence of taking the mass of heavy
quarks into account on the distribution over the value T
(thrust, the momentum of the most energetic parton) and cn tran
sverse to i: axls momentum X, of each of two other purtons
in the process €'€”—=qgg , responsible for three-jet events
in e‘*e~ ammihilation, is investigated. It is shown thet
the account of quark mass has a considerable effect on theory
predictions. This leads to significant widening of vari tion
range of X; as compared with the messless case, to the suift
of this range towards small values of X, and also to struc-

tures in curves describing the dependence of the cross sectior

d26/dTdx, on X, .
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It is known that the hadron production in €Ye” annihila-
tion at high energies is of & jet nature. According to modern
views primerily a gquark-antiquark pair is formed which then
decays into hadrons flying in opposite directions in the form
of two jets. Hadrons in jets are experimentally found to have
a limitted transverse momentum of ~ 300 MeV/c relative to
jet axis independent of energy. That is why the jets will be
narrowed and hecome more distinct with increasing reaction
energy as the multiplicity of the produced hadrons grows only
logarithmically here.

However, at rather high energies, in e*e” annihilation

avents with large transverse momenta are observed, though, not
so frequently. They are due to bremsstrahlung of hard gluon in
the process e"e-wq@g o« Gluon also fragments into hadrons,
and a planar three~jet event is experimentally observed as a
result. To describe the merntioned process in QCD and compare
theory with experiment, usually the so-called infrared-stable
variables are used. Among them is, in particular, the thrust

T [1,2] eand transverse to T  axis momentum X, [3] of
each of two other Jets.

In Ref.[4] the differential over variables | and X,

sross section of the three-jet process €%te” — q,qg _has
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been calculated in the first order of QCD, the mass of quark
being ignored. As at energies achieveable on modern storage
rings the mass of ¢ and & quarks and all the more, that of
t quark can appreciably change the results, in the present
work an analogous consideration with heavy quarks is made. Such
a generalization is not trivial but a complicated one.
The differential cross section of the process €te"— 15,3
with heavy quarks and non-polarized primary particles, after
summation over colours and integration over angles has the form

(see, e.g., Refs[5-8]):
d2g _ 8d'ds&°

/ ’
- X, , T X3
dx} dxj 3s (1, %z) X3) 5

1 2, 42 - lpy 28 1
Plai 2, ®) = oapyiman {"‘:" ragen[i-as EU 2 i) O

Here S is the squared total energy of reaction,rz=4m2/s ,

m end @ are the mass and the charge of quark (in the units
—~ - ) .

of e ). Variables X,=2P,/J8 and Xn32En/V§ determine the

dimensionless momentum and dimensionless energy of m parton,

respectively { n = 1,2,3, accordingly for 1,@,3 ), and relate

as =2 Yo -

T2 = (Ty2*N)S X3= Ty

Taking xaaszx,( , let us determine variables, through which

the original cross section (1) must be expressed

T = max (x,,%T2,X3) =mMax (T, %, Tu)=T; , (2)

| : : 1 , ot
X, = 5in 6; = XS = 37, [4 (-2 )(1-%))(1-xw) - q & ]2,

To pass on to these variables in the cross section (1),

let as devide the phase space into the regions [8]

I.xorc,22; , LoX2x322,, I Tzzxi2x2. (3)
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In the region I at Ilo<1sTg, T3 varies in vne range
of Z2(1-T')< X3¢ [(2"T')2'Q]/2(2'T’) and, for other values of
Te<T€Tq - in the renge of 2(1-T)<$X3<2(1-T)/(2-T-T') , where
To='2/3+#(1'3q/4)1/2/3 is the minimal value of T  far all the
regions (3), Tp = (1‘?[)1/2, Tg =1 '(3'1/4)(1*'12/4) .

