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Introduction
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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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'?

9 |t| < 1GeV? ) ) .
= syrp = W2 >> Q% >> A 0p



Introduction
A Theoretical approach within k¢ factorisation

@ Perturbative Regge Limit :

Regge Limit: s = W? >> Q, [t], Miyron
Hard scale : Q >> Agcep

@ kr factorisation

M x g2 oi—N+1

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

Born order: 2 t-channel gluons




Introduction
A Theoretical approach

Impact factors &~ and ®F—F

@ @7~ Light-Cone Collinear factorisation
Q% >> Ajep YAy
pAp
@ Twist ¢ : Impact factor behaves as 1/Q* !

@ Tpo =v; — pr impact factor : Dominant term at twist 2

@ T11 =5 — pr impact factor : Dominant term at fwist 3

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

@ Phenomenological modele for &7~F



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

@ Light-cone vectors p; and pz : (012 = p2® =0, 2p1 - pa = 5)
Sudakov decomposition: = k= ap; + Bp2 + k1
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@ Impact factor representation of the helicity amplitudes
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Collinear factorization
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Collinear factorization
Light-Cone Collinear approach

@ The impact factor can be written as

:/d“l---Tr[H(Z~~~) S(---)]
hard part soft part

@ At the 2-body level:

/dz % () [(0) D(2)[0),



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

1 - Momentum factorization

@ Use Sudakov decomposition in the form
p=pi,n=2p2/s=p-n=1)

L = ypu + L+ @pny, y=in
scaling: 1 1/Q 1/Q?

@ decompose H (k) around the p direction:

OH(l
H(l) = H(yp) + az() I+,
@ li=yp

@ The twist 3 term [ turns into a transverse derivative of the soft ferm
= one will deal with [ d*z e~ {p(p)[1(0) i 0,11 (2)|0)



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

Momentum and spinorial factorization

@ Integration over [ of the Soft part:

(Bu0:0:3)) = [ 52 e p@I(0) (1, 0.)50mI0)

Axial gauge condition for gluons, i.e. n- A = 0 = Wilson line = 1
@ [ dy performs the longitudinal momentum factorization

®= / Ay T [Hoaa (0 p) San(0)] + 1101 Hos (5 p) 91 Saa(y)]}

@ Spinor (and color) factorisation:
® = / dy {11 [Hoq(yp) T] Sia(y) + 1110, Hgly ) T] 01 S55(0) }

d\ —iAy
% €

01550) = [ e pmIFN Ti 0L vo))

Sealy) = (p(p)|¥(An) T 4(0)[0)



Collinear factorization
oooe

Collinear factorization

Light-Cone Collinear approach: (3-body case)

Factorization of 3-body contributions

@ 3-body contributions start at genuine twist 3
= no need for Taylor expansion

@ Factorisation goes in the same way as for 2-body case




Collinear factorization
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Collinear factorization
Parametrization of vacuum-to-rho-meson matrix elements (DAs)

2-body and 3-body non-local correlators
@ Lorentz and Parity analysis = relevant parametrisation of the
non-local correlators

@ vector correlator I' =+,

(IO = [ dye™ O m, £, [o10) € mps + 020 ]

@ = 52-body DAS {¢1, pa, 3, o171, par}
@ = 2 3-body DAs {B(y1,y2), D(y1,y2)}

@ Relations between DAs : Equation of motion and n-independence
= 3 independent DAs : {1, B(y1,v2), D(y1,y2)}



Collinear factorization
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Collinear factorization
Wandzura-Wilczek and Genuine contributions

@ Solution in the Wandzura-Wilczek Approximation (WW)

YW ), oYV (), Y (1), o4 ()}

e1={p ®
@ Genuine solutions

{B(y1,y2), D(y1,y2)} = {3 (v), %" (v), 17" (v), %7 (v) }

@ Evolution of the DAs P Ball, V.M Braun, Y. Koike, K. Tanaka
. 5. 3
prly i) = 6yg(l+az(i®)S(By -9 - 1)
By, y2:p®) = —5040y192(y1 — v2)(y2 — v1)
wi oy (1?)
Dy, yoip®) = —360y19a(ys — y1)(1 + ——2— " (7(y2 — y1) — 3))

2
with 1?2 ~ Q2 the collinear factorisation scale



Collinear factorization
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Collinear factorisation
DAs dependence on 2
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Ratios of Helicity Amplitudes
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Ratios of Helicity Amplitudes

A modele for the proton impact factor

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

@ Phenomenological Modele for 7~

" (ks M?) o
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ﬁ — m} J.F Gunion, D.E Soper

@ 77 — p helicity amplitude:
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@ The WW conftribution:

ww is 1 1
T11 x (7 ) 5
2m a2 (k2)2 M2 &2 4 M2
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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 = 1GeV
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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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Ratios of Helicity Amplitudes

Comparison with H1 data : Ty1 /Too

@ To1/Too at M = 1GeV, Dependence on u? M = 1GeV :

M=1Gev Q°=86GeV?
: : : -t
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Conclusion

Conclusion : Perspectives for &7 —rr

@ Good agreement with Experimental data

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

@ weak sensitivity

@ Perspectives :
@ Extend the kinematic 10 ¢ # tnin
@ Passage in coordinate space : Link with the Dipole modele

@ Implementation of Saturation effects



Conclusion

Comparison of & in the S-Channel Helicity Conservation
approximation with ZEUS and H1 data:




Conclusion

Impact representation  k=Eucl < &k =Mink.

