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Exclusive meson production
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Exclusive p” and w production:
angular distribution

e+ N —e+ N+ e+ N —-e+ N+uw
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Exclusive p” and w production:
angular distribution

e+ N = e+ X+ p°

pO%WJF%—W_

e+ N e+ XN+w

3.0 GeV < W <6.3 GeV
1.0 GeV? < Q% < 7.0 GeV?
0.0 GeV? < —t' < 0.4 GeV?

w— Tt 1+ 70(2y)



Exclusive p” and o production:
angular distribution

e+ N — e+ M+ p’ e+ N—et+tXN+w

pO%WJF—HT_ w%w++7r_—|—7ro(2’y)




Exclusive p” and w production:
angular distribution

e+ N — e+ M+ p e+ N—e+XN+w

lepton
scattering plane

lepton
scattering plane T

e ‘\ /y* w N w decay plane
e N

w production plane

Fit angular distribution of decay pions W(®, ¢, 0, ¥) and extract either
e Spin Density Matrix Elements (SDMEs)

or
e helicity amplitude ratios
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Helicity amplitude ratios and
SDMEs

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

v * o Helicity amplitude Fy \/ a ay

Exyxoaan F Davagasan IF Unoxga, an

natural parity  funnatural parity
amplitude amplitude

: | natural parity exchange
1| JP=0*, 1, ... » GPDH E
: | unnatural parity exchange
:|3°=0", 1*, .. = GPDH,E | eHelicity amplitude ratios

Br, = T, Togos
N(p) t N(p') n n
ung)Afy - U>(\v)>w /TO%O%
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Helicity amplitude ratios and
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Helicity amplitude ratios and
SDMEs

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

y ¥ e SDMEs

(8 *
O F 5y My Ay A 200 3, 0 A A

e SDMEs

e unpolarized target
Av Ay
Un

e l[ongitudinally polarized target
VAL
Y
e fransversely polarized target
Av Ny Av Ny
nya, and Sy y
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Helicity amplitude ratios
for exclusive p°

e fransversely polarized H target
® 8741 exclusive-p events

e 25-parameter fit




Results helicity p amplitude ratios
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e 5 classes of helicity amplitude ratios
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already obtained in EPJ C71 (2011) 1609

extracted for first time

e 5 classes of helicity amplitude ratios

e dominant amplitudes: natural parity
nucleon-helicity non-flip t( )

* also unnatural parity nucleon-helicity
non-flip u( '+ 0 by 4o
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already obtained in EPJ C71 (2011) 1609

extracted for first time

5 classes of helicity amplitude ratios

dominant amplitudes: natural parity
nucleon-helicity non-flip t( )

also unnatural parity nucleon-helicity
non-flip u( '+ 0 by 4o
nucleon-helicity-flip amplitudes:
small, consistent with O




Comparison with SDMEs:
unpolarized target
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unpolarized beam

longitudinally polarized beam

e Overall good agreement between

direct extraction of SDMEs and
SDMEs via helicity amplitude ratios

e Parameter space in two methods are #

— methods do not necessarily coincide



Comparison with SDMEs:
transversely polarised target
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e Overall good agreement between two methods
e Newly obtained SDMEs
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Spin density matrix
elements from exclusive

7 W
> e unpolarized H and D targets

® 2260/1332 exclusive-w events from H/D

e 23-parameter fit
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5 classes of SDMEs

unpolarized

and

polarized

proton & deuteron similar

SDMEs
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by 3(2.5) o for p(d)



Results w and p SDMEs

Eur. Phys. J. C 74 (2014) 3110
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Test of unnatural-parity exchange

up =1 — 7“83‘ + 27“(1%1 — 27“-}1 — 27“%_1
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Eur. Phys. J. C 74 (2014) 3110
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* large unnatural parity exchange seen
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Test of unnatural-parity exchange
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* model for protons - S. Goloskokov and P. Kroll, Eur. Phys. J. A 50 146 (2014)
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Test of unnatural-parity exchange

Eur. Phys. J. C 74 (2014) 3110
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* large unnatural parity exchange seen
* model for protons - S. Goloskokov and P. Kroll, Eur. Phys. J. A 50 146 (2014)
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Test of unnatural-parity exchange

Eur. Phys. J. C 74 (2014) 3110
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* model for protons - S. Goloskokov and P. Kroll, Eur. Phys. J. A 50 146 (2014)
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Test of unnatural-parity exchange

Eur. Phys. J. C 74 (2014) 3110
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* model for protons - S. Goloskokov and P. Kroll, Eur. Phys. J. A 50 146 (2014)
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Factorization only proven for v; — V7,
Assumed for v — Vr, Vr
IR singularities regularised by modified perturbative approach



Test of unnatural-parity exchange
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* large unnatural parity exchange seen
* model for protons - S. Goloskokov and P. Kroll, Eur. Phys. J. A 50 146 (2014)
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7.9 unnatural parity
Factorization only proven for v; — V7,

Assumed for v — Vr, Vg,
IR singularities regularised by modified perturbative approach



Test of unnatural-parity exchange

28 28 e somomo
2 B i 2 - io(o) deuteron (total)
1.5} iimﬁf—i 1.5}
1r EE 1 i
0.5-""|"'""|'+TTTT'IIII 0.5 -|||'Fl'l'|-|-|-|-|-|-|-|-|-|-|-||
1 2 3 4 0 01 0.2 0.3
Q* [GeV") t' [GeV?)]

* large unnatural parity exchange seen
* model for protons - S. Goloskokov and P. Kroll, Eur. Phys. J. A 50 146 (2014)
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wﬂrhou’r pion-pole contribution L T
with pion-pole contribution '
pion-pole contribution seems to account completely
for unnatural-parity exchange 33




class A:
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* no pronounced kinematic dependence observed
e again, need for pion-pole contribution observed
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Kinematic dependencies

Eur. Phys. J. C 74 (2014) 3110
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Kinematic dependencies

class B: interference 7; — wr and Yr — wr

Eur. Phys. J. C 74 (2014) 3110
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* no pronounced kinematic dependence observed
e need for pion-pole contribution observed for unpolarized SDMEs
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Longitudinal-to-transverse
cross-section ratio

125
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% 5 B0
0.75 # o @) pO, proton (total) 0.75

¢ R(w) 4 times smaller than R(p)

no pronounced kinematic dependence observed
need for pion-pole contribution
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Transverse-target spin asymmetry
In exclusive o production

e fransversely polarized H target
® 279 exclusive-u events




Transverse target-spin asymmeftry
Aut In exclusive w production

W(p,ps) =1+ A(f})g(¢) cos(¢) + A((:;)(S]@qﬁ) cos(2¢)

+5, {A?}Y¥¢+¢S) sin(gb 4 QbS) 4 A2¥¢_¢S)Sin(¢_¢8) 4 A?}{}Ws)sin(qbs)
+ ASRRO=09) in (26 — pg) + ATDGEPOS) gin (3¢ — gbs)}
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Results o AUT
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* large unnatural parity exchange seen
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without pion-pole contribution
with pion-pole contribution: mw transition FF > O

with pion-pole contribution: mw transition FF < O
Positive e transition FF favoured

| T
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Results o Ayt: fransversely polarized o
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Summary

e 00 helicity amplitude ratios:
e New: nucleon-helicity-flip amplitudes. They are consistent with zero

e Good agreement with direct extraction of SDMEs

* o SDMEs:
e Large unnatural parity contribution.

 Importance of pion pole
® W AUT:

* positive sign for mwform factor favoured
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