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%ﬁé e+p— e +p +V:Basics

Q
e Ve
—»——O/D/ ® In the one photon approximation
iHV =v"4+p—=p+V
Y,

w 2 o = ® The amplitude of this process can be
§ factorized:
A= q)f;*—>q(j ® Aggtp—qztr @ Peg—v-
P \tJ In these three steps the interaction time of
p (¢q) with target is shorter than the time of
~* fluctuation and formation of VM.
Kinematics: (Collins,Frankfurt and Strikman Phys.Rev
® L —35-24Gev D56(1997)2982)
® 02=1.0=700e?2 ®» v +p—- V+pisagood tool to study
the helicity conservation:
$ W =30-+6.5Gev o _ _
° #® helicity state of v* is determined by
zp; = 0.01 < 0.35, QED
® =~ tmin) ® helicity of VM from angular

—0- 2 -
-t' =0+ 0.4 Gev?, distributions of decay products:

o= KTK™,w — a7~ x% and

pO — T
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f
%@é Spin Density Matrix Elements (SDMES)

: 1 +
D SDMEs: TS\XVA/V ~ p(V) =~ ZA/77>"Y (TAVAWP(/Y)TA’VA%)
spin-density matrix of the vector meson ~ p(V") expressed in terms of the photon matrix  p(7)

and helicity amplitude T>\V>\,y

v presented according to K.Schilling and G.Wolf (Nucl. Phys. B61 (1973) 381)
a = 0,4 - longtd. or transv. photon with ~ Ay, = O; o = 1-2 - transv. with lin. pol. ;

« = 3 - transv. with cir. pol.; a = 5-8 - interf. transv./longtd. terms.
D measuredat 5 < W < 75 GeV (HERMES, COMPASS, H1, ZEUS, JLab)

v provide access to helicity amplitudes T>\V>\,y and phases, which are:

® extracted from SDMEs

® calculated from GPDs:S.V.Goloskokov,P.Kroll arXiv:0708  .3569 [hep-ph]27.08.07; Eur.Phys.J. C 50,829
(2007) hep-ph/0601290; Eur.Phys.J. C 42,281 (2005) hep-ph /0501242
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heéas HERMES SPECTROMETER

/7 FIELD CLAMPS ‘\ TRIGGER HODOSCOPE H1

FRONT DRIFT CHAMBERS __- 270 mrad
MUON ] _ -
HODO 170 mrad — —
PRESHOWER  (H2)_ - S R
DRIFT\ - 140 mrad
CHAMBERS ,
i I
o :# 27.5 GeV
e LI T e LoMinosiTy L
TARGET r--_ WF +H _ MONITOR e+
cElL DVC\f\ ~Mi.
HODOSCOPE HO B |
STEEL PLATE ‘ TRD CDAL—ORIMETER h \1110‘mrad
1 srome IRON VJAEL‘/’ﬁO\mraGF o
WIDE AN\GLE
MUON HODOSCOPE MUON HODOSCOPES
0 1 2 3 4 5 6 7 8 9 10 m
D Acceptance: |©,] < 170 mrad, 40 < |©,| < 140 mrad,
D Resolution dplp < 1%, 6O < 0.6 mrad,
D (dentification efficiency: positron/electron above 99% , ha dron average is 99%,
D Contamination of hadrons (positrons) in the positron (hadr on) sample - below 0.01% (0.6%)
D Good separation of pions, kaons, protons and other hadrons f or momenta between 2- 15 GeV,
v Average target polarization (years 2002-2005) is 72 %.
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% Excl. Events. Method of determination
I S

SDMEs

lepton
scattering plane
100

Events

meson

decay plane

50

meson production
plane

g } Definition of angles.
750 :
]
- + B Simulated events: matrix of fully reconstructed MC events from
+ + initial uniform angular distribution
e
- §++ ® Binned Maximum Likelihood Method: 8 X 8 X 8 bins
)
| of cos(©), ¢, P. Simultaneous fit of 23 SDMEs
W(rs
0_‘2 =

_ ,L.j,q),gb, COS @) for data with negative and positive
.y beam helicity ( (| Pp|) = 53.5%)
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N

