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Outline

* P-type Point Contact Detectors
e Ultra high purity crystals

* |mpact on pulse shape parameters
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P-type Point Contact Detector

3 kV n+ contact Li diffused

p-type material

O.k\i/\ p+ point contact
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P-type Point Contact Detector

3 kV n+ contact Li diffused

* 1 signal cable

- less background
* Small p-contact
- low capacitance
) = less noise

()’k\f/\ | * Thick dead layer
p+ point contact —> less alpha and beta events

p-type material
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P-type Point Contact Detector

Weighting Potential

o

z £
0:6
raw preamplifier output: 4
0. single-site event 7 multi-site event
3 =
3 — 0000
D 30
b o] = E ] r-position [mm]
% r
D
e : L % : o . L
Time [10 ns] Time [10 ns]
after differentiation:
o = }.’ = Easy and reliable
o / ] = distinction between
ol | ] - ; ] . ..
E = 1] Ara - \ /\ | singe- and multi-site
i __,_N// “\\ ‘: /\/ A Amax .
i =) /v_’xcm T R 1T 1% 1200 o (=) 7000 10 \\“-7115( SR 120 eve nts Wlth A/E
Time 10 ns] Time [10 ns]

method

Alexander Hegai DPG-Friihjahrstagung 2014 5

Weighting Potential [V]



Advantages of high purity PPC

r depletion region d
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Advantages of high purity PPC

r depletion region d
electrons =— __. — holes

|7 s _‘ ]
Reverse ) * Lower bias voltage

1/2 *Bigger detectors
4= <e_N> e Smaller surface to

S VN volume ratio

=net iImpurity number
€ =dlielectric constant
e= elementary el. charge
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PONaMa

PPC from ORTEC made from Natural Material

Impurity concentration
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rate

A/E

PONaMa radial scan
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241Am source
59.5 keV
1mm steps



rate

A/E

PONaMa radial scan

PONoMa |

Rate [counts/s] in 58-61keV region Pl topscan2 top

PONoMa Il
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241Am source
59.5 keV
1mm steps
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z-position [mm]

z-position [mm]

PONaMa | electric field

Total Electric Potential

Potential from bias voltage
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gradient in the corners

cloud towards the point contact
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Potential [kV]

* Impurity gradient predominant for the field

— Responsible for the transport of the charge
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PONaMa Il electric field

Total Electric Potential

Potential from bias voltage
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* Low impurity gradient leads to small drift in
the corners

- smaller maximum current at point contact

- degraded A/E parameter (hypothesis)
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Drift time measurements

Nal+PMT
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collimated 22Na-source

PONaMa
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ADC

;

Drift time measurements
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Drift time
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AFE [a.u

A/E vs drift time
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Conclusion

e PPC detectors allow an easy and robust
single- vs multi-site discrimination

e Ultra high purity crystals are needed to
produce large detectors with an
acceptable bias voltage

* An impurity gradient that is too shallow
leads to pulse shape discrimination
degradation
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A/E [a.u.]

backup

PONoMa | PONoMa Il

PONaMal A/E vs delta t sideedge 511 keV ROI PONaMall A/E vs delta t sideedge2 511 keV ROI
0.12 — 0.12
L 3 (-
L , B
L L L
01— 10 < 0.1%
0.08— - 0.08
0.06+— , 0.06
0.04 — 0.04
0.02— 0.02
Oﬁ L 1 1 1 ‘ Il 1 1 1 ‘ Il Il 1 1 | L Il 1 1 | L Il 1 Il | 1 1 Il Il | 1 1 Il Il 1 0 Il I 1 1 | Il 1 | 1 1 | 1 L 1 Il ‘ 1 1 II Il ‘ 1 1 1 1 ‘ Il 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
delta t PMT and PONaMal 90% [ns] delta t PMT and PONaMall 90% [ns]

Alexander Hegai DPG-Frihjahrstagung 2014 18



backup

PSD performance based on A/E cut
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backup

Pulse formation

e Shockely-Ramo theorem:
The induced charge Q on the read-
out electrode is given by:

Q = —qxW(r)
W (7) is the weighing potential of
the charge q at the position 7, it
represents the electrostatic coupling

between the charge g and the read-

out electrode

e The signal is the sum of the induced
charge by the holes and electrons
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backup

A The Shockley-Ramo theorem

Shocklev-Ramo Theorem. Under the assumptions that the magnetic effects are negli-
gible and that the electric field propagates instantancously, the charge Q(t) and the current
I(t) on an electrode, induced by a point charge q moving long the trajectory xy(t). are

given by:

Q(t) = ~abu((®) (A1)
1) = S50 = 4B, (1)) - S8 = quy 2y () - Bl (1) (A2

where ¢y and E., are the weighting potential and the weighting field and vy is the
instantancous drift velocity of the charge q.

The weighting potential and the weighting field are defined as the electric potential
and the electric field calculated when the considered electrode is kept at a unit potential,

all other electrodes are grounded and all charges inside the device are remouved.
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