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exclusive meson production

factorization in collnear approximation -Collins, Frankfurt, Strikman (1997)-
Ao F(z, &t p?) @ K(x, &, 2;10g(Q*/p?) @ D(z; u?)

~ o~

®_ E and E describe the nucleon helicity flip

guantum numbers of final state selects different GPDs

®)_ vector mesons (v — pr,wL, L) @

"L pseudoscalar mesons

factorization for o, (and pyr,, wr,, ¢, ) only

®_ o1, — or suppressed by 1/Q

®_ o7 suppressed by 1/Q?
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exclusive meson production

modified perturbative approach -Goloskokov, Kroll (2006)-
Ao F(z, &t p2) @ K(z, &, 2;10g(Q% /%) @ (2, k1 5 1?)

at leading-twist: H, E, ﬁ, E
®)_ H and H conserve the nucleon helicity

®_ E and E describe the nucleon helicity flip

guantum numbers of final state selects different GPDs

®._ vector mesons (y: — pr, wr,, ¢1): @

factorization for o, (and pyr,, wr,, ¢, ) only

®_ o5, — op suppressed by 1/Q

®_ o7 suppressed by 1/Q?

power corrections: k is not neglected

C

®._ regulate the singularity in the transverse
amplitude

C

D V4 — pY. transitions can be calculated
(model dependent)

*._ p%: contributions from H and E
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advantage of exclusive " production

®)_ Jirelation

1 1
~ lim dLEQC[Hq(QS,g,t) +EC](337€71;)]

1 1
— lim dx [Hg(x,f,t)—l—Eg(x,f,t)]
2 t—0 0
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advantage of exclusive " production

®)_ Jirelation

[ v (Ho(e,€.0) + By, 1)
dr [Hg(z,&,t) + Eg(x,&,t)]

®)_ exclusive pO sensitive to H?-9 and E2:9 at the same order in o

", process where the gluon contribution enters in LO

~_ E4 is completely unknown
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advantage of exclusive roduction

Ji relation

dx x [HCI(ma €) t) + EC](xa §7 t)]

dr [Hg(z,&,t) + Eg(x,&,t)]

process where the gluon contribution enters in LO

E, is completely unknown
a Cross section asymmetry with respect to the transverse target polarization

i depends linearly on the helicity-flip GPDs E%>9
B o kinematic suppression E99 with respect to H%-9
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vector meson polarization

®_ ~4* and p° have the same quantum numbers

B nelicity transfer v* — p°
*_ signature: p° production angular distribution

& the spin-state of the p° is reflected in the orbital angular momentum of the decay particles
B 0 (intherestframe): J=L +S =1

M .s- 0, L=1
*._ signature: decay angular distribution
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the angular distribution

)

do do
drp dQ?dtdps dpdcosVdp  drp dQ?dt

®)_ correlations are reflected in the p° production and decay angular distributions W

W(%B, Q27 t? ¢87 ¢7 COS 197 90)
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the angular distribution

®._ correlations are reflected in the p° production and decay angular distributions W

do do
drp dQ?dtdps dpdcosVdp  drp dQ?dt

W(%B, Q27 t? ¢87 ¢7 COS 197 90)
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the angular distribution

®)_ correlations are reflected in the pY production and decay angular distributions W

do do
drp dQ?dtdps dpdcosVdp  drp dQ?dt

W(wBa Q27 L, ¢87 ¢7 COS 197 90)

*)_ decomposed:

W =Wyu + PWry + StWyr + PBBStWirr + StWyr + PL.StWir

beam: §jj target:
Pl SLST
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the angular distribution

®._ correlations are reflected in the p° production and decay angular distributions W

do do

e~ o W(wB, Q% 1, ¢s, ¢, cos U,
drp dQ?dtdps dpdcosVdy  drpdQ? dt (zB, Q% L, ¢s, P, cos ¥, )

*®_ decomposed:

W =Wyu + PWry + StWyr + PBBStWirr + StWyr + PL.StWir

®)_ parameterized by helicity amplitudes T3 Diehl notation (2007)-
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the angular distribution