Excl. Events. Method of determination
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Mered GV)

15 20

Simulated events: matrix of fully reconstructed MC events

23 SDMEs W (r¢*

SDMEs

lepton
scattering—plane

Helicity frame
( W at rest)

(W -decay—-plane

() -production—plane

Definition of angles.

from

initial uniform angular distributions

Maximum Likelihood Method:  cos (), ¢, . Simultaneous fit of

o ®, ¢, cos O) for data with negative and posi-

tive beam helicity.
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Scaled SDME'’s for proton and deuteron data.
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SDME’s for w

SDMEs for w’s sets for proton and deutron targets.

A-SCHC (1-r93):T11(w) > T11(9).

A- SCHC r%_l: different signs.
A-SCHC ri_;(w) <0,r1_4(¢) > 0.

A- SCHC

= 5T + T ? -

—1
'mr% = g (=T |2 + [T |2 + U2 -

Imr?_,(w) >0,Imr?_,(¢) <O.

U11]? —

[U1-1]? ) /N
[U1-1]%)

(U11|? + |U1-1]? > |T11]? + |T1—1|? for w meson

|T1_1|2 + |U11|2 > |T11|2 + |U1_1|2 for w meson

if ’Tl 1|2

Hadron Structure 13 . 02.07.13

’Ul 1]2we get |U11’2 > ’T11’2
B-Int Rerdy(w) <Rerfy(@):~To1Th, +

B-Int Rer{y(w) <Rer{y(@):~Up1Us; +
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SDME's for w and p"

SDME from C class: 7. — VM.

5o ~ Re To1 T,
pF£0,w>~0 ¢ ~0.
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hémes w Dependences of SDME’s on Q 2

The dependences of SDME’s on Q2 for

proton and deuteron data. The outer bars

0.3 0.2 0.4 .
Ar% = proton Airl, O deuteron Afmry 01 [ B:Reri represent the total, the inner ones the
0175 b % % -0.125 ' i oz | % o
; % statistical errors.
005 | g 045 h 5 h R o P /. 2
tas s -t": 0.0-0.4 GeV~.
0 FBAM Sy 05 g Imr 1o " |B:Re 3o e Rerd
i % o bl % ,,,,,,,,,,, $ 0.025 - % rrrrrrrrrrr | o001 ? ,,,,,, I %
i :
R 2 3 1 % 2 3 2 3 N 2 5 NOTATION:
o2 C:Reri, 04 C:lmré, oL c:rd 0.2 e 2 %
0 % rrrrrr % rrrrrrrrrrr % 0.02 % ,,,,,, ¥ ,,,,,,,,,,, $ 0.06 | i % i i %
,,,,,,,,,,,,,,,,,,,,,,, | op bl * *
s R o S A-SCHC 7 — wr and v} — wr
1 2 3 1 2 3 1 2 3 1 2 3 1 2
ozs [Cm s e ot e ; rj_pandimry ; Ui1+Ui—1 dependence
0.165 O frp ) 0 b . 2
,,,,,,,,,,,,,,,,,,,,,,,,,, on
=0 T e ] e
1 2 3 T R ] 2 3 Bt 2 3 . * *
— . - oo - B- Interference: vy — wp and v — wr
01 [P imriy D:lmryg rn Diriy $ . .
i % 777777 % 77777777777 é 0215 ﬁ ,,,,,, i R % 019 i % C- Spin Flip: fy} — Wy,
& — .08 : —— 06 % . — 08 : o . . *
1 2 3 1 2 3 L 2 3 1 2 3 D-Spin Flip:  v; — wr
0.2 0.2 T - mrf_l
e % Eg .E§| ,,,,,,,,,,,,,,,,,, 3 E- Double Spin Flip: % — w_7
i ; O R % 0 : T -
ofe b |
— -0.2 L—u—{ -05
1 2 3 1 2 3 1 2 3
Q*[GeVY]

Witold Auaustvniak. NCBJ Hadron Structure 13 . 02.07.13 —=0pn. 11/37



:" =

héertts w Dependences of SDME'sont '

