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(mainly involving low cross sections and/or precision measurements)

• Precision spectroscopy of low lying baryon states:

 µ(∆(1232)) from γp→ π0 γ’ p and π+ γ’ n

 µ(S11(1535)) from γp→η γ’ p reaction

• Threshold meson production: (test of LET/ ChPT): 
Strangeness (γ N→ΛK) 

π0 photoproduction at threshold

• Ambiguity free amplitude analysis of meson photoproduction

Requires Double polarization measurements: 

γN→Nπ(π); Nη (ρ,…) channels

• Tests of fundamental symmetries (C,CP,CPT…)

Rare η, η/ decays

• In medium properties of hadrons & nuclear physics:

Meson photo production on nuclei

CB@MAMI: Main physics objectives

• 100% duty factor electron microtron
• MAMI-C 1.5 GeV upgrade (2006)

(MAMI-B 0.85 GeV)

The MAMI facility

One of the MAMI-C magnets γ

e

Photon Tagger upgrade
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SPEAR
(Ecm = 3 - 7 GeV)

1982-1986
DORIS 
(Ecm = 9 -10 GeV)

1996-2002
BNL-AGS  
(Ecm = 1.2 – 1.53 GeV)  

2002
MAMI       
(Ecm = 1.2 -1.9 GeV)

Crystal Ball history

Crystal Ball arrives at Frankfurt

Good angular and 
energy resolution, 
close to 4π acceptance

Setup at MAMI

Tracker & Particle-ID



Tracker & Particle-ID 

σ(θ) ~ 1.5o

σ(φ) ~ 1.3o

• Two cylindrical wire chambers
• 480 anode wires, 320 strips
• Adapted from DAPHNE
• New MWPC tracker under 
construction (2006)

2mm thick
EJ204 
scintillator
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MWPC & Particle-ID in situ

MAMI Photo Gallery
CB
with 
PMTs

CB

Panoramic view of MAMI setup
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Targets at MAMI

Liquid hydrogen (deuterium) target

Liquid 3He target (2006)

Polarised 3He gas target
(~2008)

Frozen spin Target
butanol / deuterated butanol

(~2007)



Apr '05-Jan'06 :    MAMI-C upgrade, photon tagger upgrade
'06 onwards     :   Second production runs

Eγ=0.1-1.5 GeV:  unpolarized, polarised, nuclear targets

Nov '02:                Crystal Ball moved to Mainz
Nov '03: Crystal Ball installed at photon beam at MAMI
Mar '04: TAPS installed
Apr '04: MWPC and PID installed
May '04:                First test run tests with the complete setup
Jun'04-Apr '05 :    First production runs

CB@MAMI – timetable

Eγ=0.1-0.8 GeV:   unpolarized H2 or D2 targets, nuclear targets

Selection of 
preliminary spectra 
from first round of 

experiments
Eγ = 0.1 – 0.8 GeV

Preliminary analyses: π0, η identification

π0 → γγ
σ∼11 MeV

η→ γγ
σ∼23 MeV

η→ 3π0 → 6γ
σ∼25 MeV

Preliminary analyses: Ags(γ,π0)Ags 
coherent π0 photoproduction from nuclei

208Pb

33o

sinθ ~ 1.22 λ/D
Rm ~ 5.75 fm
(Rc ~ 5.50 fm)

Eγ=220 MeV

16O12C 40Ca

4.4 MeV 3.7MeV
6.1 MeV

Also see coincident low energy Nuclear Decay Photons !!

• Clear diffraction patterns for 208Pb, 
40Ca, 16O, 12C

dσ/dΩ ∼ A2(q/kγ)P3
2|Fm(q)|2sin2θπ

• Matter form factor, ∆ properties in 
the medium 

C. Tarbert, D. Watts



Photon Asymmetry Σ:
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Preliminary analyses: (γ, p)π0

A. Starostin

• High statistics measurement

• With γ beam polarisation → Σ , Σcirc

~5% of to
tal statistics

Preliminary analyses: p(γ,p)π0π0

Εγ dependence of
π0π0  yield  
(not acc. corrected)

F.Zehr

Preliminary analyses: p(γ,p)π0γ  to measure µ(∆+)
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MAMI pilot measurement with TAPS only
M. Kotulla et al., PRL 89 (2002) 272001 

• 100 in statistics 
• measure γ beam polarisation observables 
• Both pπ0 and nπ+ decay of ∆+

µ∆=5µp
µ∆=3µp
µ∆=1µp

µ∆= 0.79µp

µ∆=3µp

p(γ,p)π0γ  to measure µ(∆+)



Future plans
with MAMI-C

Eγ = 0.1 – 1.5 GeV

Double-polarisation in pseudo-scalar meson photoproduction
Polarisation of

γ target             recoilObservable

γ p → p π0     γ p → p η
γ n → n π0     γ n → n η

Circularly polarised photons + longitudinally polarised protons (or neutrons)

Deuterated butanol frozen spin target

Butanol frozen spin target

Beam-target observable: E

Previous E measurement for γ p → p π0 led to significant revision of helicity
amplitudes for D13(1520)   [ PRL 88, 232002 (2002)]

Neutron targets: different resonance contributions, isospin structure

Also get ππ channels – mechanisms, contributions to GDH integrand 

Expected 
data 
accuracy
θπ=±10o

Eγ=±10 MeV
250 hrs

γ p → p π0

θπ=90o

γ n → n π0

θπ=90o

E

Eγ (MeV) Eγ (MeV)

Variable well suited to studies of Roper resonance ( P11(1440) )

γ p → p π0                  γ p → n π+ 

linearly polarised photons + longitudinally 
polarised protons

Beam-target observable: G

Expected Data 
accuracy
θπ=±10o

Eγ=±10 MeV
600 hrs



Beam-Recoil Observables: Cx, OX, T, P

Graphite sheet
(~7cm thick)

TAPS

Crystal Ball

γ beam

Hydrogen target cell

Initial path of proton
Polarimeter acceptance  :   ±20o polar angle (target at centre)
Most events suffer only coulomb scattering

Useful scattered event
Select events with scattering angles
larger than ~10 degrees : arising 
from nuclear interaction

n(θ,φ) =no(θ){1+A(θ)[Pycos(φ)–Pxsin(φ)]

Beam-Recoil Observables- p(γ,π0)p

300 hrs Ee=0.85 GeV

500 hrs Ee=1.5 GeV

(1440)
11

No P

(1520)13No D

(1620)31No S

(1680)15No F

(1700)33No D

Full

SAID

θπ(cm)=130o

~4π detector system

Very good neutral (and charged) particle 
detection capabilities 

Excellent properties of MAMI beam 

Availability of polarized targets

Recoil nucleon polarimetry possibilities

High quality data for meson photoproduction  
for Eγ up to ~1.5 GeV can be expected
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