2 % * 0 * 0
M =is / 4(271_)2]{(1 (% 7 o (m)ﬂﬂ(p’l)(kjﬁ —k) D" (riz)ﬂ/o(pﬁ)(_k7 —r+k)
With 77 r(q)g(k1) — pr,r g(k2) impact factor:

* « 01 dk *
T P k2 G A “ Disc,. Sy 97Pg k2
(k) =er o [ = ),

with k = (¢ + k)2 = Bs — Q% — k2




Conclusion

3-body non-local correlators genine twist 3

@ vector correlator

(p(P)|P(21) 709 AL (22)9(0)[0) 2 my £ B(yr, o) pueil

@ axial correlator
T T
(P(P)|P(21 ) 157ug AL (22)1(0)[0) 22 my f5 i D1, 2) pu carss €x” pp i,
where y1., g2, y2 — y1 = quark, antiquark, gluon momentum fraction
5k 1 ) ) .
=2 [dyr [dys explivip-2z1 +i(y2 —y1)p- 22], With z1 2 = \n
0 0

= 2 3-body DAs



Conclusion

Equations of motion twist2
kinematical twist 3 (WW)
genuine twist 3

@ Dirac equoTion leads fo genuine + kinematical twist 3

—

— _ —
(@D (0)¢(0)atp(2)) =0 (i Du=1 du +9Au)
= 2 Equations of motion:
gres(yr) + 51 0a(y1) + 1 (1) + ©ay1)

+/dy2 [Csv B(y1, y2) + ¢ D(y1, ’!/2)] =0 and (1 <> y1)



Conclusion

A minimal set of DAs

independence of the full amplitude with respect to the light-cone
vector n

@ vector correlators

d
. o1 (1) = —p1(y1) + @3(y1)
Y1

1

0

@ axial correlators
1

d ¢ d
Twwi(yl) =paly) — C?O/ " Ele (D(y1,y2) + D(yz, 1))
o1 (y) <+ 2 body twist 2 correlator

B(y1, y2) + 3 body genuine twist 3 vector correlator
D(y1, y2) <+ 3 body genuine twist 3 axial correlator



Conclusion

~vi — pr impact factor

: 2eg” f, 6 K
YL=PL(L2) — g Jo r
P (k) 0 2N, dypl(y)ngQJrEQ

pure twist 2 SCO”ﬂg (from p-factorization point of view)

I.F. Ginzburg, S.L. Panfil, V.G. Serbo (1987)



Conclusion

Computation and results
Results:

~vr — pr impact factor:
HITPT (EQ) = @:Ff'_'pT (EZ) To.y + @};_WT (EQ) Ty,

(ey -K)(e" - k) | (ey-€")
52 T

Thyp=—(ey-€)=>+—+ and Ty = =4+
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T T
2v2Q2 2N, y1(1—v1) (B2 +Q%y1 (1 — v1))? [ =0T ) + R )]

2 2
dus d VB (1 00y — A D (. vi(1—-y1)k (2-Nc/Cr)Q
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N Q? v A {2+NC/CF
_ —2 [ ay d B (y1,y2) + ¢2D (y1, e
Cr vk + Q2 y1 (v2 — yl)] / y1 dy2 [Cg (y1,92) + ¢35 D (v1 yz)] rp—
v @Q° < (2= N¢/CF) y1 k? 72>
E2+Q%y1 (1 —y1) \k2(y1 —y2+ 1)+ Q%y1 (1 — y2)

g e 1 —v2) (- w2) Q? ]}
Cr 1—y1 E2 (1 —y1) + Q% (y2 —y1) (1 — v2)



Conclusion

2 - Spinorial (and color) factorization

@ Use Fierz decomposition of the Dirac (and color) matrices

(0) ¥(z) and w(ogi 9, P(2):

¢ = /dy {Tr[qu(yp) I Syq(y) + 11 [0 Heg(y p) T &qu(y)}

S = [ o P IE0m) T w(0)0)

@ 67i)\y

M) [P Ti 0L $(0)]0)

aLS(l;q(y) =

@ Axial gauge condition for gluons, i.e. n- A =0 = Wilson line =1
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