The dependences of SDME’s on't ’ for proton
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' &Z p Longitudinal-to-Transverse
es Cross-Section Ratio

e o
105l ; 504 proton %’ - ; 504 deuteron
o RNPE éﬁ o RNPE
’
075- ||¢ ‘% ﬁ%’ 075" o|® Jf
mL +HE Q
05+ 05+ #
1 2 3 1 2 3
Q* (Gev?) Q* (Gev?)

where: n small contribution from helicity flip.
2
Theory: R = —]\3‘2/

S. Brodsky et al., Phys. Rev. D50(1994) 3134
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¢ &z Longitudinal to Transverse cross section
ratio for w meson

n:S
m proton
.47 o deuteron
0.3r
N
. | |
0.2}
0.1r
1 2 3 4
Q[GeV]
04
RL/T — UL = i1r(z~%g’ 7“00 = Z{E‘TOO‘2+‘T01|2+‘U01‘2 }/N N =eor+or

oL = |T00|2 + |T10l? + |T-10]* + |U1o|* + |U-10]?
or = |Un|? + [Uo1? + |[U—11]* + |T11|* + |Tor |* + |T-11/?
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£ Unnatural-Parity Exchange for
%ﬂé leptoproduction of o' Mesons

0.3 : 0.3
= (0) proton (integrated) ' U
e (0) deuteron (integrated) o 1
0.2+ i 02F m
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I t e 4 u ]
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O ......................................................... O_ .................................................
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no interference NPE and UPE: ET}\VJW u* =0

/
X AL
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15

05

£ Unnatural-Parity Exchange for
%ﬂé leptoproduction of w meson

<425
3
x proton « proton
o deuteron )l 0 deuteron
l 15 I
! 05|||||||||||||||||||||||||||||||||||||||
"0 002 004 006 008 01 012 014 016 018 02

4
Q'[GeV] 1[GV

Signal of UPE in SDME method

up =1-— 7’83 + 27’(1%1 — 27“%1 — 27’%_1

up = ZANAQV 2€|U10|2+|%11+U_11|2 ul > 0 means contribution of UPE
where N = Nt 4+ eNp,

Nr = Z/\N/\QV(|T11|2 + |To1]? + |T=11|? + |U11|* + |Uo1|* + |U-11]?
Ny = Z)\N)\Qv(lTOOP + |Tol? + |T=10]* + [Ur0|? + |U=10]?).

ul(p) =115+ 0.09 £ 0.12  ul(d) = 1.474 0.124 0.18 for integrated data

Witold Auaustvniak. NCBJ Hadron Structure 13 . 02.07.13

—n. 16/37



IA ~

s Ratios of Helicity Amplitudes

EXPERIMENT

The real and imaginary parts of ratios of natural-parity-ex change helicity amplitudes:

T11 (v — p1). Tor (v — pL). T1io (V7 — p1), T1—1 (Y24 — pT)t0 Too (Y, — PL)
and for the unnatural-parity-exchange amplitude U 11 the ratio |U11|/|Too| were obtained.
Beam: longitudinaly polarized electron/positron 27.6 GeV

Targets: hydrogen and deuterium unpolarized

Kinematical region: 0.5 GeV 2 < Q2 < 7.0GeV?,3.0GeV < W < 6.3 GeV, -t <0.4GeV?
The Q2 and -t’ dependences are also extracted.

Divided in 16 bins for @ 2: 0.5+ 1.0 = 2.0 = 7.0 GeV?;

for -t” 0.0 - 0.04 + 0.10 + 0.2 = 0.4 GeV?.

