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The Structure Functions

[l For deeply inelastic electron-hadron scattering, we have in general
do < L*'1T,,, (1)

with L#” and T, the leptonic and hadronic current tensor.

Leptonic
A v {* ( Current: LM

v op Hadronic
Current: T},

[l One can decompose T}, introducing the Structure Functions F7; and Fx:

quq, F1(Q%v) z(Q2 V)
T;w(pa q) :(_guv — 52 ) M + [ Pu + ( )qM] [pv 1/] (2)
where ¢q (¢> = —Q?) is the momentum of the two photons.

0 They give information about the Momentum carried by the quarks
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T he Off-Forward Case...

[] If the momentum of the 2 photons is different, the decomposition involves more
than 2 functions F;: the Off-Forward Structure Functions

[1 They give information about the Correlations of the quarks

[1 They thus appear in the description of photon-hadron scatterings,

DIS Limit: -A =0
-only SmT

0 if g5 = 0 (real photon), we have (Deeply) Virtual Compton Scattering.

0 Studied @ HERA (H1,Zeus,Hermes), @ JLab

0 They also appear in v*v*) — 771 processes.
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[0 Compared with the diagonal case, the amplitude is decomposed in
five independent and fully general tensorial structures (— 5 F;'s)

we have:
7) (o) g TPTI/
TNV(q7p7 A) — _P,UUQJTPTVFI _l_ & Z;pq Fo
Puo (0 (AT —26p7) + (A7 — 2Ep?)p" ) Pry
+ F3
2p-q
_|_7’ua(p (AT —2&pT) — (A7 — 2&p?)p )PTVF4
2p-q
+7D,u0(AU - pra)(AT - 25PT)7DTVF5-
(3)
with

O the projector P, = gu — 247 that ensures current conservation
1°¢2

(Puwdy = Puwaz = 0)
D p —_ p1‘|‘p2
D q= Q1£QQ
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0 Twist analysis (~ & expansion): Only 3 structures and thus 3
form factors needed : H ,H3 & H3.

T,W(q,p, A) — _PUMQUTPVT

. FV EY? , Fy
L (Poup™Pup + PopdPro) —2— — Piyyie” PP, — L
2p-q p-q 2p-q(4)

where the FV's and F{ read

1

1€pApq 1 T €po A
FY, =2p,H + (A, — 26p,)H> + twa, F) = MH3’F2Vp=xF1Vp—§I%q-F1V+Z P98I AT | b4,

p-q

[0 A straightforward identification of the two decompositions of T},
leads to simple relations between the five structure functions F;'s

and the H's:

Fo=H,
= 20H + 0(5),
Fy = 25 (aH3a? + TPex — HE) + O(=5),

z? —§ Q (5)
= $22_w§2 (H>¢x 4+ H32® — Ha) + O(é),
Fs = O(é .
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The simplest model for the pionic current: THY

[details in hep-ph/0207107, Phys.Lett.B547:210-218,2002]

[1 Pion-photon interaction analyzed at the quark level

[0 Using classical perturbative method (similar to NJL formalism):

[l Pion-quark coupling constant fixed to get the charge sum rule:

5
/Fl(:l:)da: =15 (6)

[0 No gluons

[0 Schematically, we model the pionic current as follows

eﬂ: 7 Ei

Y

pi U L D2

A

J-Ph. LANSBERG,Liege DIS 2004 — 16-04-2004 5/14



Link with GPD'’s

[ One can introduce the Generalised Parton Distributions H's thanks to the
IHTS.

—(y — —vy)
T — x(1— y/x 1€) T
{ }( en= Y /dy{m 4 y)}< y>{ }<y£t> ()

i=u,d,..

O As H(x, &) = H(—=z,¢&) for the 70, it is easy to show that
SmH = H. (8)

[0 Our calculation of the imaginary part of 7, gives SmH’s

0 Our calculation of Sm/T),, is sufficient to determine the GPD’s (in the entire
(z,€&) plane).
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Coming back to our model. ..

[1 At leading order, we have 4 diagrams contributing to the imaginary part of TH":

A k _'IFIA -.:LL)
q:;17 te I3 g+3

k+45 k+q—p+3

do____L

. p+5 p—

Y «

LY
Ve

el

[0 The amplitude for the first box diagram is
1% + +mq 1% +mq
TIY = 3¢7(e2 + €3) [ ARTr(3*(( — $) + mg)® gty ((F + ) + mo)r i),

[0 ¢g: Pion-quark coupling constant (fixed to satisfy the charge Sum Rule Eq. (6))

0 Pseudo-scalar property of the pion = ~+°
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The pion size and the cut-off

[l Finite size of the pion

= relative momentum p,.; of the quarks is limited.

[l Simplest way — cut-off

' What about Gauge invariance 7

0 p? ; o< t, where £ is the momentum transfer of v*r — q7 4
— a cut-off on ¥ = a cut-off on p,;. i

0 ¢, M(1) and fQ(/\)M(f)df are potentially observable py
(since we consider only the imaginary part)

= these are all three gauge-invariant quantities.

[0 In other words, the cut-off procedure is gauge invariant !
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Results

[details in hep-ph/0310184, to appear in Phys.Lett.B]

Plots A =0.75 GeV; Q2 = 10 GeV2; my = 0; m, = 300 MeV

0.4 0.3 r
0.3 Lz ;¢ e
. 27 5 02 B _.,-,rld:':‘r' 7
e LRSS g
0.2 | S S S e N
. R 0.1 2 RN
. B B E Y Sy Y g AN Q)
AT A AT S S S N = A T T FT AL
A AT S R R 0 LIATy SOy A
S e
AT EEEERRRR RO
Wy 0.8 = 0.8

. . 0.8
03 | 0.4

0 g
0.4
e 0.8
0 0.1 0.2 03 04 05 06 07 08

X

] L f

J-Ph. LANSBERG,Liege DIS 2004 — 16-04-2004 9/14



Plots (Cont.)
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High-Q2 behaviour

[0 Diagonal case: 2 (xp) = 0.6: Violation of the momentum sum rule

1 1 F2 F3 F4 F5
[] Expanding the ratios of PR pop We get
> =2zF 4+ 0(1/Q%) Fs= e 1+ 0(1/Q7)

Fo=Z5F +0(1/Q%) Fs =0(1/Q%)

[0 First relation: similar to the Callan-Gross relation for the diagonal structure
functions (x <> xgB) (spin one-half constituents in general).

[0 This shows that F%, F3 and F; are simply related to F7 at leading order.

[1 Confirmation of the symmetries of the F;'s, since we have
3 = ¢F,.
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[0 In terms of the H's, we get

H(x -1
W=y T O >—£H3+O<—>.

Relation to the

Wandzura-Wilczek approximation 7
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Our Mode WW approx.
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Conclusion

[1 Simplest model for Off-forward structure functions

[1 Included physics:

[ Relativistic kinematics
[0 Pion size (via cut-off)

[0 Gauge invariance

[ Results:

1 F5, F3 and F, are simply related to Fy at leading order, as well as
H3 and H3 to H

[ New relations between twist-2 and twist-3 contributions are
inferred !
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