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Introduction
Helicity amplitudes of the diffractive leptoproduction of the p meson

@ Helicity Amplitudes Tz,
YAy Pt

Tar, = %

Examples :
Too <= YLP—pLP
Tuw <= yrp—=prp

@ Perturbative Regge Limit :
9 Regge Limit: s = W2 >> Q2 [t] , M yon
9 Hardscale: Q >> Agep
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Intfroduction
Experimental data of helicity amplitudes at high energy

@ Helicity amplitudes T x, : 73, +P = pr, +p
@ HT and ZEUS data for Helicity Amplitudes at HERA:

Tu

r Power counting:
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S. Chekanov et al. (2007), ED Aaron et al. (2010)
@ Kinematics
@ High energy in the center of mass 30 GeV < W < 180 GeV
@ Photon Virtuality 2.5 GeV? < Q2 < 60 GeV?

e |t] < 1GeV? o 5 5
= syrp = W2 5> Q7 >> A0 p
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Infroduction
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

P
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Infroduction )
A theoretical approach of the @7 —*# impact factor up to twist 3

Impact factors & 7

@ & 7. collinear factorisation
YAy
Q> >> Ajep DAp

@ Ty =i — pr impact factor : Dominant term at twist 2 = 1/Q
Ginzburg, Panfil, Serbo, (1985)

@ T11 = v4 — pr impact factor : Dominant ferm at twist 3 = 1/Q?

Computed at t = tin =~ 0

Anikin, lvanov, Pire, Szymnanowski, Wallon, (2010)
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Intfroduction
Construction of phenomenological models

Phenomenological models to compare to H1 and ZEUS data:

. dQE *(Ay)=p(Np) P—P
Thory =108 / W‘V VTR (k) @7 (—k)

@ First approach:
(PhysRevD.84.054004 I. V. Anikin, A. B., D .Yu. lvanov, B. Pire, L. Szymanowski, S. Wallon)

@ Using results for the &7" (A1) =,(X0) (k) up to twist 3

@ Using model for the proton impact factor -
@ Second approach:

9 &7 (A)=r(A0) expressed in coordinate space exhibits the color
dipole scattering amplitude with the target.

Nucl. Phys. B 867 (2013) 19-60. A. B., Szymnanowski, Wallon

@ Using a model for the dipole/target scattering amplitude.
ArXiv:1302.1766, A. B., Szymanowski, Wallon
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Light-Cone Collinear approach

Collinear factorization
Light-Cone Collinear approach

@ The impact factor 7" *)=r() can be written as
@7 =P ) :/d4£~~-‘rr[H<W(é~-) SA)(e- )]

hard part soft part

(2-parton exchange) (3-parton exchange)

+..
+
@ Soft parts:
Sully) = / a4z e (o(p)](0) $(2)]0)
Soralbarly) = / iz / 2 €= a1+ (1)1 (0) A (22)(21)[0)
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Collinear factorization
Light-Cone Collinear approach

Collinear factorization
Light-Cone Collinear approach: (2-parton case)

Collinear factorization 2-parton exchange contribution

@ Momentum factorization:

OHyq(0)
0ly

lx+...

L=yp

by =ypp+0"+ g po)n — Hyq(lg) = Hyalyp)+

@ Spinor (and color) factorisation: 80k = 3 >+ (T*)ik (D)t

&7 000 _ / dy {Tr[Hos(y p) T) S5y (y) + T (01 Haa(yp) T] 02S5,(0) }
@ Soft parts parameterization by distribution amplitudes (DAS)
Shaw= o D e (0|9 (An) Ty 9(O)10) = my o 1 (1) (- €I 24 (W) e+ 25T}

()quqﬂ/) / 7“\y p(p)lw(A") Fu @ dL w(o)m) = "’pfp {\FlT(U)pupl ) ﬁAT(J)PM apneL}
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Collinear factorization
Light-Cone Collinear approach

