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CMS ECAL Monitoring - Beam Test Issues

>ECAL Calibration (resolution : ‘Constant Term of the Resolution Formula’) :

Raw (uncalibrated) > Beam Test Precalibration : —p In-Situ Physics Calibration :
Supermodule : 2 % ‘Resolution’ 0.5 % ‘Resolution’

6% ‘Resolution’ With a ‘fast’ calibration Timescale for calibration : Weeks
Spread among channels TESTBEAM - EALL 2004 LHC - 2007

before calibration

(1 Supermodule)

CMS ECAL Details = Georgios Daskalakis Talk

TESTBEAM - 2002

>ECAL Monitoring (Monitor Stability and Measure Radiation Effects) :

ECAL Stability (<< 0.5%) , Radiation ‘Damage’ Correction,
Monitored with Laser Monitoring System Signal Change under Irradiation ~5%

TESTBEAM - SPRING 2004 Measured with Laser Monitoring System
TESTBEAM/LHC - WORK ONGOING

Radiation Effects in Crystals = Francesca Nessi-Tedaldi
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.3 Radiation Effects on PWO Transparency

N (7

» Radiation Reduces transmittance in the blue ==

and green, where PWO emission spectrum peaks - —
= Effect is dose rate dependent. | BTCP-2467
» Monitoring relative loss of PWO 80
transmittance with pulsed laser light.
For the expected dose rate at CMS barrel (15 rad/hour), o
transmittance loss is at a level of less than ~5%. 2 60
S
% From top to bottom
-"é' sl — 200°C annealing
D ‘ 15 rad/h (65 h)
= * — 100 rad/h (63 h)
= — 400 rad/h (62 h)
= Almost no effect in the red wavelength range. 20 | s 9000 rad/h (10 h)
= Monitor Wlth reo! Ilght tc_: separate Approx PWO emission spectrum
Out pOSSIbIe Varlatlons In the Other -----------------------------------------
components of the light transmission and
. _ l L ! L !
readout chain %00 400 500 600 700 80C
Wavelength (nm)
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Monitoring During LHC Running

LHC = 88.924 us
1/12
boich 1 2 3 4 5 6 7 8 9 10 11 12
=
LHC a c|lalibllc| jajlbllc | i_
K
T T
SPS = 7/27 LHC
SPS T = 3 losi bunches (rise kicker exir. PS = B85 ns)
T; = 8 missing bunches (rise kicker inj, SPS = 220 ns)
T, = 3B missing bunches (rise kicker Inj. LHC = 0.94 us)}
T. = 127 missing bunches (rise kicker extr, LHC = 3,17 us) =
81 bunches Monitoring Rate limited by Laser DAQ to 100 Hz
PS (I e oe e [N
T = Continuous monitoring during data taking !
PS = 1/11 SPS

August 28, 2004 A.Bornheim - DPF 2004 - Riverside
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Laser Source Requirements
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» Pulse Energy : 1.0/0.6 mJ at 440nm/495nm
Enough light to flash several hundred crystals at a time.

» Pulse Energy Stability: ECAL specification <10 % RMS
Small enough to avoid possible non-linearities in the APD/PN ratio.

» Pulse Width : ECAL specification <40 ns
Match shaping time of the electronics (40ns).

» Pulse Timing Jitter : long/short term typically <4 ns /<2 ns
Ensure precise timing in LHC 25 ns cycle.

» Wave Length :

440 nm primary wavelength, 495 nm systematic cross check
800 nm / 700 nm check outside transparency change sensitive region

August 28, 2004 A.Bornheim - DPF 2004 - Riverside
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CMS ECAL Laser Source Layout at CERN

