


‘,U_lnpxos 11 B. : )
O 1ienpepbIBHOM, 3aBncnmeM OT ‘Macc auamne nauublx
no rny60houeynpyr0My pacce;mmo Cinl

'E2-95-341

. Paccmorpeua npoGnema yqera Tﬂ)KCJlle KBapKOB B rnyGoKoHeynperM pacce~
»‘mmu ‘HM3sectno, uto - Ge3MaccoBble CXEMBI: 'BBIMHTAHUS, naanMep MS -cxema,:
\ue ARIAOTCH (pmwrecxu Q/IEKBATHBIMH B cnyqae ecnn 3KCHCpHMCHT2U]belC naqure
tcocpenorouerm ‘B6nH3H noporoa TAKENBIX - (b,c). KBapKOB C npyrou CTOpOHbl,,
: cymecruyer Texuwrecxaﬂ npoGnema llenpepb]BllOCTH MOMClITOB CprKTypllle (pymo
'unn M : :

o l’lpeﬂ.naraercn npOCTaﬂ Monmpuxauun craunaprnoro 6e3maccoaoro npanu-
f)Kemm, KoTopas npuuonm K Gonee peanucruquKOMy HeﬂpepblBHOMy BBIDAKEHHIO
:»J:Ulﬂ M (Q) H MOXeT, 6blTb ucnonbaoaaua s npaxrullecxoro nuyxnemeaom ananusa

111am|b1x no rny60K0Heynpyromy paccesmmo Sty

i ,f' Pa60Ta Bbmomleua B Ilaﬁoparopun Teopernqecxon (pmnxn HM H H Boromo60-
BaOHHH S e S

;Shlrkov D V e l o | ‘f = E2-95'341

The heavy quark mass issue in deep 1nelast1c scattermg is cons1dered' The pomt-‘
:ﬂls that massless. subtraction: schemes like, e.g., MS are  not physrcally adequate
‘to the case of data concentrated close to heavy (b,c) quark thresholds On the other .
‘hand,’ there exrsts some techmcal problem wrth contmurty of structure functlon
,‘momentsM o A ‘ S : -

r:lWe propose a srmple modrﬁcatron of. the standard massless approach that y1elds
cas more reahstrc contmuous expressron for M (Q) and can be used in practlce

:,'for two loop DlS data analysls

kkThe mvestlgatlon has been performed ,tat the Bogollubov Laboratory’
:of Theoretrcal Physrcs JINR : S
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1: | Introductmn

,'perturbatrve calculations and of ‘a renorm-group (RG) technlque The
«.ﬁpopular RG resumma.tlon algorlthm employs beta-functlon B (a,) anoma-"

'seems rather natural for short-distance domlnatlng phenomena. However,

[fcharacterlstlc confinement scale of ‘an order of few’ hundred MeV. "
;In‘an analy31s of deep 1nelast1c hadron—lepton scatterlng DIS data, one -

‘;f'formally, the ‘transition- from the Q reglon with some value of flavour
: _;number f=1tothe next - region (i.e. conjuctlon of the a,(Q) behavior
n two dlfferent regions or-”transition across the: My threshold”) ‘can be -
, _/perfo1med w1th the help-of . the so- ca.lled matchlng relations™ for- as(Q)
(see; e.g.,refs. [1]) They yleld the a,(Q) contlnulty COIldlthn on (every)
‘f'HQmasst, R T A

—

to, the threshold region. - =\ v i

' anomalous ‘dimensions and, hence ;for the M, (Q) evolution,

; "yla.tely account for heavy mass thresholds in analysmg nons1nglet structu1e
functron moments in DIS. : e

S tlon one~loop contrlbutlons toa nonsmglet light- qua.rk structure function
~ of DIS dla.grams the “physmal” mags- dependent coupling. as(Q M) tha.t
{ jbears information” about' “Euclidean- reﬂected” heavy thresholds na.tula.lly

3 emerges in evolution equatlons for pa.rton dlstrlbutlons in hard processes

~.obta.1ned by an expllr:lt solutlon of massrve RG equa.tlons

ism eRues n..ug Eﬁ:‘f:f.:ﬁ( ,
fi QRePNLIE necwezosisad &

,:}“Perturbatlve QCD” in practlce is’ a product of combmed,use of genume ‘

E commonly uses-a massless version of the: MS ‘subtraction” scheme Here, £

. 'Asit has recently been’ shown (2] by dlrect summa.tlon of HQ polarlza.-

“lous dimensions 7(a,) and effective couphng & (Q) ca.lcula.ted within some 5
“‘massless. ‘renormalization scheme, e.g., the MS: scheme This pra.ctlce \‘»;;;j :

Lin nowadays QCD it meets some spec1ﬁc trouble rela.ted to the fact that- e
_masses of heavy quarks’ (HQ) are parametrzcally large as’ compared to the

