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2 Masses, widths, and coupling constants
not well known for many resonances

T

Most models predict more resonance
states than observed
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Polarization observables in pseudoscalar meson

production

4 Complex amplitudes: 16 real polarization observables.

Complete measurement from 8 carefully chosen observables.

TN has large cross section

&JSA .!effergon Lab

but in KY recoil is self-analysing

Symbol Transversity Experiment Type
representation required

do /dt |B1]% + |b2|? + |b3|> + [ba]®? {—;—;— S

Sdo/dt  |bi|? +|bo|® — |bs|? — |ba]> {L(37,0); —; —}

Tdo/dt  |bi|* — |ba|” — [bs]? + [ba]® {—5;—}

Pdo/dt _|bi|* — |ba|? + |bs|* — [ba]® {—; —3y}

Gdo/dt 2 Im(b;bj + bybj) {L(+3in);z;—} BT

Hdo/dt —2 Re(b;bj — byb}) {L(x£57);z; —}

Edo/dt —2 Re(b,bj+ bybj) {C; z;—}

Fdo/dt 2 Im(b;bj — byb}) {C;z; -}

O.do/dt —2 Re(b1b} — bsbj) {L(x5i7); —2'} BR

O.do/dt —2 Im(bib} + bsb3) {L(x£4i7); — 2"}

C,do/dt 2 Im(b;b] — bsyb3) {C; —; 2’}

C.do/dt —2 Re(b;bj + bybj) {C; —; 7'}

T.do/dt 2 Re(b;b5 — bsbj}) {—;z; 2"} TR

Tzda/dt 2 Im(b1b§ — bgbz) {—; Z; Z’}

L.do/dt 2 Im(b1bj -+ bsb}) {—;z 2"}

L.do/dt 2 Re(bib3 + bsb}) {—; 2; 2}

I. S. Barker, A. Donnachie, J. K. Storrow, Nucl. Phys. B95 347 (1975).
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Polarization observables in pseudoscalar meson

production

4 Complex amplitudes: 16 real polarization observables.

Complete measurement from 8 carefully chosen observables.

nN has large cross section but in KY recoil is self-analysing .
N KY
recoil targ - Symbol Transversit.y Expe_zriment Type v targ  recoil
representation required
@do/dt  |bi]® + [by|® + |b3|* + [ba]® {— —; — S @&
Sdo/dt  |bi]® +|bo|* — |b3|* — |ba|> {L(57,0); — —}
Tdo/dt  |bi|*> — |bo|® — |b3|” + |ba]® {—59;5—}
Pdo/dt  |bi|*> — |b2|? + |b3]* — [ba|* {—; —;¥} =] YRS
Gdo/dt 2 Im(b;bj + bybj) {L(+3in);z;—} BT
Hdo/dt —2 Re(b;bj — byb}) {L(x£57);z; —}
Edo/dt —2 Re(b,bj+ bybj) {C; z;—}
Fdo/dt 2 Im(b;bj — byb}) {C;z; -}
O.do/dt —2 Re(bibj — bseb3) {L(x5i7); —2'} BR
O.do/dt —2 Im(bib} + bsb3) {L(x£4i7); — 2"}
C,do/dt 2 Im(b;b] — bsyb3) {C; —; 2}
C.do/dt —2 Re(b;bj + byb3) {C;—; 2}
T.do/dt 2 Re(b;b5 — bsbj}) {—;z; 2"} TR
Tde'/dt 2 Im(b1b§ — bgbz) {—; Z; Z’}
L.do/dt 2 Im(b1bj + bsb}) {—;z 2"}
L.do/dt 2 Re(bib3 + bsb}) {—; 2; 2}

&JSA .Qeffergon Lab

I. S. Barker, A. Donnachie, J. K. Storrow, Nucl. Phys. B95 347 (1975).
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Polarization observables in pseudoscalar meson

production

4 Complex amplitudes: 16 real polarization observables.

Complete measurement from 8 carefully chosen observables.

nN has large cross section but in KY recoil is self-analysing ‘
N KY
recoil targ vy Symbol 1?;‘:;;23@ f:e);pj:;?ent Type Y targ recoil
@do/dt  |bi]® + [by|® + |b3|* + [ba]® {— —; — S @

