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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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Introduction

Infroduction
Deep Inelastic Scattering

@ Factorisation of inclusive process: Deep Inelastic Scattering
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@ Parton distribution functions (PDFs)

o 2
vy _
p/;jg’i R J S S




Introduction

Introduction
Helicity amplitudes of the diffractive leptoproduction of the p meson

@ Helicity Amplitudes Ty ,x.,
YAy R

Examples :

Too <= YLP—pLD
Ty <= yrp—=prp

@ Perturbative Regge Limit :

9 Regge Limit: s = W2 >> Q2,|t|, M2
@ Hardscadle: Q >> Agep
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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

kr factorisation

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

Born order: 2 t-channel gluons
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A Theoretical approach

Impact factors 7" ~? and ®7~7F

@ &7 7 Light-Cone Collinear factorisation
Q*>> Aep A
pAp
@ Twist ¢ : 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



Impact factor for exclusive processes
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Impact factor for exclusive processes
kr factorisation

@ Light-cone vectors py and py : p12 = pe? =0, 2p1 - p2 = s

@ We can choose:
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Impact factor for exclusive processes
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Impact factor for exclusive processes

kr factorisation

@ Particles in t-channel:

o M x s27i—N+1 = gluons in t-channel : M s

@ Gluonint-channel : k = ap; + Bp2 + k|
gp,u g;uj
k2 +ie —k2 + ie

@ Eikonal Approximation: /
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Impact factor for exclusive processes
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Impact factor for exclusive processes
kr factorisation

@ Impact Factors & 77, 7P

q~Dp1

7" P (k2) o [dBMTTITPI(0, B, k)

PP (k?) o [ daMPITPI (a2, 0, k)

@ Impact factor representation of the helicity amplitudes

. d*k
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©000000

Collinear factorization
Light-Cone Collinear approach

@ The impact factor 7" )20 can be written as

7" ) =P(h0) :/d4£---Tr[H(£--~) S--)]
hard part soft part
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Collinear factorization
Light-Cone Collinear approach: (2-body case)

1 - Momentum factorization
@ Decomposition of partons momenta £:
C=ypo+ 0"+ (L-py)n

@ Taylor Expand H (¢) around the p direction:

H(¢) = H(yp) + 321;(5) s+ ...

@ [ dy performs the longitudinal momentum factorization

= / dy {17 [Haq(y p) Saq (0)] + 1[04 Hoq(y p) 01 Saa(w)]}



Collinear factorization
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Collinear factorization

Light-Cone Collinear approach: (2-body case)

Momentum and spinorial factorization
@ FierzIdentity: §;x0im = —3(T);0T " km

@ Spinor (and color) factorisation:

®= /dy {tr[Haa(yp) T1 Sia(y) + 100 Haalyp) T] 01555(0) }

S = [ o e IEOm) T w(0)0)

01550 =[x M mIEN T 0L vo))
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Collinear factorization
Light-Cone Collinear approach

Collinear factorization of 2-body and 3-body contributions

@ Momentum, spinorial and color factorizations

Yyp1 Yyp1
q + 1 = +
N ot S B <,

@ vector correlatorI' = ~,,

D010 = [ e m, gy [o1(0) - + ) 57

@ Parametrization of Soft parts Sqg, 0.1 .S4g, Sqag

@ = 5 2-body Distribution Amplitudes "DAS" {¢1, 94, v3, Y17, pAT}

9 = 23-body DAs {B(y1,y2), D(y1,y2)}
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Collinear factorization
Equations of motion and n-independence

Relation between DAs:
@ Dirac equation leads to

—

(D (000(0)abs(2)) =0 (i Du=1 By +9Au)
= 2 Equations of motion:
G1p3(y1) + 01 ea(yn) + @1 (1) + ©aly1)
+/dy2 [C?Y By, y2) + G D(y, 1112)] =0 and (71 ¢ y1)

@ n-independence of the amplitude: - M =0

@ = 3independent DAs : {¢1(y), B(y1,y2), D(y1,y2)}
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00000e0

Collinear factorization
Wandzura-Wilczek and Genuine contributions

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

WW 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



Collinear factorization
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Collinear factorisation
DAs dependence on 2

@ vi(y, 1)
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Ratios of Helicity Amplitudes
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Ratios of Helicity Amplitudes

A model for the proton impact factor

o TXpA-y (Q,M) = ZSf %ﬁ(I)P%P(E; A,[?)(I)-y*(/\'y)%P()\p)(E; QZ)

