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%&) Introduction o

CMS is building a high resolution Crystal Calorimeter (ECAL) to be operated
at LHC in a very harsh radiation environment.

Resolution design goal : 25%/\/E 3@3 02/ E

Calibrating and maintaining the calibration of this device will be very challenging.
Hadronic environment makes physics calibration more challenging.
= Talk by G. Daskalakis at this conference.

PWO, Crystals change transparency under radiation.

The damage is significant (few % - up to ~5 % for CMS ECAL barrel radiation levels) compared
to the desired constant term (0.5 %).

The dynamics of the transparency change is fast (few hours) compared to the time scale
needed for a calibration with physics events (weeks - month).

= Talk on crystals by R. Paramatti at this conference.

= Compensate by monitoring the change with a laser monitoring system.

June 8, 2006 A.Bornheim - The CMS ECAL Laser Monitoring System
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> Crystal light yield changes under irradiation. Change is dose rate dependent.
> Crystal light yield change under irradiation is linearly correlated with longitudinal
transmittance (transparency).
> Magnitude of the transparency change is crystal dependent.
> Transparency change recovers at room temperature. Recovery time is crystal
dependent with two time constants, one of few 10 hours and one >1000 hours.
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Damage and Recovery in a’'LHC Cycle’

fo4 |
w1k Simulation '
"t 1 n=1.47 s L Test Beam Data
0.995 z_ : Blue laser (correced normalization)
i Depends on: i o _}_ Electron data 120Gay no corrections)
0.99 ?V »Radiation level (n, Luminosity) | £ [ &
- V >Crystal characteristics ose | 1 uta =
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= Damage-recovery cycle in sync with the ~12 hour LHC fill cycle
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= Radiation Reduces transmittance in the blue

\f \; Radiation Effects on PWO, Transparency
% | d}:/p_,

and green, peak of PWO, emission spectrum

» Effect is dose rate dependent.
= Monitoring relative loss of PWO,
transmittance with pulsed laser light.

For the expected dose rate at CMS barrel (15 rad/hour),
transmittance loss is at a level of up to ~5%.

= Almost no effect in the red wavelength range.2o|

* Monitor with red light to separate

80

Transmittance (%)

60|

- BTCP-2467

From top to bottom

— 200°C annealing
. 15 rad/h (65 h)
% — 100 rad/h (63 h)
%“— 400 rad/h (62 h)
f 9000 rad/h (10 h)

out possible variations in the light distribution

system and the readout chain.
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%{}Q In-Situ Monitoring & LHC Bunch Train

72 bunches 38 missing bunches 119 missing bunches
25 ns distant 8 missing bunches 39 mlssmg bunches

HIInn Hﬂﬂ il Hﬂﬂ L
e

Abort Gap
2.97 us

b.c.
\
~30-20-10 0 10 20 30 40 50 60 70 80 90 100110 120130140150 160
- Laser latency
] - Laser sequence
Laser trigger Light

measurement

Abort gaps occur at ~10 kHz - Laser pulses at ~100 Hz = Use ~1% of gaps.

YV VYV

Measure transparency of all crystals from one half-module at a time - limited by
data flow rate. Use 600 laser shots for one measurement,

» Laser pulse latency ~4 ps

= Scan entire ECAL every 20 minutes

June 8, 2006 A.Bornheim - The CMS ECAL Laser Monitoring System



Laser Source Requirements
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» Pulse Energy : 1.0/0.6 mJ at 440nm/495nm
Enough to flash several hundred crystals via a multi level light distribution system.

TUTUTE 5
)

» 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 the 25 ns read out cycle of the ECAL electronics.
» Pulse Width Stability : <2 ns
Prevent bias in the amplitude reconstruction. = See A. Zabi talk
» Pulse Jitter : Pulse timing, long/short term, typically <4 ns/<2ns
Ensure precise triggering in time with LHC 25 ns cycle.

» Wave Length :
440 nm primary wavelength at the PWO emission peak,
495 nm /800 nm / 700 nm for systematic cross checks.

—> Mimic scintillation light as closely as possible.
— Allow monitoring in sync with normal data taking.

A.Bornheim - The CMS ECAL Laser Monitoring System
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w {}’ Laser System Layout

YLF Pump Laser :
Generate ~2 W light power @ 100 Hz out of 10 kW electrical power.