Monitor :
energy, pulse

| Ext. Trigger

width, timing
of pump laser

and main laser

RED Laser:

and 800 nm

Provides 700 nm|

Quantronix

Nd:YLF Power / Cooler

Diagnostic m

T —————————————— 2 ) |
Chilled Water, 718 °C, @ Te Level Two Fanout
1-7 kgfem 2, 16-24 Vmin ol
1-4: Valves b . . i =
&: Pressure Regulator — —aa— - .
6,7: Pressure Gauge =
8: Filter =

| %: Flow meter 2x1 1 x 80

5 7. 2
5 Optical Optical Monitoring
Switch Switch Box

BLUE Laser:
Provides 440 nm
and

Quantronix Ti: Sapphire
(440 or 495 nm )

chromator

Mono- Spare Laser System

Quantronix Ti: Sapphire
1 440 or 495 nm )

Quantronix Nd:YLF (527 nm)

220WAC, 500z, -108

Trans-
Tormer

3 Phase, 380 VAC
E0Hz, M0A/Phase

Quantronix
Nd:YLF Power / Cooler

J

Diagnostic m =

Quanironix
Chillled Water, 7-18 °C. | Nd:YLF Power / Cooler
1-7 kggfem?, 16-24 Vmin
I-d: Valves

2: Pressure Regulator
6.7: Pressure Gauge

Kz Filter

BLUE

August 28, 2004
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spare §

| 2x1 and 1x80

| switch :

| 2x1 selects red or

| blue laser,

| 1x80 switch selects
| supermodule to be
| iluminated

= - £

2 ) &2

G, OF) &
= LF

H

Caltech June 13, 2002



Nd:YLF Pump
10 KW Input

Tunable Ti:S

100 mW Output @ 100 Hz -

August 28, 2004 A.Bornheim - DPF 2004 - Riverside
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23 stable channels (among a total of 30 channels)

Long Term Stability LDS : < 0.1%

all 23 channels superimposed

APD

BNAD aevalution

— o — - -— -_— —_— -

¢ e e S .
T R R g SRR e
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ECAL Test Area | ¥ Insulated Hall . "
iy = R b -

| Air Conditioning

=
oS

CERN ECAL Test Area

Provides a good approximation to the
expected CMS environment - temperature
] stabilized - laser barracks separated
§ - light transmitted via ~40 meter fiber

;

August 28, 2004 A.Bornheim - DPF 2004 - Riverside



ECAL Test Beam Setup

ECAL Test Beam at CERN H4 :

» Ap/pgeam= 0.1 %
»E =20- 180 GeV, electrons/pions

» 16s/4s Test Beam Time Structure;
& 25 ns running (LHC-like timing)

» Intensity: Up to 50K events / 16s
Approx. 60 rad/hour

August 28, 2004 A.Bornheim - DPF 2004 - Riverside
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|\{% ¢ Laser Source Monitor and ECAL Monitoring

ECAL Monitoring
» Light is distributed via

APD: 4——APD | This is used to monitor

the Crystals

optical switches and a two | B
level fanout system Crystak N |
> Reference diodes after each "™ BN 5*1": !
fanout. Can be pulsed = (’”TT

Optical Switch
{1f2SM selection) Laser( 4)

electronically.

» Radiation damage is
measured with respect
to the reference diodes.

Laser Source Internal Monitor
> Each laser has a monitor output = Pulse Timing Diagnostic

Fs
that allows to adjust and check i e S
its performance. UARTRORTx TR SAPPETE | Mal
> Data is recorded with a separate R - :I‘;'ﬂ Q
DAQ system running at 1 Hz. J_Q_‘m
> Max. laser light pulse rate 100 Hz. Quantronix Nd:YLF (527 nm) Diagnostic

August 28, 2004 A.Bornheim - DPF 2004 - Riverside 11



Laser Operation in 2003

Typical stable laser operation during 2003 beam test at CERN :

NT rel

12092003
1409 2003
16809 2003
18.09 2003
20092003
22092003
2409 2003
2809 2003
28.09 2003

‘Energy Scan’

u.s-: q/

0.4 air conditioning unstable

' — improve environment

|
: |

440 nm 27 L :" 1 ;
2 3‘;’.’5 o *‘9‘* *mmﬂw ——" wg

45

5 ‘.?
0.1 | : i
800 nim — (PTG s srmron pismornd RSSO R e S Dt o e sk ot el s o |
|l Emizpionh eviovegiad iunceinem b e i

