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lli11pKOB Jl.8. . . , . 
0 11enpepb1BHOM, JaBHC51IUeM OT 'Mace a11amne ,naHHhlX 
norny60Ko11eynpyroMY paccemniIO · 

',_'' . . . .·' 

· E2-95-341 

PaCCMOTpeHa npo6~e~ta yl!eTa TmKenhlX KBapKOB B rny60KOHeynpyroM pacce• 
mmH.; J,faBeCTII01 l!TO 6e3Maccmlhle cxeMhl Bhl411TallHSI, 11anpHMep MS -cx~Ma, 
i1e 51BJl5IIOTCll cpH3Hl!eCKH 'a,neKBaTllhIMH B cny4ae, ec.im ::ii<cnepHMeHTanhHhle .naHHhie' 

, cocpe.UOTO'lelfhl B6Jlll3H nopori:JB TSDKenhIX (b,c) KilapK0B. C .npyroii CTOpOHhl, 
cymecTByeT rex1m,1ecKM npo6ne~m 11enpephrn11ocrn MOMe11ToB cTpyKTYflllhlX cpy11K-
UHH M;,• ' ., . 'v . ·· .· ,; 0 

• •• ' •• C ..•. :· ' ·· ... ··· ·· ,, , 

Ope.nnaraeTC51 npocTM MOAHq>HKaumi crn11.naprnorn 6e3~taccosoro npu6nH-
' )l(emrn, KOTOpM npHBOLlHT K 6onee peanttcrnl!eci<oMy 11e~·pephrn110My Bhlpa)l(eHHIO 
M51: M (Q) H MO)l(eT 6h1Th ucnonh30Ba11a Ml! npairnl!eCKOro .nsyxnernesoro a11amna 
\··' , ,·. n. ._ . , ) ! . , . , . ~ , ·. : , . , , 

.na1111h1x_ no rny60Ko11eynpyrm1y pacce51111110; 

. ' ·, . ) : ' 

·' Pa6orn' Bhmom1emi I! Jla6oparnpHH Teopern4ec:Koii q>H3HKH HM.H.H.Eo·ron1060-, 
Ba 0115111. . ·• ·. ' . , . 

\, 

'· , ·, llpe~pHHT 06Leiim1e1111o·ro H,HCTHiyra lll\ep111,1x ttcCJJeJloBaHnii.'Jly611a. 1995.· 

Shirkov D.V. · 
On Continuous Mass-D\!pendentAnalysis of DIS. Data 
1· -~ • ,' 

. The heavy quark mass issue in deep ineiastic scattering is conside;ed;.The point• 
.is that massless, subtraction schemes like, e.g:, MS are not physically. adequate. 
to the case of data concentrated close· to heavy (b,c) quark thresholds. On the other 
hand,' there exists some techni~al problem with continuity of structure function 
moments Mn· . 

. ' . . . . ' ' ' . 
.. We propose a simple modification of the standard massless approach that yields 

a uiore realistic continuous' expression for M (Q) and can be used in practice. ·: . . . n . 

for two-loop DIS data analysis. 

The investigation ' has been· perf~rmed at t_he . Bogoliubov Laboratory. 
of Theoretical Physics, JINR. 

. . . ( . 
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1 Introduction'. 
·) 

'~P.erturbative· QCD': in practjce_ is ~ product of combined,use of genuine . 
, perturbative calculations and of a renonn~group (RG) technique. The 
.. popular·RG resummation algorithm employs beta-fu:0:ction' ~( as),· anoma

lohs dimensions 1( as), an~ effective cou.pling &, ( Q) calctilated:withiri'_ some 
massless renormalization scheme, e.g., :the MS: scheme. This practice I . 

seems ra_ther natural for short~distance doniinating'phenomena .. However, 
in nowadays QCD it meets some specific trouble relat~d to the fact that 
mas~es_ of heavy quarks (HQ) are parametric.ally large a:s ,conip~red to, the' 
'characteristic confinement scale of an order offew'hundred MeV. · 

.· , . · ,Inan analysis of deep inelasti~ hadron~lepton scattering DIS data, one. 
•, commonly uses a' massless, version of the MS subtraction scheme ... Here, 

formally, tht: transition from the Q region with someyalue ~f flavour 
• :numberj:...1 to the next / 0 region (i.e., conjuction of the &s(Q) behavior 

.. , in two.different ·regionsor "transit_ion:across' the· Mr threshold") ·can be 
:performed with the·help of the so-called "matching relations" for·o 3 (Q), 

