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Study Nucleon Resonances < Test Hadron Models

Photoexcitation of Nucleons

N(JP N(JE
(In) () m(LP) - pseudoscalar meson

\NV*(5) / N*(JE.) :  definite P, J
\
r \
\

Y(LE) m(Lp)

» Decompose IS, FS into Multipole Components
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Study Nucleon Resonances < Test Hadron Models

Photoexcitation of Nucleons
N(JR) N(JR)

N*(JEL)
\//77(//

N
\
\

Y(LE) m(Lp)

m(LP) - pseudoscalar meson
N*(JE.) :  definite P, J
Viadr : Isospin Conservation

» Decompose IS, FS into Multipole Components
> Isospin Filter: (I = /3 =0) = only / =1/2 N* possible
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Study Nucleon Resonances < Test Hadron Models
Photoexcitation of Nucleons

N(JP N(JE
(In) () m(LP) - pseudoscalar meson

N*(Jg) N*(JE.) :  definite P, J
Ve : Isospin Conservation

eim \ :
\ . . .
¢ \ Veim : Isospin Violation

Y(LE) m(Lp)

» Decompose IS, FS into Multipole Components
> Isospin Filter: (I = /3 =0) = only / =1/2 N* possible
» lIsoscalar (Al = 0) and Isovector (Al = 0,+1) components of
the elm. current
I, Ii3>

» Three independent matrix elements <I,c7 I¢3 ‘ A
5= (153]8123) AV = (323|0|hst) A= (3.23|0]5E)
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Isospin Amplitudes

n (Isoscalar):

Alvp —mp) = AB 4+ A
A(yn = nn) = A — AV

» Neutron measurement required for complete multipole
decomposition
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Isospin Amplitudes

n (Isoscalar):

Alvp —mp) = AB 4+ A
A(yn = nn) = A — AV

7 (Isovector):

Alyp — ntn) = —\/%AV3 + % (A’V — A’S>
0 2 ,vs L _ ps
Alvp—mp)= + §A + §(A —A )
- 1,vs 20,V gis
Alyn—mp)= + 3A - g(A +A )
0 2,vs Lav o qs
A(yn— m°n) = + 3A + g(A +A )

» Neutron measurement required for complete multipole
decomposition
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Measurements on the Neutron - Deuterium

» no free neutron targets >light nuclei, i.e. deuterium
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Measurements on the Neutron - Deuterium
» no free neutron targets >light nuclei, i.e. deuterium

» nuclear Fermi motion >kinematical reconstruction
W = (Py + Pn,)* = 2E,my +my, = Wi = (Py+ Pny)
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Measurements on the Neutron - Deuterium

» no free neutron targets >light nuclei, i.e. deuterium

» nuclear Fermi motion >kinematical reconstruction
WE = (Py + Pn,)* = 2E,my +mpy, = Wi = (Py+ Pry)

» N-N/m-N Final State Interactions >free < quasi-free protons
g inclusive measurement yd — Xn°
o [

> agreement in A region

> suppression at higher energies

S

» vd — d7° negligible at these energies

» problem with neutron models?

> large FSI?
400 500 600 700 800 » both?
E,[MeV]
B. Krusche et al., Eur.Phys.J. A6 (1999) 309-324 === MAID — SAID

5/22 E in n, 7 and 270 Photoproduction off Protons and Neutrons Manuel Dieterle



Outline Motivation Experimental Setup Total Cross Sections Polarization Observable E Summary
[e] 000 [ e} 0000000 0000000 o]

Experimental Setup

TAPS

A2 © MAMI

e Continuous beam
E, <16 GeV PID
CB: 672 Nal

TAPS: BaF, & PbWOq,
PID

Crystal Ball

CBELSA/TAPS © ELSA Forward Plug
. . Inner Detector

o Quasi-continuous beam ‘

E, <3.2 GeV

CBB: 1230 Csl

MiniTAPS: 216 BaF,

Inner Detector

Crystal Barrel MiniTAPS
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Tagger and Targets

Unpolarised Target
E,=E —F > liquid deuterium

! Polarised Target

» deuterated Butanol

Bremsstrahlungs Tagging

Weaq

Paianeasun

electron

beam >
: collimator
radiator
dipole
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70

quasi-free proton/neutron

SRR

1600
W [MeV]
MAMI, M. Dieterle et al., Phys. Rev. Lett. 112, 142001
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Total Cross Sections
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0000000
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== SAID :+MAID =:==: BnGa = BnGa_refit
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Single 7TO = |mpact Of the Data w viteri e al., Phys. Rev. Lett. 112, 142001

