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CMS
Lo The ‘Why’ and ‘How’ of Crystal Calorimeters |

Crystal Calorimeters have been historically used in HEP:
& For precision E measurements of e, vy, n° ..
@ To help in position measurement

Calorimeters CMS PbWOQ,

<
S ng \ Homogeneous
Sample Fluctuations Ce@ov / Scintilla*ors

Degrade E Resolution 4 :
Low Light Yield

P@s ﬂ Wa@iqs.‘ e Noble Ligs. Crystals
toluene
W

X, too long to be practical (factor of 2-20 wrt crystals) exc. LiXe (avail, purity)
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CMS

Design issues in Crystal Calorimetry:

@ A calorimeter design ‘phase space’: @ Focus on energy resolution:
A T (ns)
1000 —
e Cs|(TI) 2 — o/Etotal hi-lumi
SRR D P e el R I P el R R BT S I V. Stochastic Term a
10 10 C(t)nstan: Term b
""" Noise (low-and hi-lumi) ¢
® BGO 1_~—Nal _ _
CMS
. CeF3 > 10 -2
PbW04I LG Y S R R R W G
o I e
] iy Rt TR o (cm) o
0.1 Other Factors: ’
& Production (Machining, Raw Mat’l Avail.) -3
BaF e Appropriate Photodetector exists 10 2 3
¢ (=f0,LY,B) ! to 10 £ (Gev)
& Exp’l Conditions (Rad Environment,Cost) e T
LY (NaI=100) & Ability to manage Temp Dependence ¢ dominant b dominant
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The ‘Why’ and ‘How’ of Crystal Calorimeters lli

Adapted from R.-Y. ZHU, presentation at UCSC Linear Collider Retreat, June 2002

Crystal Nal(Tl) CsI(TD) Csl BaF, CeF, BGO PbWO, | LSO(Ce) | GSO(Ce)
Density (g/cm’) 3.67 4.51 4.51 4.89 6.16 7.13 8.3 7.40 6.71
Radiation Length (cm) 2.59 1.85 1.85 2.06 1.68 1.12 0.9 1.14 1.37
Moliére Radius (cm) 4.8 35 3.5 34 2.63 2.3 2.0 2.3 2 L
Interaction Length (cm) 41.4 37.0 37.0 29.9 26.2 21.8 18 21 22
Refractive Index * 1.85 1.79 1.95 1.50 1.62 2.15 D) 1.82 1.85
Hygroscopicity Yes Slight Slight No Slight No No No No
Luminescence " (nm) 410 560 420 300 300 480 560 420 440
(at peak) 310 220 340 420
Decay Time " (ns) 230 1300 35 630 25 300 50 40 60

6 0.9 8 10
Light Yield " (%) 100 45 5.6 21 8 9 0.1 75 30
(Room temp) 2.3 22 0.6
d(LY)/dT * (%/ °C) ~0 0.3 -0.6 -2 <0.1 -1.6 -1.9 s ?
~0
Experiment Crystal CLEO-II kTeV L3 CMS, 2 i
Ball BaBar, BELLE ALICE..

a. at peak of emission; b. up/low row: slow/fast component; c. measured by PMT of bi-alkali cathode.
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CMS

|

Choice of PbWO,:
B vacuum chamber & LHC Rate (25 I“IS)
‘ ., central detector & Radiation Env’t
| e &  Longitudinal
ealiciastss Containment (X,)
(LI Photodetectors:
I.I.i—{";;:’ q <) | B I =4T,
Endcap ” 1l & PbWO, Low
1 61.2kcrystals room-temp LY
25X
1 48|0 el ~22x23x230 mm® (17 types)| APD(barrel),VPT (EC)
A48|<n| <3.U~—=L_F
" et < Barrel & = 2.7% ® 0.55% & 0.155 (0.210 )
30x30x220 mm® E  JE(GeV) E(GeV )
i, e E  JE(GeV) E(GeV )
— : Taroset Performance Barrel Endcap/Presh
“& ~ - : g
— T ‘ . B a| Shower Flucs. /Tr. Lk. 1.5% GeV'? | 1,5% GeV!?
] | _ Sampling Flucs. nil 5% GeV'2 (Presh)
L - (1] _ ' Photodet. 2.3% GeV'2 | 2.3% GeV'2
fald | ' ' b| Calibration 0.4% 0.4%
S TTTTS i LY Non-Uniform. 0.3% 0.3%
Rear Shower Leak. <0.2% <0.2%
¢ | Electronic Noise 150 MeV 750 MeV
Rad-induced I, 30(110) MeV
14.6k crysta Pileup 30 (95) MeV 175 (525) MeV
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gFF'Odi k BCTP Transmission Yesterday.... S o And Today...
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irrad., 1.56y, 0.156Gy/h