Trigger A

SN\ N\ N\

%

:
S

Trigger B

Vi) Vi) /" ‘/" /" /;’ /a' /a' /o' /" /0' /0'
* * - - - - - - - - - -

TiS :
Wavelength shifting, Pulse compression
Release 100 mW @ 100 Hz light power to ECAL

Thereis a 3 us delay between trigger A & B to allow pulse buildup.
The pulse timing of the TiS output has an additional delay of a few 100 ns with a few ns jitter.

June 8, 2006 A.Bornheim - The CMS ECAL Laser Monitoring System
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. ) Laser Source Layout for CMS ECAL
w t} BLUE Laser (x2) :

Provides 440 nm

and :
Monitor :
Quantronix Ti: Sapphire ﬁbﬂ—:ﬂm energy, pUISe Wldth, tlmlng
(440'on4951nm’) :.>D Q of pump laser and main laser
————
Quantronix Nd:YLF (527 nm) Diagnostic

@ To Level Two Fanout

Diagnostic d p| i I

.>| — )—Clq m \ / s o [
Quantronix Ti: Sapphire Main O |_ H{ — © c
(440 or 495 nm ) :.>D i - °
(0-5) x 10dB = o

/ 3x1 0-99% 1x80
X
—] Optical | | Attenuation Optical Monitoring
Switch Box Switch Box

— -
Quantronix Nd:YLF (527 nm) Diagnostic

Diagnostic

3x1 switch to select red or blue laser,
1x80 switch to select half SM

Quantronix Ti: Sapphire

Main
(709 or 796 nm ) :.>E O

— -
Quantronix Nd:YLF (527 nm) Diagnostic

RED Laser:
Provides 800 nm
and 700 nm
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/%\ On-Detector Monitoring System
g d}jgj

APD > Very stable PN-diodes used as reference system
E—— » Each Level-1 Fan-out is seen by 2 PN diodes
PN > Each PN diode sees 2 Level-1 Fan-out
APD > 10 PN diodes per SM
» SM are illuminated one half at a time, constraint by data volume

Precision pulsing system for electronics calibration

—m | [
ﬁj’ﬁﬁj’

Optical Switch
{172 SH selection)

Laseri4X)

VPT
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/\ Light Distribution System

1.015( Long Term Stability of the LDS < 0.1%0
1.01 all 23 channels superimposed
1.005 | |
1.0 ~ F 7 '
0.995
0.99 it evoalution
' PN#0
|
0-985 50 100 150 200 250 300

hours (e
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Laser Source Monitoring

Each laser has a monitor output which allows to adjust and monitor its performance of pulse
energy, pulse width and pulse timing.

Ful Timd .E :mm_:: nﬁ . E 2000 :lsm?‘g:
se B :
~= Fulse Timing Diagnostic FS b 2500] 2 W 17501
_ I 1500( -
1 Quantronix Ti: Sapphire Main 2000 12500 800 nm
{ 440 or 495 nm ) :‘::'D O 1500~ 800 nm 1000}
O 1000 | 1.3 % 780E
Quantronix Nd:YLF (527 nm) Diagnostic ok S i
26 28 30 32 09 1 11
Pulse Width [ns] Normalised Pulse Height
= - E 1005
oaTeE o ﬁm_ QAT ED
et T 140 { T i 4000
1201 2.8ns ' 120 1.5ns | ' 3500[
100 440 nm 100 ,—.' 800 nm mm. m nm
2500/
e @ 2500 3.7 %
80 | 60 440 nm 15m.
40 P 2
1.4 % 1000}
20 20
R S e i 500} e :
0230 255 24D 242 264 246 248 250 20 . 0 ﬂIB - 1'1
pulse time [ns] Pulse Width [ns] Normalised Pulse Height

= Short term stability typically a few percent / few ns (RMS) over several hours.
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Laser Source Feedback — 2006 Testbeam

Laser Pulse Timing

400 TS0 7600 7700 TE00 7900 80D 5100
Time [ h]

Laser Pulse Amplitude

1250
1.2
145 N vy
141°*
1.05 4 et S
1 T e S B
0.95 o *
5600 5700 5800 5900 6000 6100 6200 6300 6400
Time [ h]

Amplitude

0.8
075
o 07
E n.65

0.6 'F""'—-..l"- A e e gy
0.55

05
0.45

I I
0.4 7400 7500 7600 7700 7800 7900 8000 8100

Time [ h]

litude

A

No Feedback

With Pulse
Timing
Feedback

Laser source internal feedback ensures precise timing over several 100 hours.