®._ correlations are reflected in the p° production and decay angular distributions W

do do

e~ o W(wB, Q% 1, ¢s, ¢, cos U,
drp dQ?dtdps dpdcosVdy  drpdQ? dt (zB, Q% L, ¢s, P, cos ¥, )

*®_ decomposed:

W =Wyu + PWry + StWyr + PBBStWirr + StWyr + PL.StWir

*_ parameterized by helicity amplitudes s -Diehl notation (2007)-

&) spin-density matrix elements (SDMES):

v’ vo vio | *
Pup’ A > Z KA ( p' A
o

long pol @8 trans pol M trans pol
(normal) (sideway)
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the definition of the asymmetr

O-UT(Qb) ¢S)

v _
AUT(¢7 qbs) _ EUU

®_ 5yu - no ¢-dependence
®)_ the cross section can be separated into angle-independent and angular dependent parts
WUT qb ¢s
ALy (6, 6s) = Wor(9.0)

vU

®._ theoretically at leading order in 1/Q (y; — p9):

00
Im h

A?;Z"(gba Cbs) — 0()

Upo

®_ experimentally:

and are expected to be negligible
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exclusive p" sample

100
po —> R

the invariant mass distribution:

no recoil proton detection

for exclusive elastic scattering:
AE = (M2 - M?)/(2M) =0

only little energy transferred to the target
t=(q—v)?

transverse four-momentum transfer is often used
t'=t—to

main contribution at small values of AE and ¢’
AFE < 0.6 GeV and t/ < 0.4 GeV?

Yield (pb)

40

30

20

10

0.6 <M,,< 1 (GeV),

e data
— pythia

t' <0.4 (GeV?)

12.5 15

AE (GeV)
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100
po —>% R

the invariant mass distribution:

Mar = /(Drt+ +Dr—)?

no recoil proton detection

for exclusive elastic scattering:

AE = (M2 - M?)/(2M) =0

only little energy transferred to the target
t=(q—v)?

transverse four-momentum transfer is often used
t'=t—to

main contribution at small values of AE and ¢’
AFE < 0.6 GeV and t/ < 0.4 GeV?

Yield (pb)

non-exclusive events: AE > 0

0.6 <M, <1 (GeV), t' <0.4 (GeV?)
e data
— pythia

10 12.5 15
AE (GeV)

contribute due to the experimental resolution and restricted acceptance

estimate the semi-inclusive background contamination with PYTHIA

events produced in non-exclusive processes as an estimate of the background con-

tamination: 11%
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tfransverse’ SDMEs

unpolarized SDMEs u/’:’;',

", already measured by various
experiments

*_ from HERMES:
see talk by Wolf-Dieter Nowak

/ /
transverse SDMEs n”", and s"?,:
[y [

()

DS —

u average kinematics:
(—t') = 0.13 GeV?
(xg) = 0.09
(Q?) = 2.0 GeV?

*)_ related to the proton helicity-flip
amplitude

*._ suppressed by a factor /—t /21,

HERMES PRELIMINARY
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SDME values
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tfransverse’ SDMEs

- 8.1 9% scale HERMES PRELIMINARY

o w. I uncertainty
|m(n+++gn00) i .
Im (ng:-n;l) i y, O p? Pl P—
- ' .. : mny | ¥ 0 el ——
<L class I: s-channel helicity conservation im (a7, + 26n%]) e
_ /! / Ims: : —_+———+
= = Im (sgi-si) dominant transitions ——t
a large unpolarized equivalents o ol —
Im(n++-n+++2snoo) ——+
04 09 L oo
- Im (n9°%, + engg): consistent with im (57752 + 265%) -
zero B P
—+ 0+ _ .—0). mng, |y aa
. Im S_1 and Im(so_|_ — SO_|_). e veny [ v, O po A
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mn_, | y*|:| p-o +—e—+
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SDME values
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(un)natural-parity exchange

