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CVD Diamond

Solid-state ionization chamber
Compact design (10 mm x 10 mm x 0.5 mm)
Size limitation (< 130 mm)

Proven technology: Diamond Detectors (GB),
Diamond Materials (GER), II-VI (USA)

Developed in RD42 at CERN (starting 1995)

mplemented in all four LHC experiments
(ATLAS, CMS, LHCb and Alice)

Erich Griesmayer BIW10 Santa Fe



Editor's Note

Proton

®
\

: PDF version of slides from Beam Instrumentation Workshop 2010, Santa Fe, NM

Principle

/ \ i::uA

500 V l ()

Erich Griesmayer

CVD diamond
500 um

BIW10 Santa Fe

5 mV

1ns

40 dB

Preamplifier



Editor's Note: PDF version of slides from Beam Instrumentation Workshop 2010, Santa Fe, NM

Properties of CVD Diamond

e Sensitive (single-particle detection)

e Robust (high-intensity DC applications)
e Fast (ns time response)

e Radiation resistant (10 MGy)

* High thermal conductivity (5x copper)
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Diamond Materials
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pCVD, 10 mm X 10' mm sCVD, 5 mm x5 mm
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Diamond Detector
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Detector + Preamplifier
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Preamplifier

e Current amplifier

e Gain 20 dB, 40 dB

e Noise<1mVrms

e 4 mV/MIP max. 1V
* Risetime<1ns

e Pulse width <2 ns
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Three Examples

1. CERN REX-ISOLDE
2. CERN - SPS
3. CERN - LHC




Example 1: REX-ISOLDE
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REX-ISOLDE Detector

BIW10 Santa Fe

11



Erich Griesmayer

Editor's Note: PDF version of slides from Beam Instrumentation Workshop 2010, Santa Fe, NM

REX-ISOLDE
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ISOLDE Test

e sCVD diamond detector
e 22.8 MeV C-ions (10 um penetration)
e |nstallation in vacuum

* In cooperation with Bergoz Instrumentation
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Single-Particle Response

100 MHz RF period)

&
Measure P1:min(C1) P2:ma(C1) P3iwidn(C1) Pa:wicth(C1) PSarea(C1) PE:rms(C1) P7:tise(C1) P& fall(C1)
value -amy 112 my - 7595 ns 857 603 pYse 269 my 3167 nz 3.189ns
mean -4.50 my 102.64 mY 33368222 ns 773403 ns  G16.64356 pWs 24926 mY 346589 ns 345010 ns
min -7 my 17 mv 1.227 n= 213 ns 118.227 pvs 3Emy S73ps 1.108 ns
i S3my 285 my 60.539 ns 17965ns 2530810 nYs T2.7 my 70640 ns 17.850ns
sdey 1.07 my 1620 mY 1653695 ns 38835 ps 15479789 pVs 4177 mY 98596 ps 87085 ps
nLm 10.047e+3 10.047e+3 86 10.128e+3 10.047e+3 10.047e+3 10123e+3 10106e+3
v i v v
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Energy Resolution

CVD Diamond Energy Distribution
3 700 =
— amplitude
600 — Entries 1504
- Mean 22.93+ 0.01
: Sigma 0.2855 + 0.0068
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ISOLDE Summary

+ Energy resolution = 0.6%

+

+

+

ntrinsic time resolution = 30 ps
Double pulse resolution =10 ns
Reproducibility for low intensities

Problems with pile up



Example 2: CERN - SPS
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SPS Detector

©cividec 2010
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SPS Test

pCVD diamond beam monitor
Beam-halo monitoring

SPS BAS5 downstream of a LHC collimator
250 m cable (CK50, RF coaxial low-loss)
CERN BI, CIVIDEC Instrumentation
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SPS Installation

Collimator lonization chamber Detector Beam pipe
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Calibration with Sr2° Source

Measure
value
mean
min

max
soey
num
status

histo

LeCroy

Erich Griesmayer

F1:mean{Cz3) P2 max(C3

-209 py 5.02 my
-183.688 pv 43290 mY
-a05 py 342 my
570 py 8168 my
220,04 pi 7305 py
1.020e+3 1.020e+3
' v

hist(P3)
10,0 #fdiv
2.00 mvidiv
1.020 k#

Fy
P3:P2-P1) Parise20800 ..  Powidth(C3) PERINE0Z0CEH  PTarealC3) Pahmean(F3)

