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Exclusive Leptoproduction of Mesons

- Collins, hep-ph/9907513 -
- Collins, Frankfurt, Strikman, hep-ph/9709336 -

@ In the case of large @? and for ~;

a can be applied for

exclusive processes:

A. Vandenbroucke, DIS2005, Madison, April 28th, %M



Introduction Pseudoscalar Mesons Vector Mesons Outlook Summary
000000 0000

Exclusive Leptoproduction of Mesons

- Collins, hep-ph/9907513 -
- Collins, Frankfurt, Strikman, hep-ph/9709336 -

@ In the case of large @? and for ~;

a can be applied for

exclusive processes:
@ a hard part

A. Vandenbroucke, DIS2005, Madison, April 28th, %M



Introduction Pseudoscalar Mesons Vector Mesons Outlook Summary
000000 0000

Exclusive Leptoproduction of Mesons

- Collins, hep-ph/9907513 -
- Collins, Frankfurt, Strikman, hep-ph/9709336 -

@ In the case of large @? and for ~;

a can be applied for

exclusive processes:
@ a hard part
@ a meson wave function

A. Vandenbroucke, DIS2005, Madison, April 28th, %M



Introduction Pseudoscalar Mesons Vector Mesons Outlook Summary
000000 0000

Exclusive Leptoproduction of Mesons

- Collins, hep-ph/9907513 -
- Collins, Frankfurt, Strikman, hep-ph/9709336 -

@ In the case of large Q* and for ~;
a can be applied for
exclusive processes:

@ a hard part

@ a meson wave function

@ a soft part providing information
about the nucleon in terms of
Generalized Parton Distributions
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Generalized Parton Distributions

@ Ha, E9 accessible via pseudoscalar meson production, E9
is the pseudoscalar contribution, related to the pion pole
@ 0.+, Aur, AuL
@ HY E9 accessible through vector meson production:
o Z—:, Aut, AuL
@ Both different mesons and different observables select
different combinations of GPD’s
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Generalized Parton Distributions

@ Ha, E9 accessible via pseudoscalar meson production, E9
is the pseudoscalar contribution, related to the pion pole
@ 0.+, Aur, AuL
@ HY E9 accessible through vector meson production:
L Z—;, Aur, AuL
@ Both different mesons and different observables select
different combinations of GPD’s
@ 0, — o7 separation:

@ Vector Mesons: Seperation in principle possible
@ Pseudoscalars: Prove separation by Q? dependence
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Exclusive processes

@ Initial and Final State ful/ly known
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Exclusive processes

@ Initial and Final State ful/ly known

@ Scattered Lepton and produced
meson in Hermes acceptance

Spectrometer
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Exclusive processes

@ Initial and Final State ful/ly known
@ Scattered Lepton and produced
meson in Hermes acceptance

@ Select Exclusive reactions by
putting constraints to the missing
mass, or missing energy

Spectrometer

Not Detected
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Pseudoscalar Mesons

— Probe E and H
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e+p—e+X+nt

TM; = (Pe+ Pp— (Pe + Pp))?
doesn’t allow separation of ex-
clusive events from the non-
exclusive background
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Vector Mesons
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Outlook Summary

e+p—e+X+n"

TM; = (Pe+ Pp— (Pe + Pp))?
doesn’t allow separation of ex-
clusive events from the non-
exclusive background

7 Solution: Use the normalised =~
yield as an estimate for the back-
ground (e + p~e+n+7").
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et+p—e+n+at

TM; = (Pe+ Pp— (Pe + Pp))?
doesn’t allow separation of ex-
clusive events from the non-
exclusive background

T Solution: Use the normalised 7~
yield as an estimate for the back-
ground (e + p~e+n+7").

T Exclusive Peak at nucleon mass,
mean and width like exclusive
Monte Carlo, based on a GPD
model

Vector Mesons

Outlook Summary
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l « Data
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Cross Section: ~ (H + E)?

Cross Section:

* —+ NT(-+
g p—ntm (X, QZ) _ excl

L-AXAQ? - k(x,Q2) - T(< x>,< Q2 >)

@ L: Integrated luminosity 1996-2000 : 283 pb~'
@ x(x, Q°): Detection probability (from MC)
@ (< x >, < Q2 >): virtual photon flux factor
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Extracting a Cross Section

@ Acceptance correction is strongly model dependent,
therefore a comparison with 2 different models was made:
@ Mankiewicz, Piller & Radyushkin (1999)
@ Vanderhaeghen, Guichon & Guidal (1999)

=3 5
-t (GeV?)
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Extracting a Cross Section

@ Acceptance correction is strongly model dependent,
therefore a comparison with 2 different models was made

@ Detection probability has to be taken into account
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Pseudoscalar Mesons
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o : Q2 dependence in x bins: ~ (H + E)?
@ Q2 behavior with respectto o, — o1