®)_ natural parity
. related to GPDs H and F

. related to GPDs // and

amplitudes are expected to be smaller
than the NPE amplitudes

*._ expected n/’:’;’, (if identical indices)

®/_ exceptions are not excluded
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(un)natural-parity exchange

L HERMES PRELIMINARY
8.1 % scale
| uncertainty
P Im (n22+ angg) | »—o—’—o
®)_ natural parity m(Mo:-ne,) | V0 e
Imn_ vy O P — o+
B clated to GPDs H and E Im (. + nC, + 2end) —
Ims’, T————
Im (v - Sov ) | dominant transitions e >
Im ngg | +——+
M rclated to GPDs /7 and Im (A - . + 26N —
Im l'l(Sg | V-T— 0 PE +——+
amplitudes are expected to be smaller e o : e
m (s, - S, +285y) T+t
than the NPE amplitudes msS [ ——
: Im (g, + g, ) ——
7 7 oaa q c q “+ I
®)_ expected ny¥, (if identical indices) mng | o po e
Im (sg, +5p,) | +To—+
7 O\ . | 0: +—o—t
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N_ [ or Imn’ ——
+ 0+ Im ng; : et
M ihe biggest amplitude mn | —
Im S, e+
Im S_++0 : +———+
* _ correspond to the pion-exchange in "M So: L double spin fiip I
ms. |, 0 T
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%gﬁ -Ami Rostomyan-




transverse target-spin asymmetry

®._ leading transition: v; — p9 : ®)_ GPD parameterizations are needed

- Im( nOO) E FE? 4+ F9
Al (¢, 0s) = Ayr o q > Ha + HY

- Goeke, Polyakov, Vanderhaeghen (1999)-
- Ellinghaus, Nowak, Vinnikov, Ye (2004)-
-Goloskokov, Kroll (2007)-

-Diehl, Kugler (2008)-

%gﬁ -Ami Rostomyan-

—p.1



transverse target-spin asymmetry

#._ leading transition: v; — p9: ®)_ GPD parameterizations are needed

E E14 B9

A e S e
UT %7 > Ha1 He

0.3

- Ellinghaus, Nowak, Vinnikov, Ye (2004)-

.. - , 0
parameterizations for H4, H4, HY ep Oep.p

ASD ()
uT

E1 is related to the total angular
momenta J* and J¢ j =0

B predictions for J¢ = 0 j =0

- 0.1 J'=0.2
E? and E9 are neglected T g

data favors positive J“

B statistics too low to reliably determine
the value of J* and its uncertainty

" . . | <Q%>=2.0GeV?
within the statistical uncertainty in 01 | <x>=0.09

: : : <t'>=013GeV* |
agreement with theoretical calculations
B indication of small E¢ and ET ?

overall
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transverse target-spin asymmetr

*._ leading transition: v — p9: *._ GPD parameterizations are needed

E E1+ E9
Ayr K — X —————
H HY+4+ H9

predictions for mean kinematics larger than the average HERMES kinematics
-Goloskokov, Kroll (2007)-

®._ power corrections

& yr — p9 and 42 — pY. are considered

®._ predictions for transverse SDMEs and
asymmetries

®_ canbe compared to the HERMES at
larger values of 2

B Jdata binned in Q2, x5 and ' will be
published soon
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transverse target-spin asymmetr

*._ leading transition: v — p9: *._ GPD parameterizations are needed

E E1+ B9
Ayr K — X —————
H H?+ H9I

predictions for mean kinematics larger than the average HERMES kinematics

-Goloskokov, Kroll (2007)- -Diehl, Kugler (2008)-

*._ power corrections parameterizations for H4:%:9 and E%:%9

asymmetry predictions

& 4x — pY and vk — p9. are considered

®._ predictions for transverse SDMEs and NLO corrections are computed

asymmetries *._ large size of the NLO corrections

®*_ can be compared to the HERMES at -Ivanov (2008)-

2
larger values of Q *._ another attempt to resume the NLO
M data binned in Q2, z and ¢’ will be correction

published soon small corrections to the LO
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summary

waiting for data with higher statistics and theoretical models
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