CMS

Crystals: Physical and Optical Aspects I

Low dose rate irradiation of some BTCP crystals of Batch06 in lab27
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10 L Crystals: Technological Aspects
Increased I”gOT Size' 2 Bar'r'el CPYS/i”gOT v PWO 7365 1st irradiation at the hospital (430 Gy) __
Barrel ol
1996 43—> S
2)
Endcap é
1999 ¥ B
44 mm :Il;rrIL 20"
20 / el - 2an
Barrel I, E. Auffray, JLERN
End 200 / 0300 350 400 450 500 550 600 650 700
M65 — Wavelenoth (nm)
..with no change in optical properties.
300 crystals measured :
0% Mean value: 69.91%
ol Standard dev. : 0.85% In The fUTur'e,
2
5 4 Barrel .. or 2 Endcap
crystals crystals
»1 T420 75 mm
R TN W 85 mm may be possible.
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Photodetection: Si Avalanche Photodiodes (APD)

.
K. Deiters, PSI o — nv [4n) IF /

-

Si;N,, SiO,, contact

=
J\”

4/4/ Run 2663, E=30 GeV, det=44, Ne, dE/E=0.01442

i T I T T I | T T T —[ T T T | T T [ T T T ] T [ I T T !4

< S | ; - - z

v = p** photon convers Y . N : | Entries 16630 é g

® L . ¥ 1200 H B  RRSRTEREIE _________________ Meang(}43_u

. p e  acceleration - ] ams | 196.5 : :

L2888 € ne multiplication | UDFLW - 3.000 J

- : - ‘| OVFLW 0000 5 :'

ee0000 i =3 : : g

e00000 S B T I O AN M | X/ndf [ 4843 /16

$38388 & nre drift 1000 Aug/Sept 2001 B | constant 92+ 1613 ]

e : — il | Mean 2058. & i 05104

v <4—— n** e collection Epeam=30 GeV | Sioma Bese | osmll

;‘\ contact 3X3 Array 5 = é -;
¢ 800 i .:.............. : .....;.A.....ﬁ.........g.....B.(j. Or(ﬂitzk

Hamamatsu Photonics, 10-year R&D .- d : : Apatity 2oro
, 10-y (Apatlty) Stochastic term 2, % | 3.4120.15 | | 3.89+0.11

Cons__tant term ¢, % 1.1940.11 | 0.84+0.08
- [l Noise term b, MeV 30.8£1.9 | 29.6+2.4

The CMS APD: A Gain-amplification-providing

same

magnetic-field-insensitive, fast, radiation-harq ., ok ' :
@Operating Gain of 50 (can go up to >1000) APDS as CMS |
SActive Area/crystal=2 X 25mm? (BIG)=50mr , | | | _
®QE~75% at A=420nm, C=80pF, F=2@M=50 [
3 Charged-partic|e-insensitive (deff~6um) 200 I R— ................. _
S T __ N R R B |

1600 1800 2000 2200 2400 2600 2800 3000

QM2002 18-24 July, Nantes, France, M.Ippolitov

3x3 sum, corrected
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SEMITRANSPARENT DYNODE Tested: 1300

> Rec’d: 1900

PHOTOCATHODE
ESH ANODE |

Vacuum Phototriode (VPT): Single stage
photomultiplier tube with fine metal grid anode

*B-field orientation favourable for VPTs
(Axes: 8.5° < |0] < 25.5° wrt to field)

More radiation hard than Si diodes
(with UV glass window)

*Gain 8 -10 at B =4 T, Excess noise factor
- Active area of ~ 280 mm?/crystal
* Q.E. ~ 20% at 420 nm

<10 % decrease in response after 10 years of operation Y R

Suzanne GASCON-SHOTKIN IPNL/UCB Lyon I
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To guide the eye (ie
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Energy Light Current Voltage ‘Light‘tO‘light’
Light Current  Voltage Bits on-detector readout:
3 % E ~ Sy ’\Must be rad-hard!
L Acquisition (DAQ)
Crystal Floating-Point 2‘?135)( OPtical
PbWO, Preamp (FPPA) Fibers