700nm— o[

. - M
200 250 300 350 400 450 500 550 600 650
Time [hours]

= In total more than 1200 hours of operation in 2003 beam test

August 28, 2004 A.Bornheim - DPF 2004 - Riverside 12
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Laser Source Performance in 2003

8 &8 8 8

Stability over 25 h

Pulse Energy

20

Pean 150 ean ean 02183 0.1648
2.7 % "5: 25.7 nS 140 6.8 % NS . 65.8 ns 100 3.2 % “# 0.7060E02 50 7.6 % ms UIZ{I’EE
7 120 g - N 440 NM | so = Z
& ] o | 40 =‘=ﬁ?-'i
8 [ M : 80 | i ZIZZ1Z)
o T . , | -
o LRY B " »f —-///%4
. B | : A,
| N e 2 0| T
D = H// —’Ir//‘ e L 0 0 b Cr f’/’/{';/:/";f/g/‘f//:)/»;
3 40 60 80 501 012 014 016 018 0.2
i 300 e omme
21 5.7% | 36.3ns oo 5182% [
40 - 4 200 |- : AE
7 15 BEZ
0 2 700 nm 150 |- Z | i
2| 100 |- Z CET R
° R = L p Lot A
32 30 35 ‘“’I ﬁ'dth [50 ] %.05 0.06 0.07 0.08 0.02 0025 003 0035 0.04
ulse wi ns
P Pulse Energy - Short Term
100 e R [
15% | ™f —12.8%
Stability over 30 min | .| ~ of
He 50 |- A
. BD |- : 5//7 3 ==\
- /2% 440 nm | 2| ;;//}/}}800 nm
. . , . = R
Typical ‘Laser Run’ 10 - 30 minutes. P » | b
AN N, B
Gz, . D
.22 0.25 0.26 0.27 0.28 0.06 0.065 0.07 0.075

= Very good performance - exceeds requirements (<10 %) !

August 28, 2004
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l\!%, ¢ Laser Monitoring - Long Term Stability 2003
= h | | | | | |
‘» e ECAL Laser Runs (averaged)
$ 0.064 B s S e A oo
= ¢ Laser Monitor 800 nm i
= f f ® Absolute Measurement - No Ratios
o U
T o063 L S e + i* ,,,,,,,,,,,, 1% " Fully Independent Measurements
. CTet e e .
. i : + T t 4 | " Verygood stability on an absolute
SN Rl | e @ P | . T
* % + . scale
0062 [ L R e e
TTH (206 S
S - °
0.0BL [
I | | ! | | o
340 360 380 400 420 440 460 480
T [ hours ]

Monitoring entire LDS chain from the 1x2 switch onwards.

= Valuable cross systematic check.
= Laser source monitoring may serv

e as a master reference system.

= Precise pulse width and timing measurement too.

»Upgrades to the Laser Source monitoring DAQ to link to ECAL H4 DAQ.

August 28, 2004
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ECAL Monitoring System Stability 2004

3 davs data taking without beam

h

Entries 1512
Mean 1
RMS 0.0005365

450

400

350

300
250 RMS= 0.054%
200
150

100

50

g

| | 1 | 1 | | 1 | I | | 1 | |
0.99 0.995 1 1.005 1.01 APD

IB;;I’ PNO

o

Excellent Stability of the Monitoring System.
= Allows Precise Monitoring of Radiation Damage.

A.Bornheim - DPF 2004 - Riverside
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Tracking damage and recovery with laser light

Laser Monitoring Application

Channel 54 (XTal 1314)

O

Correcting radiation damage

©
f
[@)]
2 LHC Cycle Xtal T182 Feaieh
1 — E :| L EL L S N B S E =
: 650 =
% 5600
N ‘ o tasﬁou-z— .
.99 — -in. ------ '5’5550.:_ 5 . =%
~ £ = 2 i & =
R ;. 500 T i =
0.98 - R 450/ R L TR P TEL =
0.98 1,=30 hours v ¢ 3
. ’C2= 1.5 hours 5350.5_ _E
0.97 5300%— —%
5250 =
Blue laser (corrected normalization) S ,|| L 2' L 3| e EIZ
0.96 I~ lectron dat i
electron data Time [hours]
...... fit model (CMS Note98 013)
o N R S| ]
G 10 15 20 25 30

August 28, 2004

time (hours)
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Beam Test Spring/Summer 2004

»Test endcap supercrystals (SC) for the first time in final design !

