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hermes Introduction

The hard exclusive electro-production of φ and ω vector mesons was

studied with the HERMES spectrometer at the DESY laboratory by

scattering 27.6 GeV positron and electron beams off a transv ersely

polarized hydrogen target. The single-spin azimuthal asym metry with

respect to the transverse proton polarization was measured .

The experiment with polarized target gives us the possibili ty to select

interesting for the theory, in our case GPDs, processes. Her e, the

observation will be focused on the process with proton (targ et)

changing polarization.

In the language of GPDs theory our studies with polarized tar get are

related to the E(xB, ξ, Q2) distribution.
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hermes Introduction & GPDs Motivations
The transverse target polarization asymmetry A UT for exclusive

electroproduction of light vector mesons is related to the i maginary

part of an interference term between the two GPDs H and E.

The parton-polarization-independent function H can be extracted

from the unpolarized cross section for electroproduction o f vector

mesons. Therefore, A UT provide an information about E.

The transverse target spin polarization in exclusive VM pro duction

has the advantage to be one of rare observables where asymmet ry

depend on the helicity-flip E q,g .

In some models the total angular momenta carried by u and d quarks

enter directly as free parameters in parametrization of Eq(x, ξ).

Witold Augustyniak, SINS Florence April 22nd , 2010 – p. 4/21



.

hermes e + p → e′ + p′ + V: Rudiments
e

W

p

V
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Q 2

p

e

Kinematics:

ν= 5 ÷ 24 GeV,< ν > = 13.3 GeV,

Q2 = 1.0 ÷ 7.0 GeV2,< Q2 > = 2.3 GeV2

W = 3.0 ÷ 6.5 GeV, <W> = 4.9 GeV,

xBj = 0.01 ÷ 0.35< xBj > = 0.07

t′ = (t-tmin.)

t′ = 0 ÷ 0.4 GeV2,< t′ > = 0.13 GeV2

In one photon approximation
≡ γ∗ + p → p′ + V

The amplitude of this process can be
factorized:
A = Φ∗

γ∗→qq̄ ⊗ Aqq̄+p→qq̄+p ⊗ Φqq̄→V .
In these three steps the interaction time (qq̄)

with target is shorter than γ∗ fluctuation and
formation of VM. (Collins,Frankfurt and
Strikman Phys.Rev D56(1997)2982)

γ∗ + p→ φ+ p′ : with transversely pol. target
is good tool to study Transverse Target Spin
Asymmetry

The detected decay products: φ→ K+ +
K− and ω → π+ + π0 + π− are used for
identification of VM.

The scattering and production planes are
easy defined.
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hermes Definition of the azimuthal angles

x

y

z

φS

φ

~Ph

~S⊥

~k

~k′

~q

uli

cosφ =
(~q × ~v) · (~k × ~k′)

|~q × ~v| · |~k × ~k′|
, sinφ =

[(~k × ~v) · ~q] · |~q|

|~k × ~q| · |~q × ~v|
,

cosφS =
(~q × ~S) · (~k × ~k′)

|~q × ~S| · |~k × ~k′|
, sinφS =

[(~k × ~S) · ~q] · |~q|

|~k × ~q| · |~q × ~S|
,

Relation between the azimuthal angles
in the selected frames:

F q⊥S(ST , SL, φ, φS) = R(θ, γ)Fk⊥S(PT , PL, ψ, ψS),

where: sin(θ) = γ(1−y−
1

4
y2γ2)/(1+γ2), γ = 2xBMp/Q.

ST =
PT cos(θ)

q

1 − sin(θ)2 sinφ2
S

.

The angle φ between the lepton-
scattering plane and the VM production
plane.

