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1 Introd1.tction '· 

-- ;~~- .. it )s· known that;l~~;ge· asym~-etries . a~e-~b~ervea: in. pr;ces~~s"'ii th.·· 
~: singli p~(arized partide. For instance, a~ymmetries observed in 
pion production with a· high transverse momentum are of an .order. 
· of ien ormore percent[!]. Fo1:.this reas9ii stngle asymmetries can: 

· · b~: very convenient for the study of pola~iiatiori .. effects. in QCD. 
·However; for their generation··a mass pa1~amete1;·a11d an addition·al· 

'.· ·.jniaginary phase ar~ necessary. 'As ._a .. res~ilt', these asymmet~ies are· 
, . ; I·/ . . . . ··. ,· , ... , , . ., . ,-,. 

. _absent in the ,masslei>S QCD twist-.2 approaclr a.nd,twist-3 contribu- . / 
tions appear ill the le~ding approxifnati011.,' / . , . , / 

A decade'.ago, [r 3] a self-corisi~teiit appfoach to th~ single asym-:' _ 
metries in QCD w~s prnposed .. As ares1.ilt_·: the parton-like expres~ ' 
sion was obtained. A.short-distance part. is calculable in perturba~ 
tive QCD:with slightly rri~dified F~y-~man rule~. A :lo11g-distarn;e __ ~-

. contribution is -described by a new_ two-argiunent partori m~trix el-. _ 
errients; the so-called :quark::gfuon· correlators.: The. latt~r 'should, : ·· 

· in.principle, be determined experimentally·frnrn· a {'partorioineter". 
pro~ess,_just like the or.djnary-· p~r,ton disti:ib_uti9!1s is ·c1etern1ined ' 
from the deep inelastic' scattering. .·· - -· _ .... 

. . •·. <.:The ixperirriental study ~f quark-gh10n-c6rrelators was recently 
.... hpproved h.Y.the RHIC Spin Collal?oratim{ [4]. Tl~e con{parison with 

the QCD predictions involves a numb~f of theshort-distance sub~ . 
. ---_· p1:ocesses. Y p _to now, the CC>mpton Sl_~r>pi;~ce'sses'. -yNi-':-+-'Y X. and . 
. -~ ._gNj ~ ,X are calculated {3, 5, .7]. Apart of the qllark:gluon. cor-
. • . refato~~,: mentioned above, t~ere are alsoyure gluoni~elators, ... -: 

, giying rise to the ~ingl~ ~sy~rrietry i1} tl~e s~bproces_s qNt--:* JA-'78~ 
. In Jhe present article we try. to add a new lme:to t_h1s short 1,ist We. ·. 
· confine ourselves to the _quark-gluon correlators and calculate the · 
. asymmetry 'in the ~ssentiaUy nOJ).~Abeljah ~ubprocess-gNj'.::+ gX,' 

· ,, contributing significantly to asy1~11netry of pi Oris ar{d 'jets. . . . 
Th~re is also ~n-·impO~·tai1t ·1·'pl,lr~ theoretical;; pro~lem .. The :_ , 

: appr6ach [2, 3] is ba~ed ~n the Ellis; Furmai15ky, Petronsio .(EFP)' 
factoriiation·scheme by using an axial ga1.ige[9[More rec~ntly sirri.-, 
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, . 
Har results were obtained by J. Qiu and G~ Sterman [6, 1]whoused 
the so:.called speciai, propagators technique· arid: CO\;ariap.t gauge. 
Although, these approaches· coincide in: ·the most essential points, 
there· is . a significant· discrepancy.1 Sterman and. Qiu p~oposed as 
the m,ain source oflaig~ asymmetries the so-called gluonic _poles; 
Their manifestation in _the framework ·of _the EFP approachrequires 
the sirigular.behavior of one of_the correlators, whose origin is not 

• ,yetclear enough.. · . · . . .·. · . . . . 
'I'.,he article is orga'nized as follows. In. secticm.2 the l~asic features 

of the twi;t-3· approach to. single asymmetries are discussed andthe . 
~re~ults of some previous calculation .are prcscrited. Section ;3 'is de< , 
voted to the calcula'.tion of the,i'.to~-Abeliai1 subp1·ocess and to· the 

·careful.an~lysis of gauge inva~ian~e. The coi1tributionsof.th~·glu-_ 
onic aridfermionic poles are compared insectiori 4. Theasymmeti·y 

• ' • • - ~ ., < • ' • • \ " ' • • - ' • , ' 

of dilepton·production fa calcuh1ted, rnanifesting a smooth interpoc . 
l~tion .between these poles. :As a.iesult, the c~·rrelatcfrsingularities, 
mentioned above, see~ to b'e· abandoned by .the hadron density ma~. 

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

trix- positivity. The .possible ·resohition · oL these controyersies and 
·. the· qu~lit~tive 

0

predicti9ns for .the ob~ervable ~symm~tries.are pre..: 
sented in the coriclusions, . . . 

\·, 

./ ' ... . . ·. ,, ·,,,., .' ·-, ',. . . . ,•.:. 

2- ··Imaginary.·. phase and single· .asym~--
rn~trie~:i~ ~the-t~ist, 3s,ubprc>ce·~s"es:. 

