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® The hard exclusive electro-production of ¢ and w vector mesons was

studied with the HERMES spectrometer at the DESY laboratory by

Introduction

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(xp, £, Q°) distribution.
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® The transverse target polarization asymmetry A 7 for exclusive

Introduction & GPDs Motivations

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 y provide an information about  £.

® 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 99,

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

enter directly as free parameters in parametrization of E (a;, & )
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Kinematics:

V=5 = 24GeV, < v > =13.3GeV,
Q2=10=7.0GeV?, < Q2 >=23GeV?2
W=3.0+6.5GeV, < W > =4.9 GeV,

XB4 =0.01 <035 <xp; >=0.07

L 3 I B N )

t’ = (t-trmin.)
t/ =0 = 0.4GeV?, <t' >=0.13 GeV?
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e+p— e +p +V: Rudiments

In one photon approximation

=7 +p—p' +V

The amplitude of this process can be
factorized:

A= (Di’;/*—n](j ® Aqgtp—aqz+p ® Peg—v-

In these three steps the interaction time (qq)
with target is shorter than ~* fluctuation and
formation of VM. (Collins,Frankfurt and

Strikman Phys.Rev D56(1997)2982)

~* +p — ¢ + p’ : with transversely pol. target
is good tool to study Transverse Target Spin
Asymmetry

® The detected decay products: ¢ — KT +
K- andw — 7t + 7% + n— are used for
identification of VM.

® The scattering and production planes are
easy defined.
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TRENTO CONVENTION

‘_ 7x %) (k%K kx)-q-
™ cos = (qqxvq) (qxq), sin & — (k < ) 6;7] |iﬂ7
- @ % 9] - [k x K| |k x q] - [q % V]
7x 8 (k x K kxS)-q-
cosqbs:(qﬁx _’) (4X4 | smqbs:[(ﬁx )iﬂ |CT|,
@ % S|+ [k x K| [k xq-|gx S|

The angle ¢ between the lepton- Relation between the azimuthal angles
scattering plane and the VM production in the selected frames:
plane.

FI+5(Sp,S1, ¢, ¢5) = R(0, ) F*+5(Pr, P, 1, 1s),

, 1
where:sin(6) = v(1—y——y*7")/(147°), v =2z5M;/Q.

Pr cos(0)

ST = :
\/1 — sin()? sin ¢%
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%‘e@ S Main definitions and relations

M.Diehl, S. Sapeta
hep-ph/0503023

1
cos Ogm 4o l—axpg 1 da
1 — sin”# sin’ g 878 1—& 2p Q7 dzy dQ*dg dos Pi =0
s

= terms independent of Pp

T
= aann— - E— {:—;in ¢g cosbfy/e(l+¢e)Imal,

T
\ 1 — sin’f sin’og 1
+ sin{¢ — ¢g) ((mﬂlm (0] +eogy )+ = ~-11nn'?1,,J e(l+e)Im (o} — o g ])

. . 1 ;'_
+ sin{¢ + ¢g) (f:t}ﬁﬂ g Imeal_ + gz-;in fy/ (1 +2)Im (eis —oln _})
;'_ 1
+ sin{2¢ — ¢g) (ur-,f?nv (1 +e)lma g += 3 sinflelmol’ )
|

1
+ 8in{2¢ + ¢g) ;sin felma’

+ sin(3¢ — ¢g) L’:ﬂt-;ﬂ%[ﬂlﬁrl : w

_|_
Ayt ~ cosfim (o7 + eogy)

where: aiﬂ;n(QQ, x ) 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 (v* and VM),
e - ratio of longitudinal to transverse photon flux

