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OUTLINE 

   The NA62 experiment at CERN 

   A RICH detector for NA62 

   The RICH prototype:                   
final test beam results  

   Summary and Outlook 

NA62 

The NA62 Collaboration: Bern ITP, Birmingham, Bristol, CERN, Dubna, Fairfax, Ferrara, Florence, Frascati, Glasgow, IHEP Protvino,  INR Moscow, 
               Liverpool, Louvain, Mainz, Merced, Napoli, Perugia, Pisa, Roma I, Roma II, San Luis Potosi, SLAC, Sofia, TRIUMF, Turin 



NA62 goal:  ~100 K+→π+νν events in 2 years (starting in 2013)                                 
         ~ 10% background (signal acceptance ~10% ) 

  “Golden” channel, theoretically very clean, sensitive to physics beyond SM 
  BRTH(K+→π+νν) = (8.5 ± 0.7) × 10-11   SM@NLO    (PRD78, arXiv:0805.4119) 
  BREXP(K+ → π+νν) = (1.73       ) × 10-10  E787/E949@BNL    (PRL101, arXiv:0808.2459) 
  Main background events:   BR(K+ → µ+ν) = 63.4% ,  BR(K+  → π+π0) = 21% 

 +1.15 
 -1.05 

   RICH needed to suppress  Kµ2 decays 

NA62: the next generation fixed target kaon experiment at CERN        
aiming at a 10% precision measurement of BR(K+→π+νν ) 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REQUIREMENTS: 

   Kµ2 rejection factor of at least 10-12 
   Kinematics : ~10-5  → Straw Tracker + GTK 
   Veto for μ: ~10-5  → Muon Veto 
   Particle ID: μ suppression factor ≤ 10-2 

   Precise π-K coincidence timing 
   Time resolution: ≤ 100 ps 

m2miss=(PK-Pπ )2   GeV2/c4 

The NA62 Experiment at CERN 



The NA62 detector layout 
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Decay in flight technique, unseparated beam π/K/p (~6% K+) 
Kaon momentum: 75 GeV/c (Δp/p ~1%), Kaon flux ~4.8 × 1012 decay/year     
  (1 “year”: 100 days/year, 60% overall efficiency) 

SPS primary proton beam: 400 GeV, ~5×1012 ppp → expected signal events ~50/year 



    Mirror Mosaic 
(17 m focal length) 

          2 × ~1000 PM 

Vessel diameter 4→3.4 m  

Beam 

Beam Pipe 
INFN Firenze, INFN Perugia, CERN 

The NA62 RICH Detector 
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Neon gas at atmospheric pressure is used as radiator (non-flammable): 
   appropriate refractive index at atmospheric pressure, low atomic weight to minimize radiation length 
   good light transparency in visible and near-UV, low chromatic dispersion 
   (n-1) = 62.8 10-6 at λ=300 nm (small dispersion) 
   θC max = 11.2 mrad;    pthreshold = m / √(n2-1) = 12 GeV/c for π  



R7400U-03 

R7400U-06 
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NEON 

AIR QUARTZ AIR 

The light detection 
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INFN PISA  INFN  
PISA 

Front End and Readout 
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The NA62 RICH prototype 
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The RICH-400 prototype 
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RICH-400: test program 
    Beam: mainly π+, 15% p, few % K+, variable % of e+   

   1.5% Δp/p, negligible angular spread 

   Momentum range: 10 to 75 GeV/c 

   Many momentum points to measure μ-π separation using only π: each next 
point is a π with the same β of the μ of the actual point (μ-π equivalent)  
   1° scan: 15.2, 20.1, 26.5, 35.0, 46.2, 61.2 GeV/c  
   2° scan: 17.7, 23.4, 31.0, 41.0, 54.2 GeV/c 
   3° scan: 28.7, 38.0, 50.3 GeV/c 

   Test prototype performance under different conditions: 
   Moving the mirror, different rates, different Tell1 firmware versions, polluting the 
gas (air and CO2), etc 

   Repeat measurements with the new mirror (final device, made by Marcon, 
aluminized and coated at CERN): 

   Special runs:  
   check trigger algorithms and accidentals at higher intensities 
   measure efficiency for ring fitting methods 



Number of PM hits 
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Number of hit PMs for a single ring                            
(cut at 4 due to the software trigger algorithm)  

Typical data events with fitted rings  

Average number of hit PMs for a single ring as a 
function of momentum in the range 15-35 GeV/c pions 

Pions at 
35 GeV/c 

Pions at 
15 GeV/c 

Positrons
at β=1 

Pions at 15 GeV/c:  NHit PM  ≈ 8 
Pions at 35 GeV/c:  NHit PM  ≈ 17 
Positrons at β=1:     NHit PM  ≈ 20 
Results in agreement with MC expectations  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Time resolution as a function of the π momentum: 
average root mean square of the selected hit time 

with respect to the average hit time 

Cherenkov angle resolution as a function of the π 
momentum: the standard deviation σ is estimated 
by a Gaussian fit to the radius distribution   

pions 

Timing and Cherenkov angle 

   The results fulfill the requirement for the NA62 RICH detector and are 
compatible with those of the 2007 beam test held at CERN  

   The same results are obtained using both the standard readout system 
and the new readout prototype  

   Data are in agreement with Montecarlo simulation 

pions 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NA62 Detector Simulation: GEANT4 based  

 RICH beam test results in good agreement with              
Monte Carlo simulation expectations in 15-35 GeV/c 