> ~ t. ,, . . < , - ' ~ ••• _,.,.. • ,. ' ' 

Conside~ ;a hard~in:chisi~e procei~ .with a transvei;se polari_zed nu:. 
cleon. The term in" the-~rnss section ~roportfona:1 ·to .twist-3 CQFre~· 

• .- J - - • , , - - • • I ' .. ' • ,, - , . ~ - . -

lators 'can b~ expressed in the form [3) · ·· · · · · · 

- . du! J dx:d~;fsp[S,,(x1, ,,,)?;,(,,,, ,,,)}; (1) . 
1-~ ···-· -

.where ·S,,.(x_,1 ; x2) is~thecoeffi~i~ntfuncti,6i;·~6f:p~,rto~ subpro.cesses .· 
with two quark and o:n.e gluon.legs (Fig. l);:Tµ(x1,'x2r dep~fl:1S()ff . 

-. • • • ' ) '. - _.. • • ~. '"; • • - 1 • • -. 
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pa1:ton cor~elators: . 
/' 

. •.· . A,f , ,. . . . .· .. , ... 
1

Ti,(:f1, x2) :: -(pi-:l s,,bA(;1, 'x2)-.h;EP/lSPJ bv(xi, X2)), (2) .. 
. . 27r ,• . . . ' ' " . / . 

,yhere: Epµspi = ,EpµoJJ Sc,p1/" s,," ,is the c'ovariant h~dr~n polarization 
:vector and M is the hadron mass. T,vo'-argumentdistributions 

. . ' . - - "" - , ,.· . .. 

· ... ·, ... I ;'1· d>\J dX, .\ 1 . .··)+·\ : ' b ( i· r: ) = _· • . . -i·,. i ., i _., 2 ,. 2.1.~. x 
: A . . I ., . f . Al i f"' "2 7r ' . . . ,' . : .• ' ' . • . . . . I 

· x(pi, si~•(0),:1, 5
( ()( ,\i),s)li_1(,\2 )IJJc, .s)> (3) 

,, 

-bv(x1,:r_2'),=-·-· ·.· .. ' e1.\1(.r1·-:;1·2)tL\2.,;2f._1,s111nx 
. · .. · · iv! · ·. 27r . ,,, . · · , _ , . ,----..::._ ,-

.. · · .·, - .. · ... :i. -1· d)l}d>-. 2 . . . " 1 : •• • .. • • • · . • 1 

· · · · ·x(p1~-~111;(0),,D,,(\')11:("i)l1>r.~~):, .·;'ur,· 
,,· . ./· 

are real and dimensionles/ . ;6iey ];OSS('SS. s~:;niiwtr/ prope1\ies :. 
which follow fro11.1 T-inva~·iance •.. . . ·• · . 

.· l ·• • ' .· , < ,. /', . . . ,,,-

b..4. ( :r1, x2) =-bA ( x2,·X1 ),· bv(:rj\:r2) = -bv( :i·2, :ri); ; ·( 5) . 
'_,•·_ .. ': . . · . ._; .... ,·_ .... '. \~ .... ,.<, .. · .. , ...... · ... 
In the case of the standard parton;picture the imaginary phase·"

can appear .only in the ohe~loop · aJ)proxi1~1ation; ·· Conseq~ently, any 
single asym~etr'y ·is. proportional to ns: Thesituati~n f,.different··· 

·. ,i~ the ,cas~ of twis·i~3 subproces_s .. Besides the· "usli~1r' imaginal"}; 
· pai·(of' ~he prop,agatorjFig. ·1a.) , 

.,, ,, - . I 

1 ', . 
-:----·::_· :...c_·-· :...c p . I . . .· , . . . 
X1(s+ u) + t + iE -,_.a:i(f +·u) + f _: /7!"0.~;r1(8 +~u) +i) 

( (P1X2 ·+P2)~ =' X2S, ll ~ (p1:r2 - p3)2 = .r;rr, I=, (p2_-:--p3)2) whicli. 
. corresporids to cut on tl1e missing rnass'M.{ :.::.. (i;1 +p2 -~ p3 ) 2 .~ 

one ~hould take into account another one.· It arises·, for ii1sta'.nce, . . . . ' .,- ·. . . ' - - - ' . . . ' 

3' 
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in the diagram of Fig.. la _,vhere the gluon is attached to a .Born 
subprocess. The imaginary part of the propagator 

. . ' , '· . , 

+ ' -. -_' .1 . ' 
- . - P- {:( x2s +u. ,x2s :---rnv :i.·2s) (6) 

leads to the required imaginary phase- in the haclr~n~quark amp Ii~.' 
.. tud~. Conside;, f~rdefiniteness, d~-ly th; Zliagra;ns, which l~ave Ct~ts 

- ins or u to th~ left of the cut in M}. The: effect of mirror·diagi·aIIl~ -
is, just to cancel the real part of the· arn1Hitude and to double the 
imaginary one. The u- cut corresponds to an antiqt1ark' contribu-_0 

tion, as tis~al (3]: - - - - -· - - - ' - - _ _ _ 
--The singl~ asy_Jllmetry gen\ra.ted hy the twist-':3 correlators does 

.:-n~t d~p~nd ori as, since as· is,inch;ded inthe distribution functio~,
that contai~s < ;/JgA1P>_: This _results in large (1)roportional;not 
to ~s. but to. the hci:dron rpass) })O\arizatibn (~ff ects.' ' - ., •,, ' ' -_. 