G400

Fenix

GOL

| Treatment of Photoelectric Signals

CMS

Raw Trigger

CTRL Data Data

Z_ 7 FE_BOARD

[ | 5X

VFE_BOARD

run mumber : 40120 ci 18 run number : 40107 e
. . . " Experimental pulse shape without hardware modifications
Pulse shape without gain correction (scale factor)
|_pulse shape with tdc_0 | fl _pulse shape with tdc_0
Ment= 26778 Nant= 23355
% i mean e = 1286 E 22000:— . Weane= 10,
g r Moan ;= Bh0.2 N U r . ) Maany = GER
= 2500 RUS ¢ = 63t | £ poooo-— “gain 1 oSt = st
E [ RMEy = 808 8 L RMS 2 = BXE.
L @ 18000— -
L 0o1an n v} : n [
| 2355 B4d0 n _J_E __ 1203 15452 0
2000~ 1855 105 0 ] _E- 16000: wE 515 0
- &  [14000—
1500 12000
I I 10000
1000 | 80001
r [ 60001
500 4000F- TN
C 1 2000 [ N i
obmand Ll L N L D S I R P PR B Lo
2 4 6 8 10 12 14 16 18 20 22 24 il 2 4 6 8 10 12 14 16 18 20 22 24
# sample 1 #sample
Spring 2002: Lab tests (laser) I
with near-final VFE I

amplitude corrected

run number : 40720 ch 18

Experimental pulse shape corrected with gain scale factors

|_pulse shape with tdc_0
Nant= 26775
p C Meane = 1254
46000 r Meany = 5312

: RMS t = 6301
Joooo[- oy = 01

i L] L] ]

C 2185 AwoRe @
35000~ w5 uffn cpsule)
20000~

5000
0000 I
5000
L gain 22
0 L L1l | L1l | L1l | L1l | L1l | L1l [I Ll | L1l | L1l
2 4 6 8 10 12 14 16 18 20 22 24
#sample

P. Jarry, CEA/DAPNIA
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o Detector Calibration

CMS

=N\

Energy resolution

(b) : | M. Kocian, SLAC, CALOR2002
GE! E= | _—
1% 2%NE®04% | (1 worX
- 0 |
.05
€ D.05 i
D
10 ] ogP D.04 ; _
1 1 | | 1 1 1 | 111 | 111 0 I 1 1 | 1 1 1 I | 1 1 | | - [
0.8 D9 41 11 1.2 . 20 40 60 | I - {
(cea_l ¢I)Elisppectro) e momentum (GeV/c) f 203 . go j TY 0.03-3 G\ Tk !
o1.005- = po2ft - Bhahp’as 3-9 GeV; ‘il'?igﬂh“ i
n1.0047 (C) ) i X iy y i
1 0031 apili © radioact. Source D:00613 GeV, 1/2h
E ' MonteCarlo+BG
1.002- o) MonteCarlo
1001_; .“v“_____..p"—’“ gL T EETY [
14 10° 107 1 E'Gev
0.9997 ° B - -
099817 " E 1
0.9974 Average E nonlinearity: 0.5% 3 GeV<E<7S5 GeV & f TP o2
0.9961 o
0.995575""2p 30 40 50 60 70 80 80 100 |¢ = (230 £ 0.03=0.3)%
KTEV =z e” momentum (Gev/c) é % BaBar| 02 =(1.351£0.080.2)%
e
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Dynamic (between
physics calibrations)
correction of
calibration constants
by following light
loss due to radiation:

/ A

particle

To DAQ

Cirl Clk

Opfical

driver

i Confrol
Link Chip

| Serialiser |
=

| ADC x10) |

A FPPA (XIOA E

APDs

Crystals
{1700/SM)

stabilized
To DAQ Cirl Clk g:gletgﬁg .
Optical
Link C%‘iﬂ‘;]l
driver
| Serializer |
| ADC (x12) |
Op Amps E
A (%12 A =

____________________________

Fanout

CMS Saclay group, CMS IN 2002/012

Level 2
Fanout

Optical Switch

(142 SM selection}

Laser (3 %)

"~ I

Laser Injection
every 90 us:

440 nm
500nm
750nm

Suzanne GASCON-SHOTKIN IPNL/UCB Lyon I
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50 120 GeVic
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MayiJune 00 testbeam @ channel 17
5
g 1 # f
=
L
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5 H
B
]
=108 -
& &
b-] b=
= =
@ @
1.06 — & &
F F
= =
L £ £
El a
= =
B B
1.04 % =
=] =]
£ <
[+ -
- -
i - ‘
1.02 J JJr monltoring perlod .
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M. Dejardin,CEA/DAPNIA
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{4 hours)
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L Results from Test Beam

