Data Analysis of MLL Beamtime
Detector 2814_25




Setup

Front view Side view

Silicon Detector

Szintillator

Chan4 Chan3 Chan? Chani Light tight aluminum box;
flushed with N,

Beam:

A 20MeV proton beam from Tandem

A 15MeV protons reach silicon detector (Energy loss in air, aluminum foil etc. in front o
2  the detector; calculated with LISE).



Temperature [K]

Leakage Current before beam
(evening 6.6.2012-morning 8.6.2012)
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Current follows Temperature| For ideal bulk detector:

I(T)" T2 expg xpe 10218

As we have no ideal detector we try to describe the data with:
a bo L

1(T)” T?expae ?o Whereb is a fitting parameter
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Current [nA]

Current [nA]
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Current normalized to 298.15 K

Normalize Current of each channel with following function:

~

8298150, 4 1 1480
1(T = 29815K)—Im§ 8®xpab -
=T, £29815 T, 20

« Channel 1 | |

=N
o
o

Channel 2

300 - Channel 4 —

Current [nA]

200 — Channel 3 —

Hu_ Pl _ il P i pr—
I I

0 1 2

x10°



Beam on detector

Front view
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Leakage Current with beam
(evening 8.6.2012-morning 10.6.2012)
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Current [nA]

Current [nA]
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Current vs. Temperature
for each channel in the three areas |,Il and Ill
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Current normalized to 298.15 K

Normalize Current of each channel with following function:

| (T =29815K) = |m§
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Current normalized to 298.15 K

Extract height of jumps in the current of channel 3 and channel 4 after high beam
intensity and sum up these jumps
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Current vs events

Draw the total increase in leakage current as a function of the particle flux
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Follows more or less a linear function.

Systematic errors were evaluated by taking not only the avebagdue but also the
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highest and lowesh value of the fits in the three regions I,II and lll.



Current vs events

Draw the total increase in leakage current as a function of the particle flux
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Fit distribution with the following function:

KN _
Dl =aVF ,, =aAd—*" =adiN with
A
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Dl: increase in Current

a: Damage Factor

V. active volume of Detector

A: active area of detector

d: thickness of detector (305um)

F oo €quivalent flux on detector

N,: Number of protons on detector

k: damage factor normalized to 1MeV Neutro
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MLL Proton Beam vs. HADES pion beam

Energy alS5MeV e
k Factor a42.853.16
Total# hits 17.5*10"9
Activearea 2.60cm”2

Totalflux (norm.to protons)  6.13*10"9/cm”2

®

\'-\.

cutrons  «— protons

al1.0GeV

a0.5

2.7*10"13
36cm”2
1.10*10711/cm”"2

[l

pions




Meaning for the HADES beamtime

A During the proton run the current has increased&f\bOnAafter the total dose of
17.5*10"9protons on the detector with 15MeV.

AHADES expecis7*10*13pionson the detector with 1GeV.

AThis HADES dose can be normalize@.@10713/3.4*0.5=4.0*10"12 15MeV
protons on the detector.

AThis would result in an increased leakage current by
4.0*10712/17.5*10"9*150nA=34pA

ABut this is valid for a detector temperature 25°C.

AWhat changes if temperature is changed?
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a value vs. temperature
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a value would reduce by factor X020 if detector is cooled tel0°C.
Cooling is essential!



Current vs events

Draw the total increase in leakage current as a function of the particle flux
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Follows more or less a linear function.
Systematic errors were evaluated by taking not only the avebagedue but also the
highest and lowedhb value of the fits in the three regions I,Il and IIl.
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MLL Proton Beam vs. HADES pion beam

Energy 15MeV a1.0GeV
k Factor a42.853.16 a0.5
Total# hits 17.5*10"9 2.7*10M3
Activearea 2.60cm”2 36cm~2
Totalflux (norm.to protons)  6.13*10"9/cm”2 1.10*10711/cm”"2
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Noise [ADC channels]
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Behavior of noise

activearea

0 20 40 60 : 80
= ! Detector channel
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Noise [ADC channels]
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Behavior of noise

