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1. Introduction

A new beta counting system hasbeen developed forthe RISING R are Isotope Spectroscopic
IN vestigation at G ST) projfctto study the beta decay of exotic nuclei produced by fission and
fragm entation . This system em ploystheM icron Sem iconductorLitd.[1]1 M odelW 1 O S)-1000
D C ooupled double-sided silicon strip detector © SSSD ) w ith 16 frontstrips and 16 back
stps, each of w idth 3mm  (s=e fig. 2), to detectboth fragm ent in plants and their subsequent
beta decays. O ne of the challenges in designing electronics forthe beta counting system  is the
range of charged particle energies thatm ustbe m easured . A fast fragm ent in plantw ill deposit
m ore than 1G eV totalenergy 1 the D SSSD , w hile an em ited beta particle w ill deposit less
than 1M €V .A scan be seen in fig 1, in plantation and decay events are directly conelated

w ithin each pixel of the detector, providing am easurem entof the 3-decay tim e In the seconds
1ange.M easurem entsw th mesytc 2] and M uld Channel System s 3] electronicsw illbe
described and experin ental results of a **'Am o -source and *9'B i -source are discussed.

Finally, am easurem entw ith “°X e jonsw as perform ed w hich w ere in planted in the DSSSD .

p Projectile Decays
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Fig 1 : Schem atic draw ing of the position correlation betw een the projectile inplantand the
subsequentff-decay m easured w ith the double-sided silicon strip detector O SSSD ).

2 .Double-sided Si-strip detectorW 1 O S)-1000

TheDSSSD W 1 (D S)-1000 provides 256 3x3 mm * pixels on the 5x5 an  detectorto encode
X-y position (see fig2).A thicknessof 1000um isused to ensure sufficient silicon for
detection of the high-energy particles M eV range) expected from the decay of radicactive
nuclei. The detectorw as min ata bias voltage of 200V to cbtain fisll depletion.

Fig 2: Schem atic draw ing of the W 1 O S)-1000 double-sided silicon strip detector O SSSD )
from M icron Sem iconductorLitd [1] .



The D SSSD wasm ounted to a gpecial detector adapterdesigned by m esytec 2]. The strips
w ere connected by tw 0 20 pole flat rbbon connectors t© the pre-am plifiers. The used m esytec
cabling collection consists of three m ain com ponents:

- Shielded m ultpole cables for n- and outside the vacuum vessel
- Several types of selected vacuum feedthroughs
- Individually designed detector adapters

3.M easurem entsw ith m esytec electronics

Themesytec M PR -32 pream plifierw asused forthe 16 fiontand 16 back strps of a single

D SSSD . Positive and negative charge can be am plified equally . The Input connectors are
subD 25 fem ale connectors. For the differential outputs tw isted pair34 pin m ale header
connectors are used.. Fora **’B 1B -source the M PR -32 outputsignal is displayed i fig.3 w ith
a pulse height of approxin ately 200m V' and a decay tim e of 30us. The signal to noise ratio is
10:1.
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Fig 3 : O utputsignalofthe M PR 32 preamplifier ora **’Bif-source foulse-height200mV,
decay time 30us).

Them esytecM PR -32 m ulti-channel pream plifier is available 1n a linearand logarithm ic
mode.A typical application of the logarithm ic one is decay spectroscopy w hich allow s the
m easurem entofboth the 3-energy (MM €V range) and the In plantation of heavy ions (I G &V
range) w ith the silicon detector. TheM PR -LOG seres provides a linear range, w hich covers
70% ofthe toalrange. The last30% covers the range up to 3G &V .Fig4 show sthe
characteristics of the logarithm icM PR -32 pream plifierw hich w asm easured w ith a research
pulserusing the cornectpulse shape. The pulse height can notbe directly related to the

In plantation energy because of the pulse heightdefect. A ppendix E show s the m axin um
Incidentenergy forheavy ions mplanted 1 0 5Smm and Imm silicon.A sw itch atthe
Jogarithm icM PR -32 pream plifierallow s choosing a linearange of 2 5M €V or1l0M €V .For
the IinearM PR -32 pream plifieran am plification range of 5M €V and 25M €V can be chosen.
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Fig 4 The characteristics of the logarithm ic M PR -32 pream plifierwasmeasured w ith a
10M €V linear range setting and the STM -16 spectroscopy am plifier gain=1, threshold=5
and shaping tine 2 S5usFWHM ).

