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Principle of lonization

>

13 eV/eh-pair

MIP

18’000 eh-pairs per MIP



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
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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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Proton Interaction

Generated charge
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Proton Interaction

Generated charge
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Preamplifiers

FAST & LOW NOISE

1. Current amplifier

j Broadband Diamond Amplifier
o | IN >>> OUT |
{ 2 GHz /40 dB -

2. Charge amplifier

3. DC amplifier

f Serial Number: C2HV0081




File

RF Current Amplifier

Trigger

Vertical Timebase

Display

Cursors

Measure

Math  Anz

Utilities

Help

2 GHz
20 dB, 40 dB

t. =180 ps
I FWHM = 300 ps
" t t
{“ “l\‘u
F2 / ~ 1
F Y

Measure P1:rise{F1)  P2:width(F1) P3:fall{F1) P4rise(F2) P5width(F2) P&:fall{F2) P7:max(F1) P8:max(F2)
value 179 ps 248 ps 110 ps 196 ps 285 ps 415 ps 551 mv 425 my
mean 179.25 ps 248.46 ps 110.29 ps 196.09 ps 294.51 ps 41516 ps 550.76 mv 42471 mv
min 179 ps 248 ps 110 ps 196 ps 295 ps 415 ps 551 mv 425 my
max 179 ps 248 ps 110 ps 196 ps 295 ps 415 ps 551 mv 425 my
sdev
num 1 1 1 1 1 1 1 1
status A v v A 4 v v

266 mV|

imebase -440ps |Tri
1.00 ns/divj Stop
1008 10 GSIs| Edge

12712011 10:28:06 AM

Positive




File

RF Current Amplifier

Vertical Timebase

Trigger

Display Cursors

Measure Math

Analysis

Utilities

Help

2 ns pulses, 5 ns separat;

1on

2 ns/div
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| imebase  -40.56 ns| [Trigger
10.0 m¥idiv 500 mi fdiv 2.00 ns/div | Auto 127V
10.00 m¥ ofst -1.010 ¥ ofst 2005 10 GS/s | Edge Positive

2011-10-11 21:15:23



File  “erical Ti

mehase Trigger Dis

Cursors  Measure Math  Anz

Utilities

Help

10 ns/div

c'gwu ""ﬁﬁ%'n -J'b“l‘l%e- e mﬁ’ﬁ\v‘*@'uwifw w‘hﬁ‘v‘fu% — mlfr” A th,rjf P "'U’ MMM o x}’
A

Measure P1:sdev{C3) P2:max(C3) P3rise{C3) Pd:width(C3) P&:fall{C3) PB:rms{C3) P7:area(C3) P8widn(C2)
value 1.97 my 27.6my 846 ps 1.320ns 200 ps 2.05 my 42.650 pVs 492 ps
mean 2.2518 mv 26277 mv =1.44863 ns 1.16301 ns = 286.61 ps 22689 mV  37.48745 pvs 1.38815ns
min 1.90 my 23.6my =59 ps 275 ps =65 ps 1.90 my 22.836 pvs 492 ps
max 2,65 my 34.8my = 6.963 ns 2121 ns =1.408 ns 267 my 52122 pvs 2351 ns
sdev 1441 pv 1.672my  =1.17027 ns 505.90 ps =28714ps 146.4 pv  5.05880 pvs 737.67 ps
num 278 278 309 78 35 278 278 4
status v v A A A !

10.0 midiy

10.0 nsidi

51412011 12:44:47 PM



o in sCVD

File ™ Vertical Timebase Trigger Display Cursors Measure Math  Analysis  Utilities Help

10 ns/div

A
Measure P1:sdev{C3) P2:max(C3) P3rise{C3) Pd:width(C3) P&:fall{C3) PB:rms{C3) P7:area(C3) P8widn(C2)
value 22T my 3897 my 302 ps 7.427 ns 776 ps 228mY  262.039 pVs
mean =21885my  =43.747T mV =729.70 ps 7.05202ns 1.82323ns 22003 mV  269.7541 pvs
min =1.80 mv =347 mv =95 ps 378 ps 417 ps 1.80mY  -30.741 pVs
max =7.39mv =81.3mv =5.345ns 8.328ns 8.864 ns 433mY 310175 pVs
sdev =262.4 pv = 6.997 mY = B75.86 ps 1.38577ns 211373ns 167.1 pv  18.02814 pVvs
num 657 657 649 666 613 B56 657
status v v v 4 v v v
imehase -1.4 ng

20.0 myidiy 10.0 nsidivf Stop 17.0m¥

Width  Positive

0.00 mY ofsf] 10.0 nsfdi

5/4i2011 12:25:38 PM



B in pCVD

LeCroy

10 ns/div

=

10.0 nsidivl Stop  -20.0 m¥
500 S 5.0 GSisjEdge MNegative

0.00 m¥ ofs]



/ sCVD 10 ns/div




Charge Amplifier

LeCroy/|

100 MHz 10 ns/div
6 mV/fC
SNR = 20 for MIP

FWHM = 8 ns

Cc3

imebase -12.2ng |Trigger
20.0 mvirdiv 10.0 ns/divj Auto 202 mY
0.0 pV offset 500 5 5.0 GSisjEdge  Positive

21.347 |3



File Vertical Timebase Trigger Display Cursors Measure Math  Analysis  Utilities Help