523 my 1.540 ns 5088 ns BY60ns 278297 pvs 5482 ns
45127 my 1.65587 ns 851873 ns A.93692 ns  23.35660 pvs 55187 ns
319 my 198 ps 2174 ns 368 ps 6.0882 pvs 8.82ns
8.54 my 5.047 ns 13.263 ns 13.090n=s 54.2154 pis 84582 ns
TAR.A v A56.48 ps 1.29286 ns 2.38386ns  B.RE4652T pis
1.020e+3 1.014e+3 1.021e+3 981 1.020e+3 1
v’ o o n « n

200kS

TN 22010 4:13:35 PM
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arbitrary units - normalized
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Signal & Noise

Baséline noiése:
Mean: 0.017 mV

____________________ M Physics particles:
? MPV:3646mV
| Sigma: 0.326 mV

4 2 0 2 4 6 8 10 12 14
signal (mV)
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Measure
walue
mean
min

max
sdey
nurm
status

histo

LeCroy
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Average Pulse Shape

Rise time = 1.5 ns
Pulse width = 5.0.ns
Fall time = 5.4 ns

F1:mean(C
-184.8 pv
-184 804 pv
-184.8 pv
-184.8 pv

1

v

P2:max(C3)
4113 mv
411347 my
4113 mvy
4113 mvy

1

v

PaP2-P1;
4.308 mY
430827 my
4.308 mY
4.308 mYy

1

W

&
Pd:rige2080{ .. PSwidth(C3) PEfall8020{C3) PTarealC3 Pahmean(F3)
1.628 ns 5.009 ns 5.453ns 2327936 pVs 5.00 ns
1.42893ns A.00875ns A.45336ns 23274936 pVs A.0003 ns
1.628 ns 5.0049 ns 5.483ns 2327936 pvs .00 ns
1.628 ns 5.009 ns 5.453ns 2327936 pVs 5.00 ns
1 1 1 1 1

12200 41823 PM
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6 mV
Single particle

Physics Particles

FWHM =4.9 ns

F

Measure P1:meani{C3)
value 4 gy
mean -123.41 py
min -495 v
max 246 gy
sdaev 24239 v
num 7
status v
histo

LeCroy

Erich Griesmayer

FZmaxiCh
B.18 mYy
a.8011 my
222 my
B.37 my
4333 v

7

v

&
P3P2-F1) P4rige20800.. PSwidth(C3) PETAIS0Z0(C3H  PTarea(C3) PEhmeaniF3)

BT my 1.236 ns 4922 ns BY08ns 402959 pWs 803 ns
A.9245 mv 1.26339ns A.02881ns f.747EB NS 3582890 pvs 0293 ns
827 my 1.074 ns 4,230 ns 32898 ns  27.2084 pv¥s a.03ns
B.25 my 1.453 ns £.001 ns 11.073ns 402959 pvs .03 ns
3272 108.46 ps 8581.51 ps 2.63238ns 4187641 pvs
T 7 T 7 T 1

top 3
Runt legative
11252010 4:50:06 PM
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Multi-Particle Pulse

120 mV

35 particles

Measure P1.ampliC3)
value T19.7 my
mean 26.879 my
min 8.8 my
max 1197 my
soey 26.645 my
nurm 15
status R
LeCroy

Erich Griesmayer

FWHM = 5.7 ns

Fy
PZ:rms(C3) P3riseiCd) Pdwidth{C3) Pafallic3  PEmeani{C1) PT--- Pa---
17.23mY 1.707 ns 5709 ns 17.8924 ns
51542 my 7.B8T18ns 912046ns  2297279ns
1.86 my 1628 ns 3768 ns 11.330ns
17.23 my 33700 ns 49 682 ns 49 504 ns
28831 myv 106857Yns  11.76861 ns Y.07870ns

14 14 13 14
J n n n

] 10.0 rr
Edge Positive

101172009 10:31:46 P

[C3]DC]
ik
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Particle Cascade

1lus
800 mV
C3 il N
| ¥ ht vl oy i sy
&

Measure F1:ampl{C3) P2rise(C3)  PIwidth(CT3) Fa:fall{C3) P&--- P&:--- P7--- Fa:---
value 806 rmy 443 640ns 96.051 ns 285039 ns
mean B43.82my 12010883ns  62.90484ns 19225584 ns
min 352 my 34,500 ns 49,7490 ns 129900 ns
max 826 mv 443 640ns 96.051 ns 285039 ns
soev 18068 my 161.83Y61ns  17.2801¥ns  B2.23330ns
num ] a ] ]
status H f. i i
histo J 11§ oo

Stap

Runt ]
LeCroy 141/11/2009 2:17:26 PM
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Beam Losses

