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NA6 2 RICH performance:  
measurement and optimization  

Viacheslav  Duk  
on behalf of the NA62 RICH working group  



01.08.2018 V.Duk, RICH 2018 

Outline  
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üNA62 and RICH  

üPrecise mirror alignment  

üRICH performance: 

× Electron selection 

× Single ring iterative fit  

× Single hit time resolution  

× Number of hits  

× Ring radius resolution  

× Ring centre (track slope) resolution 

× Single hit resolution  

üConclusions 
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NA62 setup 
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beam 

ü Main goal : BR(K+Ÿϣ+ϠϠ) measurement 

ü Other: search for New Physics in rare decays 

See the talk by Patrizia 
Cenci for details 
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NA62 and RICH requirements  

4 

NA62 requirements:  
Á 1013 kaon decays in the fiducial volume  
Á O(100) signal events 
Á ~10% precision 

RICH requirements:  

ü Muon misID  probability at the ~10-2 level in  15 GeV/c < p < 35 GeV/c 

ü Measure the pion crossing time with ~100 ps  resolution  

ü Provide L0 trigger for charged tracks  

Rejection of K+Ÿɛ+ ɜɛ  : 
Á Kinematics: O(104 ) 

Á PID in calorimeters: >105 

Á PID in RICH:  >102 

O(1012) background rejection 

Main kaon decay modes 

See the talk by Patrizia 
Cenci for details 

decay BR 

K+Ÿϟ+Ϡϟ 63.6% 

K+Ÿϣ+ϣ0 20.7% 



RICH layout  
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PM flange 
(2 flanges x ~1000 PMs) 
Size: R~300 mm 
Winston cones: d=18 mm Mirror mosaic  

(17 m focal length) 

Vessel (~17 m long) 

Beam pipe 



RICH mirrors  
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RICH mirrors:  

ü 18 hexagonal mirrors (35 cm side), 2 semi-hexagonal                      

ü Made of 2.5 cm thick glass (~20% X0) 

ü Al coating  

ü Thin dielectric film to improve reflectivity  

Al ribbons and piezo motors 

Mirror support system:  
ü 5 cm thick honeycomb panel 
ü Mirrors are supported by the 

dowel connected to the 
support panel  

ü two Al ribbons allow for the 
mirror orientation  

ü One Al ribbon to prevent 
mirror rotation  

ü Two piezo motors to rotate 
mirrors remotely  Mirror mosaic 

(central part) 
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RICH mirrors  
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2 mirror groups (Jura, Saleve): 
ü Each group is oriented towards a 

corresponding PM flange  

Mirror optical properties:  
ü R = 34 m 
ü Reflectivity ~88% (Ϟ = 195-650 nm) 
ü D0 ȀɯƘɯÔÔɯ 

Mirror numbering  Reflectivity measurement: one curve per mirror  
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RICH mirror alignment  
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Preliminary laser alignment:  

Å Measured before closing the vessel 

Å Setup with ~10 m lever arm (R=34 m) 

Å Precision O(500) ϟrad in terms of mirror 

orientation  

Precise alignment with data:  

Å Measured during data taking  

Å Use reconstructed tracks  

Å Iterative procedure  

Å Precision O(30) ϟrad in terms of mirror orientation  
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Mirror alignment: procedure  
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Event selection:  
Á single track in the mirror acceptance 
Á Area illuminated by the cherenkov light in the acceptance of a single mirror (steps 1, 2) or 

a single group (step 3) 
Á single ring 100% in PM acceptance (>80% for lateral mirrors) 

Step 1: 
Å Measure the absolute misalignment AM for 20 mirrors  
Å AM = Real ɬ Predicted 
Å Real ring centre:  ring fit  
Å Predicted ring centre:  track extrapolation to the PM plane (nominal orientation assumed)  

Step 2: 
Å Calculate the relative misalignment for 18 hexagonal mirrors 
Å Reference (one per group): semihex mirror  
Å Calculate piezo motor movements needed to compensate the relative misalignment 
Å Rotate mirrors 

Step 3: 
Å Calculate a global offset GO (average absolute misalignment) for each group 
Å Calculate residual misalignment RM (RM = AM ɬ GO) for each mirror  

End of the iteration procedure:  
Á Residual misalignment O(1) mm   (i.e. 30 ϟrad) 
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Mirror alignment: example  
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Alignment in 2016, step 1:  
Á Mirror #5  
Á Global offsets of the previous iteration subtracted  
Á Gaussian fit performed  
Á Absolute misalignment is the gaussian mean 
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Mirror alignment: results  
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Alignment in 2016, step 3:  
Á Global offsets ~O(20) mm 
Á Residual misalignment (one point = one mirror)  

Performance optimization:  
V Misalignment measurement on a monthly basis  
V Global offsets and residual misalignment stored in a database 

Jura Saleve 
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RICH performance  
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RICH performance depends a lot on the event selection  