I = 3/2 a0p — fullfit — fullfit I = 1/2
A — Py — Py N>l<
Pss — Dy
30| S

33

10

1o b D s -

P Sy
1600 1800

1860
W[MeV]

7400 1600

» small changes for / = 3/2 low order resonant partial waves
(fixed from yp — pn®)

» drastic changes in | = 1/2 P11(1440), D13(1700) (photon coupling
changes sign) and non-resonant background contributions from u—
and t—channel (mostly t-channel, i.e. vector-meson exchange)
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2710 - Access to higher lying Resonances

Proton MAID Neutron MAID
= Gup(PT°T°) — (M%)
T 8- wio D, (1520) L - wio D,(1520)
.... wio D,(1675) s Wlo D,(1675)
o wlo F,;(1680) o -« wlo F,(1680)
v ) g
N, A . .
ki
2+ 2l
p J'E 0 1400 W1[6N‘|)2V] 1800 1400 W1[?§Ijg\l] 1800
» Proton: Di3, Fi5 dominate
» Neutron: Di3, D15 dominate
— L 2 ’
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I D. Werthmiiller, L. Witthauer et al., Phys. Rev. Lett. 111, 232001
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= Nuclear Effect (FSI, meson rescattering) unlikely
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Unpolarized Results: Summary

» Neutron Data increasingly available

» Effects from Fermi motion can be handled (experimental
resolution remains)

» Effects from FSI can be investigated with free to quasi-free

proton results

= use polarization observables to identify amplitudes and
quantum numbers
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Polarization Observables
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Double Polarization Observable E

0172 03/2

TN —
/,/ // \\
® O / \
Wi. > ’\/\/{\'\*.../] E— 01/2 — 03/2

pil photon-spin  nucleon-spin 01 /2 + g3 /2

1=> <=1/2 1=> => +an
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Double Polarization Observable E

» 7 polarized deuterium = dButanol: C4DgOD

» 2 ways to measure E:

w/o carbon with carbon
subtraction: subtraction:
g — 0 ag — 0
E_ 1/2 3/2 E_ 1/2 3/2
200t O1/2 + 032
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Carbﬂn SUbtraCtion (77) + dButanol — Carbon LD2 — LD2 + Carbon
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» measured E for:

> yp(n) = np(n) and yn(p) — nn(p)

> yp(n) — 7°p(n) and yn(p) — 7°p(n)

» vp(n) = 27%p(n) and yn(p) — 27°n(p)
n bump only in oy/5: S11, P11 resonance?

v

v

new input for theoretical models!
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0 .
7 Carbon Subtraction 4 dButanol  — Carhon — LD2
499 MeV E 719 Mev b 939 Mev 1159 MeV

22/22

Counts [a.u] . Countsfau]

Counts [a.u]

Counts [a.u]

AM [MeV]

E 1379 Mev

499Mev

E 719 Mev

b 939 Mev
‘o

1159 MeV

AM [MeV]

499 MeV

E 719 Mev

b 939 Mev

1159 MeV

AM [MeV]

499 MeV

E 719 Mev

b 939 Mev

1159 MeV

1 E 1379 Mev l

i

E inn, 70 and 270 Photoproduction off Protons and Neutrons

AM [MeV]

n pol
0000

— LD2 + Carbon

—0.8 < cos(f,70) < —0.6

—0.8 < cos(8,79) < 0.6

—0.8 < cos(f,0) < —0.6

—0.8 < cos(0,%0) < 0.6
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7T0p = d(0'1/2 — 0'3/2)/0'9 o direct A sum — SAID MAID — BnGa
357 My,

1339 Me! 1 1375 MeV, 1393 MeV 1411 MeV
Doc
1429 MeV 1447 MeV 1465 MeV 1483 MeV 1501 MeV 1519 MeV 1537 MeV
9 9 o
W ..... La09 Lo oINS f RN 74 BN I DR 0o L L RO
1555 MeV 1573 MeV 1591 MeV 1609 MeV 1627 MeV 1645 MeV 1663 MeV
m 5.0~ 7= - &@fxw """"""" & | Rl N
' o 00O,
1681 Me 1735 MeV 1753 MeV 1771 MeV ! 1789 MeV
o ° s mce x ﬁgo A

1861 MeV 1879 MeV, 1897 MeV,

d(c,,,-05,)/dQ [ub/sr]
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e direct A sum — SAID MAID — BnGa
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000000 000000000 00000000 0000 0000 0000

