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Exclusive vector-meson production at HERA

e
HERMES: H1 and ZEUS:
 exclusive electroproduction of p and w  exclusive electroproduction of
e quark GPDs p, w, ¢, J/1p, P(2s), T
e target: » exclusive photoproduction of
* unpolarized protons and deuterons J/p, P(2s), T
» transversely polarized protons * gluon GPDs

longitudinally polarized lepton beam e unpolarized proton beam



Exclusive vector-meson production at HERA

e
HERMES: H1 and ZEUS:
1072 <25<05 1074 < 25 <102
1 GeV? < Q? < 10 GeV? 2 GeV? < Q? < 100 GeV? (DIS)

3.0 GeV < W <6.3 GeV 30 GeV < W < 300 GeV



Cross secuon (ub)

W dependence
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Exclusive vector-meson production

Target polarization state
e unpolarized target:
nucleon-helicity-non-flip GPDs H, H and
ET=2HT+ET.
» transversely polarized target:

nucleon-helicity-flip GPDs E, E and Hr.
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Exclusive vector-meson production

w, P, P, ...
>

natural parity exchange

JF=0*, 1, ...

= GPD H, E, Et

unnatural parity exchange
JP=0-, 1+, ...

= GPD H, E

Target polarization state
e unpolarized target:
nucleon-helicity-non-flip GPDs H, H and
ET=2HT+ET.
» transversely polarized target:

nucleon-helicity-flip GPDs E, E and Hr.



Helicity amplitude ratios and SDMESs

7 (Ay) + N(AN) = V(Av) + N(Ay)

» Helicity amplitude F\, x7 Ay
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Y Exvxoaan = Daoagaan T Unpaga,
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Helicity amplitude ratios and SDMEs

7 (Ay) + N(AN) = V(Av) + N(Ay)

» Helicity amplitude F\, x7 Ay

E _
Y Exvaxiaan = Dy agaan+

Uy Ny 2y A

w, P, ¢, ...
>

« |natural parity exchange

i |J°=0%, 1, ... = GPD H, E, Er, Hr
: funnatural parity exchange

JF=07, 1+, ... = Gpp A, E




Helicity amplitude ratios and SDMEs

7 (Ay) + N(AN) = V(Av) + N(Ay)

» Helicity amplitude F\, x7 Ay

v ¥ Exvxoaan = Dy aan HU A AN
’ w, P, P, ...

e Helicity amplitude ratios

« |natural parity exchange (n) _ (n)
| JP=0%, 1°, ... =™ GPD H, E, Er, Hr Bva, = D, /Togos
. lunnatural parity exchange

(n)

e A s ~ _ 77(n)
[°=0, 1%, ... = GPD f, E Wi, = Una, /Totol

n=1 )\N:)\/N
n =2 )\N#)\Q\f




Helicity amplitude ratios and SDMEs

7 (Ay) + N(AN) = V(Av) + N(Ay)

» Helicity amplitude F\, x7 Ay

v ¥ Exvxoaan = Dy aan HU A AN
’ w, P, P, ...

e Helicity amplitude ratios

« |natural parity exchange (n) _ (n)
| JP=0%, 1°, ... =™ GPD H, E, Er, Hr Bva, = D, /Togos
. lunnatural parity exchange

(n)

e A s ~ _ 77(n)
[°=0, 1%, ... = GPD f, E Wi, = Una, /Totol

n=1 )\N:)\/N
n =2 )\N#)\Q\f

» SDMEs

o *
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Angular distributions

e+ N —>e+ N+ p° e+ N —=e+ N+w

,00%77+—|—7T_

lepton
scattering plane

lepton
scattering plane

w decay plane

w production plane

Fit angular distribution of decay particles W(®, ¢, O) and extract either
Spin Density Matrix Elements (SDMEs) or helicity amplitude ratios

6




Angular distributions

e+ N —>e+ N+ p° e+ N —=e+ N+w

,00%77+—|—7T_

lepton
scattering plane

lepton
scattering plane

w decay plane

w production plane

Fit angular distribution of decay particles W (®, ¢, O, ¢5) and extract either
Spin Density Matrix Elements (SDMEs) or helicity amplitude ratios

6




Exclusive ,OO

e unpolarized H and D targets
» transversely polarized H target
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Results p SDMEs

longitudinally polarized beam
unpolarized p and d target

5 classes of SDMEs

unpolarized| and |polarized SDMEs
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proton & deuteron similar
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Q? dependence
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t dependence
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t dependence
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Test of unnatural parity exchange

SDMEs — HERMES
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Test of unnatural parity exchange

SDMEs — HERMES
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Test of unnatural parity exchange

SDMEs — HERMES
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Longitudinal-to-transverse cross-section ratios

sl rh _dop = Vi) + cdo(h = Vi)
el—rds do(vi— Vr)+edo(yi — Vr)

14



Longitudinal-to-transverse cross-section ratios
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Longitudinal-to-transverse cross-section ratios
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Longitudinal-to-transverse cross-section ratios
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Longitudinal-to-transverse cross-section ratios
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Transversely polarized target:
o helicity amplitude ratios
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Results w SDMEs
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Results w and
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GK model

model for protons - S. Goloskokov and P. Kroll,
Eur. Phys. J. C 50 (2007) 829; 53 (2008) 367, Eur. Phys. J. A 50 (2014) 146
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GK model

model for protons - S. Goloskokov and P. Kroll,
Eur. Phys. J. C 50 (2007) 829; 53 (2008) 367, Eur. Phys. J. A 50 (2014) 146
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GK model

model for protons - S. Goloskokov and P. Kroll,
Eur. Phys. J. C 50 (2007) 829; 53 (2008) 367, Eur. Phys. J. A 50 (2014) 146
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Factorization only proven for v7 — V..
Assumed for other transitions.
IR singularities regularised by modified perturbative approach.

Pion pole (Cx ! ) through % ARV
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one-particle exchange
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at small ¢
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- no pronounced kinematic dependence observed
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Longitudinal-to-transverse cross-section
ratio
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Exclusive Y (2.5)
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Exclusive Y
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W dependence
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Summary

Exclusive measurements in electroproduction and photoproduction of

p, &, w, J/, ¥(25), and T

W dependence: soft and hard interactions

/1 SDMEs; 17 helicity amplitude ratios:
unpolarized and transversely polarized target, beam polarization

Disentanglement of longitudinal and transverse cross section
t dependence: size of interacting systems, color distribution in hadron
Natural and unnatural parity exchange

2 .
Q°+My comparison of vector mesons

42



Back up



Helicity amplitude ratios
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Cross section ratios

Elastic VM production JHEP 1005(2010)032
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t slope low and high [tl

H1 p-diss. J/ip photoproduction

Eur. Phys. J. C73 (2013) 2466
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Comparison p° helicity amplitude ratios
with GK model

Eur. Phys. J. C 77 (2017) 378
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