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Introduction

Outline

@ A phenomenological model of the helicity amplitudes of high
energy exclusive leptoproduction of the p meson
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@ Impact factor v* — p up to twist 3 - link to colour dipole model
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Experimental data of helicity amplitudes at high energy

@ Helicity amplitudes T x, : X, +p = pr, +P

@ H1 and ZEUS data for Helicity Amplitudes at HERA:
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@ Kinematics
@ High energy in the center of mass 30 GeV < W < 180 GeV'
@ Photon Virtuality 2.5 GeV?2 < Q? < 60 GeV'?

? |t| < 1GeV? ) ) )
= syrp = W2 >> Q% >> A 0p
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A Theoretical approach within k¢ factorisation

@ Perturbative Regge Limit :

Regge Limit: s = w2 >> Q?, |t] :Ml'?odron
Hard scale: Q@ >> Agep

@ kr factorisation

Amplitudes with gluons exchange in -channel
dominate at large s (s = W?2)

Born order: 2 t-channel gluons

Tapn, =is [ W(I)W*(A"/)*}/)(A;))(E) PP (k)
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A Theoretical approach

Impact factors 7" ~? and ®7~7F

@ &7 7 Light-Cone Collinear factorisation
Q*>> Aep A
pAp
@ Twist t : Impact factor behaves as 1/Q* !
@ Tpo = v; — pr impact factor : Dominant term at twist 2 = 1/Q
@ T11 = v — pr impact factor : Dominant term at fwist 3 = 1/Q?

Recently computed at ¢t = tyin =~ 0
Nucl. Phys. B 828 (2010) 1-68. by Anikin et al.

@ Phenomenological model for ®F=F



Phenomenological model for helicity amplitudes
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Collinear factorization
Light-Cone Collinear approach

Collinear factorization of 2-body and 3-body contributions

@ Momentum, spinorial and colé)g factorizations

q Yyp1 q 1
T R,y e,

@ Parametrization of Soft parts Sqq, 9.1 Sqeq, Sqag
9 = 52-body DAs {¢1,pa, @3, o117, pAT}
@ = 2 3-body DAs {B(y1,42), D(y1,92)}
@ Relations between DAs : Equation of motion and n-independence =

3 independent DAs : {(,917 B(yl, yg), D(yl7 yg)}
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Collinear factorization
Wandzura-Wilczek and Genuine contributions

@ Solution in the Wandzura-Wilczek Approximation (WW) = Only
2-body contributions

VVVV ww (

o1 = {3 (1), o X" (), 17 (v), i ()}
@ Genuine solutions

{B(y1,v2), D(y1,92)} = {17 (1), 0% (w), 17" (), %7 (1) }

@ Evolution of the DAs P Ball, V.M Braun, Y. Koike, K. Tanaka
. 5.3 2
prl.p®) = 6yp(l+ a2 () Sy — 9)° = 1) "= 6yg
By, y2:p®) = —5040y192(y1 — v2)(y2 — v1)
2 _ W?l.[)} (NQ)
D(y1,y2;17) = —=360y192(y2 —y1)(1 + ————(T(y2 —y1) — 3))

2
with 1?2 ~ Q2 the collinear factorisation scale
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Collinear factorisation
DAs dependence on 2

@ vi(y, 1)

) =6yy -
@ly:16ev?) ———
eiy; 25Gev?)

0.0 02 04 06 08 1.0

u2~><>o

@ M(y1,y2) = ¢ (1) B(yr, y2; 1) — ¢ (W) Dy, yo2; 1*) *—57 0

2 500

Syr,y2) = ¢ (W) B(yr, y2: 1) + () Dy, ys p°) =570

04 RS- -
04
06 P E )
02 277 M(yr, v = 06, 2 = 1Gev?)
—08[ Sy Y2 = 06, 4 = 1Gev?) / / e M(y, y> = 06, 4* = 25GeV?) - AR
Syi¥o =06, 42 =256V - ,/ L’ N

-10



Phenomenological model for helicity amplitudes
oooe

Ratios of Helicity Amplitudes

A model for the proton impact factor

@ T\ oAy Q M Z.Sf< k2>2¢,P—>P(k ]\[ )q)w ()\,))—m()\p)(k Q )

@ Phenomenological Model for 7~

" (ks M?) o

1 1 .
W — m} J.F Gunion, D.E Soper

@ 77 — p helicity amplitude:

s g 1 1 1

Too o Ak” ——— | —5 — = -
(277) Ja2 (52)2 M2 &2 + M2
1

[ sty
X = dy o1 (y, n°) —5———
QJo k2 +y5Q?

