
Ferrara activity 2010-2011

Contalbrigo Marco
Luciano Pappalardo

INFN Ferrara

L. Pappalardo 1JLAB12 Meeting - Roma 9/6/2011



RICH studies for CLAS12
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Simulations with stand alone Monte Carlo (from Hall-A):

 GEANT3 toolkit
 Simplified geometry
 Ideal optical surfaces    
 Rayleigh scattering treated as additional absorption
 No background accounted for

Preliminary studies of basic parameters:

 Aerogel refractive index and thickness
 Photon detector pixel size
 Gap dimension           

Aerogel + visible-light detection mandatory to separate pions and kaons in the 2-8 
GeV/c momentum range

First conclusions:

Best configuration:
3cm aerogel,  n=1.03,   gap=1m

)1.0cm  pad   GeV/c, (8   4 2Kn 

Preliminary studies with GEANT3 based simulation

)0.3cm  pad   GeV/c, (8   7 2Kn 
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General framework: GEMC (Maurizio, JLab) + RICH impl. (Ahmed, Argonne)

Moving to gemc

GEANT4 toolkit for a complete simulation:
• realistic geometry / detailed optic effects

• full Cherenkov ring simulation chain
• track multiplicity / background

L. Pappalardo 4JLAB12 Meeting - Roma 9/6/2011



Goals:
• instrument only forward region  
• reduce active area  (~1 m2/sect)
• minimize interference with TOF system

Low 
material 
budget

Direct & 
reflected 
photons

The focusing mirror system
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• elliptical mirror within gap volume for backward reflections 
• plane mirror just beyond radiator for forward reflections 
• combined reflections focalize Cerenkov photons onto photon-detector plane

The focusing mirror system
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Testing different aerogel configurations

“standard scenario”: n=1.03, 3cm aerogel, 1m gap

2 parallel 5 GeV + tracks at =15 produced at different x,y 
coordinates just beyond the radiator (cross same radiator thickness) 
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The ring pattern for different particles at 5 GeV/c

+

-
K+

K-

“direct” rings for -

and K- and 
“reflected” rings for 
+ and K+

+ and K+ rings move 
towards the “dead 
region” while - and 
K- rings appear at 
low y

“reflected rings” for 
all mesons show two 
components

=5 =7 =9

=11 =13 =15

=17 =19 =21
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Testing different aerogel configurations

• larger n results in larger rings: for n=1.08 most of the direct ring is lost
• part of lost photons (outside sector) may be recollected using a continuous 
detector (no sectors) 

• larger thickness ensures more photons despite enhanced absorption

n=1.03 n=1.05 n=1.08

3 
cm

1849 p.e. 1957 p.e. 1742 p.e.

1 
cm

909 p.e. 936 p.e. 855 p.e.
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Testing different aerogel configurations

DIRECT RINGS:
• average number of p.e. increases with radiator thickness
• n=1.05 provides a bit more p.e. in average

DIRECT RINGS

 tracks n thickness Tot p.e. Av. p.e.

25 1.03 1 cm 587 3.5

25 1.03 2 cm 958 5.8

25 1.03 3 cm 1459 8.8

25 1.05 1 cm 612 3.8

25 1.05 2 cm 1069 6.4

25 1.05 3 cm 1541 9.1

25 1.08 1 cm 529 3.2

25 1.08 2 cm 944 5.7

25 1.08 3 cm 1428 8.4

REFLECTED RINGS

 tracks n thickness Tot p.e. Av. p.e.

25 1.03 1 cm 322 1.8

25 1.03 2 cm 381 2.1

25 1.03 3 cm 390 2.1

25 1.05 1 cm 324 1.8

25 1.05 2 cm 385 2.1

25 1.05 3 cm 416 2.1

25 1.08 1 cm 326 1.8

25 1.08 2 cm 344 1.8

25 1.08 3 cm 314 1.6

REFLECTED RINGS:
• average number of p.e. insensitive of radiator thickness and n
• not sufficient for ring reconstruction  improve mirror geometry mandatory
• try “multi-layer” radiator option 
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Progresses done (1)
 Optimization of mirror geometry to minimize the “dead region” (reflected 

photons were not focalized on detector at certain intermediate angles)

 Optimization of RICH geometry -> joint sectors 

X
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=5,  rad: pdr11-2a  n=1.08  2cm,  dir. photonsθ=0,  φp=5GeV,  =5,  rad: pdr11-2a  n=1.08  2cm,  dir. photonsθ=0,  φp=5GeV,  
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Progresses done (2)
 Investigate multi-layer (2 or more) aerogel options: e.g. thicker radiator at 

larger angles (more photons produced in case of reflection) to compensate 
for absorption in multiple crossing of radiator material

plane 
mirror

spherical 
mirror

photon detectoraerogel

1 
cm

3 
cm

gap

 Thickness 2-4-6-8-10 cm
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Progresses done (3)

 Investigate different configurations (semi-reflective mirror in front of aerogel)

 Reconstruction algorithm (so far only used for systematic studies on  number of p.e.)

Semi-reflective 
plane mirror

spherical 
mirror

photon detector

ae
ro

ge
l

1 
cm

3 
cm

gap

 …but no real improvements in number of p.e.
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(the hypothesis that maximizes             is assumed to be true)

is the probability of a hit given the kinematics of track t and hypothesis h 

is the hit pattern from data   = 1 if the ith PMT is hit
= 0 if the ith PMT is not hit

is the probability of no hit 

is the total number of expected PMT hits 
is a background term

The reconstruction algorithm



200 trials per point
Aerogel:  
- n=1.06
- thick. increasing 

with radius:
2-4-6-8-10 cm
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The reconstruction algorithm



Hit prob

Hit prob > 3 10-3

200 trials per point
Aerogel:  
- n=1.06
- thick. increasing 

with radius:
2-4-6-8-10 cm
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Low angles more challenging
The same with increased 
number of trials

LH-LHk,p :  Mirror 14-25o PMTs: UBA
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200 trials per point
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N p.e. > 5 for reflected rings
N p.e. > 12 for direct rings

Average N p.e. :  Mirror 14-25o PMTs: UBA
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200 trials per point
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with radius:
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200 trials per point
Aerogel:  
- n=1.06
- thick. increasing 

with radius:
2-4-6-8-10 cm

Average N p.e. :  Mirror 14-25o PMTs: UBA

Mirror is mandatory for positive 
hadrons and gives benefit for 
negative hadrons at large angles 
and small energy
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n=1.06 better for patter 
recognition in the presence
of backgrouns

n=1.06
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Average N p.e. :  Mirror 14-25o PMTs: UBA
200 trials per point
Aerogel:  
- n=1.06
- thick. increasing 

with radius:
2-4-6-8-10 cm
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200 trials per point
Aerogel:  