Extractions: use angular distributions: COS(Q), P and ¢ as well as isotropic simulation sample (RHOmC).
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s Ratios of Helicity Amplitudes

Theoretical studies:
D. Yu. Ivanov and R. Kirshner Phys. Rev. D58(1998) 114026 [he p-ph/9807324],

E.V. Kuraev, N.N. Nikolaev, and B.G. Zakharov,Pis’'ma ZHETF ,68,(1998) 667

pQCD:
_ T11 My,
t11 = Too X 0O
_ Tp1 V(=t))

Q
¢ _ Tio MV\/z—t/)
10 — Too X Q2—|—M‘2/ J
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[deg]
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Ratios of Helicity Amplitudes t 3

0.5 : 1 : : 3 :
Q*[Gev?
® Proton
50 B Deuteron
o 1 1
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=
t‘_' 1r ® Proton
i
= B Deuteron
E
O L L | L L L L 1 L L L L | L L L L
1 2 3
Q*[GeV]

Q2 dependence of Re(T 11/Too), Im(T11/Tgo) and their
phase difference d711, for hydrogen and deuterium targets.
Parameterization is given by the function: Re(t 11)=a/Q and
Im(t11)=bQ. The function for Im(T 11/Tgo) different from the-
oretical predictions. High value of 911 is observed.
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Ratios of Helicity Amplitudes t ¢
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0.8
o ® Proton
; ® Deuteron
%
O,
z
3 o
=
3
=
E
_ PR R (S S
0.8 1 2 3
Q” [Gev?

Q2 dependence of Re(T 01/Too), Im(To1/Tgo) and their
phase difference dg1 for hydrogen and deuterium targets.
The Q2 dependence was observed only for Im(t  o1).

Im(tg1) is found to be in agreement with asymptotic pQCD
behavior, v/—t")/Q? opposite to Re(t ¢1).
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Ratios of Helicity Amplitudes u

® Proton ® Proton

U/ T ol

B  Deuteron

UL/ T ol

B Deuteron

04 04r

0.2

01 02 03
Q? [GeV? -t [GeV?]
Dependece of |U11/T00| on Q2 and t’. for hydrogen and deuterium targets.
UPE describe transition from transversely polarized photo

n to transversely
polarized VM. Supresed by factorM //Q.
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%ﬂé Ay Definition of the azimuthal angles

TRENTO CONVENTION

— — / g
) cos¢=( X 7) (ﬁ 4)7 in b — ﬁ[(kxv) q] |
51 7% T |k x K| |k x q] - |q x 7]
7% ) (kxR i x §) -
Cosqbs:(fixsj (q><q  singg = q[( XSlfﬂ |
|q % S| - [k x K |k x q]-[q%x S|

Relation between the azimuthal angles
in the selected frames:

¢ and ¢g are angles defined by the
lepton-scattering plane and the VM pro-
duction plane or target spin vector in the
center-of-mass system (v*,p).

FI15(Sq, S, ¢, bs) = R(0,7)F*+5(Pr, Pr, ¢, ¢s),

1
where: sinf = ’y(l—y—ZyQ’yQ)/(l—l—’yQ), v=2xpM,/Q.

Pr cos @

S = .
V1 — sin? 0sin? ¢g
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%ﬁé Ayr. Main definitions and relations

M.Diehl, S. Sapeta
Eur.Phys.J.C41 515 (2005)
hep-ph/0503023

1
cos e Y- l—axpg 1 da
1 — sin’# sinpy 87% 1—& 2p Q2 dzy dQ* do dos Pi =0
s

= terms independent of Pp

T
= {:—;in pg cosBy/e(l+¢e)Imal,

. J ¥
\ 1 — sin’f sin’og

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

; £ 1 IR
+ sin{¢ + ¢g) (f:m'-;ﬂ 5 Imaol_ + gﬂiil H\#- g(l+¢)Im {r:r'l' a4 — &ip _})

e 1
+ sin{2¢ — ¢g) (t:m-;ﬂv e(l+e)Imeo 4 + Etﬂlil‘?{?]ﬂlﬂ': j )

1
+ 8in(2¢ + ¢g) ;sin felmeal

+ sin(3¢ — ¢g) f:m-;ﬂ%lnmrl : w

Ayt ~ cosOlIm (oL +eogy )

where: aiﬂ;n(QQ, xp) 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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héaes Ay for ¢ vector mesons

