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MAMI B Microtron-Cascade for electron acceleration

RTM 2
51 Turns
180MeV

18 Turns
15MeV RTM 3

, 90 Turns
LINAC 880MeV,

3.5MeV, v=99,1%-c

MAMI A, 1979 + 1983 MAMI B, 1990



Harmonic Double Sided Microtron (HDSM)

\No. 3 LINAC | (4.90GHz) No. 2
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MAMI C

Parameter
- 1507MeV, 0.=0.100MeV

I
I
| * max. 100pA
| © &9 nm rad, €.=0.5 nm rad
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RTM3

Beam Parameter (beam since 1990)
- 885MeV, 0.=0.068MeV

* max. 103pA cw
- £,=8 nm rad, €,=0.5 nm rad

(Beam Focus ~pm)
- Halo: < 103 bei r > 5-0,
- ca. 6000h - 7000h operation / year
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Electroproduction Experiments
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Recoil Polarimeter

in place of cherenkov

HORIZONTAL
DRIFT CHAMBERS

CARBON
ANALYZER

SZINTILLATORS

VERTICAL
DRIFT CHAMBERS

SHIELDING HOUSE

MOMENTUM
ACCEPTANCE
(10 %)

N

ASYMMETRY

U
POLARISATION

PROTONS

E.. < 250 MeV (p,, <660 MeV/c)

Typical reaction:

p(e.epN

Measurement of the degree
of

proton recoil polarisation
and

electron polarisation

(via Moeller polarimeter:
~85%)
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A2 Tagging system (Glasgow,Mainz)
1. Production und energy measurement of the
Bremsstrahlungs photons

. Determination of the degree of polarization of 4 - N -N _ _ . ( )
" the electron beam (Moeller Polarimeter); SN+ N 4p. Py COS\2
Circularly pol. photons
S e [Coineidence. - Moeller trigger | 'pumary
3. Coherent production
of linearly polarized
photons on a
diamond radiator ,,
beam
Radiatof
(Moeller ta




Tagger Detectors and Tagger Microscope

Energy resolution of our standard tagger ladder (352 plastics) 4 MeV per
Channel.

96 Plastic Scintillator
Fibers (3x2 mm).

1/3 Overlap of the fibers with its
neighbor.

Overlap region defines the
Mikcroscope chanal uch (191
channels).

Energy resolution: 0.3 MeV per
microscope channel (uch).

Microscope Tagger is positioned in the
electron energy range of the reaction

threshold, eg.

Beam energy £,=883 MeV
corresponds to a photon energy range
from 674 MeV to 730 MeV
(n-threshold ~707 MeV).
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Polarised Photons (@ MAMI C

E,=75 ... 1425 MeV
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FERMIONS

Leptons

Flavor

p_ electron
€ neutrino

€ electron

Mass
GeV/c?

<1x10-8

0.000511

spin = 1/2

Electric
charge

Picture of a Proton (Skale fm).

matter constituents
spin = 1/2, 3/2, 5/2, ...

Quarks

Flavor

U up

d down

spin = 1/2

Approx.
Mass
GeV/c?

Electric
charge

muon
M neutrino

L muon

<0.0002

0.106

C charm

S strange

1] tau
7 neutrino

T tau

<0.02

1.7771

BOSONS

Unified Electroweak spin =1

Name

Mass
GeV/c?

Electric

charge

T top

b bottom

force carriers
spin =0, 1, 2, ...

Strong (color)

Name

Colourless objects:

Baryons (qqq)
Mesons (qq)

spin = 1

Electric
charge

Mass
GeV/c?



http://upload.wikimedia.org/wikipedia/de/d/dd/Qcd-subtraktiv.png

Resonance spectrum of nucleons 1s excited and
Mesons are produced.
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MAMI Energy Range (E < 1507MeV)
T-, N— and N'-Mesons are produced.
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TAPS:
510 BaF, detectors e

Max. kin. energy:

T : 180 MeV

K*: 280 MeV
P:

360 MeV

411 photon Spectrometer (@ MAMI

Crystal Ball:

672 Nal detectors
Max. kin. energy:
L : 233MeV
. 240 MeV
K™ :341 MeV
P: 425 MeV

Vertex detector:
2 Cylindr. MWPCs
480 wires, 320stripes

PID detector:
24 thin plastic detectors
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First round (3600h) with CB@MAMI B (882MeV) in 2004 and 2005
(only beam polarized)

Data set with high statistics for pion and double pion production.
Helicity Asymmetry in double pion production.

Precision measurement to determine the nN-mass.

30*10° n produced for the investigation of rare n-decays (C, CP-Violation) and
the n - Dalitz-decay n -> e*ey.

Dalitz Plot Parameter in the n -> TTOTC decay. Sensitiv to the quark-mass-
differenz m -m,.

Investigation of N-mesic nuclei ("Li-, *He-target).

Magnetic Moment of the A-Resonance.
Data set on nucle1 (modified 10t Interaction in nuclear matter).
Coherent 10 production on nuclei.



