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RICH: Hadron ID 
           for flavor separaFon 
(common to SIDIS approved exp.) 

Luminosity up to 1035 cm‐2 s‐1 

Broad kinemaFc range coverage  
(current to target fragmentaFon) 

H and D polarized targets 

Highly polarized 12 GeV electron beam 

PAC30 report (2006): Measuring the kaon asymmetries is likely to be  
as important as pions …. The present capabiliFes of the present  
CLAS12 design are weak in this respect and should be strengthened. 

Ongoing upgrade of the CLAS detector. 
First beam expected in 2016. 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



E12‐09‐07:  
Studies of partonic distribuFons using 
semi‐inclusive producFon of Kaons 

E12-09-08:  Studies of Boer-Mulders Asymmetry  in Kaon 
Electroproduction with  Hydrogen and Deuterium Targets 

E12‐09‐09:  
Studies of Spin‐Orbit CorrelaFons in Kaon ElectroproducFon in 
DIS with polarized hydrogen and deuterium targets  

CLAS12 

CLAS12 

RICH detector for flavor separation of quark spin-orbit  
correlations in nucleon structure and quark fragmentation 

Kaon SIDIS Program @ CLAS12 

3 Contalbrigo M.  CLAS12 RICH 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SIDIS Kinema@cs @ CLAS12 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Intermediate angular range (15‐25o)  
important to reach high PT values 

High Momentum region important  as 
transient to hard semi‐exclusive region  

PT: hadron transverse momentum  z:  hadron fracFonal energy 

CLAS12 RICH MeeFng, 20th November 2013, JLab 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PID @ CLAS12 

CLAS12 RICH MeeFng, 20th November 2013, JLab 

HTCC FTOF  FTOF  HTCC 

RICH is mandatory to reach few % pion contaminaFon in the full kinemaFcs 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    Kaon flux 1 order of magnitude lower than π  π rejec@on 1:500 required 
    Aerogel mandatory to separate hadrons in the  3‐8 GeV/c momentum           

                range with the required large rejecFon factors  

   collecFon of visible Cherenkov light      

    Use of PMTs: challenging project, need to minimize the detector 
                   area covered with expensive photo‐detectors 

CLAS12 Momentum Range 

6 Contalbrigo 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SIDIS  
kinema@cs TOF 

Ra@o K/π ~ 0.1‐0.15 

!
C

CLAS12 RICH MeeFng, 20th November 2013, JLab 



RICH Base Configura@on 
1st sector allows: 
 
    ✓  to start physics with un‐polarized and  
         longitudinal polarized target  
 
    ✓   full coverage of the relevant azimuthal  
          angle φ (w.r.t virtual photon)  
 
2nd sector allows: 
 
    ✓  to extend the kinemaFcal coverage  
         into the most interesFng regions 
         (high‐Q2 and high‐PT) 
 
    ✓  the symmetric arrangement needed to control 
         systemaFc effects in precision measurements  
         with polarized targets 
         (i.e. double raFo method) 

Crucial for the study of parton dynamics  
related to angular momentum and spin‐orbit  
effects with flavor sensiFvity. 

7 Contalbrigo M.  CLAS12 RICH MeeFng, 20th November 2013, JLab 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The Hybrid Op@cs Design 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Direct rings/best performance for high momentum particles                     

CLAS12 RICH MeeFng, 20th November 2013, JLab 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The Hybrid Op@cs Design 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•   Minimize active area (cost) to about 1 m2    
•  Material budget concentrated where TOF is less effective 
•  Focalizing mirrors allow thick radiator for good light yield                              

Direct rings/best performance for high momentum particles                     

Reflected rings for less demanding low momentum particles                     

CLAS12 RICH MeeFng, 20th November 2013, JLab 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RICH Project Achievements 

2010:           
                 ✔    Concept of Design and Technology 
 

2011:          
                    ✔     Tests of components and small prototype 
 

2012:  
                    ✔     July: Test‐beam with Electrons (FrascaF) 


                ✔    July: Test‐beam with Hadrons (CERN) 
 