Sdo/dt  |bi]® +|bo|* — |b3|* — |ba|> {L(57,0); — —}
Tdo/dt  |bi|*> — |bo|® — |b3|*> + [ba]® {—5y;—}
Pdo/dt  |bi|> — |ba|? + |b3|* — [ba|® {—; —;y} 3 299
Gdo/dt 2 Im(b;bj + bybj) {L(+3in);z;—} BT
Hdo/dt —2 Re(b;bj — byb}) {L(x£57);z; —}
Edo/dt —2 Re(b,bj+ bybj) {C; z;—}
Fdo/dt 2 Im(b;bj — byb}) {C;z; -}
O.do/dt —2 Re(bibj — bseb3) {L(x5i7); —2'} BR
O.do/dt —2 Im(bib} + bsb3) {L(x£4i7); — 2"}
C,do/dt 2 Im(b;bj — byb3) {C;—; 2’} : o PP
C.do/dt —2 Re(bibj + byb3) {C; =2} > 299
T.do/dt 2 Re(b;b5 — bsbj}) {—;z; 2"} TR
Tde'/dt 2 Im(b1b§ — bgbz) {—; Z; Z’}
L.do/dt 2 Im(b1bj + bsb}) {—;z 2"}
L.do/dt 2 Re(bib3 + bsb}) {—; 2; 2}

I. S. Barker, A. Donnachie, J. K. Storrow, Nucl. Phys. B95 347 (1975).

o~ circ polarized photons
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Polarization observables in pseudoscalar meson
production

4 Complex amplitudes: 16 real polarization observables.

Complete measurement from 8 carefully chosen observables.

TN has large cross section but in KY recoil is self-analysing .
N KY
— . T
recoil targ % Symbol ;Iéﬁilirtzgon f:e);pj:;r;ent pe Y targ recoil
@do/dt  |bi]® + [by|® + |b3|° + [ba]® {— —; — S
== @®xdo/dt |b|® +|bo|® — |bs]* — [ba|® {L(37,0); — -} —
Tdo/dt  |bi|*> — |bo|® — |b3|*> + [ba]® {—5y;—} Y
Pdo/dt  |bi|> — |ba|? + |b3|* — [ba|® {—; —;y} YRS
Gdo/dt 2 Im(b;bj + bybj) {L(+3in);z;—} BT
Hdo/dt —2 Re(b;bj — bybj) {L(x£57);z; —}
Edo/dt —2 Re(b,bj+ bybj) {C; z;—}
Fdo/dt 2 Im(b;bj — byb}) {C;z; -}
Ogdo/dt —2 Re(bib} — b2b§) {L(i?llﬂ'); — '} BR == T Y Y
O.do/dt —2 Im(b1b} + bab3) {L(x£4i7); — 2"} == 28 e
C,do/dt 2 Tm(bibj — byb3) {C; —; 2’} oy *ee
C.do/dt —2 Re(bybj+ byb3) {C; —; 2} ~ 20
T.do/dt 2 Re(b;b5 — bsbj}) {—;z; 2"} TR
Tde’/dt 2 Im(b1b§ — bgbz) {—; Z; Z’}
L.do/dt 2 Im(b1bj + bsb}) {—;z 2"}
L.do/dt 2 Re(bib3 + bsb}) {—; 2; 2}

I. S. Barker, A. Donnachie, J. K. Storrow, Nucl. Phys. B95 347 (1975).

o~ circ polarized photons

&= |inearly polarized photons
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Polarization observables in pseudoscalar meson
production

4 Complex amplitudes: 16 real polarization observables.

Complete measurement from 8 carefully chosen observables.

nN has large cross section but in KY recoil is self-analysing &)
N KY
recoil targ Y Symbol ;I;:?;Zirtz;yon f:e);p;;rgent Type % targ recoil
@do/dt  |bi]® +|bo|® + b3 + [ba]® {— —;— S
== @®xdo/dt |b|® +|bo|® — |bs]* — [ba|® {L(37,0); — -} —