Reaction ldentification

v+ p(n) = 27°(— 47)+p(n)

\ Reaction \ Requirement: exclusive \ inclusive ‘

on Proton | 4 neutral (270) 4 neutral
1 charged (p) 1(0) charged
on Neutron | 5 neutral (270 + n) 5(4) neutral
0 charged 0 charged

x2—test: Reconstruct the 270 out of the neutral particles
(on Neutron: Remaining neutral hit is the Neutron candidate)
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000000 000000000 0@000000 0000 0000 0000

Pulse Shape Analysis (PSA) (Remove wrong candidates)

600
400

Photons: 30 cut

Nucleons: exclusion
zones 85 — 380 MeV

30 40 50 30 40 50
(T)PSA
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Reaction ldentification

Coplanarity Missing Mass

A¢ = 360° — |¢27r0 - d’N’ AM = |PBeam + Py — P27r0| — My
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000000 000000000 000e0000 0000 0000
.
Coplanarlty Cut +LD2 — MC signal MC bg — MC total — 20 cut
510 MeV 950 MeV
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Counts [a.u.]

Counts [a.u.]

E 1170 MeV

1390 MeV/

i

E 730 MeV
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F 1170 Mev

0 100 200 100 200 0 100 200 100 200 300
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Aol
950 MeV/
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1
L1k ity 1 1y
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Aol

E inn, 70 and 270 Photoproduction off Protons and Neutrons

100 200

100 200 300

—0.6 < cos(6,70) < —0.2

0.6 < cos(6,70) < 1.0

—0.6 < cos(6,79) < —0.2

0.6 < cos(f,70) < 1.0

Manuel Dieterle



0 unpol 0 pol 270 unpol 270 pol 1 unpol n pol
000000 000000000 0000e000 0000 0000 0000

M issing Mass +LD2 — MC signal MC bg — MC total — 20 cut

b 510 Mev E 730 Mev 950 MeV/ E 1170 Mev F 1390 MeVv

—0.6 < cos(6,70) < —0.2

b 510 Mev E 730 Mev

©
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0.6 < cos(6,70) < 1.0

*
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70 pol
000000000

270 unpol
00000800

Final Invariant Mass .o

22/22

Counts [a.u.]

Counts [a.u.]

— MC proton

1 unpol n pol
0000 0000

— [110, 160] MeV cut

950 MeV

—0.6 < cos(6,70) < —0.2

0.6 < cos(6,70) < 1.0

*
7

100 200

M,, [MeV]

—0.6 < cos(6,79) < —0.2

0.6 < cos(f,70) < 1.0

Ein n, 7° and 2% Photoproduction

100 200

M,, [MeV]

off Protons and

Neutrons
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E inn, 70 and 270

Photoproduction off Protons and Neutrons

0 unpol 0 pol 270 unpol 270 pol 1 unpol n pol
000000 000000000 00000080 0000 0000 0000
.
Sequential Decays 4 Data  — Phase Space — A0(1232) — Sum
b 662 MeV F 1038 Mev 1412 MeV b 1788 MeV f 2162 MeV
St 3 3 1 —0.6 < cos(6,70) < —0.2
KA E b b
v
T | 662Mev F 1038 Mev 1412 MeV b 1788 MeV f 2162 MeV
>
o t E E
Ot 3 3 3
*
b E b ! 3 )“ﬂk 0.6 < cos(6,70) < 1.0
0 1000 0 1000 1000 0 1000 0 1000 2000
Mo, [MeV]
b 662 MeV F 1038 Mev 1412 MeV b 1788 Mev f 2162 Mev
S b E £ b —0.6 < cos(@z;:g) < —0.2
Hi M b
n ¢
T | 662Mev F 1038 Mev 1412 MeV b 1788 MeV f 2162 MeV
=1
o E b b
Ot E b 1
b E b b 0.6 < cos(f,70) < 1.0
1000 1000 1000 1000 1000 2000
M_, [MeV]
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27° Photoproduction
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000000 000000000 00000000 @000 0000 0000
.
Coplanarlty CUt o dButanol +LD2 — MC signal MC bg — MC total — 20 cut
510 MeV 990 MeV 1230 MeV 1410 MeV
' o b 3 3

22/22

Counts [a.u.]

Counts [a.u.]

0

990 MeV

18

E 750 Mev
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990 MeV/

Iyt
H i o

& !