, ,(see, e.g:,·refs: [1]) .. They yield the a~(Q) continuity condition·on (every) .. 
-~-·HQ mass M1: 

. . ' 
i 

}" 

.and 'provide(anaccur~te as (Q) de~ription for .th~ Q value not too .~lose 
.to the threshold region. ' 
> To analyze DIS data, ~n_e.canuse the ~G-summe~ express~on for evo-

' ltition of the structure function moment_Mn(Q). However, there is rio yet 
a\imple recipe in}he rnassless MS ~chem.e for providing .the ·continuity for •-;-'- • 
anomalous dimensions and, hence,Jor the Mn(Q) evolution. . · · . 
-. The purpose of :this paper is. to dem~nstrate that there exist~. a 'rather 

· simple modification of the_ massless MS scherrie which allows one to acci.1-
. rately account forJeavy mass thresholds in analysing nonsinglet structure-. 

· · fui:tcti~nimoments in DIS. . ·. . . . 

. . . . . _:As' it has.re~entlyb~en show~ [2]by direct summation of HQ polariza
tion' one-loop ·cont_ributions to a nonsinglet light-quark structure ftinction 

. of,DIS diagra:ms, the "physical" nia:ss-dependimt;coupli!}g,&s(Q, M), that · 
bears. information·about ."Euclidean-reflected" heavy thresholds, m~tm=allr
emerges iri evolution equations for parton.distributions in hard processes'. 
It_. was-also. demonstrated-t4at the. sa.me· expression, &s(Q, M)_.·could·•be·. 
obtained by an explicit solution of massive RG eguations. . . 

,..---•. 
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'Recent estimates decionstrate a significar1t role' of mass' effects in as 
evolution if the .evolution range iin,;olves HQ t.hresholds. In the paper [3], a , · · 
quantitative discussion of. the as( Q, M) behaviour in the threshold' region 

·hcis been presented: It was shown·Jor -th~ ii~(Q, M) _evolutior~ .that the· .. 
smooth mass dependence in the threshold ~icinity could le~d to an effective 
shift ~f theiab~olute as values of an order of 10-3 •. The corresponding. 

. . . . , . ' .· I • , 

corrections_ to the ·as(Mz) value could reach few per cent, that is not 
smaller ,than the three-l~op cont~ibution [4]. · · 1 , . , , . 

fo the next section, we gi~e smooth analytic expressions for mass de: 
. , pen4ent as(Q,M) and Mn(Q,M)ievolution based. _upon .''ma'ssiv~;,; RG. 

l 
{ 

11· 
'j' ; 1 :,,' 

:I, 
, 1· 

• 
1 

formalism devised by Bogoliuboyand the present author[5],· [6] in the:mi1-
.fifties'. ,We skip all _theoretical and technical details referring,the_reader_to·.· 
·_our pr~~ious publications[7], [8] and presen,tbelowjust the' sumrp.ary,of. .1 

two-loop results.· . . . , .. •· ; ... ... . . : ·.. . , , · . . . . , , > ' .. 
'Th~n,(Se~tion 3)0w~ discuss a ~pecialhea~'};~mas~~d~pendent,·,,hybd

1
d'' ,' . 

·renormalization schelll~ tha:'t · naturally arises[2]. in the DIS evolution' equ~~ 
, tioµ and: obeys_ the desoup!ing property ..• · Section. 4 c_ontains some',; t1seful .. : 
approximations that simplify the final. t~o-loop expi·essiob.Jor evolution'. 

• , • • '• •• , ,, ' .,. ·\, , •• ,,, I 

· of distribution functimi;moments; · ·. . .· . . . .. . 
.. ,. : We;5hall, use 't,he foll~w~ng nota,tio~. Fi~st,_ para,llel, witn,\he usual> 
· t QCD ~oupling a; we ~~pl~y al~o.:.t]:ie '.:<:mplant, a,=. as/~1ri. _Seco~d~. ow 

subscripts and supersnpts. m brackets JUSt. correspond to ,the number of 
'loops, so th~t, ,e;g'.; /J(k), =: /Jk~l '. 'Then, i~stead of structure; fonctidn .. · .• \ 
•moments Mn we con;ider only their;'evolutionpart'? M~ _( i.e.,'distribution \ 
frinctio~ moments) ' . . ' . '' ' . 

\ 
'.Mn(Q,M) ~ Cn(a,a(Q,M))Mn(Q,M) . 

