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Baryon resonances

Goal: Gain a good understanding of the spectrum and properties of baryon resonances
Experimentally: Broad overlapping resonances
-~ Partial Wave Analysis necessary
+~ Measurement of cross-sections and polarization observables
= Different production channels

+
yp —> NTT yp — pn Photon energy [GeV]
L. 600 0.5 10 15 20 25 0.5 1.0 15 20 25
' | T | T T T T T T
1.4 d
(123
& [ D,5(1520) -
500 g
1.2 ¢ B \ (71 )
50 s )
10} . . 400|
S11(1535)
= 40 —_
< o
= Fy5(1680) 3 948 T 300|
=
c 30 <) - | b
200|
2 0.4 5,:(1650) J |
S41(1535
1 ) \ 100 |
10 X s 02 D,5(1520) 715(1680) 1
' 50) ‘ ( I
P1,(1449 k\ _ P,,(1440)
— - == 0. = —— — ) |
200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400 . . . 2.1 24 1,2
E, (MeV) E, (MeV) Invariant mass [GeV]

+ Channels different from N — Photoproduction experiments
= Production off the proton (z°, n, n', 2n°, n’n, ...)
+ Production of mesons off light and heavy nuclei



Experimental setup

Mainz Microtron (MAMI)
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Upgrade — experiments with ~4 times
higher rates will be possible!

@ High-Flux, Tagged, Bremsstrahlung Photon Beam: Unpolarized, Linear, and Circular
@ Polarized and Unpolarized Targets

@ Recoil polarimeter

-~ Development of an active He gas target in progress 3



Crystal Ball/TAPS experiment
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Polarized Butanol/D-Butanol
Crystal Ball: = =
@ 672 Nal Crystals P v B -
@ 24 Particle Identification Detector Paddles =
@ 2 Multiwire Proportional Chambers

TAPS:
2366 BaF_and 72 PbWO4 Crystals

@ 384 Veto Detectors




Selected photoproduction data from A2
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Below pion threhold: Compton scattering
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High-precision measurements of the beam asymmetry and
unpolarized cross-section planned in the end of 2017!



Single n° production
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- Interpretation within further partial wave analyses



Single n and n' production

Black dashed: nMAID2003, blue: SAID-GE09, BG2014-2 (magenta)
Solid black line: nMAID2017
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New resonances in nMAID 2015/2017

== Resonances with no evidence for (y, 1)




Single nproduction
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Single nproduction

T,F, X, and E for vp — np

Data: A2MAMI-15 (T,F), GRAAL-07 (%), CLAS-15 (E). Red - full solution, - nMAIDO3.
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Single n'production

Data: A2MAMI- CBELSA/TAPS-09 (red), CLAS-09 (blue)
Red line - full solution
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Single n and n' production
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-+ Overall: Good agreements with CLAS and CBELSA/TAPS data
- In some bins systematic discrepancies (upto 10%) with CBELSA/TAPS data
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Single meson production: data on polarization observables
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@ See talk of Natalie Walford for further results: 22.08.2017, Parallel Session (A2), 14:30
@ Data on beam asymmetry X published for 1214 < W < 1450 MeV (S. Gardner et al., Eur.Phys.J. A52 (2016) no.11, 333)
@ New data taken on X for single n° for determination of E2/M1 ratio with improved systematics 13



Single meson production: data on polarization observables
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@ See talk of Natalie Walford for further results: 22.08.2017, Parallel Session (A2), 14:30
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Double meson photoproduction

Goal: Gain a good understanding of the spectrum and properties of baryon resonances
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= At high energies: Multi-meson final states play a role of increasing importance!
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Double meson photoproduction

Goal: Gain a good understanding of the spectrum and properties of baryon resonances
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= At high energies: Multi-meson final states play a role of increasing importance!
= Access to resonances with cascading decays
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Double pion production (I* and I°)

Linearly polarized photon beam, unpolarized target:

