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NA62: measurement of NA62: measurement of KK++→→ππ++  νννν
● Very clean theoretical prediction, sensitive to VVery clean theoretical prediction, sensitive to Vtdtd, very , very 

sensitive to new physics sensitive to new physics (if measured at level of  10%: (if measured at level of  10%: 
~100 events)~100 events)

● BR(KBR(K++→→ππ++  νννν) = (8.0 ±1.1) ) = (8.0 ±1.1) x x 10 10 –11 –11  SM @ NLO SM @ NLO

● E787/949:E787/949:  BR(KBR(K++→→ππ++  νννν) = 1.73    ×10) = 1.73    ×10-10-10    (7 events)(7 events)
(Phys.Rev.Lett.101:191802,2008)(Phys.Rev.Lett.101:191802,2008)
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The RICHThe RICH
● Main background                                  Main background                                  

KK++→μ→μ++νν  (BR ~ 63%)(BR ~ 63%)
● Rejection ~Rejection ~4x104x10-13-13

– Kinematics ~Kinematics ~8x108x10-6-6

– Vetoes ~Vetoes ~1010-5-5

– PID ~PID ~5 105 10-3-3 => RICH                                => RICH                               
(π(π--μμ at 3 at 3σ 15-35GeV/c)σ 15-35GeV/c)

● Time K-πTime K-π
– Resolution ~Resolution ~100ps100ps => RICH => RICH
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Winston's coneWinston's cone

● Design:Design:
– Focal length f~17mFocal length f~17m

– Neon at 1 atm↔PNeon at 1 atm↔P
ππ
 >  > 

12GeV/c12GeV/c

– 2000 PM      2000 PM      
(Hamamatsu R7400U) (Hamamatsu R7400U) 
granularity 18mm granularity 18mm 

Honeycomb Honeycomb 
PackingPacking
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The RICHThe RICH
(schematic view)(schematic view)

PreAmpPreAmp NINONINO
(Time Over Threshold)(Time Over Threshold) HPTDCHPTDC

Vessel: ~17.5m long  ~3m diameter

Vessel: ~17.5m long  ~3m diameter

BeamBeam

● Mirror:Mirror:

– Focal length f~17mFocal length f~17m

– Hexagonal segments Hexagonal segments 
1m diameter by 1m diameter by 
MARCONMARCON

– 2cm thick glass2cm thick glass

– DD
00
 < 4mm  < 4mm 

– MgFMgF
22
 coated Al coated Al

2 x 1000 PM2 x 1000 PM
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● Aim:Aim:
– Time resolutionTime resolution

– Hits multiplicityHits multiplicity

● Features:Features:
– Mirror: Mirror: ΦΦ=50cm, thickness=2.5cm, =50cm, thickness=2.5cm, 

f=17.01mf=17.01m

– 96 PM (96 PM (Hamamatsu R-7400Hamamatsu R-7400)=> Bias on )=> Bias on σσ
θcθc

● Detector setup:Detector setup:
– TTest PM and Front-End (NINO based)est PM and Front-End (NINO based)

● Beam:Beam:
– 96.2% 96.2% ππ , 3.0% K, 0.8% p @200GeV, 3.0% K, 0.8% p @200GeV

Prototype 100 (Fall 2007)Prototype 100 (Fall 2007)
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Test Beam ResultsTest Beam Results
NIM A 593(2008) 314-318NIM A 593(2008) 314-318

● Performance:Performance:
‒ Time resolution ~65psTime resolution ~65ps

‒ σσ
θc θc 

~ 50μrad (bias)~ 50μrad (bias)

‒

‒

‒

‒

‒ Track Angular resolution Track Angular resolution 
~100μrad~100μrad

‒ Hit PM multiplicity ~ 17Hit PM multiplicity ~ 17

RMS Event Ti me
0 0. 5 1 1. 5 2 2. 5 3 3. 5 4

1

1 0

21 0

31 0

41 0

51 0

61 0

RUN 2104 -  Ti me Resol uti on

All   65 ps
U03  68 ps
U06 176 ps

RUN 2104 -  Ti me Resol uti on

∼ 4% > 3σ
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Test Beam ResultsTest Beam Results
(details)(details)

Elastic Elastic 
Scattering of Scattering of 
1 PE on 1st 1 PE on 1st 

dynode*dynode*

*Hamamatsu*Hamamatsu

Chosen 
R7400-U03

● Comparison between PMs: Comparison between PMs: 
R7400-U03/R7400-U06R7400-U03/R7400-U06

● Single PM time resolutionSingle PM time resolution
● Robustness  tests:Robustness  tests:

‒ Neon contamination up to 1%Neon contamination up to 1%

‒ Temperature variationsTemperature variations

‒ No relevant effectNo relevant effect
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Test Beam ResultsTest Beam Results
(further details: IEEE TNS vol. 56 no. 3, June 2009)(further details: IEEE TNS vol. 56 no. 3, June 2009)

Neon 
Scintillation

Reflection on 
PMs flange

Delta raysDelta rays

Time of the event Time of the event 
(arbitrary offset)(arbitrary offset)

PM's secondary emission

Bench Test 
~100PMs 
(U03 + U06)

Bench Test
U03(HA) 
U03(HA)
U03(HB)

all events 
1 PM  
2 PMs 
3 PMs 

≥4 PMs 

ns ns

ns ns
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MonteCarloMonteCarlo
● Cherenkov related Cherenkov related 

performance performance 
reproducedreproduced

● Higher order effects:Higher order effects:
– could be tuned bettercould be tuned better

– PM's secondary PM's secondary 
emission not emission not 
reproduciblereproducible
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Prototype 400Prototype 400

Offline application of Offline application of 
trigger algorithm to trigger algorithm to 
data from TestBeam data from TestBeam 
20072007

π π 

μμ  

● Aim:Aim:
– ππ--μμ separation           separation          

at 15-35 GeV/cat 15-35 GeV/c

– Improvement of Improvement of 
cooling and cooling and 
mechanical structuremechanical structure

– Test DAQ and Trigger Test DAQ and Trigger 
by TELL1 (HPTDC)by TELL1 (HPTDC)

● Features:Features:
– Added 318PMAdded 318PM

● Status:Status:
– Design finalized, Design finalized, 

ready for the beamready for the beam

15 GeV/c 35 GeV/c
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Prototype 400Prototype 400
Test scheduled for October 2008Test scheduled for October 2008
Postponed to May 2009 (LHC accident)Postponed to May 2009 (LHC accident)

PM holderPM holder

Endcap (Cones)Endcap (Cones)

        CoolingCooling
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TELL1 preliminary testTELL1 preliminary test
● ~400 PMs installed in ~400 PMs installed in 

the PM holderthe PM holder
● Full FE electronics Full FE electronics 

assemblyassembly
● Laser arranged to pulse Laser arranged to pulse 

all the PMs at onceall the PMs at once
● Time resolution Time resolution 

measurements using measurements using 
both CAEN TDCs (test both CAEN TDCs (test 
2007) and TELL12007) and TELL1

CAENCAEN

TELL1TELL1

ns

nsSee G. Lamanna talkSee G. Lamanna talk
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SummarySummary
● NA62 demands a challenging RICHNA62 demands a challenging RICH
● Test of the first prototype (96PM, Fall 2007): Test of the first prototype (96PM, Fall 2007): 

– Good resultsGood results

– Tool for MC validationTool for MC validation

– NIM and IEEE TNS papersNIM and IEEE TNS papers

● Fall 2008: Preliminary test of TELL1 readoutFall 2008: Preliminary test of TELL1 readout
● Spring 2009: test of the second prototype Spring 2009: test of the second prototype 

(414PM) for (414PM) for ππ--µ separationµ separation
● The final detector should be ready for 2011 The final detector should be ready for 2011 

NA62 commissioning runNA62 commissioning run
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SPARESSPARES



Antonino Sergi - TIPP09 - 2009-03-14Antonino Sergi - TIPP09 - 2009-03-14 1515

PMT PMT Hamamatsu R7400UHamamatsu R7400U

Hamamatsu R7400U PMTHamamatsu R7400U PMT            
→  diameter 16 mmdiameter 16 mm
→  lenght 16 mm lenght 16 mm 
→  photocatode diameter 8 mmphotocatode diameter 8 mm
→  8 stages8 stages
→  Max HV 1000 VMax HV 1000 V
→  Gain@800V  ~ 5-7 x 10Gain@800V  ~ 5-7 x 1066

→  λλ peak peak ~ 420 ns ~ 420 ns
→  t.t.s.  280 ps t.t.s.  280 ps 

 

Used:Used:
•  R7400-U03: Bialkali, UV glassR7400-U03: Bialkali, UV glass
•  R7400-U06: Bialkali, quartzR7400-U06: Bialkali, quartz
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EfficiencyEfficiency

● PM “Efficiency” PM “Efficiency” ∼∼  0.3  0.3 
photoelectrons per PMphotoelectrons per PM

● Effect of CutsEffect of Cuts
● λλ I I => 0 Hits (Prob => 0 Hits (Prob ∼∼  7%) 7%)

.218.721.222.745.891Final

.986.999.988.999.999Good fit

.255.795.259.820.984≥4 PM in 1ns
(Ring fit)

.885.925.884.927.996<Time> in 10ns

----------------.927Nrich 2-35

.996.996.996.996.996Trig Time Wind

.984.984.985.985.9851 Trigger

Dy 
+1000

Dy 
+500

Dx 
+100
0

Dx 
+500

Standard 
(2104)

Cut / Run

Mean 17.5Mean 17.5
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AccidentalsAccidentals

ffAccAcc  ∼∼  100kHz 100kHz
PPAccAcc  ∼∼  10 10-3-3

  Trigger (Low) QualityTrigger (Low) Quality
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● Positrons Run: Single Positrons Run: Single 
PeakPeak

● Bump in “Kaon Bump in “Kaon 
Region” Region” removedremoved: : 
Geometry/Fit artifactGeometry/Fit artifact

Ring FitRing Fit
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Mirror MovementsMirror Movements
● Mirror orientation Mirror orientation 

reproducibilityreproducibility

● Rotation angle Rotation angle 
between Mirror and between Mirror and 
PMs XY referencePMs XY reference

((∼∼ 80°)80°)

79.4°79.4°
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● TemperatureTemperature

No visible effect onNo visible effect on

““Cerenkov side”Cerenkov side”

Robustness TestsRobustness Tests

Neither on Time Neither on Time 
ResolutionResolution

18.518.5
18.518.5

18.818.8
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Robustness Tests (2)Robustness Tests (2)

• Neon Neon 
ContaminationContamination

 (N(N22 0.5%+0.5%) 0.5%+0.5%)
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Test OpticsTest Optics

Laser Fiber

Within ∼  σ/2 of intensity

(I(R=0)-I(R=Rmax)∼ 10%)

Winston’s

Cones

PMs

Fused silica window

A bit different from final flange

Intensity
profileOptical filter
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FlangesFlanges

Winston’sWinston’s

ConesCones

PMsPMs

Fused silica window(s)Fused silica window(s)

Perugia Lab RICH TestBeam

∼∼ 7mm gap7mm gap
((∼∼ 40% loss)40% loss)

7.5mm

18mm

2
2

m
m

∼∼ 1.51.5  mm gapmm gap

Within Within ∼∼  1° 1°
from axisfrom axis
max max ∼∼  3mm gap 3mm gap
without loosingwithout loosing
efficiencyefficiency
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Analog signal parametrizationAnalog signal parametrization

const

TT

≈

∆∝

σ

δ

Conceptual start

)( 1−ff

Threshold

 Signal Region 

3ns
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Single PE measurementsSingle PE measurements

U04

g∼ 4 105

U03

g∼ 106

900V900V
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Time resolution understandingsTime resolution understandings
Laser

specs + 
elastic

scattering on
1st dynode

1st dynode
PE

NINO
stretch

ineff

Restarts
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Time resolution for O(1-2) PETime resolution for O(1-2) PE

FWHM FWHM ∼∼  270ps 270ps
FWHM ∼  

470ps

Suggested Working Voltage Suggested Working Voltage 

900-950V900-950V

Electronics Contribution Electronics Contribution 

∼∼  120ps 120ps
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Time resolution for O(1-2) PETime resolution for O(1-2) PE
ResultsResults
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Charge Calibration ResultsCharge Calibration Results

● Channel by channelChannel by channel
● Needs Needs veryvery clean  clean 

input signalinput signal
● Gain estimate Gain estimate 

accuracy accuracy ∼∼  10% 10%
● Pulse height estimate Pulse height estimate 

without further without further 
electronicselectronics



Antonino Sergi - TIPP09 - 2009-03-14Antonino Sergi - TIPP09 - 2009-03-14 3030

Winston’s conesWinston’s cones

● IfIf  d<3mmd<3mm  ⇒⇒  0% Lost0% Lost
● In testsIn tests  d=7mm d=7mm ⇒⇒  

40% Lost40% Lost
● In the prototypeIn the prototype  

d<2mmd<2mm
● Gain should be Gain should be ∼∼  5 5
● Seen Seen ∼∼  3 in tests  3 in tests 

(compatible with(compatible with  40% 40% 
LostLost))

LostLost

EasyEasy

Mylar Mylar 
(refl(refl∼∼ 80%)80%)

dd
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