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Introduction

aryon spectroscopy with Crystal Barrel at ELSA

e Precision data for different final states (pr®, pn, pn’, prr®....)

® Polarization experiments (beam, target and recoil)
“complete data base”

® To constrain PWA —> unigue PWA solution
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Introduction

PDG: Status on nucleon resonances

only 7 N* and 5 A* W (MeV) L. Tiator
2200 -
established in the region 1400 MeV < W < 2000 MeV
2100 = -
WMeV) e a NoaA  Nv A NSA NSA NSA NSA —
2000 2000 - _
- P [
1900 [RRT] e 1900 e — P
1800 ’ resonance gap
L " ’ frequently new N* resonances reported
1700 e T pem— 1700 - N — E o]
__ I8 =) e
1600 1600 —
(wenn |
1500 — — - s
wn =
1400 1400
172+ 2- 32t 32" 5/2t Bf2 Tt JT 10+ 1/2- 32+ 32 Bt Bpm Tt JU
Pl]- P31 Sllr 531 P13: P33 D13: D33 F15, F35 D15, D35 Fl?: F37 Pu, P31 511, 531 P13, P33 D13, D33 F15, F35 D15, D35 FI?: F37
e Energy pattern for the dominant states e Various nucleon models predict many more states
Constituent Quark Models weak coupling to TN final state
Dynamical Models insufficient data base

Lattice QCD



Problem with a unique PWA solution

y+N - N+
8 well chosen observable have to be measured to determine the production amplitudes (F,,F,,F; and F,)

e Tt threshold until A*(1232)- region

additional constraints:

(a) s- and p- wave approximation

(b) Fermi- Watson theorem

y+N - N+7m same |, J in the final state
71+N - N +7 - same scattering phase 9,

two observable sufficient for “complete data base”

differential cross section : do/dQ
beam asymmetry . X
® above 1t threshold

Fermi- Watson theorem not valid any more
More observable needed to get a unique partial wave solution
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— energy dep. (global) fit, Hanstein et al
energy indep. (local) fit, Hanstein et al
¢ exp. analysis, Krahn et al, Mainz 1997
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Problem with a unique PWA solution

y+N - N+
8 well chosen observable have to be measured to determine the production amplitudes (F,,F,,F; and F,)

e Tt threshold until A*(1232)- region

additional constraints:

(a) s- and p- wave approximation: L., <1

(b) Fermi- Watson theorem

y+N - N+7m same |, J in the final state
71+N - N +7 - same scattering phase 9,

two observable sufficient for “complete data base”

differential cross section : do/dQ
beam asymmetry . X
® above 1t threshold

Fermi- Watson theorem not valid any more
More observable needed to get a unique partial wave solution



Observables in Meson Photoproduction

Photon Target Recoil nucleon | Target and recoll
polarization polarization polarization polarizations
X Y Zpeam)y |X Y Z X X Z Z
X Z X Z
unpolarized o(- T - - P - T, L, T, L,
linear >|H (-P) G O, (-T) O, (-L) (T) (L) (-T,)
circular -|\F - E C, - GC, - - - -

Experiments at ELSA, JLAB, MAMI : polarized photons, polarized targets and 41t detector acceptance

ELSA: Many new results on polarization observable for different final states are coming out

J. Miller talk on
H. Schmieden talk on

V. Vegna talk on

p®, pm®1m®, pn channel

K* >0 channel

pw channel




Beam-Target Polarization Observables

photoproduction of pseudoscalar mesons with polarized beam and target :

e all three single polarization observables Z, P, T and cross section o

® 4 double polarization observables G , E, Fand H

can be measured with the Crystal Barrel / TAPS Experiment

yil

X photon pol. target pol. axis
T Yy z
unpolarized | o T
linear N | F =P —£
circular F —F
j—g(e, ) = z:g 6) - {1 — Pln 5(6) cos(26)

VP - (P H(8) sin(20) + P F(0)
+P, - (+P}" P(6) cos(20) — T(6))
—P, - (=PI"G(0) sin(2¢) + Pc'rcb(ﬁ))]



Problem with a unique PWA solution

WiMeV]

1200 : 1 4|00 : 1 6|00 | 1 8|00 [ 20{00

Total cross section:

o [ub]

y+p - p+’