Injectic
extrac

on, ramp.
[ion  —

LeCroy
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High-Intensity Losses

10 us

1 V saturation N
20 nA

c3

LeCroy
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200 MHz SPS RF-Frequency

L4
il
L
—
L
L.
L
|
/5.0 ns
]
.
loe] !
— | |
L
|
1 I
¥l= 200ns &=  5.0Ns
¥3= 25.0ns 1iA¥= 200 MHz
LeCrov 11/11/2008 12:49:47 FM
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Example 3: CERN - LHC






LHC Test

pCVD diamond beam monitors
Beam-halo measurements

Mounted in the LHC collimation area
200 m cable (CK50)

CERN BI, CIVIDEC Instrumentation
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LHC Installation

lonization chamber

e .}
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LHC Installation

Collimator Beam pipes Detector

I
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Channel 1

Channel 2

Channel 3

Channel 4

Erich Griesmayer

Yartical
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Calibration

Timeh

Noise = 0.7 mV

MPV = 4.2 mV
SNR =

b

]
g i

Measure
value
rrean
min

e
sdey
num
status

200 pv
995 v
800 v
1.4 mv
105 pv

F Y
P1:pkpkiC1) P2rms(C1) P3:pkpk{C2) Parms(CH  Papkpk(C3)

1.9 my 430 py 1.6 my 364 Y
2120 my 4559 pv 1.970 mv G182 pv
1.6 my 306 pv 1.4 my 289 v

3.0 my 60 Py 2.9 my 2.07 my
278y 841 pv 263 v 2825 v

a7z a72 a72 a2

v

a72

-15.00 '

BIW10 Santa Fe

PErm=s(CH  PT.pkpk{C4) Pa:rms(CH

267 pv 5.4 my 313 v
4813 pv 5228 mv BEO.T P
161 pv 3.0my 824 v
118 my 15.7 my 271 my
180.0 pv 1.380 my 2411 p¥
arz arz a72

20202010 7:31:33 AM
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Calibration

File  “ertical  Timeh Trigoer  Dis C 5 N ure  Math Ana tilities Help
] e, .J.N-"J\\ ey ! fr)“r‘\ !“*‘\ ) . .-‘,\\
—r ey v K= ST W i LV i Ty T
c2 N L _J‘!“"rd“d‘u“_\_ - ot s A o g i b e T T
Rise time = 1.9 ns
c3 .
sy B e PUISE Width = 4.9 NS e
Fall time = 8.9 ns
R [
C4
&
Measure F1pkphkict) F2rms(C1y  P3pkpkit) Pd:rms{Cd PopkpkiCh FErms(Cy  PTpkpkiCd PErms{cd)
value 38 my 736 pv 22my 497 pv 1.1 my 266 Y 5067 my BEY 1 pv
mean 3,927 my 9304 pv 2193 mv a86.6 pv 1.106 mYy 4434 pv 5.06694 mv BES.120 pv
rrin 2.8 my 531 pv 1.6 my 282 v 200 py 170 5.0BT Y GEA1 pv
max 6.0 my 234 my 30my 218 my 1.4my 1.04 my 5067 my BEY 1 pv
sdey 487 v 2959 pv 239 v 2541 pv 110 pv 184.4 pv
num 1.661e+3 1.661e+3 1.861e+3 1.861e+3 1.6861e+3 1.661e+3 1 1
status v v v v v v v v
histo

A.00 mirding

14.60 rm

LeCroy

Erich Griesmayer

20902010 5:56:14 AM

BIW10 Santa Fe

36



160 mV
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Physics Events - Right Side

c2

C2

Measure
value
mean
min

max
soey
num
status

histo

Erich Griesmayer

FP1.ampliz1)
26 my
221.83mv
24 my
1185
35509 my
I

F2areaiC1)
-488.77 pvs
1.786631 nVs
-1.34199 nVs
1458472 nVs
3972736 nVs
I

Fa3ampl{C3) Fd:areaiCd)
_/my  -BI53T pvs
3748 my -291.5343 pvs
azmy  -961.75 pvs

Sy 278.52pvs
366 my 2351774 pys
311 311

= v

BIW10 Santa Fe

Faampl{C3)
a1 mv

= 10285 my
= 2.6 mV
=144.0 my
= 16481 mv
31

FEarea{C3)
-114 BE3 pvs
-4, 33624 pvs
S2T2 169 pvs
1.4908283 nvs
1942722 pis

a1
v

FT.ampliC4)
40 mv

= 38.49 mY
=18 mYy

= 358 mY

= Q787 mv
a1

FP3.arealC4d)
183146 pv's
220.0982 pvs
-60.249 p¥s
7.84747 nv's
1.313385 nvs
a1
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Physics Events - Left Side

