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Riccardo Fabbri SIR 2005 – p.2



Exclusive Reactions & GPDs

Orbital
Angular
Momentum

Lq

Compton

(DVCS)
Scattering

Exclusive
Meson
Production

Parton

Functions
Distribution

Form
Factors

GPDs

✦ GPDs offer most complete
description of quark-gluon
structure of hadrons

Ji sum rule

Jq = limt→0

∫ +1

−1 xdx [Hq(x, ξ, t) + Eq(x, ξ, t)]

✦ Hard Exclusive Processes
interpreted in GPD
framework!

✦ Analysed at HERMES

☞ Quantum numbers of final meson state select different GPDs

✦ Vector mesons (ρ, ω, φ...): H,E (flavour singlet)

✦ f -meson family (f0, f2, ...): H,E (flavour non-singlet)

✦ Pseudoscalar mesons (π, η...): H̃, Ẽ
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Pseudoscalar Mesons

Sensitivity to H̃ and Ẽ
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Hard Exclusive π+ Production

e+p −→ e+π+n

Extraction of the exclusive sample
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Hard Exclusive π+ Production

Measurement of the cross-section: ∼ (H̃ + Ẽ)2

✦ X section extracted after proper tuning of exclusive MC
in the HERMES acceptance

- Vanderhaeghen, Guichon & Guidal (1999) -
GPDs framework
in terms of: H̃ & Ẽ
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Hard Exclusive π+ Production
Measurement of the cross-sectionMeasurement of the cross-section
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Hard Exclusive π+ Production

Transverse Target Spin Asymmetry: ∼ Ẽ · H̃
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Hard Exclusive π+ Production
Transverse Target Spin Asymmetry

∆σγ?p−→π+n ∼ Ẽ · H̃
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☞ GPDs framework

✦ Sizable asymmetry predicted!

☞ Analysis from proton target
in progress!
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Hard Exclusive πo Production

✦ Analysis of exclusive πo production on unpolarized
proton target ongoing

☞ no pion-pole contribution in Ẽ
☞ predicted sensitivity to Ẽ

πoπ+

- Mankiewicz et. al. (1999) -
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☞ predicted sensitivity to Ẽ
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Vector Mesons

Sensitivity to H and E

in flavour singlet state

=⇒ C = +1
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Hard Exclusive ρo Production

e+p −→ e+pρo −→ e+pπ+π−

Extraction of the exclusive sample

✦ Detection: e+, π+π−

✦ Recoil proton reconstructed

via Missing Energy ∆E

✦ Use of SIDIS MC to subtract

the non-exclusive bg
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Hard Exclusive ρo Production

Measurement of the cross-section σL

γ?
Lp −→ pρo

✦ σL extraction from decomposition of decay-angle distributions:
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✦ qq̄-exchange
✦ gluon-exchange } mechanisms

considered
✦ qq̄-exchange

might dominate at HERMES ✔

&%
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&%
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☞ But - Diehl (2005) - : possibly sizable
contribution from gluons in HERMES
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Hard Exclusive ρo Production

Transverse Target Spin Asymmetry AUT

AUT (φ − φS) =
σ↑(φ−φS)−σ↓(φ−φS)
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Hard Exclusive ρo Production

Transverse Target Spin Asymmetry AUT
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Hard Exclusive φ Production

Measurement of the cross-section σL

γ?
Lp −→ pφ −→ pK+K−

✦ analysis procedure as for ρo ✦

R = σL
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R
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HERMES φ - PRELIMINARY
Dixon φ

ZEUS φ

fit = c0(Q2/M2
φ)

c1

c0 = 0.38+/-0.04
c1 = 0.87+/-0.12

☞ agreement with world data

✦ GPD calculations in terms of

gluon H & E

- Guidal -

✦ gluon-exchange DOMINATES ✔
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Exclusive Meson Production: X Section Ratios

σφ/σρ

☞ with only 2g-exchange
mechanism for ρo

2
9 ∼ σφ(2g exchange)

σρ(2g exchange)

☞ with qq̄-exchange mechanism
included for ρo

≥ σφ(2g exchange)

σρ(2g exchange+qq̄ exchange)

✦ HERMES data � 2
9

&%
'$

&%
'$

✦ indication that

Hq & Eq

play a role in ρo production

in the HERMES kinematics
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Pion Pairs and f -meson Family

Sensitivity to H and E

in flavour non-singlet state

=⇒ C = −1
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Hard Exclusive Production of π+π−

γ?
Lp −→ pπ+π− γ?

Ld −→ dπ+π−

Which channels may contribute?

2-gluon
exchange
(C=+1)

C=-1

ρ family
C=-1, I=1

l=1,3,...

π+

π-

T T,

(a)

GPD

singlet
quark
exchange
(C=+1)

C=-1

ρ family
C=-1, I=1

l=1,3,...

π+

π-

T T,

(b)

GPD

Example:

✦ ρ0: I(JPC)=1(1−−)

non-singlet
quark
exchange
(C=-1)

C=-1

f family

C=+1, I=0

l=0,2,...

π+

π-

T T,

(c)

GPD

non-singlet
quark
exchange
(C=-1)

C=-1

f family

C=+1, I=0

l=0,2,...

π+

π-

T T,

(d)

GPD

Example:

✦ non-resonant S-wave & f0:
I(JPC)=0(0++)

✦ f2: I(JPC)=0(2++)
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mππ-dependence of 〈P1(cosθ)〉
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Conclusions (1)

✦ Several hard exclusive meson production channels measured

✦ Interpreted in the GPD framework

☞ exclusive π+:
✔ σtot extracted:

=⇒ might constrain H̃ & Ẽ
✔ Analysis on Transv.Target SSA ...coming soon

✔ σπ+/σπo : predicted sensitivity to Ẽ ...coming soon

☞ exclusive ρo and φ:

✔ ρo tool to test different GPD models for quark
flavour singlet and gluon H & E

=⇒ σL

=⇒ Transverse Target SSA
✔ σL of φ in agreement with predictions in terms of gluon H & E
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Conclusions (2)

☞ exclusive π+π−:
✔ first measurement of Legendre moments

✔ 〈P1〉 in agreement with predictions in terms of quark H & E

✔ increasing 〈P1〉 with increasing x:

=⇒ relative increase with x of non-singlet quark H & E

Near future:

☞ Interesting results expected
from all data including 2005
running

Integrated DIS HERA Run II (polarized)
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Conclusions (2)

☞ exclusive π+π−:
✔ first measurement of Legendre moments

✔ 〈P1〉 in agreement with predictions in terms of quark H & E

✔ increasing 〈P1〉 with increasing x:

=⇒ relative increase with x of non-singlet quark H & E

Near future:

☞ Interesting results expected
from all data including 2005
running
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Exclusive π+: Acceptance Correction

✦ Acceptance correction found to be model dependent
✦ Comparison with two different models made and

included in the systematics
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Exclusive π+: Reduced X section
✦ Reduced X section σred defined as

σtot = 1
16π
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Fit of the form: 1/Qp:

p = 1.9 ± 0.5

p = 1.7 ± 0.6

p = 1.5 ± 1.0

✦ agreement with theoretical expectation 1/Q2 at fixed x and t
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