_ . The twist~3 asymmetrL~s-(or tl_1e direct}>hotonpr(?d~ction in the -
Comp_tonsubprnce~s wereca_lculatecL1fow ychrs a.go. -The-simplest 

• - oni is the Abelian: asymm~try for. the procc~s ,Ni ~.1 X[3] - --
.. >.-_-_-_,: --.-/·.'·-_:·-__ :',----)-, - . ' 

- _ bA(O,x)---: bv(O,a:) xp(l - :rp)-ivlpr _ 
. . A,.-,- - .- - . , _ ( · -- -, · - 2 ·) 2 -. __ f x)_ ., , , : ( I +,:z:F .. 7!1y _ , 

bA(o, x) -:,6{~(0 __ , x) (-- · .·•.--_- -2'-)'-1 21\Jpy_ - _ _ . (7) 
- - ]--+ T -- ' ' . - xf(:r)'-. - ·- . F . - 's -.. · '·' . 

Althoughtlie diagiams ialculation restilt.s in p;~fact.oi·'(:'p ;;(N2
:_ 

.·· 1)/2N, it is included in the'definitionoft,l1<;c:c;r1~clatm'.s (3]. Conse:: 
. quently, an the -~ymrri~tries b~lciv/'~hould,be dividedhy il1e ~am~ '. 

-· factor.The.simplest noi1-Abelian· asymmetry--f~r-gNj~_ ,)tis [5] ·-• -
. ·. ;-· . . ·~ ' - . . . '" ' 

A'~ 'bA(O,x)~bv(O,x) X. 

' g,- _- ',, ·- ,_ ·J( ): . . . . , X .. -. 

' . . . : XF(t-~xi;- )(CF:_ (:rF, +- ijc\/2) 2N/ JJTi : .. 
X - --- . -- - ... - C' ( ·- 2 ) - - -- - - 2 - -- -::- -
: - ___ -_ . -_. . _ F 1 +·:i.:F - _: :.' , __ . mT_' -- . 

bA(o,;} ~ bv(o, x) [9F· -:-c (:1:F +1)C,1/2]2M1Jr _:· 
·'xf(x) _ _ -- __ ·. Cr,(1_.+.T}) 

(8) . 

l., 

' •· • • -...__ -- • • • C. ~· ,"'·, 

Xp = ~u/s,x ~.-:--t(s--t;_u),m} ---: utfs,,c;., = N.'.JJri,the articles 
[3, 5] the: sigp of x F is wrong in -some -places; the ·correct· result 

-was first_obtai~ed in [6].):The quantity f(x) is'a,ri "ordinary" spin~_; 

~1--.--- --- a_v erag~d/ quark-:--~ist' ribution. He. re __ an_d __ below the expressio' ns_ for 
, · "raw'? asymmetnes are pres~nte~: all parts related-to unp()lanzed 

: (, haarons are om_i:ted; To yass to th~ hadron'"case, ori~ s~o~ld !n ~-8) 
i, _change t, s· ~ ty, sy (y bemg the_gluon momentum fract10n) and m-

,(; · tegrat~ over y (separate!)'!) the properly normal.ized numerato; and, 
denorilinato~. Nole tliat asymmetry (7) is the natural "part"onom~~ 
ter" :fo~-th~ correlatort( th'e aqdition~t°y irit,egrntion is absent). The 
coefficient;~f 1 aricl xp in the.expression (Sbfrepi·oportionaltothe 

'·• ·coior factors ofs.'... and ll.:., chaimel ~liagra1ris Ci<o,C- c\i/2 and Gp' .. l. / respectively. Thi~ isa conseq~ience,of the syrnn;etry of th~ Abelian: 
·:/ -- - result unde1~ int~rd_rnnge of ·Ji: an9- s. . - . ~ ---

-. ' -'j < ~ ' . ' .. - ' ~ \ . 

" -:3 
. , j ~- - ' ' . - \ ' f . - . . . . ~- -' • ;_/ . '> 1 .. 

N on~Al~eHan Q<;nnpton. subpr,oces·s and_ 
( 

cl· Gauge\lnya,riart~_e: -_ . /" . . --
, , I ' -< <' 

Cakulationsof A~ do not differ.frori1c~lci.~lati~ns for An a~d:after, 
-' - alltransfor-mations we have . - . -

I : 

I 

I, 

'- '.,.. , , , ...• " . I 

A ' -~ bA(O, x) ::-bv(O; x L 
. -- ,-g - . j·_ ·_( )_ -· X -. . ·_·. X . . . 

: .-(1 - xF)( CFiF-'- (xr: + l)C~/2)2M PT---_-
x ' . ___ .. -_ CF(l +x}). -:, "< ' m}. -= 

/ . , " . ' , , ,· . i 

bA(O, x)'-' bir,(O, x) [CF-=- (xF + l)/xFCA/2] 21\1i>r 
xf(x) , Cp(_I + x}) ·: s • 

·/' 

'(9} 

Note "that t~e expressions in sqli~re br~-~kets i~;-the se~rind equ~lities ~ 

in (8) arid (9) differ ,by i-ntercliange of )f and 1 f;r.p. It i(> natural -
since processes gNT-+ ,X.and ,Ni -:--t gX differ by-interchange·of s 

~ and
1

u. As we have no~ hadrons in the final state it is ~necessa;y to 
take i~to·acco~~.t fragmentation processes:. ~H~weyer ,·it• is possible 

. . 