June 8, 2006

Also improves pulse width and pulse amplitude stability.
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w ; Monitoring System Performance - Stability
& :
?':.: i From 2004 test beam :
%100 _
o [ RMS APD/PN ratio per channel, no
® sol irradiation, 450 hours, 500 channels.
Eﬂ__ _21.004:
i gmua; Single channel response
a0 3 .
I~ %‘x ‘ = . Tt i: &
n £ 1=y -y "' Ll
zu__ 0.999;— N
B IIIIIIIIIIII|I 0.997;_|“‘|“‘“““‘I“““I“‘I“I
uﬂ .u _nuu 5 .n _nﬂ'l .ﬂ _nﬂ-‘ 5 .u _nﬂz .u _nﬂz 5 ‘73200 73400 73600 73800 74000 74200 74400 74600

Run

Monitoring Stability

Typically ~0.1 % long term stability in real environment. This includes the stability of
the entire readout chain - temperature, HV, etc.

= We can measure the crystal transparency with better than 0.1 %.

15
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\f &% Online Laser Data Analysis Farm
<1 €674

"-359:::’:“"””9 e i MONE;‘.':AL Ca.l:',l‘;r:ti:n" and Monitoring of CMS E&TOTWMVF%GWW! Gy . . . .
—_— » Fast Online Analysis in dedicated ‘Laser
Al = Farm’ (12 PCs) parallel to online filter
1 O farm.

— | 105 » Extract transparency for each crystal
1 3 from one laser run.

_pusen | ossf- » Perform plausibility checks by

== 0sE comparing neighboring crystals, groups
— - of crystals for s_mgle runs and groups of

- runs. Interpolating between laser runs
| 3 and smoothing of the measured
S| | N A O O A OO AR A AR transparency change.

&l 0 10 20 30 40 50 &0 'H.'Iﬂ (:ﬂ '
» Transfer results to database (online and

red2 Runs 73092-73682 Hnorm:111 APD Norm:0 Chan:2 mod:0 D13/1/2005 T13:54 H

offline).
’7N;m:lézr:lfnsl;s:lln]‘:rr:::oge:;:r‘l‘l\:eI;; MinMax M Asci M Spline Bt l—1§| Ay l—UiI LBt l—Zil BRI Wi‘

—> All ECAL laser data will be analysed in quasi real-time to allow fast feedback.
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Laser Light Loss — Electron Signal Loss
NE
- Dispersion of o for 28 BTCP crystals
s : o 16
oAl S L
oos | 2 1a[ ] 2002
© O r
2 axt = 120 (2003
S osr | - B 2004 (an)
m E 10—
o om - B 2004 (spring)
= 085 [ 8__
Rl N o/mean = 5%
g 0.84 [ 61—
2 : - on a ~5% correction due
N ass b al to the effect of irradiation
0'920,9-5' BT a— T T [T R_ T C
signal from Laser R, 2~
u_l | | | (| | | | | | | | | | | | | | | | 1

1 1.5 2 2.5 3 o
= Coefficient for crystals have relatively small dispersion.

= At startup use same parameters for all crystals from one producer.

An in-situ determination of o is under consideration.
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Correcting Transparency Change

; “+
o
e
SO,

v I ndf 73.85/ 68
—_ 1 Prob 0.2928
£ [ ) 5560 + 0.626
85600 _
. ]
L | : # i T
mm_ﬂ_ﬁm@ﬁﬁg W Monitoring corrected response
C Biﬁ ]
L & ]
5500|— % —
: LT :
5450 #&%%% | Electron response under irradiation
| * corrected response B
54(!‘.1; L raw response _:
B T e T S S—
time(h)

= Transparency change can be corrected to better than 0.15 % (Rws over 4 crystal irradiations)
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“\f Summary

» Final Laser Monitoring System has been installed
and tested over several thousand hours at the test beam.

» All performance criterions have been achieved.

» Next step is commissioning the system on the final
detector in the cavern.

» Then, operating the system and follow the crystal
transparency on the level of 0.1% over 10 years.
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