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Introduction — Meson Photoproduction

Important technique in hadronic
physics
Nucleons excited using photon beam
Decay products allow extraction of:

@ Nucleon excitation spectrum

@ Resonance properties

Some resonances predicted by symmetric
quark models still missing

Allows access to specific nucleon
resonances via detection of the eta primary
decay products

Eta photoproduction proven useful tool in
the search for new narrow nucleon
resonances

N* Status | SU(6) @ (3) | Parity At Status | SU(6) @ (3)
PL(038) | *= | (56,01 + | Pa232) | B | (56,00
S1(1535) | **+ | (70,17)

511 (1650) | ** | (70, 17) Sp(1620) | ®eex | (70, 17)
Diy(1520) | *#+= | (70,17) Dy (1700) | *++ | (70, 17)
Dis(1700) | #++ (70,17)

Di5(1675) | === | (70,17)

Pa(1520) | *= | (56, 01) +

P (1710) | **+ (70, 0%) + | Pu(1875) | = | (56, 2+)
P1(1880) (70, 2) + | Py(1835) (70, 0%)
P (1975) (20, 1) +

Pa(1720) | *%% | (56,21 +

Pa(1870) | * (70, 0%) + | Pu(1600) | e (56, 01)
P13(1910) (70, 24) + | (1985 (70, 2%)
P5(2030) (20, 1) +

Fis(1680) | **** (56, 21) + F35(1905) | Hx (56, 2%)
F15(2000) o (7052™) + 1735(2000) e (70, 2%)
F15(1995) (70, 2) £

F,(1990) | ** (70, 2) + | Fyr(1950) | == | (56, 2t)
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Previous Work & Motivation

@ Search for N*(1685)
narrow resonance in

GRAAL (Kuznetsov et al.) CBELSA/TAPS (Jaegle et al.)

past decade 5
@ Results published é-
showing structureon £ *
the neutron (deuteron f
target) 25
f)/n — 7777/ 8 O%s 16 17 18 19 15 16 17 18 19
5 1- N _ 100 - W, GeV
< 0.8 80 .
@ No structure on the S 0 ol 71
corresponding proton s ol t
plots, photo-coupling s " e i &
much lower AU N PO A PSS .
® Some polarisation 005 16 17 18 19 Y15 16 17 18 19 1500 1600 1700 1800
W,GeV Mnn, GeV WR[MGV]

observable
measurements onthe @ McNicoll et al, abnormality in Legendre polynomial

proton channel have 3 High resolution and statistics needed for proton search

shown interesting . : :
behaviour around @ Use free proton instead of deuteron, no fermi smearing of

W~1685 MeV target or final state interactions
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Experimental Run

@ Experimental run took place in @ Aim of experiment was:
April 2009 =+ Detect a final state eta and
 LH,Target proton |
= |nvestigate cross section
@ 1557 MeV electron beam and invariant mass for signs
@ Channel of interest; ’y p — ’]7 p of narrow structure

22
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The MAMI Accelerator

—

@ MAMI based at Institut fur
Kernphysik, Mainz University,

Germany

@ Combination of linear
accelerators, race track Rz
microtrons and harmonic double HJ.F; e e
sided microtron s ’

@ Maximum electron beam energy MAMIA: MAMIB:
of ~1.6 GeV 180 MeV 885 MeV

@ Three experimental halls, A1, A2
and A4
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Glasgow Photon Tagger & Radiator

Electron beam hits Cu radiator

Bremsstrahlung photons
produced

Electrons bent into tagger
Photons continue towards target

Kinematic information of photon
calculated from the
corresponding electron in focal
plane detector (FPD)

This process is known as
“photon tagging”

SHIELDING WALL

ELECTRON MAGNETIC
BEAM OUT SPECTROMETER

TAGGING
ELECTRON

FOCAL PLANE
DETECTOR

RADIATOR

ELECTRON
BEAM IN
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Microscope Detector

Electrons
@ Used to increase energy =
reSO|Ut|0n Of maln FPD by a o tomm Microscope frame
faCtor Of 5 = Scintillator strips / / o
@ Covers approx 117 MeV region COOTCOCTTVTCTVVTCHERTOOTO
@ Central point at EY~ 1045 MeV tm
(W - 1685 MeV) Main detector array