P *n HERMES PRELIMINARY
S uncorrected for radiative effects
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@ (@ dependence is with LO expectations, however
Vanderhaeghen, Guidal, Guichon model too small
. . 4
@ Power corrections (kr, soft overlap) overestimatedata = adison, Apr 28 gggg
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Towards an x independent form: ocquceq

@ Factorization theorem predicts a % dependence for o, at
fixed x and t

@ Cross Section can be writen as

1 x% 1 1

=161 _x P

4P > [A(p — pM)?
14 sz spin
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Towards an x independent form: ocquceq

@ Factorization theorem predicts a & dependence for o, at
fixed x and t

@ Cross Section can be writen as

1 x2 1 1
do = — * M) |2
7T 1651 _x P 1+4m2xzz,'““(”*” )
—Qz  spin
Kinemat;galFactor
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Towards an x independent form: ocquceq

@ Factorization theorem predicts a & dependence for o, at
fixed x and t

@ Cross Section can be writen as

1 x2 1 1
o 1671 —x O 1+4m2X22|A(’}’P—>p )l
@ spin
Kinemat;galFactor T reduced
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Towards an x independent form: ocquceq

@ Factorization theorem predicts a % dependence for o, at
fixed x and t

@ Cross Section can be writen as

1 x2 1 1
o 1671 —x O 1+4m2X22|A(7PHP )l
@ spin
Kinemat;galFactor Oreduced

pure 7} + LO = doeq ~ 2
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Towards an x independent form: ocquceq

VP HERMES PRELIMINARY

uncortected for radjative effects
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Asymmetries

@ Target Related Single Spin Asymmetry ~ E - H

@ Theoretical expectation for asymmetries: Scaling region
reached at lower Q°
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Asymmetries

@ Target Related Single Spin Asymmetry ~ E - H

@ Theoretical expectation for asymmetries: Scaling region
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Transverse Spin Asymetry:

oVl — oY ~ S |sing - Ayr ~|Sy|sing-E-H
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Asymmetries

@ Target Related Single Spin Asymmetry ~ E - H

@ Theoretical expectation for asymmetries: Scaling region
reached at lower Q°

Transverse Spin Asymetry:

oVl — oY ~ S |sing - Ayr ~|Sy|sing-E-H

@ 2002-2005: HERMES run with transversely polarized target
@ Analysis ongoing !
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Asymmetries

@ Theoretical prediction —
, 2 models with different pion form factor

Transverse spin asymmetry

1
0.25

_ x_bj

@ Hermes data will be able to severely test these predictions

due to small error bars ,
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@ Theoretical prediction —
Integrated DIS HERA Run Il (polarized)

Outlook Summary
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@ Hermes data will be able to severely test these predictions

due to small error bars
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Vector Mesons

= Probe E and H
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e+tp—e+p+/°

@ .0 reconstructed from /1 h~ pairs

Vector Mesons
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e+tp—e+p+/°

@ .0 reconstructed from /1 h~ pairs

@ Exclusivity constraints by requiring
Missing Energy AE to be 0,
describe background shape by MC

Outlook Summary

Data

Normalised MC ......
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@ ;0 reconstructed from || Comeum 4805 & 1877
500 Mean 0300+  0.1533E-01

@ Exclusivity constraints by requiring : BlgHE GAMAE  esed

Missing Energy AE to be 0,
describe background shape by MC

@ Evidence of exclusive p° production
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Target Spin Asymmetry Ayr

@ Experimentally:

1 N - N!
Aur(p—os) = EE

@ Ayr~GPD E

sin(¢ — ¢g) amplitude of asymmetry: ASQ(“S”S)
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Target Spin Asymmetry Ayr

A_ 1 ST o35 [T o345
- 2
|S.] 5" o(B3)dB

@ Sensitivity to J*

@ At Hermes asymmetry slope is B sGeV
positive OB 2 025GV F=0
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sin(¢ — ¢s) amplitude of asymmetry ASN(®=¢s)  _ 4
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Ayt for exclusive p° production

HERMES PRELIMINARY o | HERMES PRELIMINARY
ep—ep’p ! ep—ep’p
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@ Data consistent with theory predictions

@ Increasing statistics by including all transverse data will
allow for an o; — o1 separation
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Stay Tuned !

@ Exclusive 70 production analysis ongoing

@ no pion-pole contribution B
@ information about pseudovector H only

HERMES
0 i T MY
0.01 0.1 1
.
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Stay Tuned !

@ Exclusive 70 production analysis ongoing

@ no pion-pole contribution B
@ information about pseudovector H only

@ This fall a Recoil Detector will be installed around the
target cell
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Summary

@ Factorization theorem for hard exclusive processes allows
GPD’s to be probed
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Summary

@ Factorization theorem for hard exclusive processes allows
GPD’s to be probed
© Cross Section for exclusive 7+ production

@ Comparison with GPD based model
@ @2 dependence in agreement with theory

© First measurement of Ayt for exclusive p° production
© Ongoing Analysis: Ayr for nt, ratio 7+ /7°

Thanks for Listening !
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