.\:.. .. ·: .. ' ' , ,,1, ·':, ... ,', ,·. ·•. ,:\ 
neglecting corr_ections to C,.; . . · .. •, .. . 

. ' •.. , ' ' . ', ' f_'. ·. . ;" ' ,c- i '\ • ' ' ' < ' ,,... ' /· ' ' \ ·.·.. ~-- ,: ' '' . ,·' 

2 ··.Mass-dependent RG sohitions 
• . ' ! ·. .. . . · ... '•, _'. ' \' \ '' . '. •, <. ,·. '.__ ' ~ ·, '' < . ' ' . : . . . ·,· 
The moment's massless two-loop evolution 'is describ~d by the expression 

4 ·' ' -, ., 

,M. (2)(Q) ... ·(.· . ·-·)d?', . .. . : , /• : : . ' ·· ... · · 
n • a · • · · J · .· 

M~(~) =. al(Qf . exp{[a -·a1 (Q)] fn)} ., 
,, I, 

·,;ith:n u ~er i <r.a l ·coefficients dn = 10(n)/fi0 ,'(30(I)'-l:.d 11~ (2/3)f,' 
J.,..= [/Jci,1(n) .'...:•fi11'0

1

(n)]/ /36, ... , and fixed value ~£flavour number I 
., ,· ! • "•·, ' • ,, 

'! 
,j 

i . 

. , 
,i 

-: 

/, 

} 
' ' '· ' ·. :_ ' . ·', _' ', - . >-· ··/· ·, ~-' ~-- : ', -· .. ·.· _'._ '. , ,... .' 

In the mass-dependent case, one should use[7], instead- of Eq.(2), a_bit . 
more complicated expression of the same structure ' . . . 

(4) 

MJ.'1( Q, M> = M•i" C,( Q: M) f 1Q
1 
dp n~ _. ~(lJ ,M>]r;,( Q\J (3) 

• , - • • ;I ' ' ., -., • -., :·· ; 

:with f u ii c ti on a 1, Q- and mass-dependent coefficients Dn,'Fn' 
. . ,. • '(. )/ ' ' ._. Q .. 2 . : . ' ' 

D (Q M ). . ' 0 n . · . I ·1 
n .• ' 'µ . = A (Q M ) . ; ·' =. n,'~ , . 
'. ·, . (1) ·' 'µ ' µ 

-f(.'.Q •·;I i') ~ ,Ai1i(Q)r~
2
l(Q) i:. 'Api(Q)-io(n)l : (5)\ 

n · ' 'µ . .· , [A(1J( Q)]2 · 

~nd 'a two-loop "massive", 'c~uplant a taker{in the RG-summed fo~·m 

• , -1,i(Ql M·-) l ~ +AP) + AA(2) ln[l +·~_A(I;J:' , ' .· 
a , ,a -·_.a, . •· (l)' .... 

, , , , '. \- ', ·. • :• ·. , .- , f'.; /~ •. /,: . ; ' .: I, 

'·· ·,•. Here r~1
l( = .:,o(n )/,' for. a' non-singl,et case) and _HQ-mass· dependent 

A(t), r~t=2
) are,t~.e perfo~hation expa~sion coefficients:,_: . . . 

'·:·.. . . ; ·. ' . \'• .•: ' ·:'. ' -,,'. ·. 

, :(6) 

!] 

/. ii 
,>, I 

"I 

. a(Q,M)pert:=a--:-,a
2
A(lJ(Q,M,µ)'+:+a 3 

.. {[1(~>,(Q)]2 -.A(2J(Q)}, :t7) [ 
,, . , .• ,. " • ,. , I •;/_i 

•··• ·/2-1n(Q; f· . ~\+'.:, a,r(1>+·a2 [r. (2>(. Q·.):.•+, r~1>(.r(I_; ~1 A . (.Q• ))·] .. · .. , . (8)'· 
,/' 

M ( Q,) ert . · n' . n . <?, n ,' (1) , , . 
·. -~ n i o, . ' ~ ' ; ,. . , . . . . . : : . - : : . ,/ : · , · , . 

satisfying the. !lorrrializa~ion· ,conditions , 
I ' ' . , . . "' I , , ' " 

. : . 1(e)(Q_='jt) ~ [~l)_(Q= Jt) =_0 

i:'e., taken in ''the MOM-lik'e form:' 2,' .. ' 