ɁÉÈÚÐÊɂɯ×ÌÙÍÖÙÔÈÕÊÌȯ 
Á Dedicated event selection 
Á1ÌÚÖÓÜÛÐÖÕɯÖÍɯɁÓÖÞ-ÓÌÝÌÓɂɯÝÈÙÐÈÉÓÌÚ 
Á Can be compared with other RICHes 

Measurement:  
Å Electron sample from K+Ÿe+ ɜe 

0́  
Å Rings fully in acceptance 

ɂÙÌÈÓɂɯ×ÌÙÍÖÙÔÈÕÊÌȯ 
Á Analysis -driven event 

selection (e.g. K+ Ÿ ϣ+ ϠϠ) 
ÁɁÏÐÎÏ-ÓÌÝÌÓɂɯÝÈÙÐÈÉÓÌÚɯȹ/(#Ⱥ 

Measurement (ϣ/ϟ PID):  
Å  ϣϠϠ-like selection 
Å Pion sample from K+ Ÿ ́+ ́ 0   
Å Muon sample from K + Ÿ ɛ+ ɜɛ 

This talk  
See the talk by Roberta  
Volpe for details  
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RICH measurements and performance  
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RICH measurement  Where used Performance parameter 

Time  

Ring radius   

Ring centre  

Nhits
*  

* : Nhits ǽɯ-photons (one photon per PM) 
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RICH measurements and performance  
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RICH measurement  Where used Performance parameter 

Time L0 trigger   

Ring radius  PID  

Ring centre Complementary track  
slope measurement 

 

Nhits
* Specific event selection, 

PID 

 

* : Nhits ǽɯ-photons (one photon per PM) 
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RICH measurements and performance  
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RICH measurement  Where used Performance parameter 

Time L0 trigger  Å Single hit time resolution  
Å  event time resolution  

Ring radius  PID Å Ring radius resolution  
Å  single hit resolution  

Ring centre Complementary track  
slope measurement 

Å Ring centre resolution  

Nhits
* Specific event selection, 

PID 
Å <N hits> 
Å  Figure of Merit  

* : Nhits ǽɯ-photons (one photon per PM) 
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Iterative single ring fit  
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Standalone single ring fit:  
Á No track information  
Á  Ɇ|r i ɬ r0 - R| 2 / Ϧhit

2 is minimized ( r i : hit position, Ϧhit  : single hit resolution)  
Á Fit result: ring centre r0 , ring radius R 
Á NDF = N hits - 3 

Iterative single ring fit (to remove noisy hits):  

Á Perform the standard single ring fit  

Á Calculate Ϫ2(iter ) = (r i ɬ  r0 ɬ  R)/Ϧhit
2 + (t i - <t>)2/Ϧt

2   for each hit 

(<t> : average hit time, Ϧt=0.28 ns ) 

Á A hit with the largest Ϫ2(iter) is removed 

Conditions to stop the iterative procedure (OR):  
Å Ϫ2(iter ) < 4   for each hit 
Å N hits = 4 
Å N iter > 5 

Performance optimization:  
V Fit procedure can be tuned for single-track analyses 

(standalone, track seeded, combination) 
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Single hit time resolution  
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(thit  ɬ tref) distribution: non -gaussian due to delayed hits (known issue)  
Gaussian part:  
Á plot ( thit  - <t>) 
Á Fit the central part 
RMS:  
Á Calculate variance of hit times 
Á /ÓÖÛɯȄȹÝÈÙÐÈÕÊÌȺ 
Á RMS is the histogram mean 

Gaussian part:  0.17 ns 
RMS:                 ~0.28 ns 

Event time resolution: see the talk by Roberta Volpe 

 thit  - <t> 2ÐÎÔÈɯǻɯȄȹÝÈÙÐÈÕÊÌȺ 

Delayed 
hits 
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Number of hits  
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Poissonian fit:  
<Nhits> = 13.8 

Figure of Merit N 0: 
Nhits = N0*L*sin2ϛ 
 
N0 = 65 cm-1 

Performance optimization:  
V <N hits> is measured on a run-by-run basis 
V Values are stored in a database 
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Ring radius and ring centre resolution  
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Ring radius:  
Á <R>   = 189.6 mm (ϛ = 11.2 mrad) 
ÁϦ (R) = 1.47 mm (90 ϟrad) 

Ring centre (track slope) : 
Á  Ϧ (Dx) = 2.96 mm  (170 ϟrad) 
Á  Ϧ (Dy) = 2.92 mm  (170 ϟrad) 

Performance optimization:  
V <R> is measured on a run-by-run basis 
V Values are stored in a database 

Spectrometer contribution:  
< 0.6 mm (< 35 ϟrad) 

Ring radius distribution  

(Real ɬ predicted) ring centre  

Ring radius resolution  

Track slope 
resolution  

Ring centre 
resolution  


