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MAMIBONN

«* Prosecution of the experimental activity in Mainz
(DAPHNE, GDH,GDHN, CTT) at MAMI accelerator
(tagged photon beam E, =0.05+1.6GeV)
(CB@MAMI Collaboration)
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* New scientific line in Bonn at ELSA accelerator
(tagged photon beam E, =0.3+2.9 GeV and significant
polarization degree up to 1.8GeV) based on the BGO-
Ball of the former GRAAL experiment

(BGO-OD Collaboration)
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BGO-0OD (BGO-Open Dipole)
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BGO Calorimeter, Barrel, Target ==> Successful Commissioning in
Feb./March and May/June 2012



BGO-0OD (BGO-Open Dipole)

Daniel Elsner




BGO-OD DETECTOR FEATURES

Detector is optimized for:

- forward region: charged particle identification and momentum
resolution

- central region: photon detection with good energy and angular
resolution; charged particle tracking and identification; energy
measurement for protons; neutron detection

- mixed charged and neutral final state detection

- has trigger capabilities (trigger on the energy sum deposited in
BGO)

- open trigger (many channels can simultaneously be acquired)

- good time resolution of signals in the BGO calorimeter



BGO-0OD Bonn: Main physics objectives

(higher nucleon excitation energies)

Systematic investigation of the photoproduction of mesons off the
nucleon for the study of the excitation spectrum of the nucleon.
The underlying mechanisms must still be considered as poorly
understood. Improved experiments will shed new light on the low-
energy hadronic aspects of the strong interaction. In particular
asymmetry observables can help to disentangle the contribution
of the different resonances.

» yN-Nn vyN-Nn’ scalar mesons
> YN-Nw vyN- N vector mesons
> yN- KA (Z) strange mesons

Joint PAC of MAMI and ELSA Dec. 6th-7th




» After more than 50 years of yN - N7t our knowledge of the
nucleon resonances is far from being satisfactory

Main reasons:

(i) too few observables have been measured

(i) too few data on the neutron (e.m. interactions do not
conserve isospin)

(1i1) resonances can decay into Nrut, Nn, ... (coupled channel
approach needed)

What is needed:

==> Single and double polarization asymmetries
==> ||l and IV Resonance Regions

==> Data on neutron



N, N, @ = ISOSPIN FILTERS

Isoscalar mesons allow to access only N*(I=1/2) resonances and this
simplifies the interpretation of the data.
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n' PHOTOPRODUCTION

Recent precise data are available on total and diff. x-sections from CLAS and ELSA-CB.
Inclusion of different set of resonances in the models provides similar predictions for x-
sect. but very different for the beam asym. 2 will be measured for the first time at ELSA.
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w PHOTOPRODUCTION
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The asymmetry on the neutron will be further explored at BGO-OD



¢® PHOTOPRODUCTION

Y+p— ¢+

s-channel?

P:

A. Kiswandhi et al., Physics Letters B 691 (2010) 214-218

t-channel exchange: Pomeron + PSE
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Asymmetry on the proton and the neutron will be further explored at BGO-OD




BGO crystal read-out is performed with Sampling ADCs@160MHz (6.25ns) which allow to
reconstruct the starting time of the signal and its main parameters: time and amplitude of the first
maximum and mimimum (and of all following relative mamima and minima), total integral of

the signal, partial integrals.
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DATA FROM FEB.-MARCH 2012
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BGO Crystals are calibrated with a 22Na source.

01 March 2012: Beginning of data taking
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DATA FROM FEB.-MARCH 2012

Reconstruction of ° and n masses
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BGO-0OD collaboration meeting, Status of the simulation and analysis T.C. Jude, 6™ March 2012
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DATA FROM FEB.-MARCH 2012

|dentification of the proton in the BGO

Identify 3 clusters in the BGO

2 clusters with at least 3 crystals (n° decay photons)

1 cluster with less than 3 crystals (proton)

Select events where reconstructed proton and n° are back to back in azimuthal angle

Require p0 cluster energy > 400 MeV

(b) Meson kinetic energy > 400 MeV (d)
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DATA FROM FEB.-MARCH 2012
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Comparison with empty target data