0 20 40 60 | 80
: | Detector channel

e after 2.5*10"9eventd8.2cm”2=0.30*10"9/cm”2 (=0.28%f HADESuXx)
e after 5.0*10"9eventd8.2cm”2=0.61*10"9/cm”2 (=0.55%f HADE3uXx)
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Noise [ADC channels]

20

30

20

10

Behavior of noise
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after 2.5*10"9eventd8.2cm”2=0.30*10"9/cm”"2 (=0.28%f HADE3uXx)
after 5.0*10"9eventd8.2cm”2=0.61*10"9/cm”"2 (=0.55%f HADE3uXx)
after 7.5*10"9eventd8.2cm”2=0.91*10"9/cm”"2 (=0.83%f HADE3uXx)



Noise [ADC channels]
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Behavior of noise
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Detector channel

after 2.5*10"9eventd8.2cm”2=0.30*10"9/cm”"2 (=0.28%f HADE3uXx)
after 5.0*10"9eventd8.2cm”2=0.61*10"9/cm”"2 (=0.55%f HADE3uXx)
after 7.5*10"9eventd8.2cm”2=0.91*10"9/cm”"2 (=0.83%f HADE3uXx)
after 10.0*10"9eventd8.2cm”2=1.22*10"9/cm”2 (=1.10%f HADE$Hux)




Noise [ADC channels]
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Behavior of noise

Detector channel

after 2.5*10"9eventd8.2cm”2=0.30*10"9/cm”"2 (=0.28%f HADE3uXx)
after 5.0*10"9eventd8.2cm”2=0.61*10"9/cm”"2 (=0.55%f HADE3uXx)
after 7.5*10"9eventd8.2cm”2=0.91*10"9/cm”"2 (=0.83%f HADE3uXx)

after 10.0*10"9eventd8.2cm”2=1.22*10"9/cm”2 (=1.10%f HADE$Hux)
after 12.5*10"9eventd8.2cm”2=1.52*10"9/cm”2 (=1.38%f HADE3ux)
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Noise [ADC channels]
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Behavior of noise

Detector channel

after 2.5*10"9eventd8.2cm”2=0.30*10"9/cm”"2 (=0.28%f HADE3uXx)
after 5.0*10"9eventd8.2cm”2=0.61*10"9/cm”"2 (=0.55%f HADE3uXx)
after 7.5*10"9eventd8.2cm”2=0.91*10"9/cm”"2 (=0.83%f HADE3uXx)

after 10.0*10"9eventd8.2cm”2=1.22*10"9/cm”2 (=1.10%f HADE$Hux)
after 12.5*10"9eventd8.2cm”2=1.52*10"9/cm”2 (=1.38%f HADE3ux)

after 15.0*10"9eventd8.2cm”2=1.83*10"9/cm”2 (=1.66% HADE3SuXx)
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Noise [ADC channels]
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Behavior of noise

30 activearea activearea
.i - i -
| : . # :
20— ﬁ | ) 1 .
e o = '
J_",_'_\-'-__‘-.'.".."'II.'.- -.i_,_\-._ ._‘_::C:: o Ayl o ' . ! .
10 i— i - -‘i“'“h - C'ﬁ'—.! !::::::__'ﬁ,_._‘-i:\.-ﬁ;' ‘.-'*,._:.-" . » "_.'-w.:. '_"n: |
0 i | | | | EI | | | | | | | EI | | | | | | | | | | 1
0. 20 | 40 60 ! 80 100 120

