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1. Introduction

Deeply Virtual Compton Scattering: A New Test Ground for QCD

e Scaling Violations: Non-Forward

e New Evolution Equations

e Generalization of the Light Cone Expansion

e New Integral Relations Specific to the Non-Forward Case
Generalization of the CALLAN-GROSS and WANDZURA—WILCZEK

Relations to the Amplitude Level

Conceptional Problem: Non-Forward Light Cone Expansion &
Current Conservation

How to extract the Twist—2 Contributions 7

How to resum the Spin Towers 7 — Also a Problem for the Higher
Twist Operators for Forward-Scattering!
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3. Non—-Forward Anomalous Dimensions

Non—local Operators = Taylor Summed-up Local Operators

ON3(k1,k2) = & 5 [Y(k1@)Apyu¥(kaZ) — (k)N prutb (k1))
O5°(k1,83) = & 5 [(k1E2)Ap157u¥(K2E) + D(Ka®) A p Y570 (K1 E)
O%(k1,k2) = &5 [(k1E) (ko) — V(Ko )y (K1E)]
O%(ky,k3) = #*3" 3 [FoP(k1E)F2,(K2E) + F2P(kaZ)F2 (k1))
Od(k1,k2) = &% [P(s12)157u¥(K2E) + P(RaZ) 157t (K1)]
Of (k1,ma) = 38 § |[Fat(m)Fe,(kad) — Fo?(mad) Foy(m3)]

Renormalization Group Equation:

d
2 Af = = By
L &PO (K12, Koy u°) =
K1
! 3.t . AB Ao NP ! B s B g
diydiyy ™" (K1, K2, Ky, Ky; u° )07 (K1 E, KoZ; u°)
JK,E

Argument-relations of the anomalous dimension
AB( AB( ! / )

/ !
Ki,K2; Ky, Kg) = YT (K — K,Kg — KjKy — Ky kg — K

= X942 AP (N, Ag; Ar), M)

v

dap = 2+4dy—dp,

dg=1 and dg=2.
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d AB ’ / AB
(Hz—h‘»l) AR (ﬁlaﬂz;filaﬁz) = (091;01171—02)
= —~AB
= K (Ofl,ag),
d AB ’ 1 AB
4(k-) 4B y"% (K1, k25 K1, 82) = 477 (=1, 41, w1, w2)
- r-AB
= K (w1 — Wo, Wy +’¢U2)
Ky — K1 Ky — K
ap = ——, —og = ———,
K2 — K1 Ko — K1
/ '
K 4+ — Ky B -
w-lza]i—azzi—_k—, ’W‘QZI-—Q!I—GQ-:"——,
K— K_—

Evolution Equations for Operators:

d — - / '
#2ﬁ A(K,l,ﬁ:-z) = /Da(fsg - m)d’B d"‘KAB(al,ag)OB(nl,mg),
g d e ,
)U’Hd_‘uzOA(f‘Gl,f‘C2) = /Dw (k_)*B dAKAB(wl,wg)OB(&l,ﬁfg)
1 1—wr_>
- /d'w2 / dw; (k- )2~ %4 K40 (w1, w2)
0 —14wo
x 0" (K1, K3),
Eﬁrsm(wlaWQ) = % [f?éw(wl,wz) + (—l)dBI?(‘,AB(wh—wz)] :
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Spin-Towers :

Two-fold Moment Expansion

d \
2 A B
M d_ ﬁlnz_ Z f}{nl,nz,nl,n’zonlnz
nl,nQ
AB 'n]_ (‘.)’n,') (i{fz)né‘
Yoymgingng = ) d"l Can 1. )
AB
(Hl”{e’ﬁ’l ﬁz)m_m_o
2)
1 P 1—wso —
F}Ifzgz’ 1y (::’)Ja(';n)"f d'wzwg {2/ dwl w?—n Kgq(wlawz)}a
0 0
1 ‘ 1—wip
-1 = o Ry
2 = w(E)erd [ e {2 [ ot R )
0 0
1 ’ 1—UJ2
T = %(;)af’:ﬂ)’/ dwawy {2/ dwy wy ™" K(?q(wlaw2)}a
0 0
1 1—wo
—1 - -
77??’? - (::f___l)g;n)f\/ d’wz’wn ’ 2] dw+ wl d KO (T;Ul,’l.l)g)},
0 0
with
Or = i( + (-1 ”))lljt(—l)!”'“”ﬁ))
= FA£ )% (DY)
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1) Unpolarized anomalous dimensions

