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VMD GPD
0 < Q% < few GeV~ Q° > 1GeV*?




__generalized parton distributions
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__generalized parton distributions
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4+ suppression effectively 1s not
working for Q* ~ few GeV

4+ valuable information on GPDs

from higher twist terms

at leading twist: H E HE
Y !
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factorization for o1, (and pr,, wr,, ¢, ) only

® _ o1 — o suppressed by 1/Q

®._ o7 suppressed by 1/Q>2
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_given channel probes specific GPD flavor
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modehng GPDs

- constramts on the t behaV10r of Valence quark and gluon GPDs S
HY(z,6,t) = HY(x, ) F () HY(z, &, t) = HI(z, &) Fy (t)

4 t-behavior of sea quarks is unknown @rks and glu@

4 same t-dependence for quarks and gluons

= measure the t—dependence of cross section (e.g. p* and p" Z
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vector mesons



t-dependence
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~ t-dependence
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Y'p— ¢p crosssection

4 similar trend as a function of Q?
4 monotonically increase with W

4 Regge model calculation

; W=2.1,2.45,2.9 GeV
- Laget (2003) -

= overestimate the CLAS data

\ o
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*  Cornell/Cassel W=2.7 GeV - S5 |
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<4 applicability of GPD formalism at low 5 | o GLAS/Lukashin
W data? probe of gluon field in the nucleon | AN
4 longitudinal cross section is not dominant 492t o ZEUS/Chekanov
in low-W kinematics F T HERAAdA
4 modified perturbative approach might 107 1 ) 10 .
be SUC-CGSSful 3 Goloskokov Kroll (2007) - | Q (GeV )
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4 decrease of total cross section with W

Regge model
- Laget (2003) -
4 exchange of ,+ and

4 good description in all ranges
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v p — p n cross sectlon
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4 decrease of longitudinal cross section with W
4 GK GPD model
- Goloskokov Kroll (2005) -

o 4 VGG GPD model
- Vanderhaeghen, Guichon, Guidal (1999)

4 models do not describe the data
» GPD formalism 1s not applicable
> mlssmg contrlbutlon IS GPD parameterlzatlons
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Cross sectmn rat1os
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4 Cross sectlons change mgmﬁcantly When Varymg the nonperturbatlve 1nput

MRST % CTEQ
2 unpolarized gluon densities at low scales
1400 — 3000 g
: i CTEQ6 u, 12GeV (q+g) —
1200 | E 2500 |- gi -
T 1000 1 = f @
2 : = 2000 |
800 F 1 & N
T : 71500 |\
& 600 | 1 s SN
z L =z L AN
= 400 _ ] < 1000 : \\
200 [ 1 500 [ S
0 : 0 :..|....|....|..\..\|ﬁ7".—n—-'—.—
0.1 0.2 0.3 04 0.5 0.6
Xp XB

4 next-to leading order corrections

4 substantial power corrections
= cross section ratios for similar channels
= cancelation of theoretical uncertainties

or(Y*p — ¢p) or(v*p — K*TA)
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p’ transverse target spm asymmetry

* Cross seetron asymmetry Wrth respect to transverse target p01ar o tlon

A7 p—plp _ A | Im(E*H)
target pol. (1 — £2)|H(|2 — (€2 +t/4M?2)|E|2 — 262Re(E*H)

4 depends linearly on the helicity-flip GPD E
4 no kinematic suppress1on of GPD E with respect to GPD H

o , , - HERMES Collaboration (2009) -
s ™00 sPiene | ] average kinematics:
o 0.2 l I { ) (—t') =0.13 GeV?
T T R
0.2 | : 1 : - (Q?) = 2.0 GeV?
04 ~ 4 L/T separation using the angular
L ; D \ distribution
i o4 P >4 leading twist contribution:
< 02 | 0l H | 11 compatible with 0 overall value
ob Hl #4— o p
02 | L B I } Atarget pLOI. — _0033 :I: 0058
0.4 4 implies that the Eg is small
o 2 o0 01 0 02 vp—plp B BT+ BT
overall  Q?[GeV?] Xg -t [GeV?] target pol. =% f1 " Ha 4 H9



p’ transverse target spm asymmetry

4 depends linearly on the helicity-flip GPD E
4 no kinematic suppression of GPD E with respect to GPD H
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4 cross section asymmetry with respect to transverse target polarrzatron
A7 P—PLP _ A || Im(E*K)
target pol. (1 — £2)|H|2 — (£2 + t/4M2?)|E|2 — 262Re(E*H)

