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. Introduction 
· l It is gener~lly acce'pted [1, 2]to prese~tihe heavy flavour hadroproduction 

in terms of diagrams of perturbation theory(PT)of QCD (see fig.1).Main sub
process is the QQ pair formati~n in gluon-gluon. fusion.Gluo\1 momenta have 
to be not smaller than the inass ofquark mq,thus the condition a.(p;) << 1 
is valid. But ~t the high ,energies the significant part of .such ~ubprocess will be 
.contributed by the fusion. of the soft liadronic components with the small part. 
of proton momentumx1 ·<<·10~2 • Their mo~ntum distributions cannot be 
calCulated in the framework of'PT QCD. Thus the calculated cross sections. 
of.heavy flavor quark hadroproduction will .include .the arbitra~y corrections 
rising with energy because of ~emihard subproce;s~s. Another approach to 
this problem could'be done from the side of periphenil models, which do riot 

. provide the accu;a.te ~alculationsof absolute .~alues of .cro~s sections, but use-
' . the p~eriomenol~gicalpar~meters.These models take' into ~ccount the softpro

cesses and give the description of multiple hadroproduction cross sections with .i : . 

the ri~e of energy. One of. such models .is Quark-Gluon ·String Model (QGSM) .. · 
[3] . . . -~ ·.· ·.;·; \ .• i· •"::·.': :·. ··: .·• '· .. · .• •. : .. 

. . T~e multiple p~;du~tion• c;~ss. sectio~s are obtained i~' the fiame~ork' of . 
QGSM on the )asis ?f supercritieaF·pomeron ;phenomenology [4],where the 
mafO: parameter, an intersept of Pomeron Regge trajectory:'ap(O) = 1,12 ± 
0, 01;was extracted atthe approximation of total 'cross section dependence on 

.. energy. The st.age of hadronisation is performed iO: QGSM as a ruptur~ ofcylin-
.der p9meron strings into the chaines of quark-antiquark pairs.Thes~ pairs form 
the se~:ondary hadroD:s.Such obvious graphical approach allows one ~) to ac
count the ,dynamiCal alterations in the pattern of hadronic interactions when 
'the eriergy increases and to obtaine the energy depend~nce of cross sections 
in comparison to, one obs~rv~d l!xperimentally at high energies;. b) to ~ccount 
the condition of energy conservation .for momentum distribution of produced 
hadi:ons;c) to account the connection between 'quarkcontents of interacting 
hadrons ami secondary ones,whieli becomes t6 be important for particles pro- . 

duced in fragmentation regions ~f colliding hadrons. . 
\ ' ' ' ' "" ' • ' ' j " • .,. ' . 'c . ~ ' 
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1. The Scheme,ofB-Meson Productiop. in QGSM 
' ', I . ' . . , 

Let's consider in detail'the desc'ription• of multiple hadron distribu_ticnis in the 
fr<1-mework of QGSM.The main diagram of high energy hadron·interactioU: is n
pomeron excharig~ diagram,shown in fig.2C1-).Such diagramwith noninteracting 
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cylinder quark- gluon strings is the leading in 1/ N, expansi~n of QCD:On 
fig.2b)-2d)the examples of q~ark configura:tions on each side of cut cylinder 
are shown. The B-1-:-mesons (see fig.2b),2c))cim be produced directly from the 

· consistent quarks of interacting protons. . · -
Differential cross· section 'xdu/dx is. saturated by partial cross sections 

of each n~porneron cut configuration ~ultiplied by fragmentation function 
\. • , I" · < 
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Fig,l. QCD 'diagrams for subproces~es with bb pair production~· 
. . . ·; . . ' .. : . . ' ""~; . 

.. 

u· 

. :_:_:_:_~~--- ' ' . ....--........ .. ·. · .... -~ zz:;.c 
·.".· . ..' ~,·. ;. tc;,uc · 

•·. : ·. ·· ... c•!i::-
•· .·_ .. j .·· C!o'•· ··.·:·.·.· .. · ·y:·.:. :.· ... l~c-·' .. . . ,,•c 
:--:--,;<:..~ .·· 
. '"~ . "~--~~~. 

. . 
~! • 9 

s+ u : e+ ,_ 

'" ,,- f 

~ud· 

,,.C· 12-~-·\ .: .. ,.( - . w:;c 
Db . ••. . . \ ~Ct>·: bl;c 

§u==:::=. ::::t:' .. . ~~--~-=, ~ 
d . u u 

"' c) d) 

.'l,,· ll 

,- /·,-

·,,, 

' 

,.i "'. 

