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Diamond Detector



A

Substrate

Diamond Substrate:

pCVD = 10x10 mm?2 x 0.5 mm
sCVD = 5x5mm?x0.5 mm

Next transparenc
10 mm . parency




pCVD Substrate

Crystal boundaries, 100 — 200 um
- Trapping

— Reduction of ionization charges

A

Charge-collection distance typ. 200 um




Diamond Detectors

sCVD
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Physics



Principle of lonization

MIP

—{>—

Semiconductor
13 eV/eh-pair
36 eh-pairs/um



Modes of Operation

Counting Mode Calorimetric Mode

MIP

io = Q'Vd/d
io=Q/2'vq/d

Q/2

Q/2

td=d/Vd td=d/Vd



Proton Interaction

—> Direct measurement of the ionization charge

- Single protons, efficiency = 100%



Proton Interaction
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Proton Interaction

Generated charge
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Proton Interaction

Generated charge

102 = ~|proton
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Proton Interaction

Generated charge
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Proton Interaction

Generated charge
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Proton Interaction

Generated charge
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Applications



Beam Instrumentation Detectors

Beam Loss Monitors (CERN LHC)
Beam Position Monitors (XFEL)

Beam Profile Monitors (Particle Therapy)
Neutron Flux Monitors (ITER)




Application Example 1:

PROTON THERAPY
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Application Example 2:

PROTON THERAPY



Proton Therapy
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Proton Therapy

Phase measurement

200 MeV protons, 106 MHz RF 10 ns/div
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Proton Therapy

Phase measurement

200 MeV protons, 106 MHz Rf 10 ns/div

10 ps phase
resolution

3° = 80 ps phase stability
< >

IBA Cyclotron



Proton Therapy

Intensity measurement

10 ns/div
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Application Example 3:

PHOTON THERAPY



Photon Therapy

AKH Vienna
X-rays: 10 MV

Dose-rate: 4 Gy/min
Courtesy: D. Georg

Diamond Detector Water phantom



Detector voltage [mV]

Photon Therapy

2.5 ms bunch rate
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Application Example 4:

LHC — Beam Loss Monitoring



LHC - Beam Loss Monitors
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LHC - DBLM
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\ | abort (“UFO”)




LHC - DBLM
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LHC - DBLM

' TL rn clock
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LHC -

Zoom x10
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LHC - DBLM
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Zoom x10°000
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Application Example 5:

NEUTRINO SPEED-OF-LIGHT






Summary

Radiation resistant = 10 MGy

Fast 2 10ps/1ns

Sensitive = MIP detection

High dynamic range - 120 dB

Protons + electrons & neutrons + photons



Conclusion

Fast
Compact

.
DIAMONDS



Thank you for your attention !