Quasi two-body consideration: 00 oDo—_m——Fw

3—5 — (S—E)D [1 + d/2 cos(20)]  <ARAARAARPF--—Fmmd.m. -

polarization plane ¢-90°

production plane

= Three-particle final state: additional plane!
= Additional polarization observables!
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(DY) = I(21 — @), I}(D*) = -I*(211 — D7)

First measurement of I* and I¢
[ ] _) [ J
inyp - pn’n° at energies below ~700 MeV

==
— o

Data from CBELSA/TAPS above 1 GeV had a high impact on PWA: !
V. S., E. Gutz, H. Pee, et al., Phys.Lett. B746 (2015) 127-131 e
V.S., E. Gutz, V. Crede, H. Pee, et al., Eur.Phys.J. A51 (2015) no.8, 95 production plane
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Double pion production (I* and I°)
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Significant differences between data and BnGa PWA predictions!

Simon Gardner (A2 Collaboration) 16



nn photoproduction (proton target)

» The production of nt°n pairs best suited to study the D33(1700) resonance
s 1 acts as an isospin filter: Accessto yp — D33(1700) — A(1232)n— prt'n

N D33(1700) dominates close to the production threshold
1

-

I CB-ELSA

GRAAL 0a D, (1940)’
3[ I LNS Tohoku 1 !
| I MAMI 06 o~ S
EY. | D, (7d0) .
© 0.4} o
1t - S
0.2} K
0 ‘‘‘‘‘ D #! .t ==

1 11 12 13 14 .
E [GeV] E, [GeV]
V. L. Kashevarov, A. Fix et al., Eur. Phys., J. A 42, 141, 2009 (A2 Collaboration)



1’n production off the proton
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Preliminary! Run I (blue solid triangles)

Run II (black open circles)
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New data set:
@ Improved statistics: More than 1.500.000 events for the unpolarized
cross-section and more than 1.000.000 events in the polarized sample
@ Kinematic fit applied
@ Event-based data (5D) sample obtained
@ Finer binning and extension of the energy coverage to the threshold region
@ Total cross-section, angular distributions, Dalitz plots and beam helicity asymmetry
extracted — input for PWA with a potentially high impact
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1’n production off the proton
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1n production off the proton

Preliminary! i
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nn: Beam helicity asymmetry (proton target)

* i, 0.3 0.2
¢, ol %‘ 1.0 to 1.1 GeV 1.1 to 1.2 GeV
.—'"'-.-_---_. .I-" E
p 3 ) "x S
L l b, =
\ i <
il Y Ny
i i ',..u:ﬂ-l-”:f L e
_,.-'.'-' e --.- .{:jl'l ‘H:I % 1
i n_ A
- .-"'J " i \ , L
— 0.5 1 1.5 2
\ i 0.2 : - . 0.2 : . .
b f,r" 1.2 to 1.3 GeV 1.3 to 1.4 GeV
%
w
Beam helicity asymmetry:
C + —
W (p) ~a™(¢) — o7 (¢)

0 0.5 1 1.5 2 0 0.5 1 1.5 2

QJT; [rad/m]
W<(¢) can be expanded as: Dotted line: fit with the first 3 terms of the
Nmax sine expansion (A1, A2, A3)
C o : Solid line: isobar model with 6 resonances
W ([m o Z An SN Ht,f) Dashed line: only D33 wave
n=1 V. L. Kashevarov, et al., Phys. Lett. B 693, 551 (2010)
[A2 Collaboration]

Both unpolarized and polarized data indicate the dominance of
the D33 wave at energies Ey < 1.2 GeV 21



nn: Beam helicity asymmetry (proton)

0.2

Preliminary!
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E,=0.95-1.00 eV E,=1.00-1.05 GeV E=1.05-1.10 GeV E=1.10-1.15 GeV E,=1.15-1.20 GeV
0.1
n |}
0.1
02}
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Run I and Run IT (open circles)

Predictions:

