
1. Long term vacuum & out-gassing tests 

2. Long term HV tests

3. Integration with decay tube 

4. Tests with muon & electron beams

Unseparated beam from 400 GeV/c protons from SPS:

• pK = 75 GeV/c

• 800 MHz , ~6% K+

Beam Differential Cerenkov
(positive identification of kaons)

Silicon pixel beam tracker
• 3 stations, <0.5% X0 /station
• 200 ps/station resolution
• 300 mm × 300 mm pixels
• readout chip 0.13 mm CMOS 

Large angle photon veto detectors 
(operating in vacuum)

Liquid Krypton calorimeter
• Available from NA48
• Intermediate angle photon veto 
(� detection efficiency 1-10-5)
• Particle-Id using E/p

Prototipo del RICH
Risoluzione temporale 75 
ps

2×1000 PMT

Vessel: l=17 m, d=3 m

Vacuum spectrometer
Straw-tubes chambers

• Very wide dynamic range: sensitivity from well below the mip up to maximum energy photon: 
from  20 MeV (1 mip ~ 80 MeV) up to 20 GeV (3 orders of magnitude )

• Veto detector with modest resolution requirements:
• 0.5 ns time resolution (i.e. better than lead-glass � 1 ns)
• � 10%/� E energy resolution
• � 1 MHz rate (real single lead glass rate > 100 kHz)
• Handle safely >10 V signals

• Additional requirements
• simple & cost effective electronics
• easy to scale & integrate with common TDAQ infrastructure

• Our solution:
• Use time-over-threshold discriminator with multiple adjustable thresholds + TDC
• Standard TDAQ infrastructure (based on TELL1)
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BR(K +�� +�� )THEORY = (8.22 ± 0.84)·10-11

+1.15 -
1.05

• K + � � +�� BR measures one side of CKM triangle

THEORY

E787/E949, Phys. Rev. Lett. 101, 191082(2008)

• Theoretical prediction depending on top (dominant) and charm 
contributions in loops

Light path MirrorCorrector8 × PMT’s Cerenkov ring
at diaphragm

Charged veto

• Very clean test of New Physics but very suppressed decays:

BR(K +�� +�� )EXPERIMENT = (1.73        )·10-10 (7 events)

• Crystal prepared & assembled in Frascati:
1. Put new wrapping, solder new PMT base

2. Mount crystals on supports (4 by 4)

3. Cabling, and mount supports inside vacuum vessel

• ~10000 SF4 lead crystals 
- used in OPAL e.m. calorimeter

- we re-use part of the barrel

- 8 different crystal shapes 

- � =5.6 g/cm3, X0=1.5cm,RM=2.6 cm

• Rearrange crystals in 4 or 5 staggered layers

• Install rings inside vacuum vessel

Mosaic mirror

Beam pipe

Large angle 
photon veto

Calibration : 
reconstruct charge vs. time-over threshold by 

polynomial fit
or by numerical interpolation of average charges 

from QDC vs time widths from TDC

Few % resolution (estimated by comparing QDC 
& ToT energy determinations) achieved 
already with simple algorithms (possibly 
implemented in FPGA for triggering purposes)

Large Angle photon VETOes (LAV) 
layout:

- 12 stations of increasing diameter in order to 
cover hermetically the range � = 7–50mrad
- 3 different sizes of vacuum vessels
- last downstream station operated in air
- 4 or 5 layers/station
- 32 to 48 crystals/layer

Recycle & Re-use!
- Use existing high-intensity kaon line at SPS
- 50× beam intensity with small adjustments
- Use the NA48 Liquid Krypton calorimeter
- Use NA48 vacuum decay tank (blue tube)
- Use NA48  spectrometer magnet
- Modify existing muon veto
- Modify existing beam differential Cerenkov
(CEDAR)

NA62NA62NA62

Muon veto

• 100 events (SM) in 2 years
• Keep backgrounds <10%
• >10% acceptance

- High p (75 GeV/c), high-intensity & unseparated beam: 
800 MHz of hadrons!
- In-flight experiment (no background from stopping target)

Experimental technique
1. Very precise timing (correct K+/p+ matching)
2. Kinematical rejection of 2 & 3 body backgrounds
3. Dedicated veto detectors for muons and photons
4. Particle Identification (K/p, p/m)

NA62 BASICS

Straw-tubes chambers, 
200 mm resolution

Achromat + tax

target

Use existing CEDAR
- fill with 1  atm H2
- new photo-detectors
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Lead glass detection efficiency compared 
with tile and fibers “spaghetti” calorimeters

RICH
• Neon gas, 1 atm
• p/mseparation
• 150 ps time resolution
• 17 m long, 3 m diameter

Magnet
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Vacuum tank 
“blue tube”

Up to 4×128 channels of TDC 
or 4×16 channels of FADC at 40MHz, 10bit
Data through-put up to 4 Gbit

4 PreProcessor FPGA 
(1 for each TDC)

1 AMD credit card PC

1 SyncLink FPGA

4 Gigabit Ethernet

TELL1 DAQ interface board , 
designed for the LHCb experiment

FPGA

Pulser line

LVDS driver

Programmable 
threshold

Comparator

Protection 
stage

Analog in

Digital out

(to TDC)

LAV Front end electronics

NA62NA62NA62

LAV layout

TDC

QDC

ToT discriminator

Active splitter

Lead-glass
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Front end electronics tests

PMT signal ToT signal

LAV Construction

LAV Installation & test

QDC counts

Energy in block (MeV)
4002000 100 300

mip

F
ra

ct
io

n 
of

 e
ve

nt
s 

w
ith

 
�1

 T
oT

hi
t

Energy scale deduced from gain measured during calibration

• 7 mV or 10 mV threshold values preferable 

• 15 mV to 25 mV probably too hard as single thresholds

LAV beam-test 
Threshold optimization

Residual gas analysis

Pressure � 1.3*10-4 well within specifications

PMT test in vacuum

Modifications of the voltage divider in order to improve the performance of  
time-over-threshold by cleaning the PMT signal: 

• Add diodes at 1 st dynode (for signal clamping )
• Compensate last 3 dynodes inductance (reduce ringing of the signal)
• Compensate anode disperse inductance (remove shoulder of the signal)

Additional advantages
• Improve the first dynode multiplication factor and therefore total gain
• Reduce probability of multiplication starting from 2nd dynode (lower spread)

Include HV decoupling resistor 
Better precision in divider components: 

• Improves gain stability

PMT optimization

Time resolution
• 4 GeV electrons 
• Time difference between 2 
subsequent blocks
• Slewing correction 1/Q
• Q evaluated from time over 
threshold (and not by QDC)
• After slewing correction � 1.1 ns

Time difference (ns)

3% resolution

Test setup

Trigger/Gate

Flange with vacuum
feed-thoughs

O-ring inside its groove

LAV module

Blue tube

foot

original

modified

Sliding connection