Partial wave analysis

E, [MeV]

~_BnGa

__ SAID

__MAID

Total cross section: 0 600 800 1000 1200 1400 1600
Ot ~ [A(P33)|* + [A(D13)l* + [A(F )P+ ... EY [MGV]




Helicity dependent cross section for prt

reaction: Y+ P - p+71° o o S
: : B O
circularly polarized photons
photon-spin  nucleon-spin photon-spin  nucleon-spin
longitudinally polarized proton 1=> <= -1» 1=> = «an
Gy O3
Crystal Barrel at ELSA (M. Gottschall submitted to PRL) sensitive to interferences between resonances
o 50F o 50
= - =, B _
= r 01/ ~ L 2. resonance region O30
s | e
40— 2. resonance region 40—
N B 3. resonance region
30— 30—
- 3. resonance region E :
20 - 4. resonance region
C 4. resonance region :
1o 10
ot 1000 4s00 2000 0:' T T T
1000 1500 2000
E,[MeV] E [MeV]
partial wave analysis ~_BnGa ~_ SAID (SN11) __MAID

prediction



Helicity Asymmetry E for pr®°

reaction: y+p - p+71°

_ 912 - O3 w Fesg 358 B 5
E= s N N 0O N © 1
010+ Oz 08y Wb © © & 22
062 22 42 Z a3
partial wave analysis 0-4;_\11 \Llr \l/ \L \l( J' J’
prediction 0.2 —
o A i
SAID (SN11 -0.2— } ! ! *
__ SAID (SN11) : ; iyt L7
-0.4—
___MAID -
-0.6:—
-0.8—
« PWA predictions fail already AR TR RSN BRI AR SN A SR I
in 2. resonance region 'éOO 800 1000 1200 1400 1600 1800 2000 2200

E,[MeV]



G-Asymmeiry for prt

linearly polarized beam, longitudinally polarized target:

d—U(@) _ A (1 — Pi"3 cos(20) + PINP, G'sin(20))
dQ d€2 o L 7
Crystal Barrel at ELSA (A. Thiel published in PRL)
G osfE, = 633 MeV E~ = 667 MeV E- = 700 MeV E~ = 733 MeV
0.4
N s i S - B (i -+ Rt —————— e e — <19
o DT o +
0.8 ,Y —767 MeV E-n, —800 Mev !;11 —83B MV E; — 867 MeV |
! |
Py A — . | T —— il e -
-0.4 * . ¢
0.8 ¢ -
0.8 EE,, = 000 MeV E, = 933 MeV E- = 967 MeV E-, = 1000 MeV
} ;
Y TN R — 2z . F— = |
0.4 +
= M 2 M ’. M M M 1 1 1 1 1 1 1 1 1 1 1 1
0-3. E~ = 1033 MeV E- = 1067 MeV E~ = 1100 MeV
0.4 PWA predictions:
0 frm e e e e ! e 4 — MAID
0.4 - BnGa
98 g . ¢ s — SAID

0.8 0.4 0 -0.4 -0.8 0.8 0.4 0 -0.4 -0.8 0.8 04 0 -0.4 -0.8
cos O



G-Asymmeiry for prt

 PWA predictions fail already
In 2. resonance region

partial wave analysis
prediction

~_BnGa

__ SAID (SN11)

__MAID

l'llllllll

* Below 1 GeV the discrepancies
can be traced back to the
E,. and E,. multipoles

|III||II]

s- and d-wave contributions

-0, = 130 :l: 5°
— 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1
500 800 1000 1200




G-Asymmeiry for prt

W [MeV]|
1400 1500 1600 1700

* Below 1 GeV the discrepancies
can be traced back to the
E,.and E,_ multipoles

|III|II||III|II1

 E,, multipole
S,1,(1535), S,,(1650) and S3,(1620)

s
B

 E,_ multipole
L D;5(1520) and D3 (1700)

BnGa

(I’Il|||||

SAID (SN11)

___ BnGa (with E,, and E,_ SAID)

|III|III‘I

T e 5
I i Lot I
0, =130 £5° ! * New SAID solution CM12
~Te00 80 f000 1200



Eo. and E,_ Multipoles

Re Ej

L " 1 L L
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Partial wave analysis