1'O: ep' - epo " HERMES Preliminary
0.8F (N - Used cuts:
ep'-epq :
06-ep -epq - ® Fiducial cuts
0_4;— ;— ® Determine:e T, KT, K™
0.2:— + l [ - il ® cutforthe opening angle of decaying ¢ meson
- - I
0.0: | : T ® cuiforP ¢ > 7.5 GeVic
-0.2:— - O Kinematical cuts Q 2 >1GeV,
-0.4F - | t/ < 0.5GeV2, W> 5GeV,
-0.6F <x> = 0.0874 —
- -t'>=0.132 GeV? :
o8 ok
C <Q">=1.89 GeV ” 8.1% Scale Uncertainty
-1.0 . ,
sin( @+ ) sin(¢-@)
S A S

UuT uT
Amplitudes A 7 determined for ¢ vector mesons (blue) and separated for longitudinal (red) a S
well as transverse (black) ¢ mesons components.
Transverse Target Spin Asymmetry (TTSA) method provides in formation about E GPDs function
that are sensitive to helicity-flip. E GPDs functions contai n information about the orbital angular

momentum of partons
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0.4

ALL, sin (q}(pS )

uT

0.2

-0.2

-0.4

0.4

uTt

0.2

ATT, sin (q}(ps )

-0.2

-0.4

Ay for p! vector mesons

i 0
fep’Oep.p

—e——

o+

T
o—
—eo—
——

y
1 I Tl

|

overall

Q’ [GeV]

Xg

0 0.1 0

0.2
-t [GeV?

pLsin(e—ps) _ Im(nl +engg
ur u3_0++6u88

Tsin(p—g¢g) _ Im(n [+ni T +2engs")

A
ur 1—(u3_0+—|—eu88)

Here letters u, n and s stand for

unpolarized, normal and sideway SDME'’s def.
for transvesely polarized target by :
M.Diehl,J.High Energy Phys. JHEP09(2007) 064.

Amplitudes A ¢y determined for pO vector mesons separated for longitudinal and transverse

components. Dependence of amplitudes A 77 on Q2, xpg and -t’.
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%‘ Wies Ay and GPDs

1
gt = [ deolH(w, 6,0 = 0) + (w6, = 0)
2J_1

1
g1 =3 [ delt?(a 6t = 0) 4 Bzt = 0)]

9 Experiment:
L _
Arrp=-0.035 + 0.103

9 F.Elinghous,W-D.Nowak, A.V.Vinnikov and Z.Ye, Eur. Phys.  J. C46 (2006) 729
EY was parameterized by: J “ [0.0 - 0.4], J =0 and contribution E 9
Results: A 7 0.0 - 0.15 for pO,
0.0 for ¢
® s.v Goloskokov and P. Kroll Eur. Phys. J. C59 (2009) 809
GPDs were modeled using the data of form factor, sum rules and positivity constrains.
J%=0.22, 3%=0.0.
Results: A ¢y -0.03 = 0.02 for p9,
0.0 for ¢

B M. Diehl and W. Kugler Eur. Phys. J C52 (2007) 933

Assumptions and results similar like Goloskokov & Kroll
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=
%ﬁé Ayr and GPDs continuation

® The gluon and sea quark moments have to cancel each other almost com-
pletely. (M.D & W.K from Ji’'s sum rules and positivity relations)

S.V.Goloskokov and P.Kroll
Eur. Phys. J. C59 (2009) and hep-ph/0809412
Important characteristics of G.K. theory:
1 1

Introduce the quark transverse momenta with model regulation : 10 = 3072

The weight factors comprise the flavor structure of VM:
Cut=Clt=Clyr =CH = 5, C5° =1,

F(=H,E),

F - hard scattering kernel

Sudakov effect in b space.

Parameters of wave function.
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IA ~

% rmes

P SDMEs for VM: w and ,00

Conclusions

® Values and sings of SDME’s from class A: r %_1 and Imr %_1, indicate that |U11|? > |TY1]? for
electroproduction of w meson. Processes with UPE dominate in electroproduction of W meson

$ For pO processes with NPE dominate

® Non-zero values of the observable U 1 for po indicates for contribution of processes with UPE

® Class B: Sign and value of the difference phases T 11 and Tgg were determined.

® For w, elements from class B are small as interference of U amplitu des.

® Class C: for po, where non-zero elements indicate a single-spin-flip.