In the variables ( T, X, ) the boundary XT3=2(1-T') is
determined by expression

X, = w-a(—1.r_--—r-'-)-(2T’—1-q)'/? = xf’ (4)
(curve 1 in Fig.1), the boundary $3=[(2'T’)2"L]/2(2‘T/) is

determined by
2

n n % 2)
xJ_:D’TI‘Z"*-'W] = x

L (5)

(curve 2 in Fig.1), and on the boundary X3=2(1-T')/(2-T-T')

X, = 0. The 20lid lines in Fig.1 correspond to the value N =
= 0,1 which fthis parameter obtains, for instance, for 2 quark
at 5 = 30 Gev.

In contrast to the massless case when the transverse momen-

tum obtains its maximum and minimum values on the boundaries
of admissible phase space [4] , &t taking the mass of quark

into account, I€; obtains its maximum value

max _ 2(1-7") = (3
To S TaGeTyenIE C R ©)

(curve 3 in Fig.1) at X, = 2(1-T’)(2-T’)/[4(1-T’)+rﬂ.
It is not difficult to check that at the fixed T the trans-

verse momentum obtains the maximum value (6) not for all T

but when

3T-2-n%0, T 5L, Teglenenl®=n. o
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So, the phase space of region ] in variables ( T, X, )

is determined by

To€ T €Ty, xPs x, « 2,
[§5] (€)] 2 (&)
sttt , xlcxex® xP<z ) i6)

s 0T, xP¢xsx®, oca, s x,

The phase agpace shape Strongly depends on the quark mass.
In themassless case for all three regions (3) it has the form
shown by dashed lines in Fig.1.

In the region II the variation range of T is Tys TS
< TB. In the interval TO £ T<x Ty the range of permissible
values of X3 1s [(2°T)%-q]/2(2-T")sx3<s T , while in the
interval To € T s Ty it is [(2-T)%-ql/2(2-T)sa,s2(-T 211}
Toow 2(1"J§L/(2’Jﬁ)~ The lower boundary of the X3 variation
renge in the variables ( 1, &, ) is determined by (2) {curve

2 in Fig.1), the boundury A3 = " ~ by
i S i T - - . R -2 "“-'1 -
;.;L;—T,-!ﬁ.,p FO(-THTT-1)-nT2]" .

I
R

bafare, he

sedrve 4), At the other uppex boundary I, = 0 uas
moarimnu (¢} in the region [I is not achieved and tne truns-

T 0

verde momentum obftaineg ilg maximum sno mpipimum values &t

toundariea ol the region.

30, th~ phase space in the region JI 1is determined oy

. - - (4) (2)

n B r -

o U= L, Ty X, Chs
(2 LYo

TC ELEN Ty s 0 x; < x,

ard is Jlimitted by the curves 2 and 4 and the sbscissa be-

ween the points B and C (gee Fig.1).

i

In the region Wi =2t the fixed T the function X (X))

. . . -
obtainsg ite maximum vaiue

5
T = (1- T-n)k ()

Ly (11)
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(curve 5 in Fig.1) at the point X, =1-T/2 . As X, now
varies in the range of 1{- T/2\<x1'6 T’ when Tos T € Py and

in the range of I1-T/2<X/< 1~ T/2+[1-Q/(1'T)J1/e T/2 , when
Po € D €T, , where I, =1-1 , then the maximum value {11)

is achieved at the lower boundary and the minimum value (9) or

.‘I!.L= G, depending on T , is achieved at the upper boundaries

:1:1'= ! and _1 T/2+[1 Q/(1 T)] T/Z , respectively:
P TS, ' < X, < <z
0 C L L
(5) (12)
T.€ T 1T 0 < X, s/

b s

(@]

S50, the phase space in the region I is limitted by the
curves 4 and 5 and by the axis X, = 0 between the points
> and D (see Fig.1).

Let us now come to variables T and X; in the cross sec-
tion (1). In the regions I and J| one has

+ < t 20(1-T
x —=2'T"x; y X3 '4(1 T')+’1(2 L TH‘I)}

[ 4(1-T)+n a]’/a
TG % (13)
' gt - Téx,
dox,dx; = ZT0- 108, dTdx, ,
and in the region I -
x2 +q, V2
x::=x?-1-—(1+!:la); 52"(1 T ’
' ' ' _ Tac, (14)

In virtue of the conservation laws, to the values .Iét-

correspond :rf for the first two regions. It is not difficult

+ -
to see that always X, > X3 , regardless of T and X,,
(2)

while the condition a:'; > ac'_;_ L3 satisfied only when X, < &

That is why in the region I where according to (3) %3 > x; ,
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53(7'7 > 73!:;) sl P(T v«_,z ,xa, Por bhe vaLuer ol X, 2 I, .