TheM PR -32 can easily be com bined w ith tw o mesytec STM -16 shaping-/Am ing filter/
discrim natorm odules w hen the differential input version isused. The input resistance m ust
be term mated w ith 502 forthe linearM PR -32 and 100Q2 forthe logarithm icM PR -32.The
polarity can be changed w ith a 4*16 pole connector (nside the case labelled differential nput
gain 2).Tw o shaping tin esofo=0 4us/ips @ OpusP SusFW HM ) can be selected by a jum per
(hort/long) w hich is com m on forall channels. Forthe follow ing m easurem ents a shaping
timeoflus FW HM ) was selected.

The STM -16 can be contolled by aN MM -module M RC -1 w hich worksasabusm aster.One
mesytecM RC -1 can control 32 variousm esytecm odules fiotonly STM -16) . It is prepared for
the r=m ote controlof () individual discrim natorthresholds (0% t© 40% ofmaxinum range,
4V ) and (i) gains ([n 16 steps) forpairs of channels. Com m unication w ith a control PC is
done viaR S-232 serial mterface.
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Fig 5: Energy spectrum ofa *°’'B i -source m easured for different discrin nator thresholds
labelled T=8 t© T=32 of themesytec STM -16 module.

Each analogue signal (34 pinm ale connector) w as fed directly to a CAEN V785AFADC.
The trigger signal of STM -16 wasused to produce the AD C gate. D etails of the electronic
m odules and the electronics diagram can be found n Appendix A and B .Fig 5 chow sthe



energy spectmm of a **’B 1 -source m easured fordifferent discrim nator thresholds of the
mesytec STM -16 m odule. The detection lin it seem s to be ataround 150keV .

31 Resultsw ith m esytec electronics

311 Energy resolution m easured w ith a-particlesofa
241

The energy resolution of the individual strips w asm easured by a thin “"Am source placed
5an fiom the detectors surface in a vacuum vessel, flooding itw ith o -particles. The range of
5M €V a-particles in silicon is~28um .A G aussian function w as fitto the 5 486M €V peak.
Thdividual strips digplayed energy resolutions of 0 48-0 52%  (font) and 0 51-0 64%  (back)
FW HM forthe 5486M eV peak.The edge strips show ed a som ew hatpoorerregolution.
Typicala-energy spectra for individual strps are digplayed in fig 6 .N eighbouring strips are
separated by an lnsulating gap . Tthas already been cbserved by others (4] thata charged
particle entering the detector through the gap betw een the strips Induces a reduced pulse
height In the firont stips in com parison to a particle entering through a stip . This effect is
believed to be the resultof charge trapping betw een strips due t© the shape of the electrdc field
betw een the strips. W e have also observed this effect (see fig 6 left) .
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Fig 6: Energy spectum ofa **'Am a-source m easured w ith D SSSD 2512-17 front strip X4
(eft) and back strip Y4 (right).

Fora fully depleted DSSSD (oias voltage 200 V) the strip m ultplicity is close to unity, while
them axinum of the stdp m ultplicity ack side) is shifted to 2 fora detectorbias voltage of
40V (fig.7).

The rlative efficiency of the strips is roughly constantacross the entire detectoras itw as
exam ned by C .W rede etal. 4].Therefore, the distrbution of the a.-source can be exam ned
w ith a resolution of 256 pixels.D ata w ere taken under the follow ing condition : First, the
“Am source w as centred relative to the D SSSD and second, m oved to one side of the

D SSSD .Fig 8 show sboth 3-D histogram s of x-position versus y-position . O ne can clearly see
the Intensity distrbution and the boundaries of the a.-source.
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Fig 7 : Strip m ulbplicity for front (eft) and back right) side m easured forD SSSD 2512-17 at
abiasvoltage of 40V @etector not fiilly depleted) ©ora-particles ofa **’Am source.
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Fig8:3-D histogram ofx-position versus y-position m easured forD SSSD 22435 with a-
particles ofa **"Am source. The source is centred (left) and off-centre (right) relative to the
DSSSD .