l\-r_ " . ~ e < | 1
K (a1, a2) = (.»'F{l — d(a1) — é(a2) + 6(aa) (_
| €2
+.
: [1] , 3
o (a2) {—| T 3¢ d(ar)d(az) ¢,
| Q1 | &
Ki%(on,a2) = —2N;Tr{l~ a1 —az+4danaa},
Kol(ar,az) = — Cr{d(on)dé(az)+ 2},
-~ - — {
Ko (ai,az) = i 4(1 — a1 — a2) + 12en 02
. [ 1] . \
e t_m)( !—% — 2+ ap
N L@z,
\ b
13 :
_;__5(\‘05 :, 1 = — 2 + @ + ,/5(1 tS(m)O(ﬂ’))
\ _a'l_ia— /

where CF = (Nf = ]l)J/ZNC = 4!/3, TR 1/2 OA = N, = 3 and the
B—function in leading order, 3o = (11C4 — 4TrNy)/ 3..

[ aalsel oto) = [ dasta) o) - o)

0

if the singularity of f is of the type ~ 1/(z — y).

2) Polarized anomalous dimensions

A.P‘;rgq (cxy, oo ;i - If‘:rgq ( o1, Q2 ),

fl[;ffb (ar,2) = —2NiTr{l— a1 — az},
AKSUon,00) = —Cr{6(a1)d(az) — 2},
A [\f‘( (ay,@2) = f{’[,"'“ (a1, ) — 12C a1 2
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1) Unpolarized anomalous dimensions:

n+1

- CF{E"mH)l(nw)”ZI]

=2

1 2 n+1
_[(n—l—l)(n—l-Z) p nil]gnn’}
(n+1)(ni2)(n+3) [(n2+3n+4)—(n—n')(n+1)}

1
n(n+ 1)(n + 2) [(

= —N4T

r— n? + 3n + 4)dpn + 29nn’j|a

n+1

- C“‘{[ilﬁ - n(n2—t— 1) (n+2)2(n+3) +2jZ:2 % N zigﬂém
[2(5(2:) o
=% +2)(n(n1+ 1) v (n+2)1(n+3))]9””'}’

with the following notation

#)  _

1
p 1 for n' <m,
nr 0 otherwise .
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2) Polarized local anomalous dimensions:

Avpnt = Ynnt

Aviw = ~NgT (m+ lf’)%(’n +2)’

At = (n+ l)l(n +2) [(n + e = %9*"”'} ’

0% = of i~ areTa ik 5+ |
. 2(?’32(:,:1) - njn’)

/ 2 .
~a-w T 1)(n+2)]9m’}'
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2 The Compton Amplitude

W ke . (R
( L &
\J‘_‘\ \\fb"\ - ~J \(\ 1 f/‘\ "
\\..,ﬁ o {:\/
\\R - //\\

NN
W\ (

% J N\ o
//‘?’\ ‘ P

Ty (4,9, 9) = z/d43: e"” (p2, 83 [T (Ju(/2)J, (—2/2))| 1, Sy) -

Py = P2+ b, P-=Pr— 1 =@ — P
1
g = 3(m+e), nta=p+e¢,

f=—L L, 2 _d-4
qpy’ vy 2w
1
@ = g+ 39
1
& = q—3p



3 Kinematic Relations

BREIT - FRAME : _
Py = p1+p2=(2E,; 0)
—p- = p1—p2 = (0; 2p) = (0; 0,0, 2ps3)
9 = %(ql + @) = (%; @1,0,¢s) .

G- = —v(€—n) Ve q o,
@@ = —v(€+n) (LMGE )
gp+ = VvV
qQp- = nv

79 = —¢v

@9, = ¢ — Q"= (24 4 zZnv=tv
v > pi ~ pt ~pyp-~0.

STUDY :  HELIUTY PROJIECTONS: xfﬂé?‘

Tki — 65),&1—‘#»:}5;,&: krl € {@7 :u: 27 3}

ng = (], 0, 0*,@)* 0 P+
ng = (0;0,1,0). NeW.



mmAﬁwumw Q_: Awgiwv @Hur@Hv Q\ZBH)
= &.\bmmr@h\wmﬂ@rw& TQ?%&Q u(p1, S1) = M U(pz, S2)vTu @rm&
-+ &\Ummhﬁ.&?\mm@f\m&ﬁ T(p2, S2)a* p-,u(p1, Sy) — Wﬁwﬂ@wum.&q@mwgﬁlmc@rm&“_
(o°p.=o
Py = PrEst p 2y Pew. )

£ = =iEp:/2 ¢ N.
=3 \bwm 4 \m.w.“mh.mﬁm.&ﬁ T(p2, So)ysy" u(p1, 1) = wﬁ U(p2, Sa)ys7yiu @T%&

i E_ L l )
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4 Current Conservation

Twlps,p-q) = i / dﬂ{i@—i‘q}zm(pz,SzlJRTU;w(@})J,,(:E)!ﬂpm,Sﬂ)

=1 / d&ﬁ“""’m(p-z,SzIJRT(Jﬂ(—a;)Jquoi).;m,31!>

qg'TﬂLH = ;ﬂyuq;’ = @I .