FY
160 mV x5

Cz

Y
I:3 T A P T Py g O P S Sy S . P Ju— g

Fy
Measure P1ampliC1) FZarealCl) FPIampl{C) F4:arealC2)  Poampl{iCc3) FE.arealCd  PTampl{Cd PaarealC4)
walue 4.9 mv E3.019 pvs 21.8mv 232644 pWs 3Z2my -102.320pYs a1 my -93.488 pWvs
mean a.033mY  -8.70821 pvs 0355 my 289 6246 pvs 3E0Y mY 1136762 pvs 4407 my -120.0847 p¥'s
min 39 my  -359.455pYs 128my -20.147 pi's 32my -284.968 pvs 38my -185.500 pYs
max 6.4 my 358585 pvs 1388 mY  1.564176 nis 4.5 mv 48.715 pvs A8mv  -46.386 pvs
sdey GO2 PV 143262558 s 22867 my 2784116 pvs 33T PV BR.A2T0 pYs 457 v 3315110 pvs
nurm 44 44 44 44 44 44 44 44
status L v L v L v L v
histo

Erich Griesmayer
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Tim

ng Properties

| Rise Time for Channel 4 | Ere o8l [ Fall Time for Channel 4 [Enres ol
RMS 0.45 ns RMS 224 ns
:g _| T LI L B B B L N B B Y IR B | |_ ‘g :| T LN LB L L B B B BN B \_
k= =
S 200 — ] r T
> T 1 > 50f E
m [ 1 m - -
8 . £ f ]
£ F 1 £ [l ]
< 150~ ] T 40f 1
r 1 aof .
100 - E ]
i 20p =
50 — N ]
T 10_— —
AP R BRI R C ]
03 20 30
Time (ns) Time (ns)
[ Pulse Height for Channel 4 [f= 0] [ Noise for Channel4  [{rr 0%
RMS 24.37 mv RMS 0.78 mV
.ﬂ T T T T T T TT LN LR ﬂ _| T T T T LI R S B I l
£ 2
3 3 B T
= = F =
5 § | ]
= 30000 — |
2 ooooy ]
< < L 1
20000 —
10000 — -
m L | | T
150 200 250 gID -5 5 10
Signal (mV) Signal {mV)
BIW10 Santa Fe
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| Pulse Width for Channel 4 £
RMS

ﬁ T T L LB B B BN B B B
2 f ]
3 307 —
> L il
il
:E - -
e L 4
< oM -

40_ —

20H —

u_ e v 0 1 1y ]

0 20
Time (ns)

Rise time = 2 ns
Pulse width =5 ns
Fall time = 10 ns
Noise = 0.7 mV rms

899
5.62 ns
1.21 ns
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Linearity

Rise Time vs Pulse Height for Channel 1 E‘r;::’: 92,96 ::: Fall Time vs Pulse Height for Channel 1 E‘r;:—:‘a: 92.96 '1'::: Pulse Width va Pulse Height for Channel 1 E‘r:‘r:le: 92.96 :::
Mean y IZ.ZA ns Mean y 16.5& ns Mean y :5.50 ns
RMS x 90.76 mV RMS x 90.76 mV RMS x 80.76 mV
R e T —T——1 RMS y 0.61 ns T 4T T 1 RMS y 2.99 ns [ () e T 1 RMS y 1.65 ns
£ H £ H £ H
o + @ = E= -
g I £ I £ I
= = =2
@ r = F 2 L
o 30 &30 1 2 30
14 - 1 + = - 1
L L [ L
20 20 1 20
F F 10 F 1
10" E C 10°
10 i 40 i I | 10 i
10 10 T 10
L l. 102 L 1 "
- H - 1
L JI 1 i 1.,& L L T
Ot v v e L T Y R | L Y Y N1
( 100 200 300 400 100 200 300 400 0 100 200 300 400
Pulse height (mV) Pulse height (mV) Pulse height (mV)
Rise Time vs Pulse Width for Channel 1 | s e Fall Time vs Pulse Width for Channel 1 | s oo
Mean y 227 ns Mean y 11.04 ns.
RMS x 1.61 ns RMS x 1.61ns
= 40 L S——— T T T T T 1| RMS y 0.80 ns - 40 L S——— T T T T T T T| RMSy 293ns
£ £ U
] L @ H
E [ £ I
b B 10 =z L 10
3 30 i s 30 i
20 1 20 1
C i o
10 107 10 i - 10"
- .I -
- L
O T S S—T— T Mr—— O T S S—T— T r———
( 10 20 30 40 10 20 30 40
Pulse width (ns) Pulse width (ns)
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LHC Orbit