Black points, full target (run 6873), red shaded points, empty target (6833)
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The good time resolution on the BGO signals will
allow not only background rejection in clusterization
algorithms but also a new method for the K+
identification from the time delay between the signal
released by the K+ and the delayed signal released by

DATA FROM FEB.-MARCH 2012

the decay product (K* — H* V)
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AE, . vs.E...
Data taking June2012
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47 Photon Spectrometer @ MAMI

TAPS:
510 BaF,-detectors
maximum kin. Energy

—— Crystal Ball:
IS 672 Nal-detectors

(7 maximum kin. energy
T 180 MeV i pe 233 MeV
K*:280 MeV m* 240 MeV
p 360 MeV K*:34]1 MeV
p 425 MeV
tors:

2 cylindrical wire chambers
] 480 wires, 320 strips

24 thin plastic counters
MWPC particle separation

2 cylindrical layers (PAVIA)



CB@MAMI: Main physics objectives
(mainly involving low cross sections and/or precision measurements)
*Threshold meson production: (test of LET/ ChPT):
Strangeness (YN - AK)
™ photoproduction at threshold
Ambiguity free amplitude analysis of meson photoproduction
Requires Double polarization measurements:

yN - N1(11); Nn (p,...) channels

*Rare n, n' decays Tests of fundamental symmetries (C,CP,CPT...)
In medium properties of hadrons & nuclear physics:

Meson photo production on nuclei



Observables for YN—N7 photoproduction

Photon Target Recoil nucleon | Target and Recoil
polarization polarization polarization | polarizations
X Y Zpeamy | X' Y Z | X X Z Z
X Z X Z
unpolarized (?l- @ - - - | Tk @
linear (-P) (-T) O |(-L,) (T) (L) (Tx)
Circular % - % % - @

1 unpolarized measurement

3 single polarization measurements

12 double polarization measurements

) e=

Performed or planned
experiments at Mainz

The measurement of 7 (8) (properly chosen) observables is necessary
to unambiguously (in a model independent way) determine the

scattering amplitudes (“complete analysis”)




First measurement of the F observable
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dQ

POLAR

_do
dQ UNPOL

* v p-> pn® channel

- Circular polarized photon beam
* Transverse polarized target

- Photon energy range : 420 -1020 MeV

: [1 — P, 2 CoS(2¢)

— p, PinH sin(2p)+ p, pl,. . F
- p,T - p, pj;,Pcos(2¢)
- p, pinGsin(2p) + p, pl..E ]
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F Asymmetry v P —>p7z'0
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[First dataJ
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‘Exper'iments with polarised neutrons

> No Free neutron target available
» Model dependent results from nuclear targets

» Our experimental goal: to have a "small” and
“realiable” model dependence

» Two different (and complementary) targets
=) deuteron (data from Mainz —Bonn)
=)3He  (no data up to now)

» Measurement of partial channels like

yd—n’np
?g—>n'pp

—_

Y *He — 7’ ppn




Experiments with polarised neutrons
np

ZH: pUp ) +p, O i

deuteron [ 0.93¢(neutron)+0.93¢(proton)

np p
SHe: pOp O 1] (S-state with [190% prob.)

3He O 0.87°¢(neutron)-0.026¢(proton)

3He

AR EITRIT

S=0 mixed L=2

S-state S'-state D-state

magnetic moment
ey 90% 2% 8%

> Polarised 3He is the best substitute of a free polarised
neutron




| Polarised 3He gas target

# Cylindrical cell (gas polarised via MEOP)
# Length: 20 cm
# diameter: 6 cm
# Made of quartz glass (thickness: 2 mm)
# Titanium entrance and exit windows (50 um)
# provide the necessary gas tightness (4 bar)
# give long relaxation time (~20 hrs) of the gas
polarisation
# 3He polarisation measurements carried out via NMR
technique; field provided by Helmholtz coils in collaboration with Pl, Mainz

Helmholtz coils SOIEnOid

Crystal Ball

I“ L'\li.l\

q e — — el
pickup .
coils photon beam 504
"-_:‘1:.?":_-1""%:_:-'—"—-;' ''''''''''''''''
— 3He |ill'j:‘_'l.‘T
] — -

-wr
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?—/* 3FI€ N Polarised data