3 12 Energy resolution m easured w ith electrons of a **’B i source

A *"’B1iconversion electron source (& ppendix 1) w hich em itsm ono-energetic -particlesw as
used to calbbmate the D SSSD . The **’B 1. source w as positioned about 5am from the front face
of the detector. The m easured electron spectrum forstrip X 4 is shown 1 fig 9. Fourpeaks
482keV , 555keV , 976keV and 1049KkeV ) are clearly seen and are due to K and L conversion
electrons of the 570keV and 1060keV transition 11 *'Pb. Forthe m axin um beta energy of
1049keV adetectorthicknessof =2 31mm is required. STnce the path of a beta particle isnota
straight Iine, it isnotabsolutely essential that the detectorhas the indicated thickness. The
energy resolution of the 976keV lne is 14 4keV forstrip X 4.Fig 9 show s an overview of the
energy resolution versus the strip num berw hich is better for the front jnction side than the

rearohm ic side.
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Fig 9 : The conversion electron spectrum of *°’Biobtained by strip X4 of D SSSD 2512-17.
Fourpeaks at482keV, 555keV, 976keV and 1049keV are by m ono-energetic elecrons (left) .
The energy resolution for the front junction and the rear ohm ic side versus the strp num ber is
plotted on the right side.

If the m easuram ents w ere perfom ed w ith a detector © SSSD 2243-5) w hich w as already
exposad t© a heavy jon beam , the average energy resolution is 16 2keV forthe front junction
side and 33 3keV forthe rearohm ic side (g 10).

A N data discussed =0 farw ere obtaned fora detector n vacuum .D SSSD 22435 wasalo
Tvestigated in dry nitrogen and the results are also digplayed in fig 10. The energy resolution
m easured In vacuum and dry nitrogen is the sam e w ithin the experim ental uncertantes.
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Fig10: The energy resolution ofD SSSD 22435 for the front junction and the rear ohm ic side
is plotted versus the strip num ber. The m easurem ents w ere perform ed n vacuum  (full Iine)
and I drynitrogen N, (dashed line)

In conclusion, the proposed R ISING experin entsw ith an active stopper should be
perform ed n dry nitrogen, w hich allow s the use of a detector vesselw ith thin wallsto
m Inin ize the absorption of the em itted y rays.



The com parison betw een the linearand logarithm icM PR -32 pream plifier is displayed n
fig 11, which show s a slightly w orse energy resolution forthe Jogarithm ic one, 19 .7keV
Tnstead of 15 3keV .H ow ever, the logarithm icM PR -32 has the advantage to m easure both the
in plantation energy asw ell as the f-energy .
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Fig11: The conversion electron spectrum of *°’Bicbtained by strip X3 of D SSSD 22435

measured w ith the linearM PR -32 (op) and the logarithm icM PR32 (pottom ). The energy
regolution and the signal-to-noise ratio are AE=15 3keV and 3 5:1 for the linearM PR-32 and
AE=19.7keV and 2 6 :1 for the logarithm icM PR 32, regpectively.

4 .M easurem entsw ith M uld Channel Systam s electronics

A tthe N ational Superconducting C yclotron Labomatory NSCL) atM ichigan State University
M SU) anew counting system [5] hasbeen developed w hich yields r=liable energy
nfom ation forboth m plants and decays. The D SSSD signals are firstprocessed by two 16-
channel charge sensitive pream plifierm odules CPA -16 supplied by M uld Channel System s.
These m odules contan precision pre- and shaping am plifierelectronics and provide both high
gamn @V C) and low gain (0 1V fC) analogue outputs. O ne m odule w as specified to have
Tnverted output signals, and the otherone non-nverted, <o that the processed outputs from
both the fiontand backsides of the D SSSD share the sam e polarity . Fora *°’B 1 -source the
CPA -16 outputsignal is displayed 1 fig 12 w ith a pulse height of approxim ately 200 mV and
aw idth of about 1us. Therefore, a high counting rate of at least 100 kH z can be applied
w ithoutpulse pile-up . The signal to noise rato is 7:1 .A sa result, the Iow gain signals, which
provide the fast fragm ent in plantation energy inform ation, can be sentdirectly to CAEN
V785AF ADC w ith no further shaping.A s the high gain signals carry Ifom ation from low -
energy beta decay events, they require furtherprocessing. This is accom plished atM SU using
Pico Systam s [6] 16 -channel shaperdiscrim matorm odules in CAM A C . The shaperoutputof
the P ico System sm odule is sentdirectly t an AD C w hile each discrim natoroutput is
com bined in a logical OR gate to provide the m aster trigger. Since Pico System sm odules
w ere notavailable atG ST, ORTEC 572 and 16-channel CAEN N 568BC am plifiers w ere used
for further shaping the high gain CPA -16 output signals.D etails of the electronic m odules and
the electonics diagram can be found n A ppendix C and D .
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Fig 12 : O utput signalofthe C PA-16 pream plifier fora *°’Bif-source.

