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CB@MAMI: Main physics objectives

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

* Precision spectroscopy of low lying baryon states:
W(A(1232)) from yp—>n’y p and wry n
1(S4;(1535)) from yp—n v p reaction

* Threshold meson production: (test of LET/ ChPT):
Strangeness (y N—AK)
n° photoproduction at threshold

+ Ambiguity free amplitude analysis of meson photoproduction
Requires Double polarization measurements:

YN—N=(n); Nn (p,..) channels

* Tests of fundamental symmetries (C,CP,CPT...)
Rare 1, )/ decays

* In medium properties of hadrons & nuclear physics:

Meson photo production on nuclei

The MAMI facility

100% duty factor electron microtron
MAMI-C 1.5 GeV upgrade (2006)
(MAMI-B 0.85 GeV)

One of the MAMI-C magnets

Photon Tagger upgrade




Photon beam facilities
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Crystal Ball history

1996-2002 1982-1986
BNL-AGS DORIS
(Egn=1.2-1.53 GeV) (Ecm =9-10 GeV)

1976

Conceived

1978 -1981
SPEAR
(Ecm=3-7 GeV)

2002
MAMI
(Eqn = 1.2-1.9 GeV)

Crystal Ball arrives at Frankfurt

Setup at MAMI

TAPS:

510 BaF,-detectors
maximum kin. Energy

Crystal Ball:

672 NaI-detectors

: maximum Kin. energy
71180 Mel Vg N uti233 Mev

K*:280 MeV f N Loom 240 MeV
p 1360 Mel K* 341 MeV
pi425 MeV

Tracker & Particle-ID

Good angular and
energy resolution,
close to 4x acceptance




EJ204
scintillator

Tracker & Particle-ID g 2 thick MWPC & Particle-ID in situ

320mm

o(0) ~ 1.5°
o(9) ~ 1.3°

* Two cylindrical wire chambers
* 480 anode wires, 320 strips

* Adapted from DAPHNE

* New MWPC tracker under
construction (2006)

Proton Cut

Pion Cut

Targets at MAMI

Liquid hydrogen (deuterium) target P°|a"ise? 2'1%3)35 target

Frozen spin Target
butanol / deuterated butanol

(~2007)
Panoramig view,of MAMI setup Liquid 3He target (2006) o Frozen Spin Target
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CB@MAMI - timetable

Selection of
preliminary spectra

Nov '02: Crystal Ball moved to Mainz H

Nov '03: Crystal Ball installed at photon beam at MAMI from fl rSt rou nd Of
Mar '04: TAPS installed i

Apr '04: MWPC and PID installed experl ments

May '04: First test run tests with the complete setup — —

Jun'04-Apr '05 :  First production runs EY 0'1 08 Gev

Ey=0.1-0.8 GeV: unpolarized H, or D, targets, nuclear targets

Apr'05-Jan'06 : MAMI-C upgrade, photon tagger upgrade

'06 onwards : Second production runs
Ey=0.1-1.5 GeV: unpolarized, polarised, nuclear targets
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Preliminary analyses: (¥, p)n°

Photon Asymmetry X:
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Arbitrary units

Preliminary analyses: p(7,p)r’n®

High statistics measurement
With y beam polarisation — X, X%
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Preliminary analyses: p(y,p)t’y to measure [1(A")
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MAMI pilot measurement with TAPS only

V M. Kotulla et al., PRL 89 (2002) 272001
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P(Y,p)n% to measure [(AY)

00 in statistics

* measure y beam polarisation observables

* Both pn?® and nn* decay of A*
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Double-polarisation in pseudo-scalar meson photoproduction

Observable

Polarisation of

Y target recoil
l. [dosd}/N =|b, |24 b, |24 b5 12+ b,
Futu re Ians Single polarization
2 P % =1b,2—[b,*+1b,1*—[b,*]
. 3. = P =1by 24 b3 12— |53 12— | by|?
with MAMI-C - ” FeEER IR
Double polarizaton
Beam-target
[5. E c z =2Relb;b} +b:b3) |
6. F c x =2Imib,b} —b,b?)
[7. 6 : z =2Im(b,b? +b,62) ]
Ey=0.1-1.5 GeV & o
Beam-recoil
[9 C ¢ x' =—21m(b,bf —b,bT) |
10. C, c z' =2Relb by +b;b7)
[11. o, ' x' =2Relb,b? —byb?) |
12. O, i z' =2Im(b,bf +b,b6%)
Target-recoil
13. T, x x' =2Relb,by —b:b})
4. T, x z' =2Im(b,b} —byb{)
15. L, z x' =—2Imib,b] +b,b})
16. L, ) - z z =2Re(b,by +b,b7)
Beam-target observable: E Beam-target observable: G
y
—>—> 0o == i > - | }/
YP—=PTW Yp—pPN Butanol frozen spin target -Y’p —p 70 75 ~nrt oy |

yn—>nm® yn—-nn Deuterated butanol frozen spin target

Circularly polarised photons + longitudinally polarised protons (or neutrons)

(1]

an

Expected
data '
accuracy
6,=+10° :
Ey=£10 MeV
250 hrs

-l
& neD13(1520)
& noD5(1675)

Previous E measurement for yp — p ©t° led to significant revision of helicity
amplitudes for D,4(1520) [ PRL 88, 232002 (2002)]

Neutron targets: different resonance contributions, isospin structure

Also get  channels — mechanisms, contributions to GDH integrand

linearly polarised p
polarised protons

4‘{’““' ;

hotons + longitudinally

N(p,n)
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Variable well suited to studies of Roper resonance ( P,,(1440) )
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Beam-Recoil Observables: C,, O,, T, P Beam-Recoi servables- p(y,n°)p
0,(cm)=130°
Useful scattered event Initial path of proton do — b + 300 hrs E.=0.85 GeV
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