ﬂﬁp?:s?)}rﬁmg#u(piﬂasﬂ)' xX vV
Eabind PRG’ < V

| : r+1 p+1-ley] .
'/ Dz H(Z+,Z—)'=/ dz+f H(zy,2_)=0 CRAOCIA_.

-1 ;—-l-}f-"z_*_.li
THE LIGHT -~ CONE EXPAI STON BREAKS
EM- CORRENT CONSERVATION .
—2> HND SUBBETS WHICH. PRESERUE iT
WHAT HAPPENS AT LOWEST TwisT 2



5 The Helicity Projections of the
Compton Amplitude

UNPO LxRA 2ED: DARAC
T = 2(p2, So) g u(pr, $1) [Fa(€,m) + el Fop (€,m)]

T, = 25(p2, So) v ulpr, $1) [Fa(€m) + e e8 Fo (€, )]
1

1/2+4mn
Ti o (—)1 for the other projections k,l e {1,2,3} and n >0,
v

PoLafi ZED: DARAC

F5 . _u\ S
_'F—].'Z — 1 6#‘ Uoglpgzu /DAQz [ 21,0‘ ‘ qu 2 pzo’]

Fs(24,2_) .

1/24n
T (}_)} for the other projections k,l ¢ {1,2,3} and n>0.

2 (1)) + ) I Z
65 )‘U‘gg) FZ-,uu(é;"?)'— ()M (1) FZ,uV £,% }_./Dz fo ) F(z_,_ ~ )c
1€

NON - 0 RAIARD
‘SPIN’ VETIOR..
S5 = =5 (P2, S2)vs7 ulps, S1) -

1
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6 The Integral Relations

6.1 Unpolarized Contributions

FG _ tFG
TM - —II_2-2

\

Fy(zp) = 2aFy( :LBi—ZB ¢ [g(zp) + G(zp)] FORWAR D
q

T paron DensiTies

BUT :

, | v ; J, : Hﬁz_%,z_.)r
Hi(§,m) = sz@‘Q—I'—iEHQZ%Z_): “/Dzm

) = [ D282 i, o) = [ b, )
Ha(&sm) = /DZ (@2 + ic)? Hizna) = | (€41t —ic)?

1= £ (2, 2.)
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6.2 Polarized Contributions

—_—

H5 _ . _pive (2) (1)
i pAve
T12 =1¢& gl,u, €ov B)\cr

Hs(zy,2-),

_ [, D H o qu
szQ2~|—'é€ {821" + 0* + : 02 4 eP%

Sa1 = S21(Z21) for H = F(G). It may be rewritten as

1 H
Brs = ——/Dz—-—m—% [SH _ 1 tgsSu 1 ¢.5y
7 Rl o T S AT el

H5 ’<’+7 *’-‘—)

1 41 1 sign(t) dz
B = —oSh, [ dv—————/' 2 sz, m)
] | - sign(t) dz
3 D\P+o S dt | — f —hs(z,7)
APyo 4-O91 £+1—ic lhs(tﬂ?) A P ]15(,4,77)}
1 P+ 1 sign(t) Jz~ a— -
——q,\na Foe dt / — s (
2 q. 21 g—l—t—ZE P hﬁ(z}tJn)
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8. Conclusions

1. The virtual Compton Amplitude for deep-inelastic Nonfor-
ward Scattering was studied in the Generalized Bjorken Re-
gion for the Twist—2 contributions.

2. There exist several equivalent methods to derive the Non-
forward Evolution Kernels and anomalous dimensions, which
yield the same results. The problem of Spin Towers can be
solved in terms of integral representations. This is likely the
solution of the Spin Tower problem arising for Higher Twist
Operators, in generalized form, for Forward Scattering too.

3. The Nonforward Compton Amplitude consists of unpolar-
ized and polarized DirRAC and PAULI —type contributions
at leading twist. For the Operator-Expectaion Values an
expansion in 1/v has to be performed to find the Leading
Twist terms, in the spirit of the Bjorken Limit.

4. For the unpolarized terms only the Amplitude matrix ele-
ments T, and T2 and the polarized terms the projections
T12 and T2, contribute in this order.

5. In this order the Light-Cone expansion conserves the elec-
tromagnetic current. This property has to be studied twist
by twist for the remaining contributions.

6. Generalizations of the CALLAN-GROSS and WANDZURA-
WILCZEK relations known in the forward case for the matrix
element square level for the Nonforward Case were derived
at the Matrix Element Level.
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