4 1 Resultsw ith M uldi Channel System s electronics

4 11 Energy resolution m easured w ith p-particles ofa **’'B isource

A *°'B iconversion election source w as used to m easure the election spectum forone
representative strip of D SSSD 22435 (fig13) . The B -source w as also positioned about 5am
from the front face of the detector. Three differentm easurem ents w ere perform ed: (i) the high
gamn output signal of the C PA -16 pream plifierw as sentdirectly to the ADC, (i) itwas
additionally am plified w ith ORTEC 572 using shaping tim esof 0 5us, 1 Ousand 2 Ous,
respectively and (i) w ith CAEN N 568BC w ith shaping tim e 2 Ousbefore sending itto the
ADC .Fig13 show s the conversion election spectum of *°’B iw ithout fiirtheram plification.
Only twopeaks @82keV and 976keV ) are clearly seen and are due to K conversion electons
of the 570keV and 1060keV tansition i *°’Pb. The energy resolution of the 976keV line is
100keV .The detection 1im itseem s to be ataround 300keV .
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Fig 13 : The conversion electron spectum of *°’Biobtained by a strip of D SSSD 22435 .Two

peaks at482keV and 976keV are by m ono-energetic electrons. The high gain ocutput signalof
the CPA -16 pream plifier was sentdirectly to the ADC .
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Fig 14 : Conversion electron spectra of **'Bicbtaed by a strip of D SSSD 22435 . The high
gain output signalofthe CPA -16 pream plifierwas am plified with ORTEC 572 using shaping
timesof0 5us top kfh), 1 Qus (op right) and 2 Qus bottom left) and with CAEN N568BC

w ith shaping tine 2 Qus (ottom right) before sending to the ADC .

Fig.14 show s conversion electron spectra afteradditional am plification w th ORTEC 572 and
CAEN N568BC .Them easured energy resolutions are sum m arized In the table below .

shaping tim e [usg] ORTEC 572 CAEN N568BC
05 122 kev
10 112 keV
20 103 kev 113 kev

In conclusion, for the D SSSD an energy resolution of 15keV and an energy threshold of
150keV havebeen m easured for them esytec elecronicwhich com parestoa FW HM of
100keV and a threshold of 300keV forM uld Channel System s electronics.

5.Cham ber for theR ISING active stopper

A flterthe decision to operate the D SSSD  1n dry nitrogen, y -ranam ission m easurem entsw ere
perform ed w ith *’Co E,=0122,0136M &V ) and *°Co E,=1173,1332M eV ) sources.

D ifferentalum inim plates varying betw een Imm and 5mm asw ell as printed circuitboard

m aterial Pertinax fphenolic-form aldehyd cellilosepaperPF CP 2061) of émm thicknessw ere
nadiated and the none absorbed y-1ays w ere detected 1n a G eigerM tller counter. The ratio of
the y-tanam ission of alum nium and Pertinax isplotted 1n fig 15 asa function of the A 1-layer
thickness. The y-tranam ission of both m aterials is equal fora thicknessof 2mm alum inim .



Since the cham berof the active stopper can be produced w ith Pertinax of 2mm thickness, the
alim nim equivalentis 0.7mm .Figl6 show s the active stopper cham berproduced cutof
2mm Pertinax w ith an entrance and exitw indow covered by a thin black Pocalon C foil

@0um ). The top coverof the cham ber show s the cable connectors forsix D SSD w hich can be
ananged In tw o 1ow s.
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Fig15: The ratio of the y4tranam ission ofalim nium and the printed circuitboard material
Pertinax isplotted asa fimction of the Al-layer. The y -tranam ission ofboth materdals is equal
fora thicknessof2mm alum Inium .

Fig16: The C uster array of the stopped beam RISING experin ents w ith the active stopper
vesselm ade outof Pertinax (left) and the top cover of the active stopper cham berw ith
the cable connectors (ight) for six D SSSD arranged I two row s.