Witold Auaustvniak. SINS Florence April 22nd. 2010 —n. 7/21



IA ~
%‘e@ﬁé HERMES SPECTROMETER

/7 FIELD CLAMPS j TRIGGER HODOSCOPE H1

FRONT DRIFT CHAMBERS _- 270 mrad
MUON T -
HODO }79 mrad — —
PRESHOWER (H)_ - - - R
DRIFT\ 140 mrad
CHAMBERS
e = 275 GeV
:ini e UMNOSITY e
TARGET I~ \f\‘!: + MONITOR o+
CELL >~
/ DVC f‘ ~Hk
HODOSCOPE HO
STEEL PLATE TRD O&L—ORIMETER h _ 140 mrad
-4 \ \270 mrad IRON WALL /f?O‘mTa(# .
WIDE ANGLE
MUON HODOSCOPE MUON HODOSCOPES
T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 m
®  Acceptance: |O,] < 170 mrad, 40 < |©,| < 140 mrad,
® Resolution plp < 1%, IO < 0.6 mrad,
B positron identification efficiency above 99% , hadron averag e is 99%,
B cContamination 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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%6@ S Exclusive ¢ Meson Production

et+p—e +p +¢p— KK~

The exclusive events were selected using

M% —M?
the missing energy spectra AE = —7—F
p
9 |
500 | | 3 [/ndf 8071 ] 34
] | 2
> . + 1 >
o - } 140
- | e
400 |- 120 L M,=1.020+1.36e—4 GeV
I ++ I F,=7.737e-3+4.134e—4 GeV
I 100 |-
300 — 3 i
i + 80 HERMES 1980-2000
200 |- b
SRRt ®r
I o
- . d 40
100 g “““ ¢y I
i ‘ e ﬁ_,*-” # ..'"- i
I N ¢ “o‘““‘.' 20 -
0 ;.J | --'\.e-l I | | [ L _ '!:- !!ﬂ"‘_!- SR :‘ +*+.+
O 2 4 6 8 10 12 OF \\\1\‘\\\\‘\\\1\‘\\\\‘\\\\‘\\\\‘\\ ‘\\\1\‘\\\\
1 1.005 .01 1.015 .02 1.025 1.03 1.035 1.04 .045 1.05
AE, GeV M K*K™ GeV/c?

The background was simulated by code MC PYTHIA.
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1'0: ep' —epo " HERMES Preliminary
o6-ep' -ep 0 —
0.4 -
0.2 -
: + J' T | 1
0.0p | T
0.2F -
-0.4F -
-0.6F <x>=0.0874 —
- s = 2 -
oab < t: 0.132 Gev2 .
B <Q">=1.89 GeV  8.1% Scale Uncertainty
-1.0 ; .
sin(¢+g) ASn(@0)
uT UuT

Third and second (A 77) moments for ¢ mesons.
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Ay for ¢ vector mesons

Used cuts for idenetyfied particles

et KT K :
® Fiducial’ cut
® cutfor opening angle of decaying ¢ meson
® cutforP , > 7.5GeVvic
® Kinematical cuts Q 2 >1GeV,

t/ < 0.5 GeVZ, W> 5GeV.
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Main observables for w
2 a2 i i
) & 60 & 40 [ +
> = = C
m W ol Wos0 ¢
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P (GeV/c) DeltaE XBj
Distributions of several kinematic variables from data on e xclusive w meson leptoproduction
(black squares) compared to PYTHIA simulated spectra (dash ed areas). Simulated spectra were
normalized to the data.
The exclusive w vector mesons were indetyfied by invariant mass spectra: M w(h+,h_,7T0),
0
M™ (7v,7) as well as AE spectrum.
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Ayt for w

The moments of A 71 for w as functcion of —t/,

xr B and Q2 after background subtraction. Statis-

tical uncertainties are shown as error bars. Red

boxes at the bottom of each plot represent the sys-

tematic uncertainties.
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Apr at QF =4GeV? t = —04GeV*
LA L L L L L R B LN L L B I

08—

SR M. Diehl and W. Kugler, Eur.Phys.J.C52,933(2007)
10 [arXiv:0708.1121 [hep-ph]],calculations.

] Ay as function of xg. (Calculations for 05“0_)

The bands correspond to the range of the factorization

scale parameter 2 < u < 4 GeV.