LHC 89 us orbit
N ) R S B

Bunch positon - . LHC bunch

. H—+ —— —+

Measure P1:ampl{C1) PZareaiC1y  PIampliCAHPAddelayiC?. . PaampliC3) PBareaiCd  PTampliCd P3areaiCa)
value 95 my 2117469 nYs 262 55208283 us 28 my -107.1350nWs 93 mY -B6.95806 n\Vs
mean = 36717 myY -38.59557 ns 26552 A5 211076B4ps = 12608 my -99.58633nvs = 20857 mV -58.22317 nYs
min =84 my -310.0791 nvs 262 A5207180ps =Hamy -118.26TanYs =8.3my -87.38384nVs
max =163.2mY 2001500 nvs 272 /52323508 =491 my -TE.3T132ns =408 mY -34.34945 s
sdey =H3.830mY 1466140 ns 18.9 my 413380 = 20942 mv 8444387 Vs =11.710mY 1317137 nifs
num ay ay av a7 ar ay ay ay
status . v e v - v - v
histo

imebase

LeCroy 41102010 10:34:05 P
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400 MHz LHC RF

25 ns bunch spacing

2.5 ns RF period

P e I L [ R LT taagen

&

Measure F1:ampl{C1) FZarea(C1y  PI3amplic3h Pd:arealt3d)  PSampliCH FEareaiC4)y  PY.delay(C1) Pa---
walue 131 my 72938 pvs 300 pv -2.047 pVs 1.8 m -9.1349 p¥'s -15.320ns

mean 13119 my 72937498 pvs a0y -2.0466B5 pyvs 1.760 my -9.13887 pvs -15.320M10ns

min 131 my 72.938 pvs a00 v -2.047 pvs 1.8 mY -9.139 pis -18.320ns

max 131 my 72938 pvs 800 v -2.047 pis 1.8 my -9.1349 pWs -15.320ns

sdey

num 1 1 1 1 1 1 1

status L v e v s v v

histo

0.0ng

imehase [{BBEY E-t 10D C ]

41812010 2:40:04 PM
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LHC Phase Measurement

[

acing

Ol ¥y TR )

" Prelimina

ry!

Measure F1:ampl{C1})
value 1.8 mv
mean =7.203 my
min =1.3my
max = 36.8 mv
soey = 10,999 my
num B16
status R
hista

LeCro

Erich Griesmayer

FZareaiC1)
11.660 pvs
1377077 pvs
-41.906 pv's
1.621902 nWs
3632065 pvs
B16

P3ampl{iC3)
G40 v
=3.9084 mvy
= 640 gy

= 36,16 mY
=8.9227 my
616

BIW10 Santa Fe

FP4:.area(C3)
-2.303 pvs
27.33050 pv's
-37.245 pvs
587.194 pi's
95.45801 pvs
616

Paampl{iC4)
248 my
=16.741 mv
=1.4 my
=373 my

= 10525 mv
B16

FPEareaiC4)
186.886 pW¥s
216.7485 pvs
1.708 pvs
1.494419 nvs
3141065 pvs
616

P delay(C4)
-9.394ns
1073729 ns
-24 651 ns
12.895 ns
31543 dns
G16

4ME201011:19:35 At
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Summary (1/3)

CVD Diamond Beam Monitors are:
e Sensitive: single-particle detection

* High dynamic range: limited by electronics

e Intrinsically fast: 1 ns rise time, 2 ns pulse
width

Erich Griesmayer BIW10 Santa Fe 44
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Summary (2/3)

For beam instrumentation applicable to:

e Halo measurements (2 ns double pulse
resolution)

e Beam intensity monitoring (dynamic range)
 Energy measurement (< 1% resolution)

e Particle counting (up to GHz)

e TOF measurements (30 ps resolution)

Erich Griesmayer BIW10 Santa Fe 45



Summary 3/3

Potential use in:

e HEP accelerators (beam loss monitoring, beam
protection for protons, ions)

e Synchrotron light sources
 Medical facilities

Future:

 Photon measurements
 Neutron measurements
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Thank you for your attention!

Erich Griesmayer BIW10 Santa Fe
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Instrumentation

Erich Griesmayer BIW10 Santa Fe BIW10 Santa Fee
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