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Outline

C Introduction: calibration of scintillator based TOF
detectors

C Calibration with a laser light source
C An example: the large HARP TOFW

¢ Problems for the calibration of more performant
systems (eg the MICE TOF system)

C Avallable laser diode sources

C Test of components: MM fibers, fused fiber
splitters, optical switches

C Test of a prototype system in lab
C Conclusions
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Scintillator based counters for TOF
detectors

Based on scintillator
counters: simple to made,
sensitive to B, read at
both ends by PMTs, good
resolutions -> 50-100 ps
(depends mainly on L,N,,)
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Basics of double -sided scintillator counters
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Example: the large Harp TOF wall at
CERN PS

C Separationp¢ up GeMc,Ksp up t o
3 GeVc Y required time resolution 250ps
C 3 modules of 13 fast scintillator (Bicron

BG408) slabs:

Acentral, horizontal slabs (1.80x0.21x0.025)m3
Aateral, vertical slabs (2.50x0.21x0.025)m3
Acosmic trigger bars
Cslab- PMT
- TDC (time)
(5) i & ADC (charge) for
’ time-walk correction
C 2 PMs (XP2020) per slab
to measure time and position

Y t=(tdcO+tdcl)/2+cost
x=(tdcO -tdc1)/2+cost
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Calibration of the HARP TOF Wall

Intrinsic time resolution of scintillators =150 ps
measured with laser system and in lab tests with
cosmics

Accurate equalization of time response of the
different slabs is achieved with two methods

A Cosmic muons
d Average values of equalization constants
d Calibration runs every 2 -3 months, about one week

A Laser:

d Continuous monitoring of evolution of equalization
constants

d Calibration runs twice a day, few minutes during interspill
time
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he HARP TOFW calibration system

Powerful Nd-YAG laser with
passive Q-switch (dye),
active/passive mode locking and 10
" L Laser Hz repetition rate

sieon. 0 Pulse width 60 ps energy 6 mJ

o Minote Tj' T T l IR emission converted to a second

(61 fibers)

harmonic (I =532 nm) by a KD*P
SHGcrystal

1{ Y Laser light delivered to single
channels via afiber bundle (IR SM)

TOF Wall

Coaxial cables (40 m)

Fiber type Dt/L L (m)
(ps/m)
3.5 12m

FOS SMR-R

Optical beam splitter:
core - To ultra-fast (30 ps
cladding rise/fall) InGaAs

(single mode)  interfiber Hamamatsu G4176 MSM

fc%?ﬂ é);m;l: uv 149 6m P photodiode => START
Gl - To detector slabs

Corning SMF-28 3.6 15m throuah d

(R SM) gh custom-made

optical fibre system =>
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Conparison of laser with  cosmics calibration data

Shifts of calibration constants from
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Time stabllity of the TOF
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Time resolution of the HARP TOF

150 ps intrinsic resolution A <100 ps accuracy on time monitor
Y <200 ps resolution on particle arrival time

Discrimination p-p at 3 GeV/c
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Next steps: towards calibration of
more performant systems

Calibration of systems with time resolution < 50 ps impose

severe requirements on the monitoring/calibration system

In addition the use of laser -diodes (cheaper, simpler to
operate, ) | mp olsudgetas réspegthotmore o we r
conventional Nd-Yag duplicated laser (Q-switched) + fiber

bundles : a factor 10°-107 reduction in laser pulse energy to

be managed !!

Extensive tests on components: type of fiber (MM vs SM),
splitters, optical s Wwdhdviounand , e t
attenuation in the visible range, are needed. Components are
qualified for TELECOM use (IR) !!

Question : is it feasible a calibration system made of a cheap
laser-diode + some kind of fiber injection system into ~100

channels to be calibrated ?
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Components to be used

A A diode laser source

A Fiber patches to convey laser pulses to the channels to be calibrated

A Optical switches to send the laser pulse to 1 of N channels (active device, eg
piezoelectric actuactors)

A Fused fiber splitter to split input laser pulse to N output channels (typically 1
-> 4, 1-> 8) (passive device)

A Needs to optimize all as respect to time spread + attenuation at | ~400 nm

Switching module 1x3 Optical SWitCheS advantages
i A Nol dependance e

:l_éoumuthbex A LOW |nsert|0n IOSS ......
A\ Vg A Possibility to use MM /T}sendmﬁ ;
sy fibers i

Compliments of www. e s com

Fused fiber splitter
technology well-known for
Telecom (> 1200 nm) not so

common for visible light and MM
fibers
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Choice of laser source

To

Typical diode-laser source: Pilas 405
from ALS Gmbh (other options from

Picoquant, Hamamat s u,

Peak power <1 W

FWHM ~30-50 ps

Repetition rate up to 1 MHz

A Optical head with:

Collimating otics (free space beam) (A)
Internal fiber coupling [best] (B)

o o I

Option (B) is best for maximal power
delivery to the calibration system

lﬂ b T Mty o
4.1 Handling and Adjustment
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Measured time characteristics of
used ALS Pilas 405 Laser

~ ADUANCED LASERDIODE SYSTENS] |

PIL040 SN346
—11HZ TUNE 80— —

| ADUANCED LASERDIODE SYSTEMS||
PILO4D" SN346 |
1 1MHzZ TUNE 80

istogram
ale’ 40 hits/div
mean  72.95938 ns
std dev . 1.8696.ps
p-p 11,1 ps

nean d
Risetine(1) .6 ps 22.43 ps 1.62 ps
Falltine(1) - 54.0 ps 53.69 ps 1.68 ps
+ width(1) ' 33.9 ps 33.51 ps 1.93 ps
U p-p(1): 82,967 82,6233 my 657.4 pU

Measurements done with a HP
54750A sampling scope with a
50 GHz head + a 20 GHz MSM
A.L.S. ultrafast detector. Light is
Injected into the detector via a 9
mm SM fiber input

Rising edge is well
defined, fall less
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Additional measurement with a streak
camera
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