® No significant differences between SDME'’s sets with proton a nd deuteron targets were observed.
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IA ~

% rmes

Conclusions continuation

v Dependences of SDMEs and other observables on Q 2 andt’

§
o
§

o

Dependences of SDMEs on Q 2 are observed in case of pO for classes A and B.
For rgé difference for value and dependence on Q 2 between w and po are substantial.
Difference like that was observed in value as well as depende nce of g—; on Q2. Far from expected

Q2
M3

behaviour:

Observed dependence of C class in particularly r 80 as growing function of t / for w, ,00.

D Ratios of Helicity Amplitudes

§
o
§

b Aur

o

Agreement with asymptotic pQCD predictions was found for Re (t11) and Im(t 91)
Disagreement for Im(t 11) and Re(tp1).

|U11/Too| is found to be contant in HERMES kinematics.

Near zero value of A 7 for ¢ is found

® Zero value for A 7 was predicted by theoretical models:S.V. Goloskolov, P. Kr oll Eur. Phys. JC59

(2009) 808 and F.Ellinghaus et al, Eur. Phys. J C46 729 (2006)

® The values predicted by models for ,00 are in agreement with experiment.
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1

HERMES PRELIMINARY [WI[ZF5 Gei/ l

= proton

o deuteron % %l
I
|

ﬁ XCLAS WE2.1 GeV
ADESY WE2.6 GeV
* CORNELL WE3.5 GeV
% [ ONMC [WE14 GeV
© COMPASS PREL. WE14 GeV|
l +E665 WE18 GeV

AZEUS WE50 GeV

*H1 WE75 GeV |
I [ B R

10
Q’ [GeV?]

oV Longitudinal-to-Transverse

Cross-Section Ratio

Comparison of commonly measured:

04
RO* =1 _Too
00

ro = 2-1€lTool? + |To1|* + |Uo1|*}/otor
Otot = €0, + 0T,
or = > {|T11|? + [To1|? + | Th 1| +|U11|?} ,
or, = > {|Too|* + 2|T10|} .
Due to the helicity-flip and unnatural parity am-
plitudes R%* depends on kinematic conditions,
and is not identical to R = |Tpol?/|T11/|? at
SCHC and NPE dominance.
— Second order contribution of spin-flip am-
plitudes to R%4

—> HERMES pO data on R9% are suggestive to R(W)-dependence
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f

hak
latural-parity exchange: interaction is

nediated by a particle of ‘natural’ parity:

ector or scalar meson:
P 0+, 17 e.q. po, w, a9

Jnnatural parity exchange is mediated by
seudoscalar or axial meson:

P —=0-,17,eq. m a1, by — only
uark-exchange conribution

lo interference between NPE and UPE
ontributions on unpolarized target

-xtracted from SDMEs:

J2 4+ iU3 x (U1 + Ui—-1) * U1o
J2=r7) +17_4

1 U2 = —0.012 £ 0.0065¢4¢ = 0.0125ys¢
1 U2 = —0.008 £ 0.0046stqt £ 0.0105yst¢
/3 =771 +17y

1 U3 = —0.020 £ 0.050s¢a¢ £ 0.007 sy st
1 U3 = —0.021 £ 0.038s¢qt = 0.0115ys¢

Witold Auaustvniak. NCBJ

Unnatural Parity Exchange (UPE) in "

Leptoproduction

I
w

1
1-1

HERMES |PRELIMINARY

mproton

—-2r
o
N
w

1
1"

—2r

04 04
1 —-r Qo+2r 1-1
o
(=] N o
= [¢)] N
i
k i
L |
.
. s
@
«Q
A 3
Y
a

°

o

a
:

o

-0.05r —

-0.1¢

“““““““““““““““““““

1 2 3 0 0.2
Q@ (GeV?) —t/ (GeV?) Xg

P Ul xelUro]? +2|Ur1 + Ui—1]?
Ul=1—r85+2r%, —2r{; —2r{
p: Ul =2|U11|? =
0.132 £ 0.0265¢ &= 0.053 sy st
d: Ul = 0.094 £ 0.020¢ £ 0.044 5y s¢
p+d: U1l = 0.109 4 0.037¢0t