BnGa PWA (2014): blue dash-dotted
line

MaTm model: red dashed line

Fit of MaTm model to the present
data: solid green line

@ Significant differences at high energies between data and BnGa PWA

@ High impact can be expected
@ 4-vectors provided to the BnGa PWA group

(Data analysis finished, MaTm model calculations in progress)
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1™n: Beam helicity asymmetry (deuteron)
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@, [deg] Curves: fit to

0 Bﬂ; - in{‘.l'[ N,n) the data

o™ I@(@)zz_lensin(n@)

1°(D) [ %]

. ML ] o gl s A L, ] ; A L 1o
-30 -30 -30
120 240 Bﬁf? 0 120 240 35[? 0 120 240 36(? 0 120 240 360
®,deg)
30y

30 30

1°(m,N,

_Bﬂflj_ﬂll_njl_ﬂlj

0 120 240 36036 120 240 35[?[] 120 240 36(?{} 120 240 360
D, [deg]

A. Kaser , F. Miiller, Eur.Phys.J. A52 (2016) no.9, 272 (A2 Collaboration)

Final State Interaction (FSI) is practically not affecting the asymmetry signal
23



Production of 1’n off nuclei

» Second resonance region: No strong experimental indication for significant
modifications of D13(1520) or S (1535)

» The structure in these observables is reasonably described by the D33(1700)

resonance within the isobar model for the proton target at E <12GeV
(A. Fix, et al.)

New experiments performed at MAMI:

- Search for modifications of the D33(17OO) resonance

-+ First measurement of the beam helicity asymmetry for the investigation of
in-medium modifications in addition to differential cross-sections

-~ Comparison with free proton data

-+ Better understanding of the Final State Interaction (FSI)

24



Beam helicity asymmetry for °n (solid targets)

Pl

Carbon, 950 - 1100 MeV L Carbon, 1100 - 1250 MeV - Carbon, 1250 - 1300 MeV
[ I
TT
i TH‘% i [ ol ! { |
}H_{T {ﬂ} ; I{ii‘iﬁiai | A “uLA{
oyt === L ] T il S gp======= r PR EE R
.} tart A} 1l .y { L it ‘%“%“ s al
3 1 aadi Ta
AU I e
Preliminary!
Al, 950 - 1400 MeV - Pb, 950 - 1400 MeV

(=] (k] =

| Blue: Solid targets
*1 (YA - 7'n + X)
7} Red: LH2 (yp — pn’n)

@ First measurement of the beam helicity asymmetry with heavy targets
@ Good Agreement between LH2 and solid target data

~ Final State Interaction is practically not affecting the asymmetry signal
(absorption but no rescattering similarly with deuteron results?)

-~ The D33(1700) resonance signal remains practically unchanged

- Extraction of unpolarized cross-sections in progress



Summary

+ High statistics data sets on n°, n, ', 2n°, n°n,... production obtained

+ Possibilities for experiments with high-intensity photon beam
(circularly or linearly polarized), polarized and unpolarized targets
hydrogen and deuteron targets, recoil polarimeter

+* Helium and heavier (solid) targets

+ Single and double polarization observables extracted with high
precision

+ In the future, extension of the program performed for protons to the
neutron (deuteron or helium targets)
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Single n and n' production

Black lines: full solution (solid), background (dashed), S1; + bg (dash-dotted).

Green - 7MAID-2003Regge. Blue - SAID-GE09. Magenta - BnGa2014-2.
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V. Kashevarov et al., Phys.Rev.Lett. 118 (2017) no.21, 212001v
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Single nproduction

1950
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a 1

cose,

Data and nMAID full solution

V. Kashevarov et al., Phys.Rev.Lett. 118 (2017) no.21, 212001v
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PRL eta/eta’
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=)
=
b
E.
- - I - - - = l““" 4
1t . Bt
16 17 175 18 185 19 195 2 2.05

FIG. 6. yp — np total cross sections from this Letter compared
to the previous measurements by CBELSA/TAPS [5] and to
model calculations by yMAID-2003 [13] (the black dotted line),
SAID-GE09 [3] (the blue long-dashed-dotted line), BG2014-2
[8] (the magenta long-dashed line). The notation for the new
nMAID2017 solution and the meaning of the error bars are the
same as in Fig. 4. The Regge background and its sum with the
contributions from N1/2~ resonances are shown by green and
black dashed-dotted lines, respectively. The yMAID2017 solu-
tion from the fit only to the previous 5 and #' data is shown by the
black dashed line. The vertical line corresponds to the #
threshold.