“Inclusive” analysis
methed

Ao =0oc,—0c, (ub)

e CB-Inclusive method

400 * T ”xz'ézl'mpimd” (NO partial channel separation)

I Extrapolation from quasi-free

I L pion production and MAID cross
. sections

N Extrapolation from Schwamb

model for ppn

200

. Extrapolation from quasi-free
Ttressseadeeeee | pion production and MAID cross
sections

Model: Prediction based on

First data] MAID

2000 30 40 s00 |A0=087-Ac,-005Ac,

E, (MeV) o

Effective nucleon polariz. (due to S/D waves)




CONCLUSIONS

- CB@MAMI Collaboration is continuing a very fruitful physics program
based on double polarization measurements with a high intensity and high energy
resolution tagged beam up to energies of 1.6 GeV

- BGO-OD Collaboration has successfully completed its first part of
commissioning and will be ready soon to take data in a complementary energy
region (up to 2.9 GeV) with a linearly polarized beam and will start an
interesting program of scalar, vector and strange meson photoproduction on the
proton (first) and on the neutron (after).

THANKS FOR YOUR ATTENTION!
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universitétm Tagger deSig n

Electron tracks : = i

1m

% SR iy
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Siebke, G. Design of the BGO-OD Tagging System and Test of a Detector Prototype, Physfte‘al;sches Institut Bonn, 2010

- Tagging hodoscope split into horizontal (covers 10-32% E )
and vertical part (covers 32-90% E ) &

- 120 plastic scintillators (54 horlzontal 66 vfertlcan g

adjacent scintillators overlap by 55%, =~ ?4, :
trigger on coincidence I r————




.:3Y  Energy resolution
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MRPC

(Multigap Resistive Plate Chamber)

MAMBO Set-Up

| 1 meter I

7\

33cm
Global size

Rmin = 140 mm active area

Rmax =430 mm active area
Nsectors =16
Npads =32x15

N. Channels =480
PadsMax_dim = 80x20mm
January 18, 201 ‘I%}'e!hmrz RPC per MAMEBO - Darie Moricciani 1



Tanuwary 18, 2011

MRPC on Geant4 (Thanks to 6.
Mandaglio)

'P.\Lycﬂam'c RFC per MAMEQ - Darie Moricciani



MRPC

MRPC working principle

Stack of equally-spaced
resistive plates with voltage
applied to external surfaces (all

Signal electrode

Cathode -10 kV internal plates electrically
floating)
(-8 kV)
Pickup electrodes on external
(6 kV) surfaces (resistive plates
transparent to fast signal)
(-4 kV) Internal plates take correct
voltage - initially due to
(-2 kV) electrostatics but kept at
correct voltage by flow of
inoda )V electrons cm_d positive ions -
feedback principle that dictates Honeycomb
: equal gain in all gas gaps STGC k Glue
Signal electrode PCR
January 18 2011 Rivelatore RPC per MAMEQ - Darie Moricciani 27 g. g}c’:.:; (99)
1WO STACKS e~ e = a2+ 3% CiHio + 1% SF¢ Fishing Line
Pin

| Nino Chip

s
T
N

Sanuary 18, 2011 Rivelatore RFC per MAMBOQ - Dario Moricciani 28



BGO Matrix (hits/> 1.0MeV) BGO Matrix (hits/> 20.0MeV)
BGOMatnxThreshold1
Entries 5915614
Mean x 16.09
se Mean y 8.695
. | RMS x 9.173

. |RMSy 4.712

No field

BGOMatrixThreshald2

Entries 984143
Mean x 16.01
Mean y 8.326

T IRMS x 9.358

.|RMSy _ 4.909

BGO Matrix (hits/= 1.0Me') BGO Matrix (hits/= 20.0Me%)

B e omMatrixThreshoia1

Entries 2252649

MMean x 16.3
Mean y 8 a64
. . RMS x 9. 222 1800 [
rgelels] RMS 4655
. 1800
G000
1400
5000 1200
24000 1000
3000 800
G000
2000
400
1000 00
o3.]] o