10 mm

MR

(A. Reiter et al. 2006)
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Crystal Ball, PID and TAPS

@ Crystal Ball (CB), PID and TAPS
responsible for detecting reaction
products of photons, protons and
mesons

@ Crystal Ball highly segmented Nall
photon detector

@ PID is a barrel of 24 plastic
scintillators set inside CB i . / NS (i ARS8

Q. : A S oo (LA

@ PID used in conjunction with CBto | g | T—— , DY
detect charged particles Lol £ 118 ' z

@ TAPS is used to plug the CB exit
hole

@ 3 methods of proton
identification
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Data Analysis - Eta Flux

@ First must identify
events with eta final
State

@ Eta particle decays via
2 photons or 3 pions

@ Each pion decays
to 2 photons

—

90000 -
80000 -
70000 -
60000 -
50000 _—
40000 -

30000

@ Root based analysis 20000

software used to 200 i

. . B 10000 —
reconstruct kinematic [ | | N _ | / ]
information of particles 300 400 500 600 700 300 400 500 600 700
involved in each Eta IM 2y (MeV) Eta IM 6 7 (MeV)
reaction

@ |nvariant Mass of both 2 photon and 6 photon events have been
plotted

@ Clear peak at eta mass of 548 MeV, 3 sigma cut applied to select
final state eta events
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Data Analysis - Eta Flux

x10°

@ Use missing mass
technique

120 70000

100_— 60000
@ Utilises known

kinematic information: so
@ [ncoming beam

50000

40000

60

photon 30000/~
Target A= 0000
9 Eta 20— 10000
0 | 1 | 1 | E_ ! | 1 | 1 |
600 800 1000 1200 600 800 1000 1200
Eta Missing Mass 2y (MeV) Eta Missing Mass 6 v (MeV)

Random tagger coincidence background subtracted
@ Physics background subtracted
@ Peak fitted with Gaussian and 3 sigma cut applied
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5

Simulation — Acceptance Correction

@ Monte carlo event !
generator o
16

14f

@ Geant4 simulation of A2
hall 12f

@ Events ran through
analysis code

@ Acceptance is ratio of
original generated events S . Lol
- - 1 11 1111 1111 L 111 1111 | 1111 1111 [ 111 | | L1 10
to events remalnlng after 400 450 500 550 600 650 700 (?.8 0.85 0.9 0.95 1 1.056 1.1 1.15
simulation and analysis Invariant Mass (MeV) 2y Missing Mass (Mev) 2y

@ Single particle energy and angular resolutions
adjusted to match IM and MM widths of the data
and simulation
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Preliminary Results — Total Cross Section FPD 2g

cprs
| © . .r
@ No sign of any 12—
narrow structure in - fiﬁ
the region of 10— F g
. — #i
interest - : 5
@ Issues still 8 f %s!
outstanding — B ;
Cross section too 6 ] .
low - h :
@ Need to simulate 4l .
the effects of the B *
experimental . kX
trigger - e )
]—III..L...J..IIII|IIII|IIII|IIII|IIII|IMII|IX103
86 07 0.8 0.0 1 1.1 1.2 1.3 1.4 1.5

Beam Energy (MeV)
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Results — Total Cross Section Microscope 29

@ Cannot use

microscope g 14
tagging efficiency 5 [
due to erratic 12
noise in scalers - FPD Tagg Eff
@ Use interpolated 10—
tagging efficiency -
from FPD 8—
measurement - Microscope
@ No sign of 6/, FPD
structure that -
could be a—
interpreted as a - ‘ ‘
narrow resonance N e . -
at 1045 MeV - i :
reglon _l | | | | | | | | | | | | I‘I | | | L1 | | | | | | | |X103
8.9 0.95 1 1.05 1.1 1.15 1.2

Beam Energy (MeV)
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Preliminary Results — Total Cross Section FPD 6g