5 '_ ·.-: 
"\ .. 

\ 
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. to measure the asymmetry of the gluon jet. This allows one to avoid _ 
complications co~nected with hadrt?nizati~n of the final gluon: , 

''The calculations ·of ·Ag9. _~!~ iuore complicated because of the 
· essentially hori-Abelian nature of the gluon Compton subprocess .. _ 
New-diagrams of:the type in Fig; lb appear with the three~gluon 
vertex.to-the right of the cut in M}. Calculating,18=-diagrams (in: . 
two of which the colour factors- are equal to zero.), instead of 10 for 
-4,")'g and Ag")', we ?et· / . . -·· 

, __ A = p~(O,'x) '- by(O:x) (Cp-; CA/2)(1.- x;) x 
. gg - . . f ( ·) C ( 1· + ·) ) -X · F ,Tj;,_ 

. ·x ((x}+ l)CA/2 - Cp~rp(l -lxp)2
) Mpr == ; 

· (xp(Cp-,OA/?r- (l+ :r}.)Cj,/2)' m} · _ ._ 
-bA(0, i) - hv(0, i:) (Cf. - C,1/2)'. -- . 

= , . xf(x) . - · Cp(l +:r}.) ,x . . 

,/'' 

- ((x}+I/xp)C;,.f2~Cp({-:rp) 2 )1'1pj' --( ) 
x (,xp(Cp - CA/2) _: (1 _+ :i})C;.,/1) .., .. · ·_ · 10 

r \ "'• , • /. ', • 

' \\ ': \ , ,r ; ; ' ' .• ~,,' E •', • • • ' < / • \.. 

·' Note that the expressions (8), '(9) and (l0)'reproduce the inclu-. 
sive Comp!<m asymmetry (7) in the" Abelia.n" lin~it Cr1~ 0, Gp-;; , 
1. - - . --· , '-:: . 

::1'}1:e calculations are performed ·using a~ :·axiaJ~type ~gauge. In· 
this .gauge tlie gluondensity matri~ 'and .the numerat~r of gluon 
propagator are . . , , . . . 

pµ;{k/=::_
9

µ: +dktL.nv-+h:ynµ· ___ 
,. . - (kn) · ' 

. - (11)_!. 

~here nis ~he gauge vector ((~Ak= ~~ ri. 2 t= O).' _Th~ parametei· 
. a is introduced. to control the result. ·. h~ fact, we performed the . 
:c~lctilations keepi~g it.fre_~: The bA terni'is gatige'invariant, l;ecause. 
the Feynman ruleiforit generate on~shell a.mj)litudes ,vith ahri_ost' 
sfandll,rd~~xternal fermion 1ines:'-Therefore, it shot1lcL1{ofdep'end 
. on a. Thi~ is; nof tlie case ·for th'e c~~fficie1;t of bv that is· gauge-

--_ d~pendent and' c~ntain_s 'a p'q1yn~infal '(i..'.de1)ct1de~1cc;. Note that 
-~ ' •-- • ' .- • < ... '. ~ 

, l" : ! 

. -~ 

_J ., 
i . 

\ 

/ 
it does not !lleari the g~uge dependence. of observable c1uantities 
because the_ EFP factorizatimi scheme is. valid jt;st for the axial · 

· gaug~. One'gets this.gauge s~tting a-~·]. Tlie' coefficient of bi, 
·. appears· the·n t~' be equal, up tb a ·sign. fo that of-bA: As a 1'esult, 

the asyrrpnefries ar~ pror>ortional to b.,i - b1:. This coml;inatior(in. 
·,:different pros:e~ses (7)-(10) appe~i:s due tc) the 1')0sitiv~ t'~channel 

parity [5,_ 10) (t' corr~sponds to the forward scatterin;g ampljtude . 
·and, o-f course, i~equal, to zero) of the< four-photon. sfate. - The 
change of two photons to two gl11011s: in' A color siriglet state. clo~s 
not. violate this pfopertv'. . ,.,,- ... :., . - ·, . ·, · - . : <-_. · ·-~- .. _ · - · ... 
. .O~e m;y calculate tl~C' bl'. t;rm ii1 ~m- alt:rri1ative wa/~~1si1ig. a:_· 
kinematica.l ide11tity: _ . ,. . 

PJ.-'SPJ _ /.; 'Jl~J)l 'Ii.+. /.- 1 {:>·.~Pl 11 ':,- .-. 

t ·· -,-P1f. ... _-/J1~ ·. ·, ( 12 )-

,_-,The· first term. ii1 ,tl;er..li:s .. gener'a.tes the Feyn111-~n rules\vith 131 on 
the external line [6, )],· just .. like for the 011~shell 1;aiticlt',., It is .th~1:e_,, 
fore natural that:the coi:resp~1;cling-tenJ1 is (;-'::"independent an_cl may. 