                   ✔    December: Test‐beam with Hadrons (CERN) 
  

2013: 
              ✔    February:  Start Engineering Phase 
     
                 ✔   26‐27 June:  Technical Review 

            

 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



RICH 

beam 

RICH 

GEM  GEM 

scin@llators 
(trigger) 

threshold gas 
Cerenkov 

(π/K separa@on) 

beam 

pions 
few % kaons 

RHIC Prototype at CERN‐T9 

11 Contalbrigo M. 

Readout Electronics based on MAROC3 
chip and derived from Medical Imaging 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



RHIC Prototype: Direct Light Case 

12 Contalbrigo M. 

Radiator 
H8500 

beam 

1m gap  
Aerogel:  n=1.05 
2cm thickness 

8 GeV beam 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



RHIC Prototype: Direct Light Case 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Radiator 
H8500 

beam 

p=8 GeV/c 
K (x40) 

π

P (x40) 

1m gap  
Aerogel:  n=1.05 
2cm thickness 

Clear hadron separa@on up to the  
CLAS12 maximum momentum 

8 GeV beam 

Ring Coverage ~ 80% 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



Radiator 

H8500 

curved 
mirror 

beam 

mirrors + aerogel 

RHIC Prototype: Reflected Light Case 

14 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Aerogel: n=1.05 
6cm thickness 

𝝈↓𝑹 = 𝝈↓𝟎 + 𝝈↓𝟏𝒑𝒆 /√ 
𝑵↓𝒑𝒆    

6 GeV beam 

plane mirror 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



Radiator 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curved 
mirror 

beam 

mirrors + aerogel 

RHIC Prototype: Reflected Light Case 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Aerogel: n=1.05 
6cm thickness 

𝝈↓𝑹 = 𝝈↓𝟎 + 𝝈↓𝟏𝒑𝒆 /√ 
𝑵↓𝒑𝒆    

Aerogel: n=1.05  
2cm thickness 

6 GeV beam 

plane mirror 

Ring Coverage ~ 60% 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



Radiator 

H8500 

curved 
mirror 

beam 

mirrors + aerogel 

RHIC Prototype: Reflected Light Case 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Aerogel: n=1.05 
6cm thickness 

<N>=13.1 
<N>=5.3 

With absorbers: sizeable frac@on of light survives 

without  
absorbers 

with  
absorbers 

𝝈↓𝑹 = 𝝈↓𝟎 + 𝝈↓𝟏𝒑𝒆 /√ 
𝑵↓𝒑𝒆    

and resolu@on is not  significantly degraded 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Aerogel: n=1.05  
2cm thickness 

6 GeV beam 

plane mirror 

Ring Coverage ~ 60% 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



RICH Simula@ons 

17 Contalbrigo M. 

direct light setup 

reflected light setup 

without absorbers  with absorbers    

Based on measured opFcal characterisFcs and validated with RICH prototype data 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



pion  kaon  proton 

The CLAS12 Hadron ID 

18 Contalbrigo M. 

One charged parFcle per sector in average: 

Non trivial RICH light paier due to reflecFons: 
paier recogniFon and likelihood ID required  

CLAS12 RICH MeeFng, 20th November 2013, JLab 



pion  kaon  proton 

The CLAS12 Hadron ID 

19 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Even with a not yet opFmized tuning of paiern recogniFon 
and likelihood ID,  the π contaminaFon is of  the order of 1%  

pion >> kaon everywhere 

TOF + HTCC 

+ RICH 

few % pion  
contaminaFon 

One charged parFcle per sector in average: 

Non trivial RICH light paier due to reflecFons: 
paier recogniFon and likelihood ID required  

CLAS12 RICH MeeFng, 20th November 2013, JLab 



pion  kaon  proton 

The CLAS12 Hadron ID 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Even with a not yet opFmized tuning of paiern recogniFon 
and likelihood ID,  the π contaminaFon is of  the order of 1%  

pion >> kaon everywhere 

TOF + HTCC 

+ RICH 

few % pion  
contaminaFon 

~1:500 rejecFon 
from x5 to ~1% 

One charged parFcle per sector in average: 