TRENTO CONVENTION
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hermes Main definitions and relations

where: σij
mn(Q2, xB) are cross sections or interference terms with indices: (i, j) describing

polarization of the protons (p and p′) as well as (m,n) - polarization of (γ∗ and VM),

ǫ - ratio of longitudinal to transverse photon flux

M.Diehl, S. Sapeta

hep-ph/0503023

AUT ∼ cos θ Im ( σ+−
++ + ǫσ+−

00 )
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hermes HERMES SPECTROMETER
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LUMINOSITY

CHAMBERS
DRIFT

FC 1/2

TARGET
CELL

DVC

MC 1-3

HODOSCOPE H0

MONITOR

BC 1/2

BC 3/4 TRD

PROP.
CHAMBERS

FIELD CLAMPS

PRESHOWER (H2)

STEEL PLATE CALORIMETER

DRIFT CHAMBERS

TRIGGER HODOSCOPE H1

0 1 2 3 4 5 6 7 8 9 10

RICH
270 mrad

270 mrad

MUON HODOSCOPE
WIDE ANGLE

FRONT
MUON
HODO

MAGNET

m

IRON WALL

e+

27.5 GeV

140 mrad

170 mrad

170 mrad

140 mrad

MUON HODOSCOPES

SILICON

Acceptance: |Θx|< 170 mrad, 40 < |Θy|< 140 mrad,

Resolution δp/p < 1 %, δΘ< 0.6 mrad,

Positron identification efficiency above 99% , hadron averag e is 99%,

Contamination of hadrons (positrons) in the positron (hadr on) sample - below 0.01% (0.6%)

Good separation pions, kaons, protons and other hadrons for momenta between 2- 15 GeV,

Average target polarization (02-05) ∼ 72 %.
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hermes Exclusive φ Meson Production

e+ p→ e′ + p′ + φ→ K+K−

The exclusive events were selected using

the missing energy spectra ∆E =
M2

X−M2

p

2Mp
.

The background was simulated by code MC PYTHIA.
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hermes AUT for φ vector mesons
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<x> = 0.0874
2<-t’> = 0.132 GeV
2> = 1.89 GeV2<Q 8.1% Scale Uncertainty

Third and second (A UT ) moments for φ mesons.

Used cuts for idenetyfied particles

e±, K+, K− :

’Fiducial’ cut

Cut for opening angle of decaying φ meson

Cut for P φ > 7.5 GeV/c

Kinematical cuts Q 2 >1GeV,

-t′ < 0.5 GeV2, W> 5GeV.
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hermes Main observables for ω
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Distributions of several kinematic variables from data on e xclusive ω meson leptoproduction

(black squares) compared to PYTHIA simulated spectra (dash ed areas). Simulated spectra were

normalized to the data.

The exclusive ω vector mesons were indetyfied by invariant mass spectra: M ω (h+,h−,π0),

Mπ0

(γ,γ) as well as ∆E spectrum.
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hermes AUT for ω
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hermes Theory, models, predictions for A ω
UT
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AUT at Q2 = 4 GeV2, t = −0.4 GeV2

LO+NLO

LO

xB

M. Diehl and W. Kugler, Eur.Phys.J.C52,933(2007)
[arXiv:0708.1121 [hep-ph]],calculations.
AUT as function of xB . (Calculations for σ+−

00
)

The bands correspond to the range of the factorization
scale parameter 2 < µ < 4 GeV.
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hermes AUT and GPDs

AUT = −2
Im[M∗

+−,++
M++,++ + ǫIm[M∗

0−,0+M0+,0+]

Σν′ [|M+ν′,++|2 + ǫ|M0ν′,0+|2]
,
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S.V.Goloskokov and P.Kroll
hep-ph/0809412
Important characteristics of G.K.
model:
Introduce the quark transverse
momenta with model regulation :

1

dQ2
⇒ 1

dQ2+k2

⊥

.

Include Sudakov effect in b space.
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hermes AUT results for ω
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AUT : experimental value and theoretical
predictions. The theoretical predictions
done by GK model. The solid, dashed,
dotted and dash-dotted lines represent
the results for different variants. The
shaded band indicates the theoretical
uncertainty for one variant. The other
variants have similar uncertainties.

Witold Augustyniak, SINS Florence April 22nd , 2010 – p. 15/21



.

hermes Conclusions

The value of A UT for the φ meson is close to zero. It confirms the

model expectation that Eg and Esee distributions in the HERMES

kinematics is negligible.