«% these ure two brunches of the swie VunciL.on, ner incescest
ine Xl = PR, SN
wtothe point K =Ly ( XLy = Fy o chowe Yo= oo, mhicn L

Loy . (3) .
rezlized av the value of Xy = &) 7 . bt N = L this o tne

srunsition peint  between the reogsions ] et 00 Wl regan
ve the quarie mass such transitron, wricn shonlda Lorke Diswse of
(2]

Xz= X3 , is renlized nt Xy = X .

dormallizing the cress section (1) to the totul cross seciuion

6

- - 2 R - + - . . .
/ FF—LPJT&/SS of the proceusn ete MM, and taking into
i L. . . R L
1 isccount the regions obtainea from (3) by substitutions X, =% X,

tre dirferential crosg section for the resicns I sand I wlill
have the iorm

1 d¥6r g :  Tix, (1)
Sep dATdx, =25 @ g fen |

s

dor the region I
14 - 7 /- +
91 = P(le‘x?- ,x3)+P(T,xe » T3),

9(T’xz ,ocs) describing the distribution for the vilues
. . . 1) (3) )
s TSR, XX sE, (16)

I I

L 4 . - . 1
wiw PT, X, X3) - for the values

i " (2) 1)
0

n
Lo} -

S‘.’ x.‘. le\x_‘_,

/2N
3
n
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*
o

, xP¢x g x? (17)
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In the region II , wherve according to (3) X3 2 T, , :in

virtue of the above suiu one has
- ’ ‘= +
9n- P(T)x27x3)

Jor all uuamissible values (10).
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Thus, some events with o, 2 d—‘f’ being described by the
function 9(T‘;x:9_.,a'-‘3+) as well as all the events described by the
function SD(T;'I'Z*,J:;) refer to the region I . In consequence,
the cross section in the region II  breaks at :I:_,_=x_,fz) and
the cross section in the region I makes a jump, shown by a
dashed line in Fig.2. If at N # O the function p(T7, %, Z3)
describes only events in the region I , then the curves I
and I  in Pig.2 would intersect at the point X, = x_:_g)("l)
as it is in the case of n= 0.

The differential cross section in the region o has the

form
1 dasm - ds 2 Tx.l.
where

[ENICARE Y
for all the values of (12).

On the boundary 4= X3 = T of the regions I eand I ,
corresponding to X, = qu) , f(T; xé‘, :I:;).—.S,(at,", a‘:,", T) tekes
place. However, due to the difference between the phase volumes
of the regions I anda I » the corresponding curves in Fig.2
at n= 0.1 do not intersect.

In Fig.2 at some admissible values of I  the curves of
(4%5326’,")'1d25/dx1d5 as a function of &; in the regions I -1
for the certain value ' = 0.8 are given to illustrate to what
quantitative changes leads the taking of the quark mass into
account. Events with such T can be initiated by both, light
and heavy quarks, that is why on this example one can clearly

see how much the taking of the quark mass into account affects

AR A A Y 1 NI RA TR MAS T R AL
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the theory predictions.

a8 it is seen in FPig.2, all the curves for the regions I-IT
snift to the left, to the smaller values of &, with the incre-
aging n . ut n = O in all regions the transverse momen-
twa varies in the sume range, while it 1s not so at 1 £ 0,
the regions II and I noticeably expunding over X, at the
sune time (also see Fig.1). Discontinuities on the curves in
the region I at N # v ure due to the fact, that beginning
from u certuin value of the itruansverse monentun at a given ]

2) 2
(X2 X = 0.342 at n = 0.1 any X 2 CC_L'): 0.205 at N = 0.2)

4

some events, which at smull values of :ri contributed to the
region II , now do to the region I . It follows from the curves
shown in Fig.2 that there is a ruther wide range of the values
of T, at n=0.1(0.124 xxPcx < £’ = 0.295) vhere the
gluon jet can be either of intermediate energy as compared with

W and @ Jjets, or the most energetic one., Drawing nearer
to the upper boundary of n first of all disappear the events
in the region I , and then in the region I too. 30, in the
considered case of T = 0.8 at N = 0.2 there are no events in

the region I  and at N =0.26 - in the regiou IL as well.