Non trivial RICH light paier due to reflecFons: 
paier recogniFon and likelihood ID required  

CLAS12 RICH MeeFng, 20th November 2013, JLab 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Technical Review Outcome 

Very fruikul discussion and posiFve response:  
 
“A talented and dedicated collaboraFon is aggressively pursuing the development of a detector 
that would significantly enhance the capabiliFes of the CLAS‐12 baseline design. Retrofinng a 
detector into predetermined constraints is always a challenge. Much progress has already been 
made. Although several challenges remain, the panel offers their strong encouragement to 
conFnue. The potenFal gain is high.” 
 
 
14 valuable recommendaFons: 
   
   We implement acFons for all.  
   Many are addressed already in the TDR under finalizaFon.  

CLAS12 RICH MeeFng, 20th November 2013, JLab 



22 Contalbrigo M. 

Summer 2013: 
 
            
        ✔    August: CLAS12 RICH Project (TDR) 

         ✔    August: Project Management Plan       
                
            ✔    5‐6 September: Project Review with DOE  
 

RICH Project Achievements 

CLAS12 RICH MeeFng, 20th November 2013, JLab 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RICH US Scope Management 

CLAS12 RICH MeeFng, 20th November 2013, JLab 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Photon Detectors: MA‐PMT 
✓  Mature and reliable technology 
✓  Large Area (5x5 cm2)  
✓  High packing density (89 %)  
✓  64  6x6 mm2 pixels cost effecFve device  
✓  High sensiFvity on visible towards UV light 
✓  Fast response 

The only opFon to keep the schedule is the use  
of mulF‐anode photomulFpliers: start with  
H8500, keep opFon for H12700 

Contract Awarded by JLab  
on 30 September 2013 

CLAS12 RICH MeeFng, 20th November 2013, JLab 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Summer 2013: 
 
            
        ✔    August: CLAS12 RICH Project (TDR) 

         ✔    August: Project Management Plan       
                
            ✔    5‐6 September: Project Review with DOE  
 
            ✔    30 September: 1st contract awarded (MA‐PMTs)  

GOAL: 1st sector ready by the end of FY16 

Construc@on phase has been started 

RICH Project Achievements 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



Aerogel Radiator 

26 Contalbrigo M.  CLAS12 RICH MeeFng, 20th November 2013, JLab 



Aerogel Transmikance 

27 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M. 

Achieved clarity for large Fles at n=1.05 
          

              ~ 0.00050 µm4 cm‐1 
 

(LHCB has 0.0064 µm4 cm‐1 for n=1.03)  

In collaboraFon with Budker and Boreskov 
InsFtutes of Novosibirsk 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



Layer I and II 
3 cm thick Aerogel 

Layer III 
2 cm thick Aerogel 
Large area – High 

transmittance 

Aerogel Produc@on 

28 Contalbrigo M. 

     Aerogel Manufacture Engineering: 
 

                ‐   maximize producFon rate for large scaiering lengths (>50 mm) 
                ‐   minimize edge effects (large area Fles) 
                ‐   improve boiom surface accuracy  

    Aerogel ProducFon Phases: 
 

                I)  First layer of the Fck radiator ~ 2 m2  by March 2015 
                     ‐   minimum requirement on opFcal quality 
 
 
 
 

               II)  Second layer of the Fck radiator 
                     ‐   medium requirement on opFcal quality 
 

               III) Thin radiator layer 
                     ‐   maximum requirement on opFcal quality 

Under negoFaFon  (INFN) 

1st m2 under negoFaFon  (INFN) 

CLAS12 RICH MeeFng, 20th November 2013, JLab 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     Aerogel Manufacture Engineering: 
 

                  ‐   maximize producFon rate for large scaiering lengths (>50 mm) 
                  ‐   minimize edge effects (large area Fles) 
                  ‐   improve boiom surface accuracy  

    Aerogel ProducFon Phases: 
 