Collinear factorization
Wandzura-Wilczek and Genuine contributions

@ Relations between DAs :Equations of motion and n-independence

= 3 independent DAs {¢1, B(y1,y2), D(y1,y2)}
@ 1 parameterizes 2-parton correlator (¢q)
@ B(y1,y2), D(y1,y2) parameterizes 3-parton correlators (¢gg)

@ Solutions for ¢; = {ps(y), va(y), ¢ (¥), 4 (y)}:

_ WW | _gen
Pi = P + ¥

@ Wandzura-Wilczek WW): = B(y1,y2) = D(y1,y2) =0
{1 depend only on ¢,
@ Genuine solutions

@!“"} depend only on {B(y1,y2), D(y1,y2)}
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The dipole model picture
Linking Collinear approach to dipole models Th art

Dipole Models

Dipole model picture

@ Factorization of a high energy scattering amplitude info:

@ Initial ¥; and final ¥, states wave functions.
@ Universal dipole/target scattering amplitude N (z, r).

@ In the impact factors "Target" = the two t—channel gluons:

N(r, k) = 47\[& (1 - ei&l> (1 - e_iﬁ'z)
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of the impact factor ~ ,} —

Linking Collinear approach to dipole models
ution to the impact factor v, — prp

The 2-parton Impact factor

Fourier transform of the v* — p impact factor

@ Impact factors ], 77 = —L [d*¢ Tr(H,; T)(£) Syqer(£)

qq

@ Collinear approximation = expansion around /; =0

1?
T DO = [ A e

Gives the moments of S o1

S d2 " - ,_4_

= / o qu(z/,rL) (1—dly -ry +--)
N———
factorizes out

@ 2-parton impact factor

o0 = Lo b [ay [ L7 {713 w.0) (esep,, +ierr@pra(e) 1)
3 amede [ 4 | o (Hait (0:0) (ps@lepy +ieir (@)piule,

+H ’a’) #( -E) (Z@A(y)g;u,,[)l n + @AT(y)leET'Le;pl rL)}

Phenomenology of p —meson leptoproduction



Linking Collinear approach to dipole models of the impact factor 7, —

on to the impact factor v, — popo

The 2-parton impact factor

Role of the equation of motion of QCD

@ Hard parts Fourier transforms: A/ (r, k) oc (1 — eEZ)(1 — e 72 L)

Ky (ulr]) x (N (r, k) — 1) 22

e-r
|z s

HH (y, 1) oc —ygKo(plr))el +i(y — g)pu=

aq

~ T
HJ" (g, ) o 07 (eq0 0

|| %)#Kl(u\d) x (N(z, k) = 1)

@ 2-parton contribution:

gy "= /dy/dﬁ’w&f” x N(r. k)
+ Hard Terms x (2yges(y) + (v — 917 (y) + par(y))

Cancels due to EOM in WW approx.
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Linking Collinear approach to dipole models The 2-parton con1r|bunon of the impact factor v, — o

The 3-parton contribution to the imp: 11111r—wl.a“11,

Wandzura-Wilczek result

Interpretation

In WW approximation

@ Scanning the p—meson wave function:

[dr @x<r-82ﬂip+m> X g?

\Iﬂ; wWw

Ayl ON) h » D
@ Link with the p—meson wave function N(r, k)
w579, = Spinor part x g&’/” m

s 4 GO [lerl<ur
U (1) oc (e - p) Lo YO, ygy e / 00 A (y,00)
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Linking Collinear approach to dipole models > o

<
.
&

The 3-parton impact factor

Expression and kinematics

@ The 3-parton amplitude in transverse coordinate space after
collinear approximation

; 2 2
Ny impfp d*ryy drg)
<I>q'[7g P _ 774 /dy1dyg

(2m)? (2m)?
o,y M
(gg/pB(ylsyQ)pHepLa H(](Y{} (ylzygvrlJnrgJ_)