Tdo/dt  |bi|*> — |bo|® — |b3|*> + [ba]® {—5y;—} -
Pdo/dt  |bi|> — |ba|? + |b3|* — [ba|® {—; —;y} 299

9 == @ Gdo/at 2 Im(bibj + byb3) (LEIn);z -} BT = O
Hdo/dt —2 Re(b;bj — bybj) {L(x£in);z; -}

{} S Edo/dt —2 Re(b;bj+ bybj) {C; z;4—} S ﬁ
Fdo/dt 2 Im(b;bj — byb}) {C;z; -}
Ogdo/dt —2 Re(bibj — b2b§) {L(i?llﬂ'); — '} BR == (Y'Y
O.do/dt —2 Im(bib} + bsb3) {L(x£4i7); — 2"} == 28 e
C,do/dt 2 Im(b;bj — byb3) {C;—; 2’} o e e
C.do/dt —2 Re(b1bj + byb3) {C; —; 2} ~ bt
T.do/dt 2 Re(b;b5 — bsbj}) {—;z; 2"} TR
Tde’/dt 2 Im(b1b§ — bgbz) {—; Z; Z’}
L.do/dt 2 Im(bibj+ babj}) {—; z; 2"} 8 999
L.do/dt 2 Re(bib3 + bsb}) {—; 2; 2} LY

I. S. Barker, A. Donnachie, J. K. Storrow, Nucl. Phys. B95 347 (1975).

o~ circ polarized photons

&= |inearly polarized photons

&JSA .Qeffergon Lab E. Pasyuk

1}  longitudinally polarized target
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Polarization observables in pseudoscalar meson
production

4 Complex amplitudes: 16 real polarization observables.

Complete measurement from 8 carefully chosen observables.

nN has large cross section but in KY recoil is self-analysing &)
N KY
recoil targ vy Symbol ;I;:?;Zirtz;yon f:e);p;;rgent Type \% targ recoil
® do /dt [61]” + [Ba]* + |b3]” + [ba]®>  {—; —; — S
== @®3xdo/dt |bi|® + |by|* — |bs|* — |ba]® {L(37,0); ——} —
— ®7do/dt  |bi|* — |ba|® — |bs|> + [ba]® {—5y; -} == =
’? === @ Pdo/dt |bi|* — |ba|® +|b3|*> — |ba|> {—;—;y} 288
== @ Gdo/dt 2 Im(bib} + byb]) (LEIn);z -} BT = 1
? ”—\5 ® F7do/dt —2 Re(b;b} — bybj) {L(xix);2; -} *R ‘3-
Edo/dt —2 Re(b;bj+ bybj) {C; z;—}
- N Fdo/dt 2 Im(b;b% — bybj) {C;z;—} N
O.do/dt —2 Re(bibj — bseb3) {L(x5i7); —2'} BR pu— o
O.do/dt —2 Im(bib} + bsb3) {L(x£4i7); — 2"} = P
C,do/dt 2 Im(b;bj — byb3) {C; —; 2’} o e e
C.do/dt —2 Re(b1bj + byb3) {C; —; 2} ~ bt
TIdO'/dt 2 R,e(b1b§ - bgbz) {—; I, .’C’} TR — Q66
T.do/dt 2 Im(b,b3 —bsbj) {— =2} 299
L.do/dt 2 Im(b1bj + bsb}) {—;z 2"} ? XYY
L.do/dt 2 Re(bib3 + bsb}) {—;2;2'} DI

I. S. Barker, A. Donnachie, J. K. Storrow, Nucl. Phys. B95 347 (1975).

o~ circ polarized photons

&= |inearly polarized photons
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1}  longitudinally polarized target

== ransversely polarized target
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Polarization observables in pseudoscalar meson
production

4 Complex amplitudes: 16 real polarization observables.

Complete measurement from 8 carefully chosen observables.