' 

'. ( 

Fig.2.QGSM diagrams : a) n-pomeron exch~ge,· b )~d) qiagrames ~f B: . · 
mes~n production in. the quark~antiquark chains. · · · 

··} 
l 

/~ 

~
I• 

. 
I 

t 
: ·.~ 

,, 

t'. 

D;(xfx1) an.d quark. distribution. f;(x~) which are c~r{verted on the par't of 
energy x1: 

./J = x~: (s,~) = E uN(s) I:f;(xt)D;(x.±fxJ)~x1 {1) 

· Here u0 is cross section of diffracti~e dissociation production. ,without any 

p~meron exch~nges,and i± =·l/2(x+Jx2+ xl),x.L =2 m1 f·pj}f..jS~More 
detailed ·formulas could be found in the previous papers evoted to this model 
[5]. . . 
• The quark structure function j;(x1 ) has in QGSM th'e following asymp
t~tics: · f;(xr). "-' x!"R(o) at x1 -+ O:The value o~ cnfss ~ection ubb depends 

. on physic~l parameters:ap(O).-the intersept of ~omeron Regge-trajectory and 
'aT(O) .-the intersept of T-mescin trajectory.The estimation of ap(O) was pro-

.. vided in [3] dur.ing the approximation of total cross section curve,and the value •' 
· aT(O) is restricted by the interval: -16 5aT(O) 5 O.The sHape of spectra of· 

beauty particles at x-+ (depends on aT(O)because of thefollowingasymp
totics of fragmentation· function:D( x/ x 1') ,...., (1.- x / x1 ) -ay (O)+con•t •.. 

' ' \ ' ·;' . " \ ·'.· . 

.. 2. · The.Compar~sonofbb-PairJ>rodu.ctioriCross 
f s . t'. . .. i. ' .. .·--
.. ec 1ons · · · 

. Let us discuss hadioproducti~n cross sections 'for• beauty .·qua~ks;presented in 
seve~al papers [6]as the results' of perturbati~tb QCD cal~ulatiops: The dia
grarrts of co·n~idered baskat' subp;oce~ses a~e. shown on fig. LThe gluori fusio~ · 
dbJ.gram(see fig.la) is most important at high energies' because thesubpro
cesses: passing through quark aimihilation ,beco~e to be' of small probability; 
The value; of heavy quark cross section depend on gluon structure function at 
s~all :C1(xt << 10-:-2).. . .. '•' .· · • · .· · • , . 

The differential cross seGtion aependence on the valu(;! of minimaltransverse 
. momentum"Ptmin of B-mesoi1 bbserved in CDF experiment at v.s~ f,s TeV 

[7] wa~ described .in [8] due to PT QCD ·approach. Two curves are presented 
in thi~ paper .. First one is. usualiSAJET programm, result,the second curve 

. \. includes a corrected pararrietrisation of gluon structure function at' x9 < < _10-2 

i having the following, asymptotics: }I x!•5
; This variati.cm allows t() au~hors to 

get a good agreement b.etween the1r results and expenmental data pomts. · 
, It should be noted that the asymptotics ofmultiparticle production cross 
sections ·at•high 'energies i11 this case'will be ~ver the unitarized one given· 
by supercritical pomeron tlieory.lt will be better to use the phe.l).omenological · 
parametrisation of. GSFofthefollowing view:lfx!·12• · . . . . 

· · The energy' dependence of u6'b obtained in the framework of QGSM [9} is 
· · prese.rited in fig.~ a) in comparison with experimental values, given in literc 

ature.The curves for extremal values of intersept parameter:· a:r(0)~9 and · 
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'· .. ··.' ·" · ay(0)=-16 are shown by dashed lides.TheJ{mit of errors of cross section at 
....., . . •· .. vs=1,8 TeVwas d~fined by approximati~n p~oc~dures.The exlierimental value 

1.: 1.
0 000··.r"1 

' """" '·"""'I ' ""_~_~~~ ·:._~--~_"l ! · of.o .. bii(ryl<l,O) :vas_. 'recalcula~ed to._fulliriter~al of rapid. iti.es ___ ,wi~h the he.lp of 
'-" · ·. ·. · · · . · · 1 QGSM dependence ofxF-spectra.The errors mclu~e an-uncertamty,caused by 
1:8, 10oo . . ._·_ :,..;~· i I_ the model depend~nce of differencial cross sections,on ay(O):The best approx-

·i,p · ·· · · ~/ ~· . 1 imation to the energy depedence ofproduction cross sections was achived.at 
. ay(O) = -8 (the s.olid curve in fig;3 a).Cross sectionsobtained for «eitain ener- · 

