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- The A4 Experiment
parity violating measurement principle
electron accelerator MAMI

- PbF2
light yield
optical properties
radiation hardness
simulations

mechanics of the detector
- electronics (MEDUSA)

- first results (511 channels)
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Problems:

- (qua31)elast1c electron scattering
0.1GeVZ < Q% < 1.0 Gev2
inelastic scattering |

- asymmetries small
high rates

Solutions:
- separate elastic<->1nelastic scattermg
low energy (SAMPLE)
magnetic spectrometer (HAPPEX)
crystal calorimeter (A4)
toroidal spectrometer (GO)
- detection of particles at a high rate
without spectrometer integrating (SAMPLE)
focal plane current integrating (HAPPEX)
focal surface particles counting with ToF (GO)
elastic and 1nelastic particles counting
with energy resolution (A4)




Prograin

goal: determination of F;S: & F{S <0.02

_method: measurement of A in p(e,e")p with dA=5%

e—kﬁ _NL.

p-Target Ng + Ny,
8 Fy5=0.02 first point:
E =855 MeV
8Acxp=0.05 * A g _ b
(5%)2 = 3%)? + (4%)? Q°=0.227 GeV
exp stat Sys P,=380%
=20 LA
A = 0.0000087 = 8.7 * 10-6
N ~ 1014  elastic events
L = 0.5%*1038cm2s1
10cm /H , 20 A
dQ=0.7sr, ~1000h
elastic: ~ 10 MHz (~ 730 MeV)
inelastic:  ~90 MHz (~ 610 MeV)

o
T =20 ns,

= 3.5 %(1 GeV)
E



| pol. electron source
P=80%, I=20uA

principle

AMI
E=855MeV
\E/B=10-6
//'
" Compton- e
f ‘ Laser helicity correlated
Backscatter Measurement of:
Polarimeter .. beam current,

beam energy
high power beam position
liquid hydrogen beam angle
luminosity:
target

monitor system
=

lumir

transmission
Compton polarimeter

and beam dump




experimental
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- 0 - 100 pA cw unpolarised electrons
- up to 30 uA cw polarised (80 % Pol.)
- energy: 14 MeV up to 855 MeV



lead fluoride (PbF,)

- Cerenkov: intrinsically fast
- compact: 1\ =2.2(1.8) cm

Xp =0.9cm
r =7.8g/cm
i = 18

- not birefringent
- two components
- timing: excellent ( < 20 ns, no scintillation)

NIM A 416 (1998) 357
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light yield of PbF,
with a hybrid photomultiplier

_MJCa |
HPMT| PbF, |® | Scint. | pMT L
_____ ‘____*i"ﬂr_s"if’_______'___- _
Electronics
m‘::?{:li:;. A |'}| PbF . | ::- Il.n:l:l:r;ls
—[— — HEMT E _g I r
CFD CFD 3 i
..... NPT Setip e i
TIMER TIMER Electronics —‘ ‘_
Bhaping
maim ampl,
Signal | s )l
\o/ | N
“' ICFD
Gate %FD _
ADC ‘ |
' Coinc. |
\\____//
small sample -
w ] ] ) ; ; = ] | TIMER
S Signal Gate
3 4000 .
© | ~&DC ‘
o, = 0.098
ag, = 0.099
3000 ag; = 0.103
Ty =0.110
os = 0.109 . .
0=-0105 real size Xstal
2000 g, = 0.097 '
oy =0.112 ' 10 4
0= 0.118 -—E
o= 0.107 3
1000 - ©
10 3
0123456 7 8 9101112 .
Number of Photoelectrons 10
1.9 p.e./MeV
10
best wrapping material e N e
Immobilon-P (millipore): Number of Photoelectrons

12 % more 1.7 p.e./MeV




radiation hardness and healing by light
—Wc: souree — production of colour cent.
1™ low energy 7: dD=(Dx+Dg)yDt
§ X axis /- Y= 10-4/ Gy
| Ao sam.j, regeneration of colour cent.
: . D=D,+D e-Pot

. 4 30/W
healing by visible light =

3 E
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mechnical dimensions

geometry: tolerances: 0.3mm bis 0.5mm
5 probes, accuracy 0.005mm

)] ﬁ

150 160 170 180
Length [mm]




lead fluoride (PbF,)

photomultiplier signal

direct beam

(855 MeV electrons) du /w B —

sum of 9 crystals

20)

ns

sum of 9 crystals

3.3

scattered particles

i

from 1H2 target = \l(

~

A NAL

7
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- timing excellent (< 20 ns)

- energy resolution better than required




simulations (geant)

generated photons

2000 -

Produced Photons
-
-uq
L4}
=)
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'

2500
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simulated detector
response

measured
detector response

og /E in 3x3 array | %|

Counts
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angular photon distr.
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' Simulations:
= Unirradiated o
® Irradiated 100 Gy
4 Irradiated 200 Gy

* Measurement

02 04 06 08 1
E(GeV]|



511 PbF?2 detectors

voltage aluminium frame —

Xstal divide\
Y

=2
signa;- f
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511 PbF2 detectors

Bonn, 17.10.2000
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MEDUSA
20ns, 3.5%

R7 R6 RS R4 R3

RE R2
RY RI1
RI10 R16

R11 R12 R13 R14 R15

Delay

(4.3.6-E(2.1.8)

position HisTooRAM

Delay
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Energy . . histogramming

Delay | |
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Pile-up inspection &

rejection

PS &
LOGIC (PAL)
DISCR.

from neighbours

veto
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- 1022 parallel modules
- no single events
- 4 dimen. Histogramming
- analogue "Analysis"
- analogue Summation
- temporal and spatial pileup
- 100kHz event processing per channel




511 channels of MEDUSA




S11 spectra

- no single event

- no single detector information

- only histogramm sum signals

- how to calibrate?

- each channel sum of 9

- each channel contributes
amount X to neighbours

- from elastic line derive signal

- do calibration by solving lin. equ.

- adjust high voltage

- only 3 steps necessary

Run 808: Chan 24 pol1 ProjX Nent = 256

Mean = 74.63
22000 RMS = 42
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peak positions

[ Run 1015: corr. peak position vs channel nr |

Nent = 511

Mean = 600.2

RMS = 1759
Integ =-1.994e+05

I Nent = 680

Mean = 4.625
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RAMS =0.5176
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RMS = 0.6566

Integ = 307
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