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Outline  

Ç Introduction: calibration of scintillator based TOF 
detectors  

ÇCalibration with a laser light source  

Ç  An example: the large HARP TOFW  

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

Ç  Available laser diode sources  

ÇTest of components: MM fibers, fused fiber 
splitters,  optical switches  

ÇTest of a prototype system in lab  

ÇConclusions  
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Particle ID with TOF  

Á TOF based on measure of t 
over a fixed length L  

 

 

 

Á Mass resolution dominated by 
st (not measure of L, p)  

Á Separation power in standard 
deviation  

 

 

 

n

t

t cp

mmL
n

s
s 2

2

2

2

1

21,
2

)( -
=

-

1
2

22

-=
L

tc
pm



M. Bonesini - TIPP 2014 Conference 4 

Scintillator based counters for TOF 
detectors  

Scintillator bar 
(diamond finish)  

PMT 

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,Npe) 
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Basics of double -sided scintillator counters  
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Precise TOF and Hit position 

Pmt 

Scintillator + 
lightguide  
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TOF measurement resolution can be 
expressed as:  

TOF may be measured using 2 planes at 
distance L (t 01 ,t 02 ), each with a resolution  

But t i are affected by exp 
delays di due to excursion 
of cable delays (T), 
electronics  é must be 
measured -> 
calibration/monitoring 
(cosmics /laser syst )   

sTOF
2=st1

2+st2
2+scal 

2  



Example: the large Harp  TOF wall at 
CERN PS  
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ČSeparation p-ɸ up to 5 GeV/c, K-ɸ up to 
3 GeV/c Ý required time resolution 250ps 

Č3 modules of 13 fast scintillator (Bicron 

BC-408) slabs: 

Åcentral, horizontal slabs (1.80x0.21x0.025)m3 

Ålateral, vertical slabs (2.50x0.21x0.025)m3  

Åcosmic trigger bars 
Čslab ­ PMT 
            ­TDC (time)  
               & ADC (charge) for  
               time-walk correction 
Č2 PMs (XP2020) per slab 
 to measure time and position   

 Ý t=(tdc0+tdc1)/2+cost      

           x=(tdc0 -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  

ÅCosmic muons: 
ðAverage values of equalization constants  
ðCalibration runs every 2 -3 months, about one week  

ÅLaser: 
ðContinuous monitoring of evolution of equalization 

constants  
ðCalibration runs twice a day, few minutes during interspill 

time  



The HARP TOFW calibration system   
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Powerful  Nd-YAG  laser with 
passive Q-switch (dye), 
active/passive mode locking and 10 
Hz repetition rate 
Pulse: width 60 ps    energy 6 mJ 
IR emission converted to a second 
harmonic (l=532 nm) by a KD*P 
SHG crystal 
Laser light delivered to single 
channels via a fiber bundle (IR SM) 

Optical beam splitter:  
­To ultra-fast (30 ps 
rise/fall) InGaAs 
Hamamatsu G4176 MSM 
photodiode => START 
­To detector slabs 
through custom-made 
optical fibre system => 
STOP  

Fiber type  Dt/L 
(ps/m)  

L (m)  

FOS SMR-R 
(single mode) 

3.5 12 m 

Ceram Optec UV 
100/110 (MM)  

14.9  6 m 

Corning SMF-28 
(IR SM)  

3.6 15 m 
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Comparison  of laser with cosmics calibration data  

üThe two calibration 
methods provide similar 
accuracy on the 
equalization constants d 

 

üThe shifts of equalization 
constants (Dd) measured 
with the two methods are 
well correlated (within 
100ps) 

70ps 

laser 

Shifts of calibration constants from 

Nov 2001 to May 2002 data taking 
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Time stability of the TOF  

The TDC value in a single 
channel as measured with 
the laser has been stable 
in time  

No evidence for time shifts in 
excess of ~70 ps  

detect and correct variations of 
We can calibration constants 

larger than 100 ps 

rms~70ps 

Time during 2001 data taking (hrs) 
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Time resolution of the HARP TOF  

150 ps intrinsic resolution Ã <100 ps accuracy on time monitor  
Ý <200 ps resolution on particle arrival time  
 
 
 

protons 

pions 

Dt~2 ns 

s~220 ps 

Discrimination p-p at 3 GeV/c 



Next steps: towards calibration of 
more performant systems  
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Å Calibration of systems with time resolution < 50 ps impose 
severe requirements on the monitoring/calibration system  

Å In addition the use of laser -diodes (cheaper, simpler to 
operate,é) impose a tight power-budget as respect to more 
conventional Nd-Yag duplicated laser (Q-switched) + fiber 
bundles : a factor 10 6-107 reduction in laser pulse energy  to 
be managed  !! 

Å Extensive tests on components: type of fiber (MM vs SM), 
splitters, optical switches, é to assess timing behaviour and 
attenuation in the visible range, are needed. Components are 
qualified for TELECOM use (IR) !!  

Å 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 ?  



Components to be used  
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Å A diode laser source 
Å Fiber patches to convey laser pulses to the channels to be calibrated 
Å Optical switches to send the laser pulse to 1 of N channels (active device, eg 

piezoelectric actuactors)  
Å Fused fiber splitter to split input laser pulse to N output channels (typically 1 

-> 4, 1 -> 8) (passive device)  
Å Needs to optimize all as respect to time spread + attenuation at l ~400 nm  

 Optical switches advantages  
Å No l dependance 
Å Low insertion loss  
Å Possibility to use MM 

fibers  
 

Fused fiber splitter :  
technology well-known for 
Telecom (> 1200 nm) not so 
common for visible light and MM 
fibers  
 



Choice of laser source  
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Å Typical diode-laser source: Pilas 405 
from ALS Gmbh (other options from 
Picoquant, Hamamatsu, é)  

Å Peak power < 1 W 
Å FWHM ~30-50 ps 
Å Repetition rate up to 1 MHz 
Å Optical head with:  
       Collimating otics (free space beam) (A) 

Internal fiber coupling  [best] (B)  
 

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

A 

B 



Measured time characteristics of 
used ALS Pilas 405 Laser  

M. Bonesini - TIPP 2014 Conference 15 

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  



Additional measurement with a streak 
camera 
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