0.6
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ImM% Mg 4+ em[Mg_ o Moy o+]

Ayr = =2 ;
SulMypr 142 + €l Mour o4 7]

0.05, ' ! ' ! S.V.Goloskokov and P.Kroll
_ ] hep-ph/0809412
0.00 =T Important  characteristics of G.K.
i Pl ) model:
3 0.05L ] Introduce the quark transverse
<'5 i ’ momenta with model regulation
— _1_ __ 1
010F o= _-___-__;—.:.:_’——'__—-_:-_' Q2 = dQZ+k2 |
= - - ] Include Sudakov effect in b space.
-0.15 -
| | |
2 4 6 8
QGeV]
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Ay results for w

Ay 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.

Florence Aoril 2209 2010 _p 15/21



et
%e{m S
® The value of A ¢ for the ¢ meson is close to zero. It confirms the
model expectation that £9 and E°¢¢ distributions in the HERMES

Conclusions

kinematics is negligible.

® The value of A 7 in the case of w is negative. The sign is related to
weight factors flavor structure of  w vector meson and agrees with

predictions of (GK) model.
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%‘e@ > Introduction

The hard exclusive electro-production of ¢ and w 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 reactione +p — V + p’ or equivalent Y +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 72 —Vy, 7; — V7 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 fy;i — V..

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 e BF(xp,¢&, QQ) distribution.
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Aur. 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
GeV?2,

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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'm[Mi_,++M++,++ +emMg_ 5 Mo+ ,0+]

AUT = —2 )
o (| Mgy ++|2 + €l Moyr 04 |?]
M+t (V) = —{Zeac H)),, + Y CiP(H
ab
M=t (V) = = 2M+ {Z eaCy (E) W+Zc Vat

IS /O diHg (5,6, Q= 0)F9(Z,6,1),
A
1
Fys =" / AR (3,602 = O F(@,,1),
3y

Hywlos = / drd*o¥y, (1, —b)F (%, &, 7,Q%, b)

xas(ur) exp[—S(t, b, Q%)],

Uy (7, k1) = 872/2Ne fvj(up)ad ;[ + B (up)Cy/ (21 — 1)
+BY 9 (up)Cy (21 — 1)] exp[—a} k3 /(77)).
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Ayt and GPDs

S.V.Goloskokov and P.Kroll
hep-ph/0809412

Important characteristics
of G.K. theory:

Introduce the quark
transverse momenta

with model regulation:
1 1
dQ? = dQ2+k3
The weight factors comprise the
flavor structure of VM:
uw — dd 1 ss __
cuv = (0% = \/5,0¢ =1
F(=H,E),
F - hard scattering kernel
Sudakov effect in b space.

Parameters of wave function.

Elorence Aoril 2209 2010 _p. 20/21



IA —~

%‘e@ S Main definitions and relations

M.Diehl, S. Sapeta

1
cos Ogm 4o l—axpg 1 da
1 — sin”# sin’ g 878 1—& 2p Q7 dzy dQ*dg dos Pi =0
s

= terms independent of Pp

T
= aann— - E— {:—;in ¢g cosbfy/e(l+¢e)Imal,

. J ¥
\ 1 — sin’f sin’og

1 / 1
+ sin(¢ — ¢s) ((:n:-;f?lm (o] +eogy )+ EHiIl O e(l+e)Im(oly — o4, ])

; £ 1 e o
+ sin{¢ + ¢g) (f:m'-;f}‘ 5 Imeal_ + E:-;in H\#- g(l+¢)Im {r:r'l' a4 — &.p _})

| SR 1
+ sin{2¢ — ¢g) (msﬂv e(l+e)Imo 5 + 3 sinflelmol’ )
1
+ 8in{2¢ + ¢g) ;sin felmeal?

+ sin(3¢ — ¢g) L’:ﬂt-;ﬂ%[ﬂlﬁrl : w

AyT ~ cosfIm ( ail + 60'3_0_)

where: aiﬂ;n(QQ, x ) 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 (v* and VM),
e - ratio of longitudinal to transverse photon flux
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