—> Indication on hierarchy of pO UPE amplitudes:
|U11| > |U1o| ~ |Uo1|
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ImM* Mg 14+ em[Mg_ o Mo 0+]
Spr[Myr, ++|2 + € Moy 0417

At ut (V) = —{Z eaCH (H)Y,, + > CYP(H)Y
ab
e /(=)
v):_§M—|—m{; eaCy” VM+ZC

1
P =3 [ iy @605 = 0F (@€ 0)
A

Y

1
ab 3" / ATHA @, 6,Q% 6 = 0)F*(3,6,1),
)

Hyl s = / drd*o¥y, (1, —b)F(Z, &, 7, Q% b)
xas(pr) exp[—S(t, b, Q%)],

= 872\/2Nc fv;(pr)ad ;11 + By (up)C3 % (27 — 1)
+BY 7 (up)Cy % (27 — 1)] exp[—a} k2 /(r7)].
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Ay 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:
uuw — dd 1 ss __
Ccuv =(C%% = \/5,0¢ =1
F(=H,E),
F - hard scattering kernel
Sudakov effect in b space.

Parameters of wave function.
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héaes

SCHC ~F — ¢r and v — ¢

\T11|2 x1— 7“83 X r%_l X -Im{r%_l}

Interference: v — ¢, and v, — o1
Re{TooT}; } < Re {r2,} o< -Im{rf,}
Im {71175} o< im {r1,} < Re{rf,}
Spin Flip: v — ¢r,
Re{T11T};} < Re{r¥s
o< Re {r1y} ocim {r%,}
Re {T01 O*O} X 7“80
[ To1]? o< g
Im {To1 T}, } ocim{r3,}
Im {To1715,} o 7“80

Spin Flip: v — ¢
Re {T10T }ocrpy ocry_y ocim{ry_;}
Im {ThoT } ocim {rT_ } ocr§ ocr¥_,

Double Spin Flip: v — ¢_
Re{Th 1Ty} x r?‘il X 7“%1
Im {11177} ocIm {T:{’_l}
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2v21mr$,

SDMEs for: p%, ¢ and w VM

= HERMES PRELIMINARY
e (@ proton and deuteron ¢ W proton

op° proton, p° deuteron
Lo L Ay Vi Y- VS
2r%-1
-2Imrf_1
2/2Rerlo | B: Interference
22imrly | yL - V0&yr- V§
22 Rer%, £
2Rer0ﬁ)
-2 Rerllo
2lm r210
213,
Al
2Imr310
-AN218, £
v2ry,
V213,
v2imré, B
~V2Imrl,
v2rd, g
~v2r8,

L :
M| 5‘.

1
M

E:yfr HVPT

3= &
Imrl'liisliii%r_—liiilglli

-0.4 -0.2 -0 0.2 0.4 0.6 0.8 1
scaled SDME

Diff. for class A : |T1¢1|2 > |TY, | (~ 20%)
B:(T11Ty0), ,00 ~ ¢ diff. phases T 11 and Tgg
tg(8%)=(Im TIO + Re r?o) / (Re r?o - Im r?o),

» 0 0 §P _ 0 0 0
5p+d = 33.0" £ 7.4, 6, = 30.0" £5.0° £ 2.4
and C: for p° > 0,
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hifs w Dependences of SDME’s on Q 2