T "4 Run i
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FIG.7. yp — # p total cross sections from this Letter compared
to the previous measurements by CBELSA/TAPS [5]. SAPHIR
[32], ABBHHM [33], and AHHM [34], and to the model
calculations by the yMAID-Regge-2003 [19] and nMAID2017
solutions (with the same notations as in Fig. 6 and statistical
uncertainties shown for the previous measurements). The fit to
the CBELSA/TAPS data from Ref. [35] is shown by the cyan
solid line. For the final yMAID2017 solution, the individual
contributions from  N(1895)1/2~, N(1900)3/2%, and
N(2120)3/2" are shown by the red dashed-dotted, green long-
dashed, and blue long-dashed-dotted lines, respectively.
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n’n production
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Baryon resonances
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Single n° production: beam asymmetry
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n’n production, single and double polarization

a0 a0 T 45 1e a7
cos e‘q Cos G)p M(np) [GeV]

M(np) [GeV] cos O

(Data are shown in a quasi two-boy approach)

Dashed: only D33 wave, solid: A. Fix model, dashed-dotted BnGa PWA

J. R. M. Annand et al., Phys.Rev. C91, no.5, 055208 (2015) o5



1’n production off the proton
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Scalar polarizabilities

Proton Electric Polarizability Proton Magnetic Polarizability
..................... |sssssssssssssssss
_>
|++++++++++++++ [NNNNNNNNNNNNN /
* a: electric polarizabilty * 3: magnetic polarizability

* Proton between charged parallel plates: @ Proton between poles of a magnet:

“stretchability” “alignability” o



First look in December 2012 data

Proton magnetic polarizability

| SSSS5S555S5SS55SSS /
Diamagnetic + ‘
9 o B

Paramagnetic 1

pion cloud
Paramagnetic
| NNNNNNNNNNN /

A(1232)
Magnetic polarizability: proton between poles of a magnetic

Rory Miskimen (Bosen 2009)



Measurement of o and 8

AMw? cosfsin® #

Vo E[H] B
! ! ﬁcm{l 4+ cos? I';']2
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where E:[gm 15 the pure Born contribution, while

s—M?* 4 3t t
w = =t H‘=a_r+:+:::r5(l—|—h—|2) (7)
are the photon energy and scattering angle in the Breit
(brick-wall) reference frame. In fact, to this order in the
LEX the formula i1s valid for w and # being the energy
and angle i the lab or center-of-mass frame.




Beam Target Recoil Target + Recoil
x Yy’ 2’ ! ' 2 2’
T i z T 2 T z
unpolarized o 0 T 0 0 P 0 T, L, T
linear pol. ) H (-P) G| Oy (-T) O, L) (T,) (—Ly) (—Ty)
circular pol. 0 / 0 F Oy 0 O, 0 0 0 0




Baryon resonances

56 S=1/2;L=0:N Ny 2+(939) 939 MeV
S=3/2:L=0;N=0 Ag)p+(1232) 1232 MeV

70 S=1/2;L=1:N=0 Ni/2-(1535) Ny o~ (1520) 1530 MeV
S=3/2;L=1;N=0 N /2- (1650)Ny 5~ (1700) Nj o~ (1675) | 1631 MeV
S=1/2;L=1;N=0 Ay /5-(1620) Ag /- (1700) 1631 MeV

70 S=1/2L=1; Ny /2- (2090) Ny - (2080) 2151 MeV
S=3/2;L=1; Ny/2- N3/o- Ns/2- 2223 MeV
S=1/2;,L=1;N=2 Ayjo-(2150)  Agyo- 2223 MeV