: h gies anhe generation of bb production eve~ts by PYTHIA 5.3 [11] (the'dotted, 
· -~ line in fig:3 a) are close.to ones calculated in the framework of QGSM espe-

~ ciallyi~ high energy region.ltis imp~rtant,which set of structur~ fun~ti?nS for 
-~ gluons and quarks was chosen. The modifications of those distributions at small 

x admissible into PYTHIA 5 __ .3 cause to some corridor of cross sections at high 
. energies [12] as it is shown in fig.3J?).T?e'QGSM-curve_withay(0) = --:8 goes 

I in the middle,thatis natural for' given p0mer0n asymptotiCS Of CroSS Se~tiOnS. ' 
: ~ ; I f .·. :1 ' . B+- and B0-meson spectra,obtained .in QGSM at the energy 0= 630 

. GeV are compared infig.4withthe resulting ones of PYTHIA S.3.This QGSM 
. speCtra was cakuiated at the extremal value of ay(O)=O,that seems to be close 

0.001 '""' I I I iliilj I I I lllllj I I I I IIIII I I I llliil to the result ()f PT QCD.It should be' rioted q1at there is no diff~rence between 
. ·. iO io• ·_.·. '~0 1 

· .. · '· irJ" . • ~- . ··.I ' ' leadingB+- and UI1leading .8°-me~~n .. spectra obtained by:PY'fHIA 5.3.The 
, ,.....,. , .,_, , ' . I_ . ·. ~ , ·.- .· . . ~ -. . . . . :· . . '.,: . . 

~ .. 1 O O > •. __ II l.ij. I __ • .I I I I : __ ll·j· ·. ; . ·:.·I r_ " ·.·firs;t~ort ~f mes~n.S is ~fO. duce-~ d·i.rectl·y· wi,th p-articipation ofvalent quark 
'-" , / .. . / . ] .· . ?fmteract1ng protons.DJ~erenbal cross,sectJOns ~f B+-mesons calculated aL. 
l;g . , · ''\ · ·, _ , _ ~L// ; . ·1··. .. , . aT(0)=-8 are repr~septed m fig.4 by d~sh:dotted lme.. . 
'\0 o!J. , ( •. l ' • I .. -· \._,_, ' --.., 
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Fig.3.Cross sections. of bb pair productio'n ~t' pp~il,lteracti<m's obtained in the 

experiments [10] and calCulated in the framework of QGSM or in PYTHIA 5.3 
program a) dashed lines correspond to extreme va\ues o(th~ av(O) p~ranie
ter,a solid one is calculated at the opti,mai'value ':. av(0)::::-;8; cross .se~tions 
obtained in PYTHIA· program /are represented in the dotted. line , b )dashed 
lines depid the range,of cross s~dio~S:admissible in PYTHIA'5.3·at the ~ar- ' 
ious parametrizations of. gluon structure fiuictioiJ. ,the solid curv~ is. obtained 
in ,optimalQGSM version. · . . · ... . 
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i 3. Summary 

.. The compari~on of B~meso~ hadroproduction spectra calculated in the frame~ · · 
~ork of Quark Gh~on String Model and geU:erated. by PYTHIA 5.3. program. 
ail owed us to reveal the dis.cn!pancies caused by ~nonperturbative efrects.Both 
approache~ predict· the ris~ or'cros~ section abii at. high energies: in QGSM. it 
W~S achieved in the:way of approximation of availa~Je experimental data with 
thechoice ()f optimal value of bb-~rajectory intercept ay(O).=·-:S,in PYTHIA 
results; based. on. the. perturbative. calculations 'of main. subprocesses the ris~ 
lng c~os~ sections are c~ndition~d·in glu9~ .structur~ function paiametriiatio'll· 

\at .very sinalLx.Both models considered above give. ~n app~oximately_ ~imilar 
value of O'bii= 0.4 mb at the energy of SSC.The discrepancy appears m XF

'distributions·of B-meson~. 1 QGSM-spectra obtained here are more soft than 
perturbatively calculated o~es: No differeu'ce was observed in XF~spectra of. 

· leadirig a~d.unleading B:inesons generated by PYTHIA program.Such differ~ 
ence is due to the .diverse fragmentatia'ns of valent quarks of protons into 

. mes~ns containiu'g b- and b-quarks. ' • . . \ . ' ' . . . . 
The author expresses her g~atitudes to A;B.Kaidalov ,T.Sjostrand , and 

Yu.M.Shabelsky for usefuldis-~issions a~d t~ V. V.Giagolev and S.'Tokar for tlie 
1 . help in the working with PYT_!fiA 5.3 progra~. . .. , < . . . . 
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