1 

be calculated in the F~yprna.1i gat1ge: The res{ilt of thi~' calculation 
,-e;adly,coindd~s (for,all the above l11entio{1ecl 'pr~cesses'). ,vith -the 

. - whole 'answer in the ~xi<1l gauge. ·c-T.hc 1:emaini11g 11:_dcpt•nclenc~ .. 
. thr6ugh f.1'

5?111_ app;~.rs ·to be., fictiti()\IS. .To·~,-e.i·ify this. ~we per~·. 
formed the ~alculatiou fc>i· ti;<' 111(;St ·· 0 c•11i•1'.a1 ,; obc;Yillff tlwrestric·-
;. ··- ., 2 \ - - . :. _., ,, ,_ --·? '· , '... , ' , . ... b .• i. ,- , 

tions n .:._:o, (npi):= 1, · ., ; 
'. ' . . _;;. 

. n; . (2_£~(, ~ 1) + p_2/2)pi' +~l'JJ~--t;'(~,~- {)p~+)i..,1~~ · .. ( 13}. 
.. . . SU - · ' ., . $- · , ll -' ·· · . ·· ·· · · 

i 
-.1 

--,· The dependence :oiiJree parameters 1 ~)3 r~~lly caifrels out.·, In fact~ 
one ~an expandE1' as fol19,vs:: · · · · I 

I 
• , . -.-. ., , ' I , 

/ 
·~. . '[E. µ A•i . ''E , l'·E , JI ., I'£ tr Pt = P1 .',I +P2 '2 +_p3 /:,3 + -~. '.s· 

- . . . . - ~ ~'(_ -. _· . .. - ' - . : ·' ~ ' > ~ ·,. 
;The cornbiuation of interest is· thc.·11 just.~ · 
- ,_ ' ....... -· ~· ·, \..) ~-.' .- - ·, ' 

• I . . 

. I . 
(14). 

·,, 

t [E;,~·1·'i,s'p1n'_ P~im;3s,(E""l .. r 2 ( J)) 
r ' Pi} .· ·-· , -_E __ .· - -. _ '-':3~) ,~ ~27'l _)' - c,.-., _ 

. . . ' " 

(15)' 

i '· 
·.1.' V 

7. \ 

'· ~· 
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A straightforward calculation sfiows that.the· n- dependence can
cels due to the·gauge-invariant r~lation £ 3 -~- Dis/u. It is equ_ivalent_ 

. to the follmving one:· . 
tr[E''pi]pt = o.- _ (16) 

It is ju'st the collinear ~n-shell Ward ·idei1tity, and it shot1ld be 'valid~ 
. in, the-general ~ase for a rather simple reasoi1. Generally sp~aking, 

, . ... r . ,. -

.·. , µ . / µ _ E ( .1: i) - E (.r 2} 
. E .(x1, Xz )JJ1_ - • .. • __ . 
· ·, , • • : ;1· I ---: ,/'1 

( 17) 

V -

._Gonsiderthe double cut in :r1, :r1 r:cqi1in~dJ>y t lw single- asymmetry 
. (Sect. 2). · The r:h.s.· is z~r~ 'at least ro1: :r I =/=: ·.r2. The rasc of 
equal :i;'s\vill be considered in' the next Section. 

To clarify th~ n-independence, _;c;nsidd·: the following ansatz 
- for Eµ compa~ible vii th (J6.). . . 

'I- ~.. ' .. ---- ·-
, tr[E;'11d-= (/'PJC~:-'iE,,(J, 

::» . ,· , . 
(18) 

Substitutingthf.latter}nto-(15) and exp~l-Hlingthe· prnduct of t\vo. 
e's, ·one sho~ld note that 11 enter:s _()nly into the scalar product 

. (pn ).~J, dea:rly nianife~t'i~g th~ n<-ind'epcndence. .. ; ' ' 
' ... All the gaugedepe1:1dencesh6t1ld t'f1erq_fore be attrfbuted to the 

_contribution of th~, second tc~ni: in ( !'2 ).<.The .clil'ect ~akulatio1{ -
r

0

eally l~ads to~th~ 1i2 depen_<lent ~xpr~~si01r.-· 1-Iqwcver, it i~ ~ciual 
to zer~ (for any-,;_)- in the ~xial:gauge used to deriv~· the factorized 
. form{ila (1). This ~eems·quit~ riatui-a·1 hecau~e the collinear Ward 

.:·identity 1s-aga:in appli~able. Note the irnportantdiffercn~e h~tw~eq 
the two terms in th~ r_.h.s: 'o((12):.~-tl1c ·apJ)lication. O[the Ward 

' identity ieads to the n:.__inclepei1d~1fcc,~oCthe first one and _to the .. 
v;nishing of th-e second: one. . , - __;, . . . 

· 4 · . Ferm.io_ni~: and -gluq_nic -'poles'. 
J __ 

:All the prese~ted results are 1:elated toc-011trih11ti~ms of "fermionic . 
'~o!es": contributions ( diagrams of 't!Ht type iri' Fig.l):- They ~ome· .. ,' 

. . , ' ' ' - ~ . . .. ~" - , ~ . - ' --~ . 