A ?°"B 1 conversion electron source w asm ounted in frontof the new Pertinax cham berand the
electron spectrum w asm easured forD SSSD 2243 -2 . Them esytec electonic w asused t©

cbtain the energy resolution w hich yields an average value of 15 1keV forthe front junction
side X -strips).

6.Im plantation m easurem entw ith a **°X e beam

A testm easurem enthas been perform ed w ith the RISING setup (figl17) in the S4 area of the
fragm ent separator FRS) atG SIto nvestgate the heavy ion in plantation n the double-sided
Sistrip detector. A prin ary beam of P*X e w ith 400AM eV w asused to be slow ed down in the



S4-degraderand finally m planted In the silicon detector. The active stoppervessel forthe
DSSSD ischown in fig 16 sunounded by the C lusteranay of the stopped beam R SING
experin ents.
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Figl7:Schematic layoutofthe RISING sstup atthe S4 area of the FRagm ent Separator
(FRS) atG SI.The beam diagnostic elem ents consistoftwo multw Ire detectors M W 41 and
MW 42), two jonisation chambers M USIC) and two scmtillation detectors 621 and Sc41).
The degrader allow s an accurate inplantation of the heavy ions In the active stopper, which

is surrounded by G e-C luster detectors fory -ray m easurem ent.

Tw O m easurem ents w ere carrded outw ith the lnearand logarithm icM PR -32 pream plifiers.
They were placed 30an aw ay from the D SSSD and com bined w ith two mesytec STM -16
shaping-Am ing filter/ discrim natorm odules @ta distance of 10m ). The STM -16 unitsw ere
operated w ith a gain-value of 1 and a threshold of 20 . For the planned decay experin ent the
optim al ssttings are a gan-factorof 2 and the threshold as Iow aspossible €g9.2-3) to reach
the highest efficiency forelectron detection. The scintillation detector Sc41 served as a trigger
forthe m easurem ent.

6 1 Resultsw ith the InearM PR -32 m esytec pream plifier

The linearM PR 32 pream plifier isw ell suited for the electron m easurem ent M €V 1ange),
how ever;, forthe in plantation of heavy ions G €V range) the output signals saturate. A
collection of the m easured pream plifier signals can be found 1 appendix F . The m easured
energy spectra (10M eV range setting) obtained by x-strips (front junction) of D SSSD 22435
are shown In fig 18 forthe In plantation of 3% e ions. They show the low energetic partof the
In plantation causad by light charged particles and atom ic X -rays. In m ostcases all the strips
ofthe DSSSD fire, since no condition is sston the In plantation of the heavy ions.Fig19
show s the x-strip m ulbplicity distrdbutions fordifferent energy thresholds. If one tgkes only
the overflow data of the energy spectza (>10M €V ), the m ultplicity spectum is Jocalized at
am allvalues, w hich is expected forthe in plantation . Form ulbplicity one on each side of

D SSSD the position is uniquely determ ined, w hile forhigherm ultplicities the centroid has o
be determ ined. Tn case of the IinearM PR -32 pream plifiereach strip has the sam e w eight for
this calculation, sinece the individual stp energies are notm easurad . Based on the overflow
data, a position correlation betw een the D SSSD and the m ultiw ire detectorM W was

determ ined w hich isdigplayed in fig 20. The conelation show s that the data m easure w ith the



136

linearM PR -32 pream plifier can be used fora position determ ination of the mplanted X e

ons.

In conclusion, the overflow data of the D SSSD allow a zero order position determ nation
of the heavy ion Im plantation.
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Fig18:M easured energy soectra (10M €V range of the linearM PR -32 pream plifier) cbtained

by x-strips (front Jmction) of D SSSD 2243 5 for the nplantation of “°Xe ions.