56 S=1/2;L=1;N=1 Ny/2- Ng/2- 1779 MeV
S=3/2;:L=1;N=1 Ay /o (1900)A3/5- (1940) A5 /5-(1930) | 1950 MeV

56 S=1/2;L=2:N=0 Ny 2+ (1720)Nj5 o+ (1620) 1779 MeV
Ay s (1910) Ay o+ (1920) Ag o+ (1905) Ao+ (1950) | 1950 MeV

N3 o+ N o+ 1866 MeV

N=0| Niae  Nyjor(1900) Np/os (2000) Npjps (1990) | 1950 MeV
S=1/2;L=2;N=0 Azt As o+ 1950 MeV

70 S=1/2;L=3:N=0 Ns/2- N7/2- 2151 MeV
S=3/2;L=3;N=0 | Ny/- Nj/2- (2200) N7 /5 (2190) Ngjo-(2250) | 2223 MeV
S=1/2:L=3:N=0 Asja- Agyn-(2200) 2223 MeV

56 S=1/2;L=3;N=1 Nj/2- N7 /o- 2334 MeV
Ag/p- (2350)  Agja-  Agyo-(2400) | 2467 MeV

N7+ Ng/o+(2220) 2334 MeV

As/a+ Aq/2+(2390) Ag 2+ (2300) Ay 2+ (2420) | 2467 MeV

Ng/2-  Nyjya-(2600) 2629 MeV

Az/a- Ag/a- Ayrja- Aggye-(2750) | 2893 MeV

Niyja+ Nigja+(2700) 2781 MeV

S=3/2:L=6;N=0 | Ag/o+ Ay Apgjor Apspp+(2950) | 2893 MeV

70 S=1/2;L=7;N=0 Ni3z/2- Nis/2- 3033 MeV
56 S=3/2L=T;:N=1| Ays- Ayz)/o- Ays/2- A7/~ 3264 MeV
56 S=1/2;L=8;N=0 Nis/o+ Nyz/o+ 3165 MeV
S=3/2:L=8;N=0 | Aj3/2+ Ay o+ Aj7/o+ Ajg/a+ 3264 MeV

Table 20: Multiplet structure of nucleon and A resonances. The table contains all known reso-
nances except radial excitations of the Ny /54 (939) and Ay (1232).
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Introduction

Goal: Gain a good understanding of the spectrum and properties of baryon resonances
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Introduction

Goal: Gain a good understanding of the spectrum and properties of baryon resonances
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Introduction

Goal: Gain a good understanding of the spectrum and properties of baryon resonances

m_= 396 MeV
R. G. Edwards et al., Phys. Rev. D 84, 074508 (2011)
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Spin polarizabilites

E, = 267 — 282 MeV E, = 286 — 307 MeV
oy L
0.3 — HDPV
0.25) — ByPT

""D TR T (S O (Y LI N Y | Logecpe o Jowsop o g o e el i M B | ""D TR T I (G O Y LI N Y | { T AR TN T e PO N N AN OO () PO SN | NI B |
0 200 a0 60 80 100 120 140 160 180 0 20 a0 60 B0 100 120 140 160 180
Compton 6, (deg) Compton 0, (deg)

@ Recent data (MAMI) and older data (LEGS) are shown along with
Dispersion Relation (HDPV) and ChPT (ByPT) predictions.

G. M. Huber, C. Collicott, arXiv:1508.07919 (2015)
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Single pion production
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Legendre expansion of the diff. cross section
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S+P waves are only good up to about 400 MeV
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Single pion production

Legendre expansion of the diff. cross section

dﬂ_ EJI-r'i.'rm;l.’

a0 z‘a A7 (W) Py(cosB) tmax =2
A
| T |

S+P+D waves are good up to about 850 MeV



Single pion production

Legendre expansion of the diff. cross section

dﬁ zfmur
o = 2 AX(W)Pi(cos) lmax =3
k=0
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F waves become important around 1 GeV

k= B L




Single pion production

Legendre expansion of the diff. cross section
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around 1.2 GeV also G waves become clearly visible in forward direction