The value of A UT in the case of ω is negative. The sign is related to

weight factors flavor structure of ω vector meson and agrees with

predictions of (GK) model.
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hermes ADDITIONAL SLIDES
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hermes Introduction
The hard exclusive electro-production of φ and ω vector mesons was studied with the HERMES spectrometer at

the DESY laboratory by scattering 27.6 GeV positron and elec tron beams off a transversely polarized hydrogen

target. The single-spin azimuthal asymmetry with respect t o the transverse proton polarization was measured.

The exclusive reaction e + p → V + p′ or equivalent γ∗ + p → V + p′ consist in a complex set of processes.

The processes indexed by the polarization of virtual photon and vector meson as well as by the proton

polarization before and after the reaction are seen in the ex periment as a sum of processes and interference

contributions of two processes. It was observed that proces ses are ordered by certain hierarchy starting from the

strong processes like γ∗L → VL, γ∗T → VT without the spin-flip of the proton up to the weak processes wi th the

spin-flip of proton and transition with change of helicity li ke γ∗T → VL.

Some of weak processes are seen only as an interference with t he strong process. The experiment with polarized

target gives us the possibility to select interesting for th e theory, in our case GPDs, such processes. Here the

observation will be focused on the process with proton (targ et) changing polarization. In the language of GPDs

theory our studies with polarized target are related with th eE(xB , ξ, Q
2) distribution.
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hermes AUT results for ω
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AUT : experimental values and theoretical
predictions as function of Q2.
The experimental results indicated by black
markers were determined in the bins defined
by values: 1.0, 1.5, 2.3 and 7.0 GeV2. The
red point corresponds the full bin: 1.0 - 7.0
GeV2.
The theoretical predictions done by (GK),
arXiv:0809.4126[hep-ph] . The solid,
dashed, dotted and dash-dotted lines rep-
resent the results for different variants The
shaded band indicates the theoretical uncer-
tainty for variant one. The other variants
have similar uncertainties.
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hermes AUT and GPDs

AUT = −2
Im[M∗

+−,++
M++,++ + ǫIm[M∗

0−,0+M0+,0+]

Σν′ [|M+ν′,++|2 + ǫ|M0ν′,0+|2]
,

Mµ,+,µ+(V ) =
e

2
{

X

a

eaC
aa
V 〈H〉gV µ +

X

ab

Cab
V 〈H〉ab

V µ},

Mµ,−,µ+(V ) = −
e

2

p

(−t)

M +m
{

X

a

eaC
aa
V 〈E〉gV µ +

X

ab

Cab
V 〈E〉ab

V µ},

〈F 〉gV µ =
X

λ

Z

1

0

dx̄HV g
µλ,µλ(x̄, ξ, Q2, t = 0)F g(x̄, ξ, t),

〈F 〉ab
V µ =

X

λ

Z

1

−1

dx̄HV ab
µλ,µλ(x̄, ξ, Q2, t = 0)Fab(x̄, ξ, t),

HV ab
µλ,µλ =

Z

dτd2bΨ̂V µ(τ,−b)F̂(x̄, ξ, τ,Q2,b)

xαs(µR) exp[−S(τ,b, Q2)],

ΨV j(τ,k⊥) = 8π2
p

2NCfV j(µF )a2
V j [1 +BV j

1
(µF )C

3/2

1
(2τ − 1)

+BV j
2

(µF )C
3/2

2
(2τ − 1)] exp[−a2

V jk
2

⊥/(τ τ̄)].

S.V.Goloskokov and P.Kroll
hep-ph/0809412
Important characteristics
of G.K. theory:
Introduce the quark
transverse momenta
with model regulation:

1

dQ2
= 1

dQ2+k2

⊥

.

The weight factors comprise the
flavor structure of VM:
Cuu

ω = Cdd
ω = 1√

2
, Css

φ = 1,

F(=H,E),
F̂ - hard scattering kernel
Sudakov effect in b space.
Parameters of wave function.
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hermes Main definitions and relations

where: σij
mn(Q2, xB) are cross sections or interference terms with indices: (i, j) describing

polarization of the protons (p and p′) as well as (m,n) - polarization of (γ∗ and VM),

ǫ - ratio of longitudinal to transverse photon flux

M.Diehl, S. Sapeta

hep-ph/0503023

AUT ∼ cos θ Im ( σ+−
++

+ ǫσ+−
00

)
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