{'}and prov1de\a.n a.ccura.te as (Q) decrlptlon for the Q va.lue not too close o
To- analyze DIS data, one. ‘can’use- the RG summed expressron for evo- o
"“lutlon of the structiire functlon moment M, (Q). However,’ there is no yet

ca 31mple recipe 1n/the massless MS. scheme for prov1d1ng the contlnulty for

'The purpose of this- paper is.to demonstrate that ‘there ex1sts a rather :
s'Slmple modlﬁcatlon of the massless MS scheme whrch allows one to accii- -

It was also demonstrated that the same expressmn a,(Q M) could be

o {__BHMBIMOTEHA L



y In the ’mass- dependent case, one- should use[7] mstead of Eq ( ) ablt e
: more compllca.ted e*cpressron of the same structure o . : :

Recent estlmates demonstrate a slgnrﬁcant role of mass effects in a, :
evolutlon if the evolution range 1nvolves HQ thresholds. Tn the paper [3] AUt
\ . quantitative dlSCUSSlOIl of the as(Q M) behaviour in the threshold region Ea e Da@) e
~-has been presented It was ‘shown’ for : the a,(Q M) evolutlon ‘that the " M(Z)(Q,A/[) M'n(’/t) ( - )"'1 e\p {[a 5 a(Q M)]F } ©) fr
smooth mass dependence in the threshold vrc1n1ty could lead toan effectlve e Js e (Q M) BT
-~ shift of thesabsolute &, values' of an order of 10'3 . The correspondlng R L

' corrections to the - a, (M) value could rea(ln few per cent that is.not 'l

smaller than the three-loop contrlbutlon [4]. 5 - : = l it ; i

9 ',Wlth fu n c t i o n a l Q— and mass dependent coefﬁcrents D,,, Fn

o : A ]V[ i
‘ In the next section; we give smooth analytrc expressrons for mass de- Lo ,,\\» o L (l)(Q ﬂ) M : Ty
pendent a,(Q M) and ‘M, (Q, M) evolutlon based -upon .?massive”’ RG B (Q M ) A“)(Q)I‘( (Q) A(2)(Q)’Yo(7l)l
formahsm devised by Bogohubov and the present a.uthor[5] (6] i in the m1d s : ) Enfin [A(l)( )]2 ‘ —
ﬁftles ‘We skip all theoretlcal and techmcal details referrmg the reader to ] »

o our previous publrcatrons[7] 18 and present below Just the summar C
o two loop’ results Rar

Then (Sectlon 3)fwe dlSCUSS a spec1al heavy mass dependent <] hybrld” ;
renormallzatron scheme that- naturally arlses[’)] in the DIS evolutlon equa-

g stion. and obeys the: decouphng property Sectlon 4 contalns some useful
g approxrmatlons that s1mp11fy the, ﬁnal two~loop expressro for evolutlon
of drstrlbutlon functlon moments
We. shall use’ the followmg notatlon Flrst parallel,wrth t‘he usual
1QCD coupllng as’ ‘we employ also: the couplant a = as/47r Second our
: subscrlpts and supersrlpts in brackets just correspond to the number (/)f
~“loops,. so that &g ﬁ(k)f-— ﬂkc Then, 1nstead of structure functlon
: i‘moments M we conslder only thelr evolutlon part M (z e.; dlstrlbutlon
‘Q‘,' functlon moment' R T

Here I‘( )( 70( )I for a’ non srnglet case) and HQ mass‘dependent
A(e), F( are; the perturbatlon expansron coefﬁcrents 2

A(Q(Q}— u) r‘_"(Q

These massrve RG solutlons (3) (6) possess sevelal remarl\able propel .

v tles , o 5 - ':_,
T They are ’burlt up of pelturbatlve brlcl\s 'y 4 e loop e\panslon co- L
it ~‘efﬁc1ents A(,), F( [taken Just in’ the form they appea1 in the’ perturbatlve Ry
» ““mput] and contaln no memory about 1ntermed1ate RG ent1t1es such as. 3
e ﬁ and*’ ot functlons, Co N e e
: = In ‘the’ massless pure log case [A(L) ﬂk ll F(")
Tl prec15ely couespond to the well- l\nown massless expressrons R
= Bemg used in QCD they smoothly mterpolate across. the HQ thresh
old between massless e‘<press10ns wrth dlfferent ﬂavoul numbers f '

P

MS scheme is commonly used by QCD practxtroners ’m data ;

: :;:-lﬁii‘l] \‘a;e*y‘»;

M‘”(Q) ( o >" L
V w1th “n'u m e ric al coefﬁcrents d t= ’70( )/ﬂo, Bo(-f) ’
[ﬁ071( ) /3170( )]/ﬁo, R, land ﬁxed value of»ﬂavour numbel.f: g

: 2Just thls form of tli
kE analysmg




S that has a correct UV lrmrt Io(z) Solnz - 5/3 In combrnatron w1th' B
‘ ‘ : ~ R - the pure log structure of the one—loop contrrbutron to Mn, thrs yrelds a