3 20
= r
18—
@ Close to MAID o -
prediction 16
@ Discrepancy 14—
around the peak of 1oF
S,,(1535) -
: 10—
@ No sign of any -
narrow structure in 8
the region of -
interest °F
a—
2—
\III[\\\\‘\III|IIII‘\III|IIII|I\II|IIII|‘LL\\‘\X103
6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

Beam Energy (MeV)
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@ Experimental run took place in April 2009
@ Data analysis underway, event selection completed

@ Preliminary cross sections for both FPD and microscope produced
@ Plots do not show any sign of narrow structure

@ Future Work

@ Produce a final cross section measurement, and place upper limit
on the N*(1685) on the proton channel

Produce eta-proton invariant mass
Use kinematic fitting technique to refine event selection
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Preliminary Kinematic Fit Plots - Pions

@ A kinematic fit uses the values of the known errors (i.e. resolutions) of a detected
particle along with several kinematic constraints to perform a least squares fit on
an event by event basis.

@ Cut on the Confidence Level of the fit.

22
20

Counts
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Preliminary Kinematic Fit Plots - Pions

@ A kinematic fit uses the values of the known errors (i.e. resolutions) of a detected
particle along with several kinematic constraints to perform a least squares fit on
an event by event basis.

@ Cut on the Confidence Level of the fit.

hPionIM2gP_1 hPioniIM2gP_3
el 03 Entries 182249 1 03 Entries 204461
ﬂ 20 :_ Maan 136.1 ﬂ E M:an 138
o - q 21 naf 667 | 27 g 18 n 7 I ndi 5518127
3 18 - Prob 0 Q - Fron ’
0
] B (&) 16— Constanti 501e+04 + 5.130e+01
16— Constant 1.986e+04 & 5.343e+01 N o e o
E Maan 136.2 + 0.0 14 :_ Sigma 55531 0013
14— Sigma 7.858 4 0.041 -
12F 12
r 10—
10— =
oF cL > 0.1 af CL > 0.04
& CL < 0.1 s CL < 0.04
aE a-
2 f_/\ﬂ—'—fd L 2 M L
OZIII ||||| I].I'yll |.|.||_|_|_J||||||||| O_III ||||| 1h1 1 J.||||||_|_|||||||

(=]

50 100 150 200 250 300 350 50 100 150 200 250 300 350
n° IM (MeV) n° IM (MeV)
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N*(1685) — A narrow nucleon resonance?

YN — N* — nN

8 T I I I
Antidecuplet
2 r i
Q = +1 (suudd) ®*(1540)
1+ ) _
0 N N(1650 ?)
w 0 *——a 4
-1 AN T(1755 ?)
1 b - — |
ol 2 AN \\' * _23/2(1862 ?)
(ssddu) (ssuud)
_3 | ] | | ] | |
-3 -2 -1 0 1 2 3 4 5
(Arndt et al. 04) IB

@ Chiral Soliton model predicts
baryon antidecuplet of 5 quark
states

@ Rotational excitation of solition core
of three quarks surrounded by
quark anti-quark pair

@ N*(1685) is non-strange member of
antidecuplet

(See Diakonov & Petrov Phys Rev. D 69 094011
2004 for indepth explanation)

@ Eta photoproduction good tool to look
for resonance

@ Suppressed on proton target due to
need to break SU(3) symmetry
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Cross Section Analysis

—

do . Nn—myy
d €2
A N _p AQ:

n—n,y

Y

n—ony

total

P, =4.0128 x 10™° m™ : target area density
nony = number of reconstructed events in an (Ey, COS (Gcm)) bin
n—n_ y = @cceptance in an (Ey, cos(0 _)) bin
Ny = number of photons in a Ey bin
AL) = 2mAcos(0 ) :solid-angle interval
r

n—ny

r_ = decay branching ratio n—2y n-— 3’ =6 Y

al
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| Tagging Efficiencies Avg |

—

0.75

0.7
0.85

=
D

@ Tagging Efficiency -
@ Ratio of tagged
photons impinging on
target

0.55

2 o
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=10
@ Scalers - 120

@ Photons hitting the 100
tagger

& 8 B

]
=
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