TN has large cross section

but in KY recoil is self-analysing ©)

N KY
rersi E rimen T .
recoil targ Y Symbol 1?;‘:;;23@ re’;pjre de ¢ yPe Y targ recoil
@do/dt  |bi]® + |bo|” + [b3|” + [ba]® {— —;— S
== @ xdo/dt  |b|® +|bo|® — |bs]* — ba|® {L(37,0); — -} d—
—h @ Tdo/dt  |bi|* — |b2|> — |b3|* + [ba|> {—5 45—} == ==
? === @ Pdo/dt |bi|* — |ba|® +|b3|*> — |ba|> {—;—;y} PYPEeN
== @ Gdo/dt 2 Im(bib} + byb]) (LEIN) %) 371 = O
? ”—\i ® fdo/dt —2 Re(bybj — bybj) {L(£in);z;—} *R ?
Edo/dt —2 Re(b;bj+ bybj) {C; z;—}
- N Fdo/dt 2 Im(b;bj — bsyb}) {C;z; -} N
Ogdo/dt —2 Re(bib} — b2b§) {L(i%ﬂ'); —;z'} BH == T Y Y
O.do/dt —2 Im(bib} + bsb3) {L(x£4i7); — 2"} == 28 e
C,do/dt 2 Im(b;bj — byb3) {C; —; '} o e e
C.do/dt —2 Re(bibj + byb3) {C;—; 2} o~ 299
T_-,,dO’/dt 2 Re(b1b§ - bgbz) {—; I, .’C’} TR — Q6
T.do/dt 2 Im(b,b3 —bsbj) {— =2} 2% %
L.do/dt 2 Im(b1bj + bsb}) {—;z 2"} ? 299
L.do/dt 2 Re(bib3 + bsb}) {—; 2; 2} DI

I. S. Barker, A. Donnachie, J. K. Storrow, Nucl. Phys. B95 347 (1975).

o~ circ polarized photons

&= |inearly polarized photons

&JSA .Qeffergon Lab

E. Pasyuk

1}  longitudinally polarized target

== ransversely polarized target

Complete, and
over-determined
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Polarized pohoton beam
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FROST
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- \ \'

The FroST target and its components: N K epotari. |

A:Primary heat exchanger i \ zation |

B: 1 K heat shield 07

C: Ho]ding coil 55850 . 55975 56100
Time (Run Number)

D: 20 K heat shield

E: Outer vacuum can (Rohacell extension)

F: CH2 target E

G: Carbon target

H: Butanol target

J:Target insert

K: Mixing chamber

L: Microwave waveguide

o
©

Target Polarization Pz
=3
[+=]

M: Kapton coldseal

Performance Specs: /
Base Temp: 28 mK w/o0 beam, 30 mK with F G H K
Cooling Power: 800 pW @ 50 mK, 10 mW @ 100 mK, and 60 mW @ 300 mK
Polarization: +82%, -90%
1/e Relaxation Time: 2800 hours (+Pol), 1600 hours (-Pol)

Roughly 1% polarization loss per day.

'y

EA Jefferdon Lab E. Pasyuk MESON 2012, May 31- June 5, Krakéw, Poland
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HDIce polarized target

HDIce Solid Deuterium-Hydride (HD) — a new class of polarized target
2 Polarized at very high

magnetic field and very
low temperatuer

2 Transferred to in beam
cryostat

2 Spin can be moved
between H and D with RF
transitions

HDice
Transfer
Cryostat

2 All material can be
polarized with almost no
background

&JSA 4effer?on Lab E. Pasyuk MESON 2012, May 31- June 5, Krakow, Poland 14



What we measure with CLAS

. yp—T1%, T'n

. Yp—np

- Yp—n'p

. yp—KY (KA, K20, KOZ+)
. Yp—T'Tp wp, Pp, $p

» YN—TTP

> YN—TI TN

» yn—=X K+, AK°
2 YN—Wwn
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Polarization in Single pion
photoproduction
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yp—m°p Photon asymmetry 2
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ypen n Photon asymmetry 2
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I=3/2 multipoles

A(1620)S31

Re[M{’*| (am)
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I=3/2 multipoles

Re[M$/?] (am)

RelMZ*] (am)
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p—mn*n Helicity asymmetry E
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For W< 1.75 GeV all of the models represent the data fairly well.
For W> 1.75 GeV none of the models represents the data well.
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Status of meson photoproduction
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Summary

“compete measurement” in pseudoscalar meson

photoproduction is reality

2

&
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Data collection with proton and deuteron targets is complete
Data are being analyzed
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