Single pion production

Legendre expansion of differential cross section

/ A, is the total cross section from 2013 MAMI T:.TEU data

A

9

W [Gw; < ' ' resonant contributions in
partial waves up to
G waves (L=4) are visible
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Polarized target (slide taken from R. Miskimen)

Frozen spin target
« 2 c¢m butanol « P~oO%

 target polarized at 25 mK - > 1000 hours relaxation time
« 0.6 T holding field




Polarized active target (slide taken from R. Miskimen)

Development of a scintillating polarized target for Mainz

Needed for double-polarized Compton scattering measurements near
pion threshold

* Polarizable scintillator developed at UMass

v Proton polarization = 70%

v Relaxation time = 22 hours

v Light output = 30% of standard plastic
scintillator

v High clarity for thicknesses up to 1 mm

He-*He-Mixture

]

Quter Vacuum Seal —_
Wavelength shift
Detector Board sk s

5iPM's target cup
T=B0K

Inner Vacuum Seal



Polarized active target (slide taken from M. Unverzagt)
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Data form CB{@MAMI, CB@ELSA, CLAS, SAPHIR
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High energy resolution: .ﬁEfZMEv at E_=883 MeV
.{"._EY:&'EMEV at E =1558 MeV

Linearly and circularly polarised photon-beam
Tagging range: 5.1 to 93% of E1r —~ Maximum energy tagged for E;=1604 MeV is 1491 MeV
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EPT (slide taken from M. Unverzagt)

* [nstallation of EPT during 2012

Primary Beam

-

- -

_.-"'l-l-. My |

f N |
|' %F:;: 1 Facal Plase i

| I

i i - I

N ¢ "I A Tugging

\\'\-._ __.____fiwx B Hpectrantlir

Focal Plane Detector A /

e /
A Pt it i -
Target

EPT

Same working principle as main tagging spectrometer
E,=1445-1595 MeV

AE.= 2.5MeV
Non-permanent installation infront of main Tagger



Crystal Ball/TAPS (slide taken from M. Unverzagt)

Crystal Ball:

672 Nal(Tl) crystals

93,3% of total solid angle

Each crystal equipped with PMT
LIV . R (R g
E, (EJGev)" 2° g9
At=25nsFWHM  Old)= S (0)
TAPS:

Up to 510 BaF  crystals

Polar acceptance: 4-20°

At =0.5 ns FWHM

i
i:—lm&"" I,B“,."'Iﬂ
E, JE,IGeV




Targets (slide taken from M. Unverzagt)

« LH,/ID, used for high rate meson production (n/n")
- Length: 3cm, 5cm, 10cm

» |3He/l*He H H H H
| | |

* Polarised Butanol/D-Butanol
- Transverse and longitudinal polarisation
- Lenght: 2 cm
- Dynamic Nuclean Polarisation
- Max. Polarisation: 50%
- Holding filed: 0.44 T

- Relaxation time: T~1000h

* Solid Targets




Polarized active target (slide taken from R. Miskimen)

Target assembly

PhD, Maik Biroth, Mainz



He gas active target

Unmversity

of Glasgow The New Active Target
Active Target
J.R.M. Annand Pressure Vessel
11th Feb. 2016 Material Al Alloy

PCB Locaton Ring Signal'Biag PCE

Be Window Flange

Dimensions mm i

SignalVinas
onnector

o P-I;I_'E Sheet PTFE Shaat
b= g.omm

2 0mm ———

0 (5mm /'/
Al -Nylar

102

6595

e Photon Beam

420

Gxf mm SiPMT

PCE Lecation Hing

Signial/Bias PCB

& rings ol SIEMT, each ring consisting B groups ol 4 AxBmm liles
Todal number of SiPMT BxBicd = 256,