[0 ] o B3 s
[EnTriEs [EnTriEs
= Main 142 — Man 1584
s — [T H A4 [ F 1628
F Urderllam a e = Uncisriiow a
+F ChvarHow a E Cvartow a
— Imtagral  1.M3werd E | Mdue
Hea E M "= Infagrad 1. MduelS
3t ] mil F
E b
bl - i E
F ] i
rapan T E
F b - i
(0T i E
E vemas
00 - E
= I ! 1 I I 1 I I oE e e TP e o ) Py arr iy L [P I
a 2 A L] a " i 4 "

2 a [} [] " 12 ™ (]

Fig19: M ulbplicity disrbutions m easured by x-strdps of D SSSD 2243 -5 for different energy
thresholds.Fora very Iow threshold (channelnumber 200) aln ostallx-strips are firing,
while for the overflow & 10M €V) data the hitprobability is very low , as expected or the
inplantation of *°Xe ions.
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Fig 20: Position correlation between the m ultiw ire detectorM W and the D SSSD 2243-5. T
case ofthe D SSSD the position of the inplanted “*Xe ion was determ ined from the overflow
data,when a linearM PR -32 pream plifierwasused.

6 2 Resultsw ith the logarithm icM PR -32 m esytec pream plifier

The logarithm icM PR 32 pream plifier isw ell suited forboth the electron m easurem ent M €V
1ange) and the heavy ion I plantaton G &V 1ange).A collection of the m easured pream plifier
(logarithm icM PR -32) signals and am plifier (STM -16) signals can be found in appendix G

Fig21:M easured energy soectra (10M €V range for the Inear partof the logarithm icM PR -
32 pream plifier) cbtaned by x-strips (front jnction) of D SSSD 22435 for the inplantation
of **Xe ions. The double hump structure is related o the stopping of the heavy ions.



The m easured energy spectza (LOM €V range setting forthe linearpartof the logarithm ic
pream plifier) obtained by x-strips (front junction) of D SSSD 22435 are chown in fig 21 for
the in plantation of “*°X e ions. They show a sim lardistrbution at Iow energy (<10M eV ), as
com pared to the IinearM PR -32, and a pronounced double hum p stucture in the logarithm ic
partof the gpecttum . The double hum p stucture, w hich relates to the in plantation of the
13%% e 1ons, w as aligned foreach strip and the strip m ultplicity forthe highestpesk w as
determ Tned. Fig 22 show s the m ultplicity distrbution for the heavy ion in plantation. -am ost
cases only one ortw o stps on the x-and y-side of D SSSD w ere activated . Tk tumns out that
the highestpeak of the double hum p stucture is related to the in plantation, w hile the second
highestpeak is mterpreted as a cross vlk eventw ith the neighbouring strip . The resultof the
double hum p analysis is also digplayed in fig 22 show ing the hitpattem of the m ultbplicity 2
events. n 90% of all cases the second highestpeak is in a neighbouring strip .
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_ Man  owre 20000 Mean 1.572
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Fig 22 : M ultplicity distrdbution for the higherpeak of the double hum p sructure (eft) . The
black distrbution show s the result for all x-stips of D SSSD 2243 -5, while for the red one
strip=1 was rem oved, which seem ed to be very noisy. The rightdiagram show s the hitpattem
relative to the strip w ith the highestpeak formultplicity 2 events. Th 90% ofallcasesthe
second highestpeak is n a neighbouring strip.
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Fig 23 : Position correlation between the m ultiw ire detectorM W and the D SSSD 2243-5.
case ofthe D SSSD the position of the nplanted 7*Xe ion was determ ined from the mean of
highestpeak, when a logarithm icM PR -32 pream plifier was used. The left correlation
ncludes all strips, while for the right one a single noisy strip was rem oved.



Th case of the Jogarithm icM PR -32 pream plifier the m ean of the highestpeak of the double
hum p stucture w asused forthe position determ nation. n fig 23 the position conelation
betw een the D SSSD and them ultiw ire detectorM W isdigplayed. Tchow s a stoong
conelation butalso an offset since the D SSSD w as notaccurately centred in the fram e of the
FRS.

In conclusion, the logarithm icM PR -32 pream plifier is recom m ended to be usad for the
active stopper m easurem ents.
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Appendix A

Rear Ohmic Side

Front Junction Side

REUCLor

M? Jundion Elements: 16 MPR-32 STh-16
M= Jundtion Elements: 16 Charge 5ensitive Preamplifiar 16 fald shaper
Element Le ngth: 485 mm
Element Pitch: 31 mm 32 channel compact module 16 channel NIk module
Elementwidth: 2.0 mm Sensitivity anitch, factor S shaper amplifier
Active Araa: A0:50 mmE Bias valtage up to £9000 timing fiter amplifier ADC WTBSAF
Thickness: 000 pm leading adge discriminator 32 channel
Frice: 5E00€ Frice: 27I0€ Frice: Zu3ME € Frice: 094 €
MRC-1
Total cost 22,514_- £ 1z master contraller
for STM-1G
Frice: 00 £