04 05 A ril A:lmr 025 [B: Re r5
LA: IR S & SR 4 . 0
08 ¢r%° o wO q? o g % ° . + & Oli "o The dependences of SDME’s on Q2 for
[ ] @ o © §® | %
SRR .+ """ + 05 dq'. R T % proton and deuteron data. The outer bars
0 1 2 3 1 2 3 1 2 3 1 2 3
04 5s— 05 - 06 0.35 o4 represent the total, the inner ones the
B:lmr 3, B:Imr .o B: Rer C:Rery,
ol 4 T 01 ﬁ“‘”% rrrrrr % 0 .%5% 2 4| 005 _m_jo*.o rrrrr statistical errors.
o o]
°o. 2. 2 . 2
) + 8 VPR VR LN D WV | 02:1.0-7.0Gev2, -t': 0.0-0.4 GeV2,
0.45 1 0.1 2 5 0.2 1
CERerlo } Cilmrig o2 b Cirog i Ciroo %
0.05 5@ ®%-@ 0 %%¢>+@§ % q;g o o o #%{;. ,,,,, 9,;
,,,,,,,,,,,,,,,, ﬁ
-0.35 Lvl ! g1 Ll % - O é' L 2 bl L . NOTATION:
1 1 2 3 1 2 3 1 2 3
0.3 Cimri 0.7 +C N 0.15 D15, % } 0.2 + (E r?l +
,,,,,,,,,,,,,,,,,, o b © o}
SRS ATLE B S RS NI ’ A-SCHC ~} — ¢r and yp — ¢
0.3 bl L+ 1l g5 Lol ] g5 Ll Ll g Ll
03 1 2 3 0 1 2 3 045 1 2 3 0 1 2 3 B- Interf . * d *
—— . : g s s - Interference:  y; — ¢r and v — ¢
I Dilmry, D: r} + 11 . .
0 c% @} i ﬁ * i _?20§joé . -%ll® a0 _?%q}}*@% C- Spin Flip: ’Y;ZI: — qu
o l e g e 0 e 05 B D-Spin Flip: ”yz — (bT
0.3 ) 0.23 1 0.7 . . *
E: rt% i * E:rli ; E:imrd, HERMES E- Double Spin Flip: v}, — ¢_
0 & OREN MRS 0 &ooiio 0 G} A e o

“IPRELIMINARY

03 Ll w0l g Ll 0l g7 L

2 3
Q’ [GeV’]
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héafs ¢ and p" Dependences of SDME’sont '

C 0 The dependences of SDME's on't ’ for proton
%A rgg 04 FAITY, Arlmri, + ., | B:Re o P P
04 Log 8 ¢ + @M*@ % 025 -ZW-}@ B ok and deuteron data. The outer bars represent
L 0.2 . L
I T bombndad o5 Lo g Ll the total, the inner ones the statistical errors.
-0.1 0.4 0.4 0.2 _ 0 _ ;
Ny : 5. |m(£710 ; B: Re 1% N ¢ - red closed squares, p" - open blue circles.
0 : 10
-0.2 _% i o1 -@@§+ 01 -@@@ﬁé ,,,,,,,,,, + 0 _®-®®§®§ See CIaSS C "
T 02 s 02 kg R v
0.15 0.15 0.3 NOTATION
C:Re rllo % Im¢[210 + 0.25 _C: rsoo C: r]bo
0 _,%@,{. """""""""" 0 %49 """"""""" o + Mg G g
5w o 8
O Pl
0.5 Loty 015 gl T e 03 e . ”
0.2 0.4 0.1 0.1 A- SCHC ,YL _> ¢L and fYT _> ¢T
C:lm r310 C l’800 D r511 D r51_1
. B- Interf ; T =0 dvs — ¢
0 -@L@@%@ rrrrrrrrrr } 0 [ <} +% rrrrrrrrrrrrr 0 @@wy rrrrrrrrrr + 0 -®§®®@+ - Interterence. fYL L an fYT T
02 Yol o Bpooponland on Woopongland op Wooghonnand C- Spin Flip: v — oL
0.1 0.7 0.5 0.3 . i
D:imry D:élmrh D:@rsll D:rf. D-Spin Flip: 77 — ¢r
0 gy o W 0 Fapg @ + 0 0p P 0 + 0 §+<}+
L '} ¥ ¥ E- Double Spin Flip: v — ¢_T
_01 él 1 Ib.lzél 1 IO!SI 11 _07 (I)I 1 I(I).|25II 1 IO!SI 11 _05 (I)I 1 I(I)IZSI 11 IOISI 11 _03 él 1 Ilo.lzél 1 IO!SI 11
0.15 0.2 0.35
ot E:irly E:lmr3, HERMES
0 @@* 0 -Q%Q§Q§ 0 "qi@@i@ rrrrrrrrrr +
PRELIMINARY
015 Loy 02 peieglan 035 Lol
t [GeV?
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