:.. 
. ' 

.8 i..,;_ 

from the phase space region i~ which the hadron momentum frac
tion. carried by a quark tends to ze~~ (x2 --t_ 0). These results . · 

-.coincide, up·to definition ofcorrelators and kineinati~al variables, 
.· with similar. contrlbutions calculated by Qiu ind Sterman (6, 7], 

In their wor~ )' giuonic poles" .were also introduced ( diagrams of 
)..' Fjg: le type). They are related to. ~he phase spac~ regionin-which 
1 J · · • the hadron momentum fraction carried by a gluon tends to zero· 
d'. ((;1---: x2) - 0). These "gluonic poles!' are consi'dered as the main 
\:J, coni'ribution to asymmetry. The-contribution of.,, gluonic poles" 

( • - > ' -- • 

~......_· 

. \ 

, app_ears to be equa1 to zero ,,in c;mr-approach, however:· 
. In the paper [7] it' is proportionaCto the co1:relator 7't°( x; x): 

' , .. . ' 
•·T/( Xi, ; 2) = .J· · d)..l d>-.2 ~i:\1 (ii ~;2 )+i.\~x~ ~psp;n X _ 

. .. . . . 41r, .. ' ' '' -· 

><(P1,~J?,b(0)11F,m(>-.1J7i1•(>-.2)lp;~-s)- .. (19) 

~- It does not app~ar iri our app;·oach becaiise the ise of-axial gauge 
irhmediat~lyleads t~: ~ ' : ·:- -~ ' - ·:- ., ' . ' :: , ,_ - . 

,--. gT[(i1,~2) = x_1~ x2Mb~(xi,x2f -
·- ·-,, . ' .·2 , \ ·. ' 

_·,·(20) 

'Although_the Feyriman.gaugeis adopted i1~[7]; aUthesecori:-elators· 
'are gauge invariant',, because the c:hange of the gluon strength tensor: 

'" _, . : , , . _ -· . ; . · • ' , I . ·- ' · · · ·' , ' - ;, 

_ ,:, ... F, under the gauge .transformation _does riot influence the color-·. 
si~glet mat~ix element refated)o Tp;· . ,~- - - . ·. -. . , . . 
. One_~an get.a nonzero result if bv(x1, :r2):has a'pole'. at X1 ::::: 

· . ±2~ 1'0 avoid -th; manipulations. w_ith the ·poteritially dangerou·s 
·, quantity -bv ( X' X ), we calculated the asymmetry for. the di lepton 

:pair photopx_o_duction, i.e~ A-y,,~ with a virtual _final photon (p~ ' -: ,_ 
Q?>· 0). · It allows"a· sµ10otli'interpolation between foimioni"c a.ird 

1 
, gluonic polesand may bf considere~ as a "poles partonimeter~. _. 

,j,.1 · Averaging over, lepton angles w~_hav~:..~ . . , , 
\ -- . . ·: ,_- ... , ' ,, :, .: : 

\ . A • .2 . _ ,. . . .·· x(l - y) '> .-, , , . , J 2Mpr x 
'\{ ... · 3.-y ·. •xi;:(1-'-y,~ XF )['(x(l ---: y) - y:i:j;,f + :t2.1:}.]J{x) s 

; • -~,,,, __ •~, > - ••-•, " ,~>0.e-, ,'' • - C • • 



/' 

-/ 

• . •. ' .·. ,, - ' .· . ', 2 -y . ;- . . .- ' '. ' ., ' .. 
x [(bA(O_,~) - bv(O,x))(xp(l - y) -::-.-xp(2(1 - y)+ xp)))+ 

. - ' ' .x - ' ·. 

·+(b~(O, xf ~ J!.bv(O, x) )2?!.;:} + 
. ,X .· ·. X - . . . 

+(1.:__' y )[(,bA(Y, x) +bv(Y: :L:) jr(l ~ y ._·:rp )2_ ~. 
. . ·. . .. ·... - . . .· ,· .·· ... T -

;... 

· _(21) 

~(bA(y,·x) ~ bv(y, x))x}]l, :>.• 
• ' I • ' .• _. ·, 

· where y = Q2 /(Q2
·-_ tt)>The tt:-channel diagrams contril)l~te with. 

the,,correlators whose arguments x, y -/:- a~. If Y. ~ :r, tlie pple in . · 
bv(x, y) r·esults'.in_ the infinite rise of asymmetry. This 'cont1:acli,cfs 
the positive definiteness of the density .riia.trix. Note that the cod
fi<:i~nts ~f bA' and ·bv are no 1rnore eqttal because~ the.'virtual photon·; 

-does. not hav~ a definite p~rity.; · .. . - . -~ .. ·, -
. ·::-; This ''proof' of the nonexistence of gluonicpoles is quctlitatiy~ly 

close to thereriormalization. group approach: Some ,i·est1)ctions ~11 

· the large .distance contributior(are ixhposed bv the short-ciistan·ce 
- co'ntribution·. •. To ufide~sti~1cl .. this· 1:esult bette-~·,. \Ve cal~ulatecl tli~ 

writribution o{ glucmic poles for a.ll'.the•1~entionedp1:~cess~s.: The 
· result appears to· b; n:__ dependent. . . ·· · - · · ' · . · 

