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Access to Transversity
Single spin azimuthal asymmetries on a transverse polarized Target
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Data on Transversity
Integrated DIS HERA Run II (polarized)
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Very First Results on TRANSVERSITY
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Access to Collins
Beam spin azimuthal asymmetries
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Beam Spin Asymmetry

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.5 1

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

10 -1

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.5 1

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.5 1

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

10 -1

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.5 1

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.5 1

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

10 -1

-0.04

 0.06

-0.02

      0

 0.02

 0.04

A
L

U

si
n

φ

e
→

 p → e Xπ+ HERMES PRELIMINARY

not corrected for smearing and acceptance
1.9% scale uncertainty

      maximum possible effect from exclusive VM

-0.04

-0.02

      0

 0.02

 0.04

 0.06

A
L

U

si
n

φ

e
→

 p → e Xπ-

-0.04

-0.02

      0

 0.02

 0.04

 0.06

0.5 0.80.2 1

z

A
L

U

si
n

φ

e
→

 p → e Xπ0

10-1

x
10.80.50.2

Pt (GeV/c)

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

0.08

0.5 1

-0.03

0

0.03

0.06

0.09

0.12

0.2 0.4 0.6 0.8 1

z

A
L

U

si
n

φ /f
(y

)

▲ CLAS (EB=4.3 GeV)
● HERMES (Preliminary)

e
→

 p → e Xπ+

more results on Deuterium
target to come

DESY PRC Mai 2004 – p.6/18



The Hermes Quest for Lq

GPDs
orbital angular

momentum

transverse localisation

form
factors

wide angle
Compton
scattering

deep inelastic
scattering

PDFs

exclusive
meson production
deep virtual/large t

deeply virtual
Compton
scattering

timelike
Compton
scattering

pp̄ annihilation

γγ → ππ, γγ → KK

Study of hard exclusive processes leads to
a new class of PDFs

Generalised Parton Distributions
Hq, Eq, H̃q, Ẽq

⇒ possible access to
orbital angular momentum

Jq = 1

2
(
∫ 1

−1
xdx(Hq + Eq))t→0

Jq = 1

2
∆Σ + Lq

exclusive: all products of a reaction are detected
=⇒ missing energy (∆E) and missing Mass (Mx) = 0
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GPDs Introduction
quantum numbers of final state ⇒ select different GPDs
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DVCS: pseudo-scalar mesons vector mesons
Hq, Eq, H̃q, Ẽq H̃q, Ẽq Hq, Eq

What does GPDs characterize?
unpolarized polarized
Hq(x, ξ, t) H̃q(x, ξ, t) conserve nucleon helicity

Hq(x, 0, 0) = q , H̃q(x, 0, 0) = ∆q

Eq(x, ξ, t) Ẽq(x, ξ, t) flip nucleon helicity
not accessible in DIS

x, t, ξ defined on the light cone
x: longitudinal momentum fraction t: momentum transfer (t = ∆2)

ξ: exchanged longitudinal momentum fraction (ξ =
xBj/2

1−xBj/2
)

DESY PRC Mai 2004 – p.8/18



How to Measure E, Ẽ ?

meson production → σL @ Hermes kinematics:

vector mesons pseudoscalar mesons
σL AUT σL AUT

(nominator) (nominator)
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Exclusive π+ result
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cross section in 3 x-bins
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complete new data

comparison with theory in
progress
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How to Measure E, Ẽ ?

DVCS
AC, ALU AUL AUT

(twist-2 amplitudes of the interference terms only)

H F1 ξ(F1 + F2) ξ2F1 + t
4M2 (1 − ξ2)F2

H̃ ξ(F1 + F2) F1 ξ2(F1 + F2)

E t
4M2 F2

ξ2

1+ξ (F1 + F2) ξ2F1 + t
4M2 (F1 + ξ2F2)

Ẽ ξ2

1+ξF1 + ξ t
4M2 F2 ξ2 t

4M2 (F1 + F2)

F1 and F2 ...Dirac and Pauli form factor
⇒ to access E transverse target polarisation is essential

DESY PRC Mai 2004 – p.11/18



Exclusive Scattering

Missing Mass to select exclusive events
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Recoil Detector

Measure the recoiling target nucleon
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Silicon Detector

Silicon strip detector

in HERA machine
vacuum

2-sided readout
two layers for dE/dx

4096 channels
135 to 400 MeV/c
momentum coverage

HELIX chip with HADC

charge division (2 gain
ranges)

All modules necessary at hand.

DESY test beam (e+ beam) S/N = 6.2

Erlangen test beam (< 11 MeV p)
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Scintillating Fiber Detector

300 to 1400 MeV/c
momentum range

Two separate planes
(barrel)

each plane two cylinders
of stacks two layers of
scintillation fibers
4992 channels
64-pixel PMTs for light
conversion

photo electrons
0 10 20 30 40 50 60 70 80

co
u

n
ts

0

50

100

150

200

250

300

350

400  Protons 

 Pions 

momentum 300 MeV/c
response of the sum of the two layers

DESY PRC Mai 2004 – p.15/18



Scintillating Fiber Detector

300 to 1400 MeV/c
momentum range

Two separate planes
(barrel)

each plane two cylinders
of stacks two layers of
scintillation fibers
4992 channels
64-pixel PMTs for light
conversion

photo electrons
0 10 20 30 40 50 60 70 80

co
u

n
ts

0

50

100

150

200

250

300

350

400  Protons 

 Pions 

momentum 300 MeV/c
response of the sum of the two layers

DESY PRC Mai 2004 – p.15/18



Scintillating Fiber Detector

300 to 1400 MeV/c
momentum range

Two separate planes
(barrel)

each plane two cylinders
of stacks two layers of
scintillation fibers
4992 channels
64-pixel PMTs for light
conversion

photo electrons
0 10 20 30 40 50 60 70 80

co
u

n
ts

0

50

100

150

200

250

300

350

400  Protons 

 Pions 

momentum 300 MeV/c
response of the sum of the two layers

DESY PRC Mai 2004 – p.15/18



Photon Detector

detect neutral particles

photons from πo decay

3 layers of scintillator strips

fiber light guides

tungsten as pre-shower

gain monitoring system
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Photon Detector

momentum 600 MeV/c

use detector response
for PID
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Coffee is approaching

Collins FF with transverse pol. target or BSA

GPDs give access to orbital angular momentum of quarks

transverse pol. target needed to access E

exclusive π production access to H̃, Ẽ

DVCS access to H

install the Recoil Detector in sumer 2005

focus on DVCS with e- and e+ beam
other topics: Hyperon (strange quark), Penta-quark,
exclusive VM, target fragmentation ...
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