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Motivation: CMS Precision Proton Spectrometer
(PPS)
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Time resolution
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v’ Stochastic signal generation
-> |nitial charge distribution

v’ Stochastics in signal transport

amplitude

v’ Direct measurement not possible
-> SNR & rise time characteristics




Radiation damage in high purity single crystal

diamond
v’ Ideal pure diamond
Single charge carrier Several charge carriers
traversing trough crystal from MIP
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Radiation damage in high purity single crystal
diamond

v Radiation damage: Mono vacancies & interstitials -> deep level traps

Single charge carrier Several charge carriers
traversing trough crystal from MIP
A i=i ekt Induced 1t
Induced 0
current current
time time

» Reduced charge collection, faster signal



Radiation damage in high purity single crystal
diamond: polarization

v" Uneven charge density caused by trapped charge

Trapping in bulk

And interfaces (4 I
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Set-up at SPS Northern experimental area

Reference
scintillator

DUT

180 GeV pions

v’ Irradiated single crystal
chemical vapor deposited
(scCVD) diamonds

v’ @ IRRAD, 24 GeV protons

v Fluence 0 p/cm?, 10 p/cm?,
5%1015 p/cm?

v’ Sensor size 4.5x4.5x0.5 mm?3




Set-up at SPS Northern experimental area

v' Signal readout with fast

v’ Sensor mounted on TOTEM hybrid oscilloscope | | |
[2] (Agilent DSO9254A, v’ Signal processed offline using

v' Three stage amplification chain LeCroy WaveRunnerg104) ROOT
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Contact by pressure
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* Piece of copper tape soldered directly to pre-amplifier leg
(thank you Georgui!!)
* Surface leakage stop with kapton tape, contact pad raised with
copper tape stack
* Pressure applied with pieces of rubber and recycled plexiglass
* In practice:
* Single channel works as well as bonding
* several channels -> increased noise (pick off)



Signals attributes:
Signal amplitude, Signal rise time

Amplitude

0.25

A
90% A =

0.15 1

0.1

0.05 -

10% A - =+

RMS = noise
Signal rise time 1t



Signals attributes: Noise RMS

Amplitude
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Raw amplitude spectrum of proton irradiated
diamonds under pion beam

HV=1000V

5e15 p/cm2 1leld p/cm?2
| reference

counts

140
|
120
I
100 u
80 I
60

40

20

ﬂ 1 1 L1 |.—.| 1 1 | 1N ™ m =o 0okl blon Bl —
0 01 0 0.3 0.4 0.5 0.6
Amplitude (V)

threshold] | 13




Signal rise time spectrum of proton irradiated
diamonds under pion beam
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Signals attributes: Signal duration

Amplitude
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Signals in amplitude-signal duration plane,
separation using signal shape
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Signal FWHM duration (ns)

Signals in amplitude-signal duration plane,
separation using signal shape
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2D-gaussian fit:
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Duration = 3.144 + 0.001 ns

45

40

35

30

25

20

15

10

&

0

Signal FWHM duration (ns)

Irradiated to 104 p/cm?

—_
=

- na [<4] S wm m | ow [dn]

O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

(=

| N N T Y N N N S N N N A i |
0.1 0.2 0.3 0.4 0.5 0.6

1 11
0.7

1 1 1
0.8

1 1 11
0.9

1
1

Amplituclzlem(‘rr.\\})

2D-gaussian fit
Amplitude =288 £+ 1 mV
Duration = 3.048 + 0.008 ns

17

—70

— 60

—50

40

30

20

10

0




Signal FWHM duration (ns)

Signals in amplitude-signal duration plane,
separation using signal shape

Non-irradiated
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Amplitude (V)
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Signal FWHM duration vs bias voltages
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Conclusions

v'Basic signal attributes from 180 GeV pions was
investigated
v'Signal amplitude reduced with radiation damage
v'Signal duration & rise time reduced as well
v'Helps with time resolution
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