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Sapphire detectors

For experiments at accelerators beam halo and beam loss
monitoring need very radiation hard detectors.

Single crystal sapphire is promising material:

— It Is available in wafer size up to 40 cm, cheaper in
comparison to diamond, fast and radiation hard.

- currently are used for a beam-loss monitor at FLASH.
Sapphire Crb2 and Crb6 samples

Test Beam (e-) in Darmstadt :
- at least 30% relative efficiency
after 10 MGy dose.

(After the same dose pcCVD shows 20%, scCVD - 10%.)
- leakage current even after

iIrradiation stays in pA range.

Relative efficiency
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Sapphire detector prototype for MIP detection
had been studied at 5 GeV e  DESY-II test beam
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< ~11K e-/h pairs,

10
for 10% CCE: o |

1000 e- signal, ~220K e-/h pairs,

for 10% CCE: 22K e- signal,
hard to detect. big enough to be registered,
comparable to 500pm scCVD .

This design allows strong increase of
directional sensitivity!
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Sapphire stack structure
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Front-End for DESY Il TB

Charge sensitive o :
SENSOR SHAPER: peaking time 100 ns;
[ HV PREAMPLIFIER Signal length 350-400 ns.
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EUDET Telescope -

tracking device designed for detector prototype
characterisation at the test beam.

e Active area of the telescope - six Mimosa26 pixel sensors.

e SiX space points per track, Track pointing resolution ~10 pm.

a 1152 pixels (21.2 mm) -
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DESY Il, TB area 22, 5 GeV electrons, 100 Hz rate.
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Track reconstruction

Using hits from Telescope planes, tracks were reconstructed.
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ADC output
In .root format

Telescope output in
.raw format

Synchronization is done using TLU number.

« EUTelescope includes software for offline analysis:
Clustering — Filter - Hitmaker - Alignment - Fitter - DUT

H A
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Detector view, reconstructed from tracks
scattered Iin sapphire material

IP in XY terms, Z=0, Dist&Angle cuts
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Synchronization of Telescope and ADC is done using
Trigger Logic Unit numbers.
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Signal extraction

Averaged Signal

Averaged Baseline
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Selected integration window 420-470 ns.
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Plate by plate and Ch by Ch Averaged signal

Averaged Signal Amplitude @950V
Cho

Plate 1
Plate 2
Plate 3
Plate 4
Plate 5
Plate 6
Plate 7
Plate 8
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.

Common mode noise

Correlation plot, ch1 - ch2
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Entries

Before CMN subtraction
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CMN subtraction reduces the noise, mean value of
the signal is practically not affected (~1% change)
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Charge collection efficiency vs. bias voltage
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Charge collection efficiency, %
h
I

~~ 1« Sapphire detector CCE
=1 linearly depends on the
applied voltage.

1« For good quality plates
L 1 Itreaches ~10% at 950 V
i (E=2V/um).
o 260 | 360 | 460 | 560 | sclm | 760 | sclm | 960 |
Bias voltage, V
Plate number 1 2 3 4 5 6 7 8

CCE, % 11.5 8.4 8.9 10.6 9.1 5.8 3.9 2.9
stat. error 0.14 0.1 0.13 0.11 0.11 0.08 0.06 0.06

syst. error 0.6 0.4 0.4 0.5 0.5 0.3 0.2 0.2
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Horizontal and vertical scan

IP in XY terms, Z=0, Dist&Angle cuts

IP_Zproj_ withDistAngleCut
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Integral mean value

Integral mean value

Horizontal scan

Horizontal homogeneity study ch0 @950V, |Angle|<0.0005 Horizontal homogeneity study ch1 @950V, |Angle|<0.0005
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Signal size vs. track position between electrodes

Plates with 'high' efficiency

Signal size, arb. units
Ly
=
[

plate 1, ch0
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plate 3, ch1
plate 4, ch1
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Sensor depth, pm

depth

Signal size is correlated with field direction. It agrees with assumption that

charge collection in sapphire is done by only one type of carriers (electrons).
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Maximum near negative electrode — polarization field!
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Signal size vs track position between electrodes - 2

Plates with 'low' efficiency

300
_Jg —=— plate 7, ch3 +HV
= 250 | —=— plate 8, ch3 i e

- = _ =

. Q. Plate 7
S 200 i R/O
n -
Q@ 150
N Plate 8
Y j00! _

m

= ~+
S 50t T tHY
)

ﬂ 1 L 1 L L L L L L L
0 50 100 150 200 250 300 350 400 450 500
Sensor depth, ym

Signal size is correlated with field direction. It agrees with assumption that
charge collection in sapphire is done by only one type of carriers (electrons).
Maximum near negative (and at ~100 pm from positive)
electrode — polarization field!
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- Outlook: Next generation sapphire sensor

Sapphire plate Connection wires

Wire bond Ceramic PCB
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Conclusions

e Single crystal sapphire is a very promising radiation hard
material for single particle detection.

« A sapphire direction sensitive detector designed for MIP
detection was tested at the DESY Il test beam.

— The charge collection efficiency is linearly dependent
on the bias voltage and approaches 11 % at 950 V.

- Electrons give the dominant contribution to the signal
charge collection.

— Polarization effect observed.

« TB results are used for design of a next-generation
sapphire strip detector for high energy particle tracking.

-
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