Measure P1:sdev{C3) P2:rrise(C3) P3:width{C3) P4:fall{C3) P5:area(C3) P&:max(C4) P7:max(C2) P8:max(C3)
value 13.4 pv 4593 ns 10.416 ns 8.996 ns 105.4278 pVs 1.6 my 27 my 10.061 mv
mean 13.351 pv 459338ns 1041647 ns 8.99617ns 1054278 pVs 1.350 my 2871 mY  10.06105 mv
min 13.4 pv 4593 ns 10.416 ns 8.996 ns 1054278 pVs 632 pv 20my 10.061 mv
max 13.4 pv 4593 ns 10.416 ns 8.996 ns 1054278 pVs 23 my a2my 10.061 mv
sdev 219 pv 4.60 my
num 1 1 1 1 1 4.907e+3 4.907e+3 1
status v A A A v v v v

imebase 0.0 ng |[Tri
5.00 myidiy 10.0 ns/divf Norm.  4.00 m¥
0.0 pV offset 500 S 5.0 GS/sjEdge  Positive

312212011 3:54:34 PM




3xa in sCVD

File  Vertical Timebase Trigger Display Cursors Measure Math  Analysis  Ultilities  Help

239Py. 241Am. 244Cm

iy
‘|||’||M| L |

Y

Measure P1:width(C3) : 3 Imax(C3) Pd:sdev(C3) 2a(C3)  PBpkpk{C3)
value 7.550ns 4 S 4 y 809 pv . Vs 4my
mean 7.77442ns 4 : 145, gpy 1.0 ! 314 my
min 7.442 ns . { . ] 642 pv \ 1 my
ma; 10114 ns 24 ns 30my A4 \ 6 my
sdev 279.25 ps 18010 ps 29 my 89.5 pv 81 p¥ 720 pv
num . e+3 2.042e+3 .04 3 1.400e+3 .04 3 2.042e+3
status v v v
& o et Tiyger s

30.0 mvidi I i 5.00 nsidiv |Stop 120.0mY

-60.00 m " i 250 8 5.0 GSis |[Edge  Positive
s, || SssRSR0
07.09.2011 15:53:37




File

Comparison

Display

Vertical Timebase

Trigger

Measure

Math Anal Utilities Help

Charge amp

Current amp

20.0 myidiv
10.0 nsidiy 10.0 nsidiv 10.0 nsfdiy
787 # 2.683 k¥

[ o for Trigger



AC vs. DC



AC Amplifier — 2 GHz
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DC Amplifier — 1 MHz
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1.00 MS 10 GS/s | Edge Positive
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Diamond BLM



CERN - SPS




File Vertical

Timebase T

Single Particles

Measure Math

rigger

Display Cursors Analysis  Utilities Help

—r

e B s

Pulse height = 20 mV

R S

Pulse width =5 ns

t t

F Y

Measure P1:ampl{C3) P2:rms(C3) P3rise{C3) Pd:width(C3) Pafall{C3) PB:meani{C1) P7=--- Pg:---
value 22.4my 333my 1.625ns 5.634ns 20117 ns
mean 16.426 mv 6.0041mV  15.31048ns 17.20868ns 27.76018ns
min 5.8 mv 2.22my 1.625ns 5.434ns 11.330ns
max 442 my 8.46 m¥ 33.700ns 49682 ns 49504 ns
sdev 13.774 mv 24950 my  13.68089ns 1877736ns  12.80479ns
num 6 6 ] 4 5
status A v A R A

imebase -20.0ng|[Trigger EJEN

1.00kS 50GSis]Edge  Positive

LeCroy

10/11/2009 10:31:39 PM



Particle Losses
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100 ns/div
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Particle cascades

Multi-particle pulses
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200 MHz SPS RF
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20 ns/div
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5ns

Timebase 0.0 ng (Trigg 10C]
200 nsidv]Stop  14.0mV
5008 2508/s]Edge  Positve

Xi= 154ns 8&& 50ns
X2= 204ns 10& 200 M2

1171172008 124921 PM



LHC - Diamond Beam Loss Monitor
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LHC DBLM

cividec

pCVD Diamond Detector - AC-DC Splitter q Broadband Diamond Amplifier
ouT | & - LS - >>>
4 GHz ' 2 GHz /20 dB

cividec ; cividec

Instrumentoti ion l} Instrumantation

Ser.No.: B10031 ) Ser.No.: D10021 Serial Number: C10051

Detector AC/DC Splitter 2 GHz Amplifier



LHC - DBLM

10 ms

Dump

Loss Unexpected beam

\ | abort (“UFO”)




LHC - DBLM

TLrn clock

1 ms
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LHC - DBLM

' TL rn clock

1 ms

Zoom for next transparency
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LHC -

Zoom x10

DBLM

19 bunch traini

> 192 bunches
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LHC - DBLM
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LHC - DBLM
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Zoom x10°000

LHC - DBLM

Single buhch signal
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Readout System

Real-time responses to acquired & processed
detector signals (suited for machine protection
system and all applications requiring fast and
deterministic triggering based in diamonds)

250 MHz, 5 GSPS, 32 MB, 4 channel digitizer
* Full trigger capacity

* Dead-time free data analysis (FPGA)

* |Interface to Control Systems (FESA)



Summary

Diamonds are in use as LHC DBLM

R&D is going on to investigate linearity and
space-charge limitations

R&D is going on for neutrons (n_TOF) and
electrons (XFEL)

A Diamond Readout System is under
construction (replace scope readout)



Thanks for your attention!



Bunch-by-Bunch Losses

LHC turn clock =.89.2 us

Bunch-by-bunch-losses