These.1U:assive.RG so_lutior1s (3),(6)pe>~sess ~everaI· remarkable· p1:oper-'. 
ties: · 

.·. ,-Theyare ,;built ~pof perturbative bricks", i:e.,. loop-expansion c~
~fficients Au), r~l [taken .. just ,in the form they appear' in' the' perturbative . 
input] and, ''contain no. meniory" about intermediat'e RG entities' such as 
/3- and 1~functions; , · ' '· , 

-: I11; the m~~sl~ss "purelog" fase [A(k) === lh-11, f(k) ,~ 1'k-J/] tl~ey 
'preci~ely correspond to the well~knowri mas~less expressions; , . -•·· .. · ·. , 

. . -:iBeing-used in QCD, they smoothly interpol~te across:the HQ thrish~, 
old b~tween massless expressio~s with differ~rit flavour numbers,!: .• ..• ',-' 

• ' • , ' I - I'_ \ : , ' ' ' . ~ \ •, • ,.,.-. ' ,; I ('.: ,( - • ., ,. ) 

.. 
2
Just this form of the,MS.scheme is commonly used,by QCD practitioners in data 

, ·\ analy;ing.·: · · '.- .. ·\, .. , .. · · ... , \'·,.·. ·· ,_, .. ,· :,; 
j 

(, , ·a·•: ,·., 

.\ 

'· 
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/,·· 

3 , ·Hybrid scqeme 
' < ,, • > •• • :' ' ~. , • / 

. I~:'our physical situati~n it is. adequat~ to, present ~xp~risio'n c~efficients .· 
as a sum of the massless parfi (with h = 3) and HQ~niass dependent ., 
coiitributioris; e.g., '. . . ' . . . . , . 
., • . ,· l, 

\' : 1!~)( Q) ~ /3k..:'1(3)l--:, !i(k)( Q); '' \ (9) ' 
I ; •, ' J \ • < .': '· ' ', ' ' , 

·A·• (Q)·-.A/3, ·"1·J(k)(Q2/~.<2) 
Ll.(k) ,' - ~. k-1 LJ O · lvlh , 

. , . h \. 
' ', ' '' '. ·' , ~· . . . I , . , . j 

wi,th '?,'/Jo= 2/3, bi./3/~ 3N3 ,anlsum~ation' over HQ;s: 'h .~ 4, 5 .•• 
Here 1tl, the k~loop HQ c'~nt~ibution, is subtracted at Q2 ~ o. 'This 

defi~~s ~: specific; h'ybrzd sch~me (marked by '"H")· 'that is. adeqtia.'te' to 
the case when' ~hi bulk, of data lies'.clos~·to the' HQ thr,esholds ( i.~:, Q~ ~ 
N/4 ,5 ):· At Q, µ,<< M4 ,; ,i( smoothly. approaches the ma,s'sless.:three-flavour,:· 

... ,MONf~tj,pe scheme,· i.e., satisfies' the. decoupling condition./Ho,vever; '.in 
. ,)h~ opposite, ,UV massless, li~it 'it cloes not c;rrespond to any·.w~ll known 
' massless scheme, Here:.'it.' is appropri~te to introduce an effective coupling I 

aH(Q) with the ~xparisi~n coefficients_' , . ' , , . , ' 
. . _', < ' < '• . . / '.: il · . , · . · : . , ' , · , 

a(k)(Q)= A(k)(Q).,tbi.(k)(µ) •',• 
: '! ' .' -': ; ,"- ,· • 'I I ,' > \ . ,,1 ; _.:, ' _:' ',· _· .. ·. I : ~. ' ·, ·.', .: I. ' I . ·_· ' . ,. ,\ ; ' ' . ',. 

. · wit,h si1nple
1 pv li_mit a(k) ~- !'(k/(5)[: 'A{te.r RG ~UIIllflation a~l(Q) has . 