The· application ol the identity (12) lea.~l~ to decon1position of 
thegl~onic p~le ~ontributi~n.·.··'vVe P?.Y t,l1c most 'attentio11,to the ' 
analysis·of the.first term. It -i~:gauge in-variant'. (ci~clepend<?n~e 
cancels 'out ,because·Eµ is projected Ollt() 71r·) ))tit n...:::dependr11l.'. 
This m;ans that 'the on-shell. coefficient. fui1ction, is. not orthogbn.;;r -
\ .'.· ' . .-- ' ': . . . . " 

top contrary to the-case of fermion poles ( 16). It rnaY be. caused 
'Only by the fac(that the ;.~~.s._of tJ1e_:eq~at_ion 

, tr[Eµ(:1, x~)p1]Pi ~-- tr[ E( ~1 )JJiL-c-,'tr[ E(i2)P1] 
), . ·- ' · :r1 -'X2 

' . ;, 

_(22) 

~bt'aihs a double cut; ~ne of the,cuts }S procluce~lby X1 -' X2 in the 

r 

· .denominator. However, iti~ possible-to treat poles like.that by.using. : · 
. th_e priricipctkvalue, pres~:ription [PL result_ing iw'th~ ze}~ dbuble -~ . 
cut, Then-dependenc~ may be consider~cl as am>ther a.rg11me1it iii 

· fa:~or of the n<?~ixistence. of gl{10riic pole:~- ' -~· > : ·_ \ . < · · 

' :, 
10 •; 

\ 

<;,' ~ ···1 

,·· I, 

-: 

Note !hat a·pole of.eq. (22) type ap1)ears:directly inthe ex- .. 
·· pressionfor the gluonic pole hard. scatterin·g part, . calc11lated by · 

- Qiu -and Ste1'.man [7]. The coefficient of the s::-function dedvative 
· (s~e eq. (5.lla) of Ref. [7]) is proportional to-thel.h.s. of (22). 
Changin·g it by th~·r.li.s., one may repn::iduce the result [7] if and 

·only if~ne of the c~ts is· produced by the denomiriator. Note that it-~ 
. should then be p-~oportional to the Born spin~aieraged cross-section 

of the Compton.effect because the hadrci11 polariz~tio11 compl~tely 
_ 4ecotiples. Really, formula ( 5.11 h) or R('f. [,] lllc11lifcsts the:, (amili~r 

expression .. ~ . . . ' - '. . . 

·- If, however, the pole -~ust h,,~lly be' ln;atcd by-using the pfo1ei·-·. 
pal va~ue prescriptio1i_ as m~!1tioned abov<.' _- tl1e corresponding. con~ · 

· tribution of ·gluonic -poles tui·ns · to zero!· The remaining term· in 
. ec( (5.llaf [7], piop.ortional to ti~~ 6-function itself, may also be 

fransformed by using th~-\Vardiclcntit~cs: -They are, however, more 
. · -co~plicat~cland.require further im:estigat.io11.. .. . _ . .. . 

' ' Co~sig.er now theiseconcl .term jn ( 12). It afso i·es~dts iirth·e; 
n-d~pendent: .~xp'ression> l'vloreover. 'it a1:ipi'.ar~ to be di~erge'nt 
when f3 :-t o; 1- -:-t 1, i.e. n bec~mes.~lire~ted alon·i the. inco~1ing 
ghioAP2: This divergence ma{be cancelled b); tlie additionalpole
coming from the gauge~depe11dent .piec~ ofthe gl~10n' propagator, 
[12]>',- . ·. • ,· - . ·, . ·' .. · ... - . . - (. -

· A"possiblequalitative reas~n-fm the al;sence_oqhJ gluoni.cpoles 
is as foliows:·the doIJ1inance of:,thi ·glu91_1i~ poles \;as r~lated· [7] to,..., 

- tlie fact thatl)soft gluohs are emitted nmcl~•11101:e readily than. ~oft 
. quark~"> However, this emission-is_ known t.o result. in ti,e infrared 
dive~gence and m~y somehm,, cane.el foi· i.ltc' c;l)S('r~ahlc~ qi1a11tities. -

..,: ' r - ) ' • • • • • • • -, • , '• < _, • ~ ' ' ; \ ' 

- ' ··. ·- < ',· . , . . ' 

5· . Discussiofr·.and .Con·ciusions 
•.--r 

. - -- - . --L - ,,. ' - ' ·---· ,\ 

. The calculated twist-·3 asynunetries are ·not. the corrections, like 
-.·.. ' : ,- .' ' /. •. • - .: •· , .•. _~ -~-" ! ...... _· .· -

. th? twist-4<one~ in the spin avei·aged case, !rnt the leading 'ordei· · · 
'coµtributi~~s. · / · .· , ·_ . , _ . . . '.< , ·- _ ,· , : · _ -
-:~ Our results provide sonie cp1a.lit.a.tive predictions for the' observ~>· 

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

. 