_EW;LEA 16785\‘? Barrel Endcap - 3x3 crystals Summer 2000: 3 submodules (30 xtals) Proof-of-
- (o] 4 o [ a ¢ - L = - L] &
o/E =0.45% FE _ 4.;{ o 140 é\&eV . principle of ‘Light-to-light’ readout, ASIC FPPA:
100 <— Charge (not|Sampling) ADC —» 20000 i
> - Crystal 2070 17500 [ Raw events
= 80 | E =280 GeV r
= o/E =0.40% 15000 [
sol & 6o 12500 q Gain shifts
w | 10000 [
aof e, E=280 GeV
- 5000 [
B i k7
L — A 20 g
065 275 285 295 _ = 3’.\\\ )
_ E (GeV) e : _ o . . . . :
w | 265 275 285 295 0 100 200 300 400 500 600 700
5_4 -
¢ I'TDR: E (GeV) 20000 . .
& __2.7% o, @ 0:155(0.210) — E X
< F = JEGevy © 0% € TEGe) g, 17500 - ! S Reconstructed
T | Q_‘L F : -
4 : o 15000 © * Events
i TB:  273/sqrt(E)+0.42+142.2/E| | pii 12500 | i
| 25t % 2 Do
2 o, With Preshower 10000 - ‘\
=L . 2 r .
e SR ¢ 7500 [ %
os | O, LS ! L [ .
~ } R 5000 |- - ‘!,
0.2 [ | PR | M 1 P 1 | - . & e E = R
50 100 150 200 250 5Eoo 0.5 Salid line =TOR 2 é 2500 :* . .}'
5.7%/VED 0558 r -
%020 40 60 0 100 10, 140 160 180 o0 R T e v i
J. Donini, IPNL Doctoral Thesis ne
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)
INFN
L

[»ﬂj 33101000000801 Crystal Bammel 5B

Workflow Window - etiennette : LCSUP

4

PerformIrradiation Test#1

~ !
:t!xt [ Gt s P SMO . CERN Labo 27 - EP/CMA
Contents of: CharacterizeCrystal_v2 | 09/07/2002 =8
= Manager =
bruno

Take Over |
I:lEnanled
@Executing
DlPending
. Finished

[ElEarky Late
[ \irang Outcome

Manual
1 hfe asured
C orrpute d

[ElRepeatable
Skippable

Repeat: | Reset) | Skip: | Selected act:
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Si Sensor

NN

£
4

L A
Foo= i

B = :
du0 -3% 525 Teh sepudaleds e e v e
24 R, -

oo e e

oz iz

Hybrid w/
FE electronics

Purpose: Help in 7° rejection in endcap

Status of Production: -
& 600 Si Sensors rec’d (3 production ctrs) Support

& 100 preproduction
& VFE Electronics: PACE-2 (DMILL, 65%

yield, demonstrated functionality), final
version PACE-3 in 0.25
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L/‘gj on bench ~35,000 APD received, ~6500 capsules made (~10%)
" ) Photodetecton verification at each ass’y stage:
p— — Capsule: Gain, l ., Vg Noise under bias
*Subunit: ldem except noise
390 - Submodule & Module: Photovoltaic tests
S
E1 Voltage for gain 50 =
'S SubUmts functlonallty test (Capucinette)
2 380 | == - —
S Capsule. Gain 50 Voltage
.*'E' - o 90 ¢ 5
Z £ X
E 370 | 2 RC CERN
e i ¥
= pre— % 80 L RC Rome ‘ #
2 o
& 360 =
E i 370
350 - - J. Fay, IPN
Lyon
350 360 aén 380 _"aslflc
V50 APDs measured at Hamamatsu V)
J. Fay, IPN Lyon
| _

350 360 370 380 394

Capucine
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& As we speak, a complete CMS ECAL
module with 100 channels equipped with
near-final VFE electronics is going into Bl
beam: First large-scale system test.

@ In summer 2003 the first complete
CMS ECAL supermodule (1/36 th),
equipped with final light-to-light
electronics, will be beam-tested.

& The CMS ECAL is by more than a
factor of 5 the largest crystal
calorimeter ever built, with 10% of some
components already fabricated.

dThe range of applications for crystal
calorimeters has never been as wide,
crystals remain the medium of choice
for precision energy measurements.
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Cooling
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1L Graphiques utiles |

Lot 34 Breakdown Voltage Comparison Lot 43: dark current 1 day after irradiation
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5
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Graphiques utiles

Rel. Anode Response

Typical magnetic response £
12 1 - JRARTTR Anode response of
10 4 os / | production VPTs at
] o6l ———  Arrows ¥ 1.8T (averaged
0.8 e . e 8 | \ 0 B L
i oar | indicate \ over 8° — 25 ), in
06 | L/ angular units of e /MeV
ool 5 regions (using data fr_om
i » = ofend o beam tests with
0.2 | caps e PWO), plotted
00 Lo ‘ versus the product
0 0.5 1 1.5 2 of photocathode
Magnetic Field (Tesla) efficiency and gain,
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