·'· theform, (6) and eriters into Eq: (3) that can ~econfrop.ted w,ith;i~xpe~i-
1 ment~l data'.: Howe;er, to relat~ the parameter a~)(Qo ;..:;, Mh)' =' a11(Qo) 

, . extracted from these data wi_th, e.g'.; a· widely used .parameter aM~, of ,the: 

. M~ sch,~~e,. th~' tor~esp?n
1

~~r.gre,calc~lation sµm1ld. be' P~_dpn11ed: ', ·.. ' ' 
· , ,We give here, the trans1t10n,xelati<;m· between; aH(µ)· (µ ~ Mh) and 

iir.1s(Q) (Q,:i Mh)writtin do~n:in a MOM-li~~ foi:_m a~(l) witl:i I== 5. -. 
.· ' . ' ' ' : ' ' ' ',-. ·. ' : ,, . , ,_, . '. ' ~. -~ ' . .· -~ ', ,·,, -~ . ' 

· ··' l · · : 1 ' .. , ,, , 1 , .·· ',, · ,' · .. ,·,· /Ji ( 5) · · . , , ' •, • · . ·, . , 
.. ·~~(Q .. )/·='_ (l). =:= --:--(·) +f3o(5)1+ ./J. (5') ln[l + a,80 (5)/] . . . (10) 
,aMS :· as . aH /1 : •. ·,, · o · ._ · . · , _, ' 

I, , 

4,, UsefulA:pproximations'•. 
. •, , !i' ,. I /.: : ' , , ', , •: , ' · .. · \, . ; . 'I f'' , , ; ,•. '' ., ,\, .· ' •:, 

,, 'Analytic approiimatio1i. As itha,S been pror>osed:in t,he paper[3], the'one~ ' 
,lo()p; polarization operator in the' E,udidean r~gion caii ~e 'approximated ' 

'I with.high ciccuracy by a simple expression ', ·'' ' ' 
' ·,_ ·: ' ,\' ' .,.·;··· --···. \ .. ' ', 

Io(z) •~ 1o(z_) =;:Ju ·(1 ·+z/5.30) 
• '. ,•!•\> • . ' 

,·if 
"\ '•' ,, ' 

': ~~ 

' ; 

that has a correct ,UV limit j0(z) ~ · 1~ z - 5/3. In, combination with 
.. the pu_re _log structure;of the op.e-lo<?p contr~bution to· Mn~ thi~,yields a 

·. · possibility to use one~lciop coefficients :,vith. simplified,Q2_-dependent;;e 

. . Ai,i ~-p,;3)i- ;~ tin (; +q2
/ ifrz) i -~: - 5.3?M': ; /(1i) ., 

, ' ' , ' ' 

D;:.(Q) = . , · '.-' ,o(n)li _.· ,, _ , , · :. : (l2) 

. _ , ·•. /3o(3)/ _..! l2Jln(1 +Q2/M't} · · 
• . , • i ' •. ,: . ' • ..1' . -~ h '- I; i I.,'· ' ! '~· ;_ ~ .• · '.' ! ••• , 

Th~_se expres~io~s could b{used for an evolution analy~is in-the' ~ne~fo'op' ·, 
, approximation'.' ' ' ' ' . ' ' 

Spli·n;,approximation; Foi a roughestimate onecan use also .a simpler,'· , 
' ' ' ' ' ' ·.,· ,, I ' ' ' ',, ' ,, ·:• ' ' l 

"pure log"/arisa~z A(k)(Q) ~.1cr/t) , ·. l ; • : • .·., · ,, , : • 

·.•, '. 'A(ij(l) = ~(1;(3)r~ bi.J3(i)IJ 0(Q-~ ~ (Mt'>)2){Z+ ,\ti)};, '(13) 
' , ,, >·,~. ·.~:', .. , :·, /. _:, h ·, !, ',.: ,, , ,, 'q 

; I 

, . ., _ , , 'l ·=1ln( Q~ /µ, 2
) ';: ,\~ ~ lri(µ/Mh/ .', , '. 1 . , .. , 

•' . .; ·. : . :' •, : ,·,,, ·.".. ' ,I (· >·-, . - , , ' ' ,.' ··' ' ·. . ', ;" < . ,I :·,''. , ·I 

:, · This aiis<!-tz)ritro.dtice~ anadditicmal ~rror to, A6)(9)'. !1owever/eve11 
irithe.(rriirrnr) threshold viciriitythe absolute distortion is smaller than 

' . ·, (L05' (that corresponds to
1

bi.iis := o.oif ,: : : · i : :- :< -, ., > ' 
, The uti.lity ~f.this spl{ne-type (in terms of_the ~varia,bl~) appr<?ximati~n; 
Eq: (13); is that it ·admits a rather simple generalization to the two-loop 

i' -·, 1~ \ , 

~· 

-: ' .'" .. ' ' ' ' ' • ; ' . · ... ' . I ' • ' . ' ' l, . . . • ' . ''' . ~ ~ " t , •', I: ,,., . ' ' , ' ) • ' •. . 