Detector channel

after 2.5*10"9eventd8.2cm”2=0.30*10"9/cm”"2 (=0.28%f HADE3uXx)
after 5.0*10"9eventd8.2cm”2=0.61*10"9/cm”"2 (=0.55%f HADE3uXx)
after 7.5*10"9eventd8.2cm”2=0.91*10"9/cm”"2 (=0.83%f HADE3uXx)

after 10.0*10"9eventd8.2cm”2=1.22*10"9/cm”2 (=1.10%f HADE$Hux)
after 12.5*10"9eventd8.2cm”2=1.52*10"9/cm”2 (=1.38%f HADE3ux)

after 15.0*10"9eventd8.2cm”2=1.83*10"9/cm”2 (=1.66% HADE3SuXx)
after 17.5*10"9eventd8.2cm”2=2.13*10"9/cm”2 (=1.94%f HADE$ux)




Behavior of noise
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Behavior of signal
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Meanx 11.67
Meany  81.81

- . RMS x  5.401 Bl
120 =. "= " p=1.84cm;u =3.03cm RMSy 5.9
* ©,=0.85cm; 6,=0.78cm —10(
. =m actlve area=n><(2cs )x(20")-8 34cm? ™
?:’ ok 80!
= 100 |
© = —60(
S
S =Rt
-
- 20(
- \
0
60

Channel

Concentrate on channel 82 which is in the centre of beam spot
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Counts

Counts

Behavior of signal

after 0.0*10"9events
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Counts

Counts

Behavior of signal

after 12.5*10"9events
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Backup slides



Signal and Noise behavior

_proton_05 8.6.2012, 11:35; beam positioned, Intensity between Hagit LowIntensity
Total Flux: 0.0

5
10°F Channel= 82 10°
: e=11.0; u=100. - Channel 82
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5 10 3 5 i
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ADC channél ADC channel

Comes probably from long
integration time combined with high
intensity (> no reliable noise
pattern)
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Noise width [ADC values]
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Signal and Noise behavior

_proton_05 8.6.2012, 11:35; beam positioned, Intensity between Haglt LowIntensity
Total Flux: 0.0

Detector channel
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Signal and Noise behavior

_proton_09 8.6.2012, 15:55, with Cup in front of detector, H@Pattern LowIntnesity
Total Flux: 2.5*10"9 events

10° Channel= 82 10°F,
; e=104; p=1015 - Channel 82
103:_ 10% ¢ G=7.0; pu=2369.9
£ 210° 7
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O o 10
10 = :
- 10
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0 50 100 150 200 0 1000 4000

ADC channel ADC channel

Bump shifted (probably protons
loose energy due to cup) Higher
energy loss in detector
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Signal and Noise behavior

_proton_09 8.6.2012, 15:55, with Cup in front of detector, H@Pattern LowIntnesity

Total Flux; 2.5*10"9 events
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Noise width [ADC values]
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Signal and Noise behavior
_proton_13 8.6.2012, 23:50, after 4% (5*10"9 events)wintensity

Total Flux: 5*10"9 events

Channel= 82
o=10.0

=10.0; n=1016

E | Al
0 50 100 150
ADC channgl

Low Intensity>no structure as b

Strange 24 bump (origin unclear)
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Signal and

_proton_13 8.6.2012, 23:50, after 4%
Total Flux: 5*1079 events

StrangeHitPattern no clear circle,
very low efficiency

Noise behavior
(5*1079 event)wintensity
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Detector channel




Signal and Noise behavior

_proton_14 9.6.2012, 00:2CHighIntensity
Total Flux: 5*10"9 events

Channel= 82
o=16.2

2 p=192.0

Channel 82

c=201.4; n=2468.1

10°

Counts

107

10

00 3000
ADC channel

4 | 1 | s |
0 50 100 150 200 0 1000
ADC channel

Perhaps small™bump or only rest
of integration time problem
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Signal and Noise behavior

_proton_14 9.6.2012, 00:2CHighIntensity
Total Flux: 5*10"9 events
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Noise width [ADC values]

60
Detector channel
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INT_HitPattern
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Meanx 12.66
Meany 82.74
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Signal and Noise behavior

_proton_15 9.6.2012, 1:52, after 6% (7.5*10"9 event)wintensity
Total Flux: 7.5*10"9 events
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