@ Universal property of impact factor:
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@ Phenomenological Model for 77

7P (ks M?) o L é} J.F Gunion, D.E Soper

M2 M2+ k2




Ratios of Helicity Amplitudes
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Ratios of Helicity Amplitudes

A model for the proton impact factor

@ T, (Q, M) zsf< kz)g@P_’P(k M2)®Y" ) =e(0) (k: 92)

@ 77 — pr helicity amplitude:

T s Oodk2 1 1 1
« 2 (r__r
o0 @m ez T w2\ M2 k2 M2

1 /11 ( 2) k
X - ay 1Y, v )~
Q Jo k2 4+ yyQ?

@ The v+ — pr, WW confribution:

wWw s 1 1
Ty < = (k) P e e
27 J A2 (k2)2 M2 k2 4+ M2

(ev-€p)mp /‘1 d“m(u:u?) /“ o E* (k% 4 2y9Q°)
Q? (k% + y3Q?)?




Ratios of Helicity Amplitudes
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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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Ratios of Helicity Amplitudes
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Ratios of Helicity Amplitudes

Dependence on parameters M and A

@ M dependence of the ratio Ti1/Too

Tu

SO s M=0.3 GeV
100\ == M=05GeV
N\ —— M=1Gev

] 5 10 15 20 25

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

Tu




Ratios of 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)
y* P

p > p

@ In the dipole model representation:
A= Z‘S/Epi/dﬂ”“ (y, 2)N (z55,2) 0" ™ (y,2)

(from Bartels, Golec-Biernat, Peters ) with

N 5 [ dk | oikayq _ -ikz
(xBj,z)cxasﬁc (EQ)Q(*(I )1 —e "5 f(zs), z)




Link fo the dipole models
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Dipole Models

Fourrier transform of the v* — p impact factor

@ Hard parts in ’rronsv?rse coordinate space :
* y, 1
v

H (y,0,) = L' s e =

2meg? 540

~
"HY ,x) = —4 ——{yysK, z|)et
(y,z) Jas 2Nc{yy ok lzl)el, .

[ )

|z

—(y — §)in Ky(ulz]) (1 — ™2 (1 — e ) —1)pl

@ Equations of motion:

Termes x (1 — e™2)(1 — e~ *£'2) 4 Termes x 2yFws(y) + (v — D17 (y) + par(¥)

=0




Link fo the dipole models
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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

Y%fr*//”ﬁ)}yrl'\%ﬂ;ﬁ + Equations of motion = "\ @Di
i 3 %

JNNs}



Link fo the dipole models
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Conclusion Il : Perspectives for ®17 7,1

@ Agreement between the higher twist computation and the dipole
representation:

@ Dipole factors appear in the 3-body impact factor:
\ij} pPT P

w\@g é@&%
3
@ Improvement of the phenomenological model by taking into

account Saturation effects in the previous phenomenological
model.



@ To1/Too at M = 1GeV, Dependence on p? at M = 1GeV :
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@ Impact factor in tfransverse coordinate space:

v —=p
‘I’zbody

4 I
/d CH@OS(®) =~ /d eH  (0)Sr(0)

~d?g -
= ——/du/di / Lf*“L‘LHl(y,;,;L)

d2z _ tdMN _
/ LEL itz / —e My(p\u(/\'nﬁ»zL)l"L;(O)\[))
21 27

@ Hard partsin Tronsv?rse coordinate space :
* y, 1
v

H(y,0,) = - L' e o=
€L

0000 Q



Hard parts in coordinate space:
@ I'=~#
27Teg2 sab

V2s 2N,

€ -
“v- y)miw\q;\ — K1 (plz)) (1 — e 2)(1 — e "B%) — 1)phy

o _
HY (y,z) = —4 {ygsKo(p|zl)ell

@ Hard part T’ = ~5+4#

2 sab
_ m 2mweg” &
HY7 (y,z) = 4i ——eMPI—yg Ko (p |z]) (e v P1pP2o + P2uP1perypo)
) V35 2N, T f PEVT
. ik-x k-w T
—ip Ky (plz]) (1= "5 (1 — e %) = D)(yeqypo T_"'

@ Equations of motion:
Termes x (1 — e'®%)(1 — e~ "2%) - Termes x 2ygps(y) + (v — D11 (y) + par (v)

=0
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