                  I)  First layer of the Fck radiator ~ 2 m2  by March 2015 
                       ‐   minimum requirement on opFcal quality 
 
 
 
 

                 II)  Second layer of the Fck radiator 
                       ‐   medium requirement on opFcal quality 
 

                 III) thin radiator layer 
                       ‐   maximum requirement on opFcal quality 

Under negoFaFon  (INFN) 

1st m2 under negoFaFon  (INFN) 

CLAS12 RICH MeeFng, 20th November 2013, JLab 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Mirror Technology 
Thin glass skin on a flat support 

for planar mirrors 
Metalized Carbon Fiber substrate 

for spherical mirror 

Cost‐effecFve technology for precise 
large area mirrors  

(applicaFons in terrestrial telescopes) 

Self‐supporFng structure with  
minimal material budget 

(applicaFons in physics experiments) 

MAGIC‐II  telescope LHCB mirror 

Standard technologies already in use and commercially available  

CLAS12 RICH MeeFng, 20th November 2013, JLab 



CFRP Mirror 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   Mirror Manufacture Engineering: 
 

             ‐   pyrex mold (Marcon, CMA) 
             ‐   small size CFRP prototype (CMA, Riba, Alenia) 
             ‐   reflecFve coaFng (CMA) 
 
             ‐   surface accuracy & reflecFvity (CERN Lab) 
             ‐   point‐like source image < pixel size 
             ‐   rigidity/sFffness  

Under negoFaFon  (INFN) 

dR/R ~ 1 % 
Surface accuracy ~ few µm 
Surface roughness ~ few nm 

CFRP Mirror 
R = 4 m 

25 cm 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



Glass Skin Mirror 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     Mirror Manufacture Engineering: 
 

                  ‐   small size prototype (Media‐Lario) 
                  ‐   reflecFve coaFng 
 
                  ‐   surface accuracy & reflecFvity 
                  ‐   aerogel holding test 
                  ‐   rigidity/sFffness  

Under negoFaFon  (INFN) 

CFRP Entrance Panel 

Aerogel bricks 

Glass skin 
Mirror 

Al honeycomb core 
<1 mm glass skin 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



33 Contalbrigo M. 

RICH Project Latest’s 

CLAS12 RICH MeeFng, 20th November 2013, JLab 



            
        ✔    September: MA‐PMTs Neutron IrradiaFon Tests 

         ✔    14‐18 October: DREAM chip readout test 
 
            ✔    11‐13 November: PSHP Workshop 
 
          ✔    November: H12700 characterizaFon 
 
            ✔    18‐22 November: MAROC + NINO chip readout test 
 
          ✔     November: start aerogel + Mirror Manufacture Engineering Phase 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RICH Project Latest’s 

CLAS12 RICH MeeFng, 20th November 2013, JLab 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INSTITUTIONS 

INFN (Italy) 
 Bari, Ferrara, Genova, L.Frasca@, Roma/ISS 

Jefferson Lab (Newport News, USA) 

Argonne Na@onal Lab (Argonne, USA) 

Duquesne University  (Piksburgh, USA)  

Glasgow University  (Glasgow, UK) 

J. Gutenberg Universitat Mainz (Mainz, Germany)  

Kyungpook Na@onal University, (Daegu, Korea) 

University of Connec@cut  (Storrs, USA) 

UTFSM (Valparaiso, Chile)  

The CLAS12 RICH Project 

THANKs EVERYBODY FOR THE HARD WORK AND SUCCESSFULLY REVIEWS !!! 

CLAS12 RICH MeeFng, 20th November 2013, JLab 

From DOE review report: 
“All presentaFons were of excellent quality and reflected an impressive body of 
work.  It is clear that the collaboraFon is talented, enthusiasFc, and hard working. “ 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SIDIS Kinema@cs @ CLAS12 
Intermediate angular range (15‐25o)  
important to reach high PT values 

High Momentum region important  as 
transient to hard semi‐exclusive region  

PT: hadron transverse momentum  z:  hadron fracFonal energy 

CLAS12 RICH MeeFng, 20th November 2013, JLab 