Magnetic field — 0.168 T

BGOMatrixThreshold2

Entries 484831
MMean x 16.42
MMean v 8.591

Tl | mras x =.394

%4.8092




| FIELD IMPACT ON CALIB. CONSTANTS - 2012, FEB. 15™ - MARCH 2" : THETA 1+4

‘ FIELD IMPACT ON CALIB. CONSTANTS - 2012, FEB. 15™ - MARCH 2™ : THETA 5+8
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| FIELD IMPACT ON CALIB. CONSTANTS - 2012, FEB. 15™ - MARCH 2" : THETA 9+12 |
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ELectron Stretcher and
Accelerator (ELSA)

S-BEAMLINE
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The GDH sum rule

»Proposed in 1966 by Gerasimov-Drell-Hearn

» Prediction on the absorption of circularly polarized photons
by longitudinally polarized nucleons/nuclei

~~A ) ~~A )

plloton-spln nuclaus-spln glloton-spln nuclous-spln

Ga spin o-|:|

th’cvr(l’f)G(E) 2le2 ;
Loy = I dv=4mn SMz K Anomalous
magnetic moment

Lo productionthreshold (nucleon)
" | photodisintegration threshold (nuclei)



GDH sum rule:

v' Fundamental check of our knowledge of the yN
Interaction

The only "weak” hypothesis is the assumption that Compton

scattering YN — y' N' becomes spin independent when v
— o A violation of this assumption can not be easily

explained
v Important comparison for photoreaction models

v' Helicity dependence of partial channels (pion
photoproduction) is an essential tool for the study of the
baryon resonances (interference terms between different
electromagnetic multipoles)

v' Valid for any system with k =0 (2H, 3He) . "Link"
between nuclear and nucleon degrees of freedom



Experimental status
MAMI-Mainz

77 }_5 —> X ELSA-Bonn

A(1232) | ___
= F ¥ [ [
: =211 £ 5 £ 12 LUb
o L v  GDH at ELSA 1.9 GeV
Y = D13(1520) ‘| v GDHatELSA 2.4 GeV
D 400 - ~ l , & GDH at ELSA 2.9 Gev .......
I GDH at ELSA 3.02 GeV
300 ; i Fl 5(1680) for the proton
....... I 1905
200 M 3f( ) unpolamzed c.s.
{'#ﬁ e A, ¥
: T Yoo ”
0 —¥ % = 0 o Aa a g o
E = i &
[ I L l 1 i 1 l L l L
500 1000 1500 2000 2500 3000
200 MeV - photon energy v [MeV]

MAMI data: J. Ahrens et al., Phys. Rev. Lett. 87 (2001) 022003
ELSA data: H. Dutz et al., Phys. Rev. Lett 91 (2003) 192001
H. Dutz et al., Phys. Rev. Lett 93 (2004) 032003




GDH sum rule: predictions

Proton Icpg (ub) | Neutron Icpua (Ub)
Yyp—>Nn 172 [164] |yn—> N=n 147 [131]
YP—> Nnun 94 |yn—> Nnrn 82
YP — N1 -8 |yn— Nn -6
Yp = KA (2) 4 |yn—>KAR2) 2
Regge contrib. -14 | Regge contrib. 20
(E, > 2 Gev) (E, > 2 Gev)

TOTAL 239 [231] |TOTAL 244 [231]
GDH 205 GDH 233

Nr : SAID-FAO7K [MAIDO7] KA(Z): Sumowidagdo et al., PRC 65,0321002 (02)
Nn : MAID Nnn: Fix, Arenhoevel EPJA 25, 114 (2005)
Np : Zhao et al., PRC 65,032201 (03) Regge : Bianchi-Thomas , PLB 450,439(99)



First measurement of the F observable ‘

*y p -> pm® channel

* Circular polarized photon beam
* Transverse polarized target

* Photon Energy range : 420 -1020 MeV

do do
70 ‘POIAR ETe) UNPOL'[1 _plyinzcos(zd))

—p, P, Hsin(2¢p)+p, p!, F
—p, T —p,, Pl Pcos(20)
—p, p' Gsin(2¢)+p; p’. E]
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doldQ (ub)
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Vi Hedn X