. , 

able asymmetries;; The single asymmetries ,for piol} (jets) pr6.duc
tiort predominate ov_er the•direct photon' asymmetri~s in the region 

/ ---· - ' . . . ' 

of ~rget_fragmentation (xF ~ ,O). It can be see1~ from (7), (8), (9) 
and (10). that A,"Y and:A;g ,diffei· in sign' from A,,9:-and Ag,•' The de; ,, 
pendenceJ, on ·xF ofA99 and A~ (the•ki11ematicalfactor 2M pf /m.}, 
is.omitted) are shown~ in· Fig. 2. · •· ···· 

: The asymmetry in the lepton pait photoproduction is· oL espe
: _ cial interest as adirett probe of quark gl11ollco1'1:el~tors·i11'a1Wide 

fange ~fits argumei1fs. Jt is possibl~~ top<,;rfol'l~l Stich experiments 
at HERA (HERMES) and CERN (HELP) -i11 tlte~neal'cst.'. future:. 
This asy~metry seems to ~~1ar1ifest that'. the cxi~tcnce c>f gluon J)Ol~s: 
.contradicts _the-nucleon density matrix positivity .. __ · ··. 
· Anoth~r ~rgument aga.ihst·gluon' p~l(:s_comes- from dH' f~tct· that ' 

,, , , , . , ' , , - ,. , ;; 

their contribution ·appears_ to dc'pcncl 01.1 the ,·eel.or n fixing the 
" -, ,.- ' '·' .. ·- ' .. ., .· ,_. /.' -

. axial gauge and transve'i-sc· direction. Tl1is pnipcrty. i11 · its ff11·11, is 
related·to the nonzero dQt;hle tut of 11i;:·1cadi11g t\\'i~t coefficient 
function'. 1~he-latter see111s 'to he ficfitio11~ 'h(;cause the rcleyant 
pole resulting from the ~ollinear Wai·d idc11t.itics_r·~1ay Ge t'reated by. 
us-ing. the principal value prescription. T'-h is t1:eatment nu-lli fies at-_,. 

:.' . '. .' ' . - - . . / ·--, . . / ~ 

least one.of the gh10:qic p_oles _contributions .calculated by. Qiu .and 
, . , ~'\ Sterman:'. · i ' . : ; · ::.'." '. · · < __ · · : · . 

'Here on"e ~eets'some:no~ 2commutativ,itv in C,;kulat'.ing the imag~ -
' , ·, " . ., .-- ' 

ina~y.part and applying. the vVa1:d identi'ty. Jf one ·,first .calculate. 
the double cut ofEµ,-the ~ontr~ctionwithp'' results in a no~iero 

·_expression'. The latter is related·to the ima.gina1·y part of:thi de- "' 
,' ·, nominator prnd~cecl by the collinear. \,Vard identity.~ It is possible, 

however, to apply the Warci icl~n-tity (o the a'.;1,plitudE.,-in the Eµ
~lidian region and to'p_ed~r~ the:,analytic contintiation afterw~i-ds. 

, It, seems that i-t, is natural to treat the n1entiont~d denominator by 
- the principal yalue presc~~iption)ead1ng to.a z~ro gfuon· pole' ~ori~. 

fril;>uti~n. In. our opinion; the .secon~l recipe is supported_ by 'the 
' . funda~ent~l r~le~of·Waid ideptities [13L From a mo1:eJc;i·1~a.l point·, 

of view, there is jus·f the non-conni1i1tati,:ity ~>f the, double d1t and;' 
·,; 'limit X1 - X2 --t 0. ,As this l1rnit-isjust. tlw rcs11Ji of.d~uhlc c~1t, 't)ie< 

" ·. . - . " . 

:, 
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'latter' may be i>erfonned first, leading again to a Z;I:6_~·esult·. _ 
· However t the finahesolution oftli'e puzzle of gluon p~les requires· 
- furtherinvestigation. The planned am! prop·oscd cxj)(_'ri1'nent can 
_ also help be~ause the results depcri,d strongly ·cm the gLuonic poles 
_existence; It is very_interesting that such fine and intimate proper:' 
ties of QCD can_,>in principle, be tested expei-iinentally: 
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KopoTKIUIH B.M., Tep.sien O.B. 
KoMIITOHOBCKHe aCHMMeTpHH TBHCTa-3 

E2-94-200 

BhlllHCJieH BKJiaA «cpepMHOHHhlX IlOJIIOCOB» B OAHHO'IHYIO aCHMMeTpHIO 
TBHCTa-3 I'JIIOOHHOI'O KOMITTOHOBCKOI'O npou;ecca. Cy~eCTBOBaHHe «I'JIIOOHHhlX 
IlOJIIOCOB» npOTHBOpellHT IlOJIO)KHTeJibHOll onpeAeJieHHOCTH MaTpHll;hl IlJIOT
HOCTH. IlpeACTaBJieHhl Ka11eCTBeHHhle npeACKa3aHH.sI AJISI aCHMMeTpm1 npSIMhlX 
q>OTOHOB H CTpyiI. 

Pa6orn B1?J:ITOJIHeHa n Jia6opaTOpnn TeopeTn11ecKoiI cpn3HKH HM. H.H.Eoro
JI106ona OM5U1. 

IlpenpttHT Q6i,e,111HeHHOro 11HCTl1T)'Ta si,1epHbIX HCCJieAOBaHHH. JJ:y6Ha, 1994 

Korotkiyan V.M., Teryaev O.V. E2-94-200 
On the Compton Twist-3 Asymmetries 

The <<fermionic poles>> contribution to the twist-3 single asymmetry in the 
gluon Compton process is calculated. The «gluonic poles» existence seems 
to contradict the density matrix positivity. Qualitative predictions for the direct 
photon and jets asymmetries are presented. 

The investigation has been performed at the Bogoliubov Laboratory of 
Theoretical Physics, JINR. 
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