. ~ oMy
+C3Ap7fD(ylvy2)P;L5aeplpn H;\q'g' m(ylyygﬂ'lLﬂ“gL))

@ 3-partons exchanged =- Two Colour dipole configurations
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Linking Collinear approach to dipole models

. .
- S A == (27
The 3-parton contribution to the \mpoct fc]c'ror } — pT

The 3-parton impact factor

Results form of the 3-parton impact factor

@ 3-partons results:
y 251,92
‘I’Zé;pl /dw/dyQ/dzw qla;)pl y1,y2,1) X Nz, k) + /dyl dyQ%
with S(y1,y2) = ¢V (1) Byr, y2i 1”) + ¢S (1*) D (1, yos 1)
@ Full twist 3 impact factor:

.
Yr—PT _ ’H"Pl V/‘?PI
e ®(1‘1 + (E(I(If]

/dyz/d rN(r, k dquTW(Z/ r)+ /L(,>pT(y1~,y27£)>

+/yy (ny‘p3( )+ (-0t (v )+s03§(y)) +/dy1 dyzw

Cancel due to EOM of QCD

Phenomenology of p —meson leptoproduction



Helicity amplitudes and Cross-sections

Helicity amplitudes and Cross-sections e

Helicity amplitudes
Dipole cross-section

@ Dipole-target cross-section:

2 . 2
Nk) = oer) = 22 [ LR DN (kD)

@ Helicity amplitudes
Too = S/dy/drv(,,’;p (v,73Q, pr)6 (z, 1
Ty = s/dy/dr YTy, Q, i) (1)
+s/dy2/dy1/drwqqg (Y1,Y2,1; Q, ur )6 (z,7)

@ Polarized Cross-sections

~

1 Too(s,t=0)>

o =
dor,r .\ _ —b(Q3)t dor,T =0 : b(Q2)  16ms?
e _ L Tu(st=0?
To1 .efc.. encodded or = b(Q2) 16752
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Helicity amplitudes and Cross-sections

Helicity amplitudes and Cross-sections

Helicity amplitudes

A model for the dipole cross-section

Model for the dipole cross-section &(x, r)

@ rc-BK numerical solution
(Albacete, Armesto, Milhano, Quiroga Arias, Salgado, 2011)

9 fitting DIS data with light quarks u, d, s
@ including heavy quarks ¢, b contribution to DIS data

@ GBW-like and MV-like initial conditions

@ Good description of inclusive and longitudinal structure functions
x?/dof ~ 1.2.
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Helicity amplitudes and Cross-sections

Helicity amplitudes and Cross-sections ez

Explicit solutions for the Distribution Amplitudes

@ Evolution of the DAs P Ball, V.M Braun, Y. Koike, K. Tanaka

. _ 5.3 _ 12 —o00 _
01(y, 1) 6yg(1 + az(uf) 5 (5(y — 7)?—1) 55 6yy

B(yi,y2;p%) = —5040y192(y1 — 72) (y2 — y1)

“"?1 .0} (N?})

L (1 — ) - 3))

D(y1,y2;17) = —360y192(y2 —y1)(1+

2 o Q@4mZ -
g = pg ~ ——=: collinear factorization scale
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Helicity amplitudes and Cross-sections RERUiD

Results
Comparison with H1 and ZEUS data
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Helicity amplitudes and Cross-sections

Results
Comparison with H1 and ZEUS data

aijor oot
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Conclusion

@ Results

@ Predictions with normalizations in good agreement with HERA data for
Q2 larger than ~ 6 — 8 GeV?

@ Predictions not sensitive to the choice of the collinear factorization
scale uur in the region Q2 > 6 — 8 GeV?

@ Discrepancy for Q2 < 5 GeV2 mostly due o higher twist terms?

@ Perspectives

@ genuine saturation regime = Higher twist corrections

@ Implementing p—meson wave function models through the DAs =
how the parameters will change?

@ Extending the kinematics at ¢t # 0 = a test for dipole models with
impact parameter dependence.
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