ECAL Endcap/Barrel differ : APD/VPT, Monitoring Fiber into front/back of the Crystal,
Geometry, Crystal Type (China/Russia)

»Test crystals from new suppliers (SIC China, Apatity Russia, BTCP Russia)

Prepare competitive bid for encap and possibly barrel crystals.

SC04 SCO03
| |
BTCP 095|049 | 078 1 1.13 | 0.13 | 0.82 | 0.63 | 0.14
Apatity 1.48 | 2.13 | 253 || 0.53 | 0.55 | 0.58 | 0.62 | 0.62
SIC, Jun 04

1.83 (168 (092 1125 {099 |1.04 |09 |1.16
SIC, Jan

2.57 (2.86 | 275 1069 | 062 |09 |084 |0.74

----- = |270H116 |049 |12 |08 |14

<

‘Induced Absorption’
(a measure of the radiation
hardness)

Variation of crystals properties does not necessarily impact monitoring performance.

August 28, 2004
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Irradiation Studies 2004 - Apatity

Irradiation neighbor Crystal

Direct irradiation  Re-irradiation Total Dose : 4.6 G
Dose Rate : 4x Barrel Rate (60 rad/h)

- I Recovery 2nd recovery 108,
g_' 1:53.. l 1 - a 466
e \Mwﬂw. 1'02:_ > =(R—’ /
0.98] : g £ So \R,
0.96 — H I A X 3.98;
0.94:— ‘:-.” B (v i-‘ 0963—

B . f. ﬂ“'v-:" . C

- i | STalt 0.94—
0.92] % e
09: 0.92— > rradiati

-] u o irradiation

- LASER 0.9F
ossk : * recovery

: ELECTRONS 088
0.86— -

B ' R o e e b by by by 086__ | | | | |

0 20 20 60 80 100 120 140 160 092 094 096 098 1

time (hours) monitoring

>Very precise measurement of radiation induced transparency loss.
= Fast response for Crystal procurement !
Systematic effects on final correction under investigation.

August 28, 2004 A.Bornheim - DPF 2004 - Riverside 18
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0.9
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Irradiation Studies 2004 - SIC

Crystal not irradiated to saturation!
Direct irradiation

Re-irradiation

= SIC Crystals recovery time constant is much longer than for Russian Crystals !

August 28, 2004 A.Bornheim - DPF 2004 - Riverside

‘_I-N“* =1.04 -
N c -
- Bor sy 5.60y
:_ ’:‘i‘ 1f_ SO RO ..o
- 3 o
- 3 0.98 —
B 'O‘" C
= T3 \ 0.96
— v.% . e 8 o H . :
- X:.: Peet 0T °3 0.94
. L4 S —
- ; : “3 0.02f
- Wit = 3% e Ve gy S v ¢ 92— . . e
5 . - o irradiation
- ¥ 091 * recovery
- 0.88
.__III|III|III|III|III|III|III|III|I 0.86:_||1||11||1||l||1l|||||1|||1|l
0 20 40 60 80 100 120 140 160 0.88 0.9 092 094 096  0.98 1 1.02
time (hours) monitoring
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% Summary
'L},J‘:E.

Precise Monitoring and Calibration are essential to reach full ECAL performance !

A full performance ECAL is a key ingredient of CMS to reach full discovery potential !

>Comp|eted two extensive beam test periods in 2003 (1200 h) and 2004 (+2500 h).
>Monitoring System performs very well and reliably.

>Many iImportant ECAL issues have been proven to work in the beam test.
(Proof of principle)

» Detailed systematic studies how to reach ultimate performance are now underway.

» This will be a continuous process and will have to link to the in-situ calibration.

August 28, 2004 A.Bornheim - DPF 2004 - Riverside 20