BnGa
SAID (SN11)

MAID

 E,, multipole, s-wave
S,1,(1535), S;,(1650) and S3,(1620)

 E,. multipole, d-wave
D,5(1520) and D4, (1700)

polarization observables necessary
to constrain partial wave analysis
(resonance + background contribution)



Polarization Observables with trans. pol. Target

photon pol. target pol. axis
unpolarized | o T
linear - | H -P -G
circular F —F

Circularly polarized photons L
. —> double polarization asymmetry F
Transversely polarized protons

Linearly polarized photons L
. —> double polarization asymmetry H and P
Transversely polarized protons

—> in addition Beam asymmetry -~ and
Target asymmetry T



Target Asymmeiry T for prt

Crystal Barrel at ELSA (J. Hartmann)
- 633 MeV <E, <667 MeV | 667 MeV<E, <700MeV | 700MeV <E, <731 MeV | 731 MeV < E, < 768 MeV

k|

-....I........l....-....I....I....I....
| 833 MeV < E, <867 MeV | 867 MeV < E, < 900 MeV

—h

i /3
0: ) 1 [ [ l $3 ¢
05F - 2 s }

:900MeV<Ey<932MeV :932|V|eV<EY<974MeV :974MeV<E{<1014MeV :}1014MeV<E7<1058MeV

cos 9.,
¢ this work t Booth et al. — BnGa 2011-02 — SAID SN11 — MAID *



Target Asymmeiry T for prt

Crystal Barrel at ELSA (J. Hartmann)
1058MeV<EY<11OOMeV 1100 MeV < E, < 1153 MgV [ 1153 MeV < E, < 1196 M&V [ 1196 MeV < E, < 1254 K13V

i

—

05 1

0.5 —

-llnllnllllllnllllnl. |.|||-.|l|||:||||g-
:1254MeV<EY<1301 V 1353MeV<EY<140 eV

1601 Me\I/<EY<171 MeV 1701 MeV<EY< 1799 MeV

n\.

¢ this work t Booth et al. —BnGa 2011-02 — SAID SN11 — MAID



Recoil Polarization P for prt

Crystal Barrel at ELSA (J. Hartmann)

633 MeV < E, < 667 MeV

667 MeV < Ev < 700 MeV

700 MeV < EY <731 MeV

rrrrrrrrrrg

Vi

L 1 1

731 MeV < E, < 768 MeV

798 MeV < E, < 833 MeV

0.5F
of
-0.5 -
-1 R TP TP TP _...l....l....l....L...[....l....l....
1 833 MeV < EY < 867 MeV — 867 MeV < EY < 900 MeV - 900 MeV < EY < 932 MeV
0.5F - { -
- _ 13 - ' * . [
0 :
IXX3; !
-0.5
-1 1 N 1 R R BRI B P PP PP B
-1 -0.5 0 0.5 -0.5 0 0.5 -0.5 0 0.5 1
cos eno
¢ thiswork } Bratashevsky et al. { Katoetal. —BnGa2011-02 —SAID SN11 — MAID



Double Polarization Asymmetry H for pr°

Crystal Barrel at ELSA (J. Hartmann)

700 MeV < EY <731 MeV

o a1 . s . . PR R T R T
798 MeV < E, < 833 MeV

¢ this work — BnGa 2011-02 — SAID SN11 — MAID



Impact of the new Data

WIMeV]
_ 12|00 | 14|oo | 16|00 | 18|00 | 2o|00
Q
WMeV) e a Na NtA NTA NSA L NRA N A = P,;(1232)
2000
900 4—mm 00000 o
1800
ke =
1700 —— — -
| -
1600 — 2°:_
e — —
1500 10—
m—— u . S D.,(1700)
1400 " P. (1440 A< S, (1650 <33
+ = i - + = + T P PR _:;A"_J_-:‘.F_ -
e /2 a/e 3/2 2/e /2 2t J 0°200 400 600 800 1000 1200 1400 1600 180
Pi1.Psy  S11,S31 P13, Paa Di3, D33 Fis F35 Dis D3s Fiz, Faz E, [MeV]

Which L., IS seen in the new data —> truncated partial wave analysis possible

L.« = 0, S-wave, resonances in S-wave: S;;(1535), S,,(1650), S;,(1620)