Appendix B : Block diagram using m esytec electronics
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BIAY I FRE AMFLIFIER CONTROA. l
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&
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ISV TEC




Appendix C

Rear Ohmic Side

Front Junction Side

Fon Semiconductor

multichannel ¥
systems

N2 Jundtion Elements: 16

M? Jundion Elements: 15

Element Langth: 425 mm
Element Fitch: 21 mm
Elementwidth: 3.0 mm
Active Area: 080 mm?
Thickness: 1000 pm
Price: SE00E

CPA-16
Charge Sensitive Preamplifier

16 channel compact module
2 output stages with different gains
Bias voltage up to £5000¢

Price: 2w 2PE0E

Total cost27,250.- € (discritminator not mcluded)

Amplifier NSE2BRC

ADC WTE5AF
16 fold shaper 32 channel
Price: 2w3421 £ Price: 2w 6094 £

Appendix D : B lock diagram using M uld Channel System s electronics

MULTICHANNELS

“VACUUM CHAMBER

1
PRE AMFLIFIER : | X
I 1
! 16 STRITS BACK !
1
’ PSIDE {wp | _
i DETECTOR ! -’J_—_—\‘a
1
I
N SIDE by
L ?_v 16 STRIPS FRONT :
SUPPLY ; :
— - e 2 ey
MULTICHANNELS | 1 | 1
PRE AMPLIFIER | SAAPRG ' , |
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1 1
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DOTTED UNITS WERE USED OME AFTER THE OTHER AND DELAY WAS USED WHEN EVER REQUIREL




Appendix E :M axin um Ihcidentenergy for heavy ions in planted In 0 5Smm
and Imm silicon

Bu_ﬂ' L J L I . L N T X I - I . I L T ._-.:'- ol
70.0 |
60.0 |

50.0

e el e

40.0 0.Amm 5

30.0

20.0

incident energy [MeV/ul

10.0 | '

u_ﬂ L [ L | i 1 i 1 i [ L 1 i
0 0 20 30 40 BHO 60 70O 8O0 90

Z-projectile
Propctiles are in planted 1n 0 5mm (116 5mg/m ) and Imm  233m g/m *) silicon. The
maxinum ncidentenergy M eV A1] isdeterm ned from the range tables of F H ubertetal.
Annalesde Physigques5 (1980),p 1 (©Open symbols) and fiom 1anges calculated using the
ATM A code (fullsymbol).

F Hubertetal

10mm Si:E=19.772+118791*Z -0 00606377*Z>
05mm Si:E=13.738+0.73188*Z -0.00417978*2>
ATIM A

10mm Si:E=20803+1.02507*Z-0.00611181*Z°
05mm Si:E=14 487+062831*Z-0.00411604*2>



Appendix F

Tek  Stapped
b

: Pre-am plifier signalsm easured w th M PR -32 (Iin)
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Appendix G : Pre-am plifier signalsm easured w ith M PR 32 (log)
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Appendix H : Am plifier signalsm easured togetherw ith M PR 32 (log)

Eile  Edit  Veical  Hoiiz’écq  Trig  Display  Cursors  Measure  Math  Uliities  Help File  Edit  Wetical  Horizdeq  Tiig  Displap  Cursors  Measwe  Math  Utilties  Help

[

Fle Edt Vefica Hoizdeq Iig  Display Cusos  Measwe  Math  Uties  Help File Edt Vemical Horzlscq Irg  Display  LCusors  Measwre  Math  Utiiies  Help

P —




Appendix I:Decay schem e of “'B 1

9/2- 38y
D
= “"a'r. e’ o
RLNC S G EC.B7
. * "t S st
7/2- g n an ol 23309 7.0%
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=17 G ™
_—': = R LR
32 = & o® b 0llps 0.8978
52 Y fg* 4‘ N 3 ps 056965  FC 10% BT0.012%
1/2- 9
;:';'.'Ph =
v-energy [keV] e-Enargy
569.6 481.7 [K]
553.8-556.7 [4
565.8-567.2 [M]
1063.7 47587 [K]
1047.8-1050.6 [L]
207Bi emits gamma rays and electrons 1059.8-1061.2 [M]