Using the expressionsg (15)-(18) it is easy to obtain the

- summary distribution in variables T and X, tor the process

we are interested in:

1 d6 _ s 2 T PSS
Gpp dTdx, 27 @ Tx*{m[?(ﬂ Xz, X3)+

/- + 1 /+ /-
+?(T1)m2)x3)]+(1-1-)529(x1 ,x27T)} ’ (19)
where the function P(T’,x’z‘,x;) contributes to the summnary dis-

tribution for the valu -~

1o
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Po€ T €Ty, X, § XL X,

- . : x* ¢ x, ¢ P .

L}‘: £ 1 S DC ’ L 6 L N L 1] (L(J)
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o€ s, , 0 € X, £,

while ‘P(Tj xé*, 1‘;) and 53(33’,+,J.la., T) contribute to the swmnary dis-
tribution for the values (16) an'd (12), respectively.

In Fig.3 dependence of the differential cross sccotion (19)
on the trunsverse momentum at some values of n is presenied
for the considered case of T = 0.8. The form of curves impliesu,
that taking the mass of quarks intc account noticeably changes
the picture. Apart from the considerable expansion oif the variu-
tion ranges of X, at n # O as compared with the massless cuse
end the shift of these ranges towards small values of X, , it
is remarkable that there appear structures in the curves.

At N = 0.1 in the range 0.124-‘-‘334(_“S$¢$ CBS) ~ 0.275, as
it is seen in Fig.2, the summary distribution is due to events
from the regions II and I only. Beginning from X; = 0.275
events in the region I become possible which results in a
sharp increase of the cross section (almost an order of magnitu-
de). Structure at X = xia)z 0.316 has a kinematic nature and is
due to the fact that at drawing nearer to the upper boundary of
the region T («'JCL"CC(:.)) in the denominator of the expression
(19) Yy,— 0 (integrable square root singularity, connected
with the phase volume in the region 1 ). Beginning from this
value the summary distribution is due to the regions I and I
and beginning from X = x_fa) = 0.342 - the region I only. it
the boundary of the region I ( X, — xf) ), there is again the
square root singularity comnected with the phase volume (Y, 0)

which .eads to unlimitted increase of the cross scction.

11
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»t N = 0.2, in contrust to the case with 1= 0.1, there
are no events in the region i » therefore the corresponding
structure ( Y, = 0) does not appear. At N = O, as it has
already been mentioned, the variation range of Xy is the same
for all the regions and besides, 91= Yoy iees there is only one
square root singularity at the common boundary of the regions.
This is the reason why the distribution curve is continuous in
this case.

As the masses of heavy quarks are noticeably different, the
corresponding values of q at a given energy of reaction, being :
in a square-law dependence with them, will be quite different

too. Taking into account, that at a given T the region of the

admissible values of X, significantly depends on 1 , one f
might suppose that the measuring of T and Xy would allow to '
judge about the flavour of the quark or antiquark, responsible

for the given event.

The results obtained in this paper can be used in the corre-~
sponding Monte-Carlo calculations with the use of various mo-
dels for fragmentation process of quarks and gluons into

hadrons.

The author thanks S5.G. Matinyan for discussion.
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1. The phase suuce ol the considered process in variables

(T ,X) at N = C.1. rhe dnohed line indicutes the pnuse
gpuce at N= 0, which 1y the swae Lor oll three reglons
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2. The dependence of the cross section d25/d11d5 , normuliced
ofg 26 .
to the value 4:’1’—G (ol ol on the transverse momentun in
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3. The dependence of the cross section dzﬁ/d Tdx, of the con-
sidered process on the transverse momentum st the same para-

meters as in Fig.2.
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