L.« =1, P-wave, resonances in P-wave: P,,(1440), P,5(1710), P55(1232)
L.x = 2, D-wave , resonances in D-wave: D,5(1520), D,5(1680), D45(1700)

L.« = 3, F-wave , resonances in F-wave: F,;(1680), F;,(1950)



L,.ox Interpretation of 6-Asymmeitry

forL . <1:
G.4o
S = —dﬂ — —
G=—; @ = P constant
forL. ., <2:
do
A G2
G= Sinzcég) =A,+ A, -cos(0) + A, - cos*(8)
forL. ., <3:
do
G=—42 =A +A, -cos(0) + A, - cos?(0) + A, - cos3(0) + A,

- cos*(0)



Lmax Interpretation

| W=1438 MeV |
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Lmax Interpretation of 6-Asymmetry

| W=1523 MeV |

Ly |
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Lmax Interpretation of 6-Asymmetry

| W=1603 MeV |
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Lmax Interpretation of 6-Asymmetry

| W=1679 MeV |
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Lmax

| W=1770 MeV |

Interpretation of 6-Asymmetry

= L
o T
o
-1}
2 =
B — =2
- A |0y =3
= — lax=4
3
Pl 11 | 1 L1 | 111 I 1 1 1 ] Il L1 | L1 1 { L L I I L1 1 | 1 1 1 | 11
-1 08 -06 -04 -0.2 0 02 04 06 08 1

| W=1822 MeV |

cosO

~

215
QO E
1T
0.5—
o |-/
0.5
E — data
C — =1
'1: ] g
[ _Imax=3
1.5 et
= Ll |
1

po v P b i by
-0.8 -0.6 -04 -0.2

0

1| ‘ L1 ‘ [ | 111 | 1 11
0.2 04 06 08 1
cos0O

| W=1796 MeV |
E L
="
01—
0
1
2= i
— — nax=2
- — a0 =3
- — =4
-3
_I 1 I 1 {
1

,||||l|||¢\‘l||i\\
-0.8 -0.6 -04 -0.2

11 ‘ 11 1 I 11 | - ] |
0 02 04 06 08 1
cos®

e Full angular coverage important

Precision is important
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Lmax Interpretation of G-Asymmetry

E, [MeV]
1200 1300

T T |

700 800 900 1000 1100
T I T T T T T T W T T I T T T T T

Significant L = 3 signal seen
above W = 1550 (E = 850 MeV)

Below L £ 2 seems to be sufficient

— I = — | No Significant L=4 signal until W=1850 (E = 1350 MeV)
1450 1500 1550 1600 1650 1700 1750 1800
W [MeV]
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1200 : 1400 | 1600 | 1800 : 2000
B | | |
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Lmax Interpretation of E-Asymmetry

forL ., <1:
E=F - Z—g=AO+A1-COS(6)+A2 - cos?(0)
forL. ., <2:

_ do _ 2 3 4
E=F - E—AO+A1°COS(9)+A2 - cos“(0) + A, -cos>(08) + A, - cos*(0)
for L <3:

_ maXdG_ 2 3 4
E=FE - E—AO+A1°COS(9)+A2 - cos“(0) + A, -cos®(B) + A, - cos*(0)

+ A. - cos®(0) + A, - cos®(0)



Lmax Interpretation of E-Asymmetry

| W=1426 MeV | | W=1446 MeV |
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Lmax Interpretation of E-Asymmetry

| W=1503 MeV |
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Lmax Interpretation

| W=1576 MeV |
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Lmax Interpretation of E-Asymmetry
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Lmax Interpretation

| W=1713 MeV |
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f E- Asymmetry
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| W=1778 MeV

| Lmax Interpretation
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| W=1893 MeV

| Lmax Interpretation
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Lmax Interpretation of E-Asymmetry
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Lmax Interpretation of E-Asymmetry
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Lmax Interpretation of T-Asymmetry

for L <1]1:

max
do

T=—48 =p 42 - cos(0)
sin1(0) 0 .