Data set with high statistics for TTand 10T production
[F.Zehr, S.Schumann]
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Now running: first experiment (@ MAMI C with CB and TAPS detectors

(600 hours of beamtime approved)

a First reconstructed n' — nnnY decays

80 s

. : n' — nnin’
ot o 1 — 310

TE 30

a0 &

30FE 200

m

o
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M(6y)/GeV M(10y)/GeV

@ Expected number reconstructed decays:

n' — nnia’ ~100/h (BR=21%)

n'—3n’ ~1/h (BR=0.16%)




Polarized Target:

GDH experiment @ MAMI B with DAPHNE detector (1998 — 2003)
Cerenkny Star

DAPHNE : T
( Saclay,Pawvia) (Gent) (Ilainz, Tiibingen)
e ————— \
: el MIDAKS
, — 1St T R e e s / ot
ok A
: 1m , trigger  shower
I i P].ﬂtfﬂ
photon-spin  nucleon-spin photon-spin  nucleon-spin
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Target collaboration from Bochum, Bonn, Nagoya, Mainz

Pl

Bonn Frozen Spin Target at A2/ MAMI [C.Bradtke et al., NIM A436, 430 (1999)]

World record in Deuteron polarisation in a frozen spin experiment due to new
doping material with small ESR from Bochum in 2003. [W.Meyer et al. ]



GDH Sumrule
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Partial reaction channels
=» Input for PWA to extract
resonance parameters

Measurements 1n
1998 at MAMI
with DAPHNE
and Bonn PT
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3He/*Helium Dilution cryostat [JINR Dubna]
with “Helium-evaporator as precooler:

T<30mK; Pp=90%; Pd=70%.




Transport
from Dubna

to Mainz

2.Mai.2007 |




Low temp. H. E.

High temp. H. E.
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25mKelvin at 12.December2007
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Coil production in the
Mechanics workshop




Current leads (46A): Copper T=300K = 70 K

HTc Supracond. T=70K =2 4 K
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Future project: Excitation Spectrum of the nucleon

Pion Production
v+N-=N - N+7

MAMI B MAMI C

P,5(1232)

D5(1520)

F,5(1680)

E, (MeV)

o (ub)

047}

02

0.0

Eta Production
v+N—=N — N+

MAMI B MAMI C

$,,(1535)

S41(1650)

Dy5(1520)
P;1(1440)

200 400 600 800 1000 1200 1400
E, (MeV)

=» polarisation observables essential
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Observables in pseudoscalar meson prod.
(Barker, Donnachie & Storrow Nucl Phys B95 (1975) )

f{l PiYicos 29+, ( PS F+Py™ Hsin 2¢)
+P,(T- H_f.”*ﬁ'(tﬂa 2 )+ F _{P:;"“ L—P,i.f”(}‘ﬂin 20 )
+0,| PE7Cot Py Ogsin 29+ P (T~ PE™Locos2¢ )
+P,(P"C.sin 2¢- P50, )+ P.( L+ Py T,c0s 2]
Loy [ P+ P T cos 2¢+ P.( PE°G- P Esin 2¢)
+ P, (¥ Picos 2¢ )+ P.( P F'sin 2+ P57 H )|
+0o! [Rf“-‘f’ i +F,f;’3'” O.sin 20+ P.( T, +P,f_*'“ L.cos2¢ )
+P,(- Py"Cosin 2¢-PE™0, )+ P.(1 _J.,_+P,'Iff’":”’f -co82¢ )|}

8 Observables needed for complete determination of this reaction

(worldwide combined efford: SPRINGS, JLAB, GRAAL, ELSA, MAMI....)



Recoil polarimeter: Asymmetry of the produced protons

Next Beamtime

Detected in TAPS

.
70 decay vs detected as normal

—reconstrmet WD

- HID) sontatie —taes recoll proton
i.ﬂSidE tube e ) 1 g :

: - s 0
Prec = Vbeam T Ptarget — T



Conclusion and Outlook

s» MAMI C 1s delivering polarised beam with 1508 MeV and high
Intensity for the experiments since 2007.

Data from ,Crystal Ball® detector in combination with TAPS and
further detectors at MAMI B (882MeV) 1n the years 2004/5 are under
analysis. First Publications planned for this year (Unpolarized and
Beam polarized) :

Measurement N-mass, rare N-decays, Dalitz Plot Parameter o, MDM

=) Experiments with ,Crystal Ball@MAMI C* (1507MeV) started. First
measurement 1s dedicated to N production with unpol. H, target.

= Future projects:
In A2 we will do double polarised experiments with polarised beam,
polarised target and recoil-polarimeter.
A new NMR system for the PT 1s beiing constructed in collaboration
with Bochum and Zagreb.