case "(l)" -.:+ "(2)". The point is that for actual' u,se of our smooth mass-
.,.· depe~den\e~pr~~si~n~.' Eqs: ( 3 )-( 6), 011~ 1:eed~ i~ tdcli t;ic~n t~ Ac2) ( ~hat '.ha~ 

·• been calculated m a,smgle, MOM scheme[9]), an expJ1C1t ma~s~dependent · 
. two-loop c6ntrib~tiori d?> to st:tucture'functi6~ 'morrients.'. 'I : : , / ' : : 

. ·:;<A's .far,asthese·te~m~ .are not known:yet, we ·c~uld use th.e·massiess 
".. . ., . . • , ':•': ,,. I , " ' • , , , . . .,, ... , ,. • , 

.. · spline-type approximation to Fn:·; · · . . . . .. . ... , . 
,;' ' ' , ' ' ' \:,' ' •·.• ' ' ' - ' '!( ' ; , ' , . 

'.' ''',,' 11.spl(z)r~2),spl(l)·~'Asp/·(1): (n)l 
F:P'( l) =, (1) . . . - ..... . (2) 'Yo , ' 

. ' , . , [Aspl(/)]2 , , , . ,·, , 
' ,(1) 

_ with explicit e~pressions foi:two-loop e:w~nsion coefficients' of the s~me 
· structure asin ~q .. (13): .>· .·: ·· · · · · · -

, ·;··, I . ·, ' ,· -'. ; · -i , ·1 
• 

C,(Q)' ~-C?1U) = ~;(3)1 i bi./L 0(Q2-(Mt)2){l +,1,\t} ·, . {15) 
' " ' . ,, .. , . : ·~ ,; ' ' ,' ,· .,i ' :,· \. ', :lh., ', '' ', '' . '' ' . ' 

\ I 



{ ',· y 

/ 

I'; 

with' Ci(/)·== {Ac2)(/) , r~2>(1)}: ·-· 
- Here, a deli~ate issue of the _Mi definition for each 'two-loop c~'utri~ 

bution' aris~s3• This calculation needs an asymptotic form of' the ~as~-
, : • • ·. ' ' • •. . ' ' • ·,. • ' 1 .• 

dependent two~loop contribution, i.e., the logarithmic and constant term "-
. !n( Q2 I M,2 ) - C ' M = exp( c/2)M, As a provisional solution 'we propose . •,' 
· · the presumr,tion: - · · · · : · 

. ,- . J ,.- . - ·, • . , 
/. \ Jor all two-loop' contributio.ns .use· the same one~loop p~larization 

M = 2.30M ·vp,lue as in the one~loop ru~ning a. case. .. .. . . . ·. ' ' \' . 

· · 5 : . Fi_nai' R~cipe · 
\ / f 

·._., 
I, 

• Ot1~ mainTesult is _based upon Eq. (3) for'evolution ~f n~nsi~let structure 
function moments. Generally, this equation provides us with smooth,-HQ< 
'mass dep~nde~t • description of the_ Mn·. evolution _on· the· two-loop level.·- I ts 
i-.h.s .. consists of tio,factors~ The structure of thefirst one just coincides 
with the one-loop eipression, W,e _shall refer to it' as the '?_one-loop factor".·, \ 
The second, "t\Vo~loop",, factor is absent in. the one-loop. case. _ . 

. >However, for the time bei~g _we'have no possibility to USE:. Eq. (3). as., 
it:is 'chleto' the absence of two~loop massiv~ calctJ,lations. As atemporary 
remedy, for practi¢~1 calcu!ation we propose touse ~orri~ inter~ediate (be
tween one- arid two-lc?~P) variant 'for the r.h.s'. of Eq, (3) - -_· .• _._· 'i ·• 
- Take 'the first "l-._loopJactor'' in the two-loopapproximation wit~~a contiii: 

· uous smooth' mas~0 depenae"nt A(t)(Q;-M), Dn(Q,A-1); Eq's. (6); (4). and_(9t
- For the second-loo,p contrib'utions A'(2), f c2), f~ usespline massless approx~ 
imation described in .Eqs. (13), (14) : . -· < • .-. ·· ·; 

. ·• ' . ' ... I. . . .. _,· , , . / 

~2)((~)~ (~(~a~))Dn(Q,A{\x:? {[a~ ~(Q~ M)] F;P1(l) }:'. :_ (16) ,c 

. ~ µ '- ' . . ·, . • . ' ' .: '· . ' . 
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