for L <2:

max
do

_ Taa _ 5 ;
T= sinl(0) _ A, + A, -cos(B)+ A, -cos“(B) + A, - cos>(0)

for L <3:

max
do

T - —
T= Sinl‘zg) =A,+ A, -cos(0) + A, - cos?(0) + A, - cos?(0) + A, - cos*(0)

+ A: - cos>(0)



Lmax Interpretation

| W=1470 MeV |
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Lmax Interpretation of T-Asymmetry

| W=1574 MeV |

| W=1553 MeV |
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Lmax Interpretation of T-Asymmetry
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Lmax Interpretation of T-Asymmetry

| W=1730 MeV |
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Lmax Interpretation of T-Asymmetry

| W=1836 MeV |

- data

——

[
| IllHl

—‘-j[l\ll]\lllll\lll\ill\lllll\

“1.5 I
-1 -08 -06 -04 02 0 O

| W=1890 MeV |

ST ——
- p— A |
© 1.5 =rs
s | 2= 4
(=
0.5
0=
0.5
-1
:\\Il\llll\!lll\lllllll\lI

NL

-1 -0.8 -06 -04 02 0 O

o

| W=1862 MeV |

= = — data
3 —_— lmmc=‘I

0O — =2

-0.5
-1

-1.5

AN [T T T I N T

_\.lllllillilll llIIEI[lIE!FIIHIIIEIE TTT

08 06 -04 -02 0 0.

' W=1922 MeV |

ey E

=. 2.5__ — data
pry = |y =1
)o [ — |m|u<=2

— |2 =3

I II!}IIII [HEEEE

Ill\lltllll\\lll\llll

=
(3))
= [TTTITITT]TT

NL

08 -06 -04 02 0 0.



Lmax Interpretation of T-Asymmetry
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Lmax Interpretation of T-Asymmetry

E, [MeV]
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25 Significant L = 3 signal seen

above W = 1600 (E = 1000 MeV)
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Lmax Interpretation of H-Asymmetry

for L <1]1:

max
do

H=—H.d_Q =A,+A, -cos(0)
sin1(0) 0 1

for L <2:

max
do

_ "G40 _ 2 3
H = Sni(0) =Ay+ A, -cos(B)+ A, -cos“(0) + A, - cos®(0)

forL. ., <3:

do

H . ——
H = sinlcég) =A,+ A - cos(0) + A, - COSZ(G) + Ag - COSS(G) + A, COS4(9)

+ A - cos>(0)



Lmax Interpretation

| W=1470 MeV |
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| W=1553 MeV |
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Lmax Interpretation of H-Asymmetry

| W=1574 MeV |
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Lmax Interpretation of H-Asymmetry

E, [MeV]
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L..x < 1 seems to be sufficient in the whole
energy range W = 1480 to 1620 MeV (E = 650 to 950 MeV)

This is the reason for the good predictions of the different PWA’s
only s-wave and p-waves needed

Even no significant L=2 signal seen, D,5(1520)



p® : Impact of the new G,E,T,P and H data
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pr® : Impact of the new G,E,T,P and H data
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pTO : Impac'r of the
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Summary

e First round of double polarization experiments at ELSA finished

e  Final results for the polarization observable T, P, G, Eand Hin 7V p - p7°
- G results is published in PRL (A. Thiel et al.)

- E results ready for publication, is submitted to PRL (M. Gottschall et al.)

- T, P and H results publication in preparation (J. Hartmann et al.)

®* Close to final results for the polarization observable T, P, G,Eand Hin y p - pn

- Results based on the PhD thesis of M. Gruner, J. Hartmann and J. Mller

e  Qur new polarization data for y p -~ pn° are included in the BnGa PWA
- polarization observables are essential
- the new data constrain the possible multipole solutions
- a truncated partial wave analysis seems possible

® New polarization data will determine nucleon excitation spectrum



Thank You



Polarization observable off the proton

Data from first round of double polarization experiments with Crystal Barrel / Taps experiment
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Status on Baryon Resonances

Multi-channel BnGa partial wave analysis, including data from Crystal Barrel/TAPS
at ELSA and other labs confirmation of known resonances

search for new resonances
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Results from meson-photoproduction do now enter the PDG and
and determine the properties of baryon resonances
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pr® : Impact of the new G,E,T,P and H data

Very preliminary : new BnGa multipole solution, impact of our new data in the full data base
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