. “"‘_In our physrcal srtuatron it is adequate to preSent e\pansron coeﬂicrents‘, e L "possrbrhty to use one- loop coeﬂicrents wrth szmplzﬁed Q2 dependence e

_asra sum, of ‘the. massless partx(wrth f\ = 3) and HQ mass dependent_»"f‘;; B : e

tbt veg,” Am—ﬂo 3>1~—Zln (1+Q2/Mh

},,

5 M2 = 5.3,0M2 g
AN

Lt B
(3)1 ‘*Zzln (1+Q2/M2)

Here [(g ) the: k- loop HQ contrrbutron s subtracted at Q2 = 0 « Thlslg
: ‘,deﬁnes a specrﬁc, hybrid scheme (marked by ”H”) that is; adequate to
' the case when the: bulk of data lies’ close to the HQ thresholds (i.e; Qo=
NL, 5) At Q, i <& M4 5 1t smoothl\ approaches the massless three ﬂavour
MOM tvpe scheme ie., satlsfies the.. decouplzng condrtron However in,
. the opposite, uv. massless limit it does not correspond to any well l\nOWn”
“'massless scheme Here 1t is approprlate to rntroduce an’ effectrve uplrng

" raH(Q) with the ¢ e‘<pansron coefﬁcrents ' :

!

,‘Thrs ansatz 1ntroduces an addrtronal error to A(l)(Q) However, ve
n the. (mrrror) threshold vrcrnrty theabsolute dlstortron is' smaller than,

(that corresponds to. Aa, ~ 0.01 e S
The utlhty of thls splzne type (1n terms of_the l varlable) approx1mat10n E
;' (13), is that it admrts a rather 51mple generahzatlon to the’ two—loop‘f
case. ”(1)” ”(‘))” The pomt is that for actual use of our'smooth mass- ;
;‘_dependent expressmns 'Eqs:(3)-(6),-one needs in addition to A(g) (that has
been calculated in'a single MOM scheme[g]), an )exphcrt mass- dependent‘f“f g

..;:‘wrt ,srmple UV lrrmt a(k) . ‘(k)(5)l After RG summ tron"ﬁ
“the form (6) and enters JntolEq (3) that can be confronted wrth experl‘

Uiy mental data. However, to relate the parameter a (Qo ~ Mh) = aH(Qo) .
: )'.";extracted from these. data wrth g, a w1dely used parameter aMS of the:
]MS scherne, the correspondrpg recalculatlon should be’ performed I
[ We give. here the. transrtlon relatron between aH(,u) (,u ~ Mh) and
a (Q) (Q >> ]V[h)fwrrtten down ina MOM llke form a5(l) w1th f = 5‘ =

.“twoloop contrrbutron I ) to structure functlon moments
‘As farfas these terms are not known yet we' could 'us
’sp 1ne~type approx1mat10n to’ F :

g g;(l)r(z),sp

the’ massfess :

ﬂ“() B
J ﬂ( )ln[l +aﬂo( )]

A”"(l

(_l).lfé‘- (2)

[Aii’)‘( )1

i{‘Analytzc app1 ozzmatzon As 1t has been proposed 1n the paper[3] the one-
"".loop polauzatlon operator in: the Euchdean regron can be approxrmated



© uous smooth mass-dependent A(l)(Q M), D

thh C’( ) = {A(z)( ) F(z)(’)}

Here a del1cate 1ssue of- the M deﬁn1t1on for each two-loop contrl- "
" This, ca.lculatron needs an: asymptotrc form of the mass-' ‘

butron ‘arises®
S dependent two loop contrrbutron i.€., the logarithmic and constant term

L In(QYM?) ¢, M—- exp c/2)M As a prov1s10nal solutron we propose S

the pres/umptron

N forall two- loop contrzbutzons ise the same one- loop polarzzatzon
_M‘- 2. 30M value as zn the one- loop runnzng as case.

,,,-, ) ;\;' ;

: 5 Flnal Rempe

; ‘}Our maln result is based upon Eq ( ) for evolutlon of nonsrglet structure
funct1on moments Generally, this equat1on prov1des ‘us with smooth; HQ
rnass dependent descrrptron of the M ‘evolution on'the’ two- loop level Its.

. ’r.his. consists of twbd factors ‘The structure of the ﬁrst one just’ corncrdes
gt wrth the one—loop expresswn We shall refer to 1t' as the ”one—loop factor

' The second; ”two-loop ' factor is absent 1n the one- loop case. .-

tween one-;and iwo- loop) varlant for the r h s. of Eq (3)-
= Take the flrst "1- loop factor” in the two-loop approxumatron wrth a contm-
| (Q, M), Eqs. (6), (4) and (9).
~ '~ For the second- loop contrlbutlons A(z),F(z),F use spline massless approx~
lmatron descnbed in Eqs ( 14) ke :
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.+ However, for the time bemg we have no possibility to use Eq (3)a.s !
i 1t 1s dTle to the absence of two loop massrve calculatlons As a temporary e
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