@ The WW conftribution:

ww is 1 1
T11 x (7 ) 5
2m /a2 (k2)2 M2 &2 4 M2

("y»‘p)mﬁ 1 o1 (u; pn?) 2(k? +2y5Q?)
( A

(k2 +y5Q?)?
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Ratios of Helicity Amplitudes

Comparison with H1 data : Ty1 /Too

@ Genuine and Wandzura-Wilczek Conftributions at M = 1 GeV
T1g
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Phenomenological model for helicity amplitudes
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Ratios of Helicity Amplitudes

Dependence on parameters M and A

@ M dependence of the ratio T11/Too

Tu
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@ Soft gluon effect : X IR cut-off on kr integrals

Tu
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Ratios of Helicity Amplitudes

Comparison with H1 data : Ty1 /Too

@ Tu1/Too at M = 1GeV, Dependence on p? at M = 1 GeV :

To

Too
0.20
0.15

as
0.10 e
oy, @)
c—a— (¥, 2Q7)
0.05 o d’l(y: QZ/Z)
M=1Gev Q@ =86GeV? A=0GeV
-t

0.0 0.5 1.0 15 20



Phenomenological model for helicity amplitudes
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Conclusion | : Perspectives for 11—,

@ Good agreement with Experimental data

@ reasonable values of M ~ M, and A = 0 GeV

@ weak sensitivity in the parameters M and A

@ Perspectives :

@ Extend the kinematic to ¢t # t,,:, = access to all spin density matrix
elements.

@ Link with the Dipole model and implementation of saturation effects



Link fo the dipole models
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Dipole Models

Dipole model picture

@ Factorization of a high energy scattering amplitude info:

’ \Z ykmL @P
SO ez v e

N

@ Inifial ¥; and final ¥ ; states wave functions of projectiles

@ Universal scattering amplitude NV = Ngipole-target

@ Dipole models are consistent with LO Collinear approximation but
are they sfill consistent with collinear factorization at higher twist
order?
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Dipole Models

The v* — pimpact factor in a dipole model

@ Dipole representation at lowest Fock state (¢g pair)
v* P

p p p

@ In the dipole model representation, the amplitude for high energy
electroproduction of the p meson at ¢ = 0 reads:

A= is / & / Ay (y, 2N (255, )8 (3, )

(from Bartels, Golec-Biernat, Peters ) with

(sab d2E ik-x
N(:rBj,g)O(aSE (E2)2( —e-

)1 — e ") f(wpj, z)
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Dipole Models

Fourrier transform of the v* — p impact factor

@ Impact factor in transverse coordinate space:

ot /d4é H0)S() = -~ /d4ZHF(Z)SF(e)

d?z -
= ——/dy/dé / L,*"L LA  (y, 2 ,)

2z, dx _
/éeﬂﬂ Z1 /—a Y (p1d(An 4 2 )T (0)]0)
. 27 J 2w

@ Hard parts in ’rronsv?rse coordinate space :
* YL
N

> H'(yzy)=
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Dipole Models

Fourrier transform of the v* — p impact factor

Collinear Approximation up to twist 3 = e+ %L ~ 1 —if, -z,

o 7’177 :>
1 d*z ~r AN _iny, | - ,
1 [ [ SR e [ PP el o))

@7 —ifl'{EL” =

2 ' i T "
_7/ /d T1 2% 7 Z/AM)/ %eﬂw@w()\n) 0,1 T'1p(0)]0)
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Dipole Models

Fourrier transform of the v* — p impact factor

Hard parts in coordinate space:
@ I'=~-+

b
Lk 271'eg 5
H" (y,z) = —4 yysK x|)e
(v, z) Jas { o(p|zl)el

Za(ulal) (1 - iRm0 - ey )y

N . *’Y
—(y — §in—=L

@ Hard part T' = vs+*

~ m 27reg 5%
HY (y,2) = sy aN. P —ygKo(k |z]) (eypuPipp2o + P2uPlpeyyo)
c
) ik —ik-
—ipKy (p]z]) (1 — ™o)1 — e Ty — 1)(yquV L o — Gpay L ‘ ‘ Lpio)}

@ Equations of motion:

Termes x (1 — e™£2)(1 — e ™22) 4 Termes x 2yges(y) + (v — §)e1r(y) + war(y)

=0
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Dipole Models

Fourrier transform of the v* — p impact factor

Twist 3, 2-body impact factors:
@ Non-flip part:

@np=1 [ / Sl K leg?5 (1 )1 - o) pr, (- Derr®) + var®}
@ Flip part:
N % o] %%”‘E‘ K (nlal)g®s™ (1 = ™)1 — e ’>’:f—;f”{</f D17 (v) — ear(®)}
pOT TrT g

’ﬁ;fxf”"")&ppéqy’ﬁ + Equations of motion = "\ @Di
i 3 %

JNNs}
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Conclusion Il : Perspectives for ®17 7,1

@ Agreement between the higher twist computation in the
Wandzura-Wilczek approximation and the dipole representation.

@ Dipole factors appear in the large N. limit for the 3-body impact
factor: |
‘IJ’YT \IJPT p \I,/)T

M@g—%z@: +1/N, %(Eg?»g k@=’>
5 9

@ Improvement of the phenomenological model by taking into
account saturation effects in the previous phenomenological
model
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