Recoil Polarimeter [D. Watts, D. Glazier]
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Measurement of the Target Asymmetry of 1 and 77" Photoproduction on the Proton

A Bock.*" G. Anton * W. Beulertz.* Chr. Bradtke. H. Dutz. R. C_irehring.: S. Goertz.* K. Helbing * J. Hev . *
W. Mever.* M. Plickthun. G. Reicherz.* and L. Séziier®
Physikalisches Institut der Universitéit Bonn, Nufallee 12, D-53115 Bonn, Germary

M. Breuer, J.P. Didelez. and P. Hoffmann-Eothe

IN2P3, Institut de Physigue Nucleaire, 91406 Orsay, France
(Recerved 4 August 1997)
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FIG. 1. Top view of the experimental setup. 0 30 60 90 120 150 180 O 30 60 90 120 150 180
8 8
C.Im cJm.

,,Isobar* models, e.g. EtaMaid (Breit-Wigner resonances +
background) failed !!



Electroproduction of the N-Mesons at low Q?

Spectrometer A

Spectrometer B
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Flectroproduction of the N-Mesons at low Q)?

¢  ASYMMETRY
Data taklng 170h in place of cherenkov )/ FOLARISATION
=10pA 3
CARBON
ANALYZER
Kinematic:
SZINTILLATORS
Eg = 1508MeV m‘j[ﬂémm
0y = 26.2°
pa = 660.0MeV/c SHIELDING HOUSE
fp 18.0° MOMENTUM
_ ACCEPToANCE
PR 678.3MeV /e (210 %) '
qrz —0.1GeV?/c? PROYONS
£ = 0+68 E,. = 250 MeV (p_, =< 660 MeV/c)
W= DIOMeV=1540MeV |\ feasurement of the degree of proton recoil
H,f_"]u — ]EU . . .
5 0° and electron polarisation (via Moeller
Com

polarimeter: 79%)



Reconstruction of the N-meson 1n the, missing mass‘- Spectrum
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an
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550 600
Mpiss [MEV#CE]

o
-
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1.9 * 10°n-Mesons
Background ~ 10%
Random background ~2.5%

Goal of the measurement:
Cross-section + Recoil polarisation
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L.Tiator et al., Phys. Rev. C60 035210 (1999)

Recoil polarization and beam-recoil double
polarization measurement of 1 electroproduction

on the proton in the region of the S11(1535) resonance
H. Merkel et al., arXiv:0705.3550v1 , submitted to Phys.
Rev. Lett.
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short live-time of the
kaons (c1,=3.71 m)

short orbit
Spectrometer
in forward direction

*Very compact magnetic spectrometer suitable especially for the detection of kaons.
*Detectors for triggering, particle identification and momentum determination by ray-tracing.
*Plastic scintillator hodoscopes, Cherenkov detectors and wire chambers.
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Photoproduction of pseudoscalar 11, N, N ¢, K with polarised beam and target
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[ Pion Photoproduction with Polarized Beam and Polarized Target ]
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Multipole components of the electromagnetic radiation
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Angular momentum and parity conservation
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Connection between *!, and "3 and
Multipoles and Resonances

Teprod. —> A(1232)

—>E2/M1 ->Deformation
[Phys. Rev. Lett. 84, 5950 (2000)]
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Connection between *!, and "3 and

Multipoles and Resonances
2nd Resonance region —> D,,(1520)

—>Resonance Parameters 20% changed

J [Phys. Rev. Lett. 88 (2002) 232002]
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2,456Hz MAMI Section
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Worldwide first 4, 906Hz Linac Section.

Prototype developed, constructed

and tested at IKPH,
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Polished Cupper Surface (~ 0,0005mm) !
Geometry better 0,005mm !

15m Linear Sections with 9mm aperture !
(43 turns, overall 2000m pathlength in HDSM)
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Double Sided Microtron
(K.H. Kaiser et al.)

250 t 250 t

250 t 250 t
43 Turns, 855MeV - 1,5GeV



Dlpole with Fleldgr‘adlenf

15 B__=1.539T
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250t, 1.539T
90° Dipole Magnet

Designed at IKPH
Produced 2002 in close
Collaboration with
Industrial company (France)




liquid helium from the still
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New: First measurement of the helicity dependence for the yp = pTTUTT reaction
J.Ahrens et al., submitted to EPJ A
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FA model

e Valencia model
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FA model

FA [A. Fix and H. Arenhovel, Eur. Phys. J. A 25 (2005) 115. ]

Effective Lagrangian approach including four-star resonances with masses up to 1700 MeV.

Valencia model [J. Nacher and E. Oset, Nucl. Phys. A 697 (2002) 372.]
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Kinematical overdetermination in DAPHNE acceptance =
Experimental helicity dependent invariant mass distributions for the pTtsystem
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Full curves: [A. Fix and H. Arenhovel, Eur. Phys. J. A 25 (2005) 115. ]
Dashed: simple DPPS model - uniform At phase space distribution

®» Further theoretical and experimental studies needed to check prod. mechanism.



Energieauflésung:
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Crystal Ball Detector:
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