100 200 0 100 200

E inn, 70 and 270 Photoproduction

100 200
A® [deg]

off Protons and Neutrons

100 200 300

—0.6 < cos(6,70) < —0.2

0.6 < cos(6,70) < 1.0

*
7

—0.6 < cos(6,79) < —0.2

0.6 < cos(f,70) < 1.0
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aq
M ISSING Mass o dButanol + LD2 — MC signal MC bg — MC total — 20 cut

510 MeV 750 MeV 990 MeV 1230 MeV. 1410 MeV
& 3 1o 3 © 3
=y A *
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Final Invaria nt MaSS + C4DgOD — MC proton — MC neutron — [110, 160] MeV cut

510 MeV E 990 MeVv

E 750 Mev

—1.0 < cos(8,79) < 1.0

Counts [a.u]

M,, [MeV]

510 MeV E 750 Mev b 990 Mev E 1410 Mev

—1.0 < cos(8,79) < 1.0

Counts [a.u]

"M, [MeV]
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7 aMMev)

E in n, 7 and 27% Photoproduction off Protons and Neutrons

0 unpol 0 pol 270 unpol 270 pol 1 unpol n pol
000000 000000000 00000000 feelel ] 0000 0000
.
Carbﬂn SUbtraCtlon edButanol — Carbon LD2 —LD2 + Carbon
535 MeV E 775 Mev F 1015 Mev 1255 MeV E 1435 Mev
z —0.6 < cos(f,70) < —0.2
8
b 535 Mev
¥ x
g 0.6 < cos(0,70) < 1.0
iyl 2 .
AM [MeV]
b 535 MoV b 1015 Mev b 1255 Mev F 1435 MoV

H 3 —0.6 < cos(6,7p) < —0.2

3 3
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8
el i |
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7r- unpol 0 pol

270 unpol

000000 000000000 00000000

n

Photoproduction

1. etaMAID:

2.

22/22

Large contribution of the D5(1675)
> high value for the branching ratio
of [y /Tior = 17%

(PDG: Ty /T ~ 0 — 1%)

(L.Tiator, NSTAR2005)

Chiral Soliton model:
non-strange member of the baryon
antidecuplet: P11(1680).

bigger coupling to the neutron than
to the proton

(D.Diakonov et al., arXiv:hep-ph/9703373v2)

E in n, 7 and 27% Photoproduction off Protons and Neutrons

270 pol n unpol n pol
0000 @000 0000

-~ full model MAID, proton
== 10 D,(1675), proton

ofuub]

>

'.‘ — full model MAID, neutron
% — 10D,(1675), neutron
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0 unpol 0 pol 270 unpol 270 pol

0

n unpol n pol
000000 000000000 00000000 0000 (o] Jlele} 0000
Narrow Structure: Fit with BnGa
Narrow P11(1685): 511(1650) Interference :
d(y/dQ, ublsr do/dQ, ub/sr
IR 0.85 2=-0.75 2=-0.65
1 ﬁ‘\,\“ M\\ K
0 2=-0.45 Z; -0.35 1;025
| M NN
0 Z;-UOS 1\=005 1;015
1 L VA AV 1 VO
2=0.35 Z‘OAS 1‘055
0 Z 0.75 1:0515: : 095
8007200 1860 1808 Teb6 Toe ebo e O"~7e ™800 76007800 7600 1800 1600 18°e°
W, MeV W, MeV —

22/22

sign change of elm.
Ay jpcoupling of 511(1650)

E in n, 7 and 27% Photoproduction off Protons and Neutrons
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000000 000000000 00000000 0000

Pulse Shape Analysis (TAPS)

n unpol n pol
[ele] le} 0000

600

10 y
400 =l
proton time % 200 | 1
Z. 600
§ photon %
] £ 400 L,
E
200 N’
I—I fast component (20ns)
total light output (2ps) O i ; A :
signal integration width 30 40 50 30 40 50
q)PSA
Photon : 3o

nucleon: exclusion zone 185,380 MeV
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0 unpol 0 pol 270 unpol
0000 [e]e]e] ) 0000

000000 000000000 00000000

Other identification possibilities

energy versus time of flight and AE versus E
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Background Suppression

Coplanarity:
Ap = oy — oy
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Background Suppression

Missing Mass:
AM = "DBeam —+ PN — P’?)‘ — my
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Invariant Mass Distributions
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> integrate m,, (E,cos(#)) 2: 450-630 MeV 6+: 500-600 MeV
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Carbon Subtraction
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> Nyjo+ Nyt
carbon contribution
— carbon subtraction
needed!

> Nyjp — Ny
no carbon left!
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