Readoul m groups of 16, each group connectad fo an op—amp
18 signal aulputs

2 vims=vollage inpuis

= Al pressure vessel, no welds

* Reuse Be outer windows from original Active Target

» PTFE sheet covers printed circuit board, windows "
cut for SIiPMT 6 x 6mm J-Series SiPMT



n’n production, double polarization observables

do dﬂ{}

7O
[ L+ h P':Z:' ! Beam Target

d0dMydQ,  d2dMyd D,

1
—Pr[P — P, si
+ﬁ 7Py cOS ¢ y Sin ¢ - ?
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+hPy(PP cos¢ — P sing)] }
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Dashed: only D33 wave, solid: A. Fix model, dashed-dotted BnGa PWA

J. R. M. Annand et al., Phys.Rev. C91, no.5, 055208 (2015)
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Motivation

» The width for A(1232) is changed in the nuclear medium from 100 MeV to
~190 MeV in good agreement with the BUU model (University Gie3en)

calculations
300+ N '
[\ rol)
o501 III .,;‘ s <O(A)A >
n'
E EDD __;".‘-‘IL
i..:-.. /N =100 MeV
o 150} / i -
< N
o 100f [ I+ =190 MeV |
| N
50| / s o
oL / ......

—200 100

Vs-m a[l‘v‘le‘v'l

B. Krusche, Progress in Particle and Nuclear Physics 55 (2005) 46—70
M. Post, J. Lehr, U. Mosel, Nuclear Phys. A 741 (2004) 81

0 100 200 300

» Second resonance region: No strong experimental indication for
significant modifications of D13(1520) or 811(1535)



Differential cross-sections (proton target)

Wy (0,)

i
: B

0.6
R=D 04l N . 1 0.}
L L 1 L L 1 L L L L L

E = 1.3 - 1.4 GeV

0.6 ¢ - 0.

cosl_ o [rad/m] cosfl_ ¢, [rad/m]

Angular distributions: Reasonable agreement with
a model including only the D, amplitude

V. L. Kashevarov, A. Fix et al., Eur. Phys., J. A 42, 141 (2009)
[A2 Collaboration] 6



Beam helicity asymmetry (proton target)

¢ i
- @ & n ! ."-.x 0.15 :
b | _ A, A,
4 h Hg:f__r"'-;"._ S 0al
xS T i 2 b 4
D P R R s :..;LI-'JEF-’- i v - 0.05¢ TR - . ! & ) ]
..-'-.. = -,-" i o ___ -::.'-'-.. .é“ ‘H‘-| _-".-"I' ~
— - — — — — .—l e — . .-"l-rll "'-.f..f L L L L L L " " "
I\'-. f,f’; 1 1.1 1.2 13 141 1.1 1.2 13 141 1.1 12 13 14
“L,f’ E, (GeV) E, (GeV) E, (GeV)
Coefficients of the sine expansion
lid line : full model prediction
W¢(¢) can be expanded as: Solid - odel predictio :
Mmax Dashed line: only the D33 amplitude.
W ( !}f’} — A” SINN !}b V. L. Kashevarov, et al., Phys. Lett. B 693, 551 (2010)
n=1

A1represents purely the contribution of the D, wave

A2 is sensitive to interference terms
A3 is negligible

Both unpolarized and polarized data indicate the dominance of
the D33 wave at energies Ey < 1.2 GeV 3



Polarization observables

Data form CB@MAMI, CB@ELSA, CLAS, SAPHIR

10°

Systematic way to go: the complete experiment I |
for pesudoscalar single meson photoproduction: S i lPOPX
8 carefully selected observables (with beam, target = w - / MO |
and recoil polarization required) are needed to B S : |
predict all other experiments oL N Tt
= % _"‘ ’ |
= p p N R TEag
B e f IH tiy =
1E ¥ E
- TP—>PO R
( - /P |—> PN
0 0|2 0|4 0|8 0?8I 1I ‘I|2 ]Iﬂ'l I I‘Ilﬁ
set observables set
single S single S
beam- beam-
target BT target BT
beam- | pp beam- | pp
recoil recoil
target . . . . target
-recoil TR Ix Iz Lx Lz -recoil TR

Double meson final states:

For a complete experiment, 15 observables are needed!
W. Roberts and T. Oed, Phys. Rev. C 71, 055201 (2005)
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