- COMPASS Collaboration -
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p’ transverse target spm asymmetry

.4 Cross seetron asymmetry Wrth respect to transverse target p01ar o tlon

A7 p—plp _ A | Im(E*H)
target pol. (1 — £2)|H(|2 — (€2 +t/4M?2)|E|2 — 262Re(E*H)

4 depends linearly on the helicity-flip GPD E
4 no kinematic suppression of GPD E with respect to GPD H

reeorl olarlzatron asymmetr

* Cross seetlon asymmetry with respeet to reeorl polarlzatlon

AP ETA A |Tm(E*H)
weaaill el (1— )| H|Z — (€2 + t/AM2?)[E]2 — 2E%Re(E )

4 access to GPD E from unpolarized target
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4 asymmetry arise due to interference between natural and unnatural parity

exchange amplitudes N
4non-leading twist: interference between the GPD H 'Y and H*9

D 4 asymmetry is
compatible with 0O
= UPE contribution 1s
negligible
4 measurements at
different W ranges
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[ @ COMPASS < [ @ COMPASS

0.2 A HERMES quasi-photoprod. (d) % v 0.2 A HERMES quasi-photoprod. (d)
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o - Fraas -
= prediction 1s

consistent with data
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pseudoscalar mesons

17



do/dtdd (ub/GeV?)
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4 two beam energies

= Rosenbluth separation
4 simultaneous fit to the angular
distribution
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- The Jefferson Lab Fpi-2 Collaboration (2006) -
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4 L/T separated cross sections
4 longitudinal cross section is well
reproduced by the model prediction:

pion and rho Regge trajectory

exchange
- Vanderhaeghen, Guidal, Laget (1997) -

4 transverse component undershoot



T " Ccross sectmn from HERMES

3 < Q? <4GeV2 N 4 <Q?<11 GeV?

1<Q@? <2Gev2 P 2 <Q? <3Gev2 .

10 2L \» 0.02<x5<0.15 |\, 0.06 <x3<0.23 | \\ 0.11 <x3<0.31 | 0.15 < x5 < 0.55
=X ¢ AN long1tud1nal E \ > LO + power correctionf 20
o § i( section total [ §~ C A\
TV j X-section | - [ i §~.§

10 = = . 3 3 RN
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4 no L/T separation - HERMES Collaboration (2007) -

4 longitudinal component is expected to dominate (large t)
GPD model calculations
4 GPD E is considered to be dominated by the t-channel pion pole
4 [ is neglected
4 leading order calculations underestimate the data
4 power corrections agree with data
Regge model calculations
<4 transverse component of the cross section 6-8% at -t’<0.07 GeV?
4 the same model underestimate the JLAB data
(holds also for HERMES higher W kinematics?)




_m' transverse target asymmetry
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- HERMES Collaboration (2007) -
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4 6 azimuthal moments extracted S T N

according to - Diehl, Sapeta (2005) - A b —

4 no L/T separation I

4 small overall value for leading R i B R S e

asymmetry L e

4 unexpected large overall value for A35" &'} + +

= cvidence of contribution from P U A A
1,

transversely polarized photons e T
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_more on K and T mesons

Asm(gb qbs) Vv =t v § & Em(g*H) _
Uk Mp (1—&2)H2 — ;52 £2 — 262 Re(E+H)

4 the same GPDs accessible from
np—=K A, K'="
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- Goeke, Polyakov, Vanderhaeghen (1999) -

| contrlbutlons

§ results from CLAS on Beam—
recoil polarization transfer in the
nucleon resonance region in
exclusive reactions

vip— KTA, KOS
4 beyond the resonance region
measurements of cross sections and
asymmetrles mlght be helpful

eparatethen/kon oeterm -

Y'p — mn

Vp— 7p

v*p — K%+
- Strikman, Weiss (2008) -
eihl, Kugler, Schacfer, Weiss (2000) -
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