Differential polarised
Ccross section
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Differential polarised
Ccross section
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Connection between resonances and

b d L les isospi
— HlLLLL spectroscopi
L=1 +1 lTC 212] C notation
p
N/ J \ N X=S(1,=0);P(I.=1);...
Photon Photon Pion Pion Resonance
L Multipole J P Im Multipole
1 El 1/2 - 0 E,. S,
32 - z E, D,
M1 12 + 1 M, P
3I2 * 1 IVI1+ P33
2 E2 32 + 1 E.. P..
o/2 t 3 E. Fis
M2 312 - 2 M, D.,
S22 - 2 M D



F Asymmetry ‘ yp = p7T0

I qCM
ol I 150 G

Main contribution due to F, (1680) excitation

* VERY Preliminary

* ONLY statistcal errors Data from V.Kashevarov



Status of the deuteron results

yd=> X

M o -
"""""""""""""""""""""""" AFS model from
Ahrenhoevel, Fix
and Schwamb
1000 | 1500




3He Experimental set-up

» Facility
tagged photon facility of the MAMI accelerator in Mainz
> Beam
circularly polarised photons produced by bremsstrahlung of
longitudinally polarised electrons
Eelectron = 525 MeV
150 < E, < 500 MeV P s
CRYSTAL 7~ N
BALL /- A

Polarised 3He gas
First feasibility test

> Detector
the large acceptance (9:
Crystal Ball (CB) photon /
spectrometer in combin TA
with the TAPS detector PS




‘ 3He polarisation ‘

[ MEOP: Metastability Exchange Optical ]

Pumping
B—=0 B0
tttttt =4y
(F_l/Z) / oooooo E E F 2
23P, i
Excited state \ E Laser m. = -1 P—
T F _'
1083 nm ~ Simplifieq |
0" transition ﬁ ﬁ ﬁ f * v oy \]
(F = 1) R
238 M bl > E
tast tat ” ‘ ' :
easa e state \“-. H mF:_1/2
/
RF ’
dischar/g'e/
11 , Polarisation transfer to the 3*He
" Ground state ground state by atomic
. - llisi .
J.Krimmer et al., NIMA 3He(2351)+3He(lq%ol)ﬂmfﬁsl)ﬁHe(l150)
648,

35 (2011)



Charged Particle Z-Vertex

from MWPCs
J(W Ti ] ( N_.... 0102//cm2 - 0102
- times less than in a
Indows solid/liquid target
2000F g ~ . =
15001 |
1000 - 1_ All charged particle
- . [ 3He ] events
_ 300+ - g?s
:': w ﬂ_'_# .T““"*I‘ e - i
s +
& B b)
= “’_ |.+|H1.H.1 W
2 T
oft ﬂ'+ s +HH+
H+ }\ | ﬁ LR [ (P-A) difference ]
10} “
2000 00 0T T 0 T 200

Z {mm)



1500

G (1tb)

1000

500

Y3H€ 5> X Unpolarised data

[ + preliminary
+'; + }.
: . 4
. ° ¢ + y + -+.£ *.
ot +
. * o (CB-Inclusive method
e DAPHNE-McCormick et al.
PRC 53, 41 (96)

“Inclusive” analysis
method

(NO partial channel
separation)

Only hadron counting and

SRR - SpSAStSHPHB O
quasi-free pion
production and MAID
cross sections

» Extrapolation from
Schwamb model for ppn

Data from CB detector
ONLY

00 500 L
E, (MeV) Gbogk 3gxesfient with
measeydopisldata




: 0

; m X

i ‘J'CO X

o 1 X * It X

I G S R

N ¢ A.Fix (nuclear mode

i e MAID (free nucleons) |
200 300 400 500

Ev (MeV)

A. Fix model:

"Input: Free yN - N
amplitudes from
MAID

"Free Amplitudes
embedded inside
3He wave function

" FS| taken into
account in an
approximate way

" As expected ,
FSI play a bigger
role in the mt°

ca =



do/dQ (1b)

v He= 1 X
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e LAB

Differential polarised
Ccross section

— Ey =400
- MeV
preliminary
—— CB
— X
— By =361 --- A
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ix
MAI
D



2200 o
E i } + . preliminary

3150+ " o

125
100
75
50 ®
25" (M.Schwamb model)
200 300 400
ET (MeV)

No model estimation available for this
channel
“Quasi-deuteron” approximation (y *He -

pnp.)
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