Simulation/Data Comparison 

MC/Data ratio for: 
-  Hit PM number 
-  Ring radius σ 
-  Ring center σx and σy 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15 GeV/c  35 GeV/c 

π

π

“µ”

“µ”e  e 

R(m)  R(m) The “µ” is a π with the same β as a µ at 15 (35) GeV/c  

Fitted ring radius R(m) 

RICH-400: π-µ separation 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Mirror  
in (0,0) 

Radius (mm) Radius (mm)         

@15  GeV @35  GeV 

Blue line: half way between π and µ peaks 
Red line: signal region definition (+3σ from peak)  

Calculate: µ contamination and π loss (under different conditions) in momentum bins 
 Use: ring radius distribution and the reconstructed squared mass of the particle  

π-µ Separation Measurement 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µ suppression factor equal or better than 10-2 

Measurements repeated for 4 different 
alignment positions of the mirror, in order to 
take into account possible displacements of 
the ring center (in mm).  

π-µ Separation Results 

Measurements repeated with different cuts 
and ring reconstruction methods: upper 
and lower limit are the 3σ constraint on the 
position of the fitted ring center. 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MC Simulation (Geant4): photon distribution 
on the mirrors (15-35 GeV/c momentum) 

RICH Mirror Layout 
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PM Flanges position (centered @ ~1m from the beam pipe)  

    Mirror plane 

Beam Pipe 

Limit of the Cherenkov photon acceptance  

MC Simulation (Geant4):  
photon distribution on the PM flanges  

(15-35 GeV/c momentum) 

RICH vessel and gas gystem 
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PM Flanges position (centered @ ~1m from the beam pipe)  

    Mirror plane 

Beam Pipe 

Limit of the Cherenkov photon acceptance  

MC Simulation (Geant4):  
photon distribution on the PM flanges  

(15-35 GeV/c momentum) 

RICH vessel and gas gystem 
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The NA62 RICH will be used for: 
  background suppression 
  precise measurement of tracks time 
  first level trigger  

The results of the prototype test beams fulfill the design requirements: 
  time and Cherenkov angle resolution          
  hit PM’s per ring 
  π-μ separation and μ suppression factor 

 The construction of the NA62 detector has already started: 
 the first data taking will take place in 2013 

(due to SPS stop in 2012) 

Summary and Outlook 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SPARE 



RICH-100 test: time resolution 
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NA62: the experimental challenge - I 
  Track and identify kaons in the beam:  

  at 0.8 GHz rate  
  with 0.5% momentum resolution 
  with 150 ps time resolution  
  with a tight material budget 
⇒  Gigatracker (Fast Si µpixel)                         
+ Cherenkov Threshold (CEDAR) for K+ 
identification among beam particles 

  Track decay products  
  in a 10-6 mbar vacuum 
  with 0.5% momentum resolution 
  with 150 ps time resolution and 
with a tight material budget 
⇒  Straw Tracker in vacuum 

Beam Spectrometer Gigatracker: 3 Si μpixel 
stations before the decay volume Geometry 
matching the beam shape 

•  High space resolution: 300x300 μm pixels 
•  Low X/X0: 200 μm sensor+100 μm chip              

 (<0.5% X/X0 per station) 
•  Excellent time resolution: sophysticated RO chip 
bump bonded on the sensor (0.13 μm technology) 
•  Momentum resolution 0.4% 
• Time resolution ~ 200 ps (per station): 
•  First prototype just tested on beam at CERN PS 

Straw Tracker 
•  4 straw chambers with 4 staggered layers of tubes per view, in vacuum 
•  Ø 9.6 mm, 2.1 m long tubes, 1 magnet (NA48 magnet, 256 MeV/c Pt kick) 
•  Rate: ~45 KHz per tube (max 0.5 MHz) (µ+π) 
•  Total X/X0: 0.1% X0 per view, 130 µm/hit resolution per view 
•  6 cm “radius” beam holes displaced in the bending plane according to the 
beam path 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NA62: the experimental challenge - II 
  Reject π0 and veto additional γ  

  10-5 single γ detection inefficiency 
at Eγ > 10 GeV  
  2÷3.5x10-8 π0 rejection inefficiency 
from  K+  → π+π0  

⇒ Photon VETO 

  Reject µ background  
  at 10-6 level (trigger + offline) 
 10σ π/µ  separation at high p 
⇒ RICH +  Muon Veto Detector (MUV)  

Muon Veto Detector 
➔ 1 plane of fast scintillator behind all the detectors (trigger) 
➔ Hadronic calorimeter (offline) 
Hadronic calorimeter (MUV 1, 2): 2 modules 
➔ Fe/scintillators sampling calorimeter 
Fast scintillator plane (MUV3) @ end of detector  
➔ Matrix of pads, PMt behind pad directly connected to scintillator 

RICH: 18 m long, 2000 PMT 
•  Neon at 1 atm (π thr.: 12 GeV/c) 
•  100 ps resolution (to disentangle 
pileup in the Gigatracker) 
•  π-µ 3σ separation up to 35 GeV/c 

➔ NA48 LKripton calorimeter (acceptance: 110 mrad): 
trigger+offline 
➔ Rings of large angle vetoes (acceptance: up to 50 mrad): 
offline 
➔ Small angle calorimeters (acceptance: < 1 mrad): offline 
Large Angle Veto: 
•  12 ring em calorimeters in vacuum, 5 staggered plane/ring 
•  OPAL Lead glass; Ring 3 in construction (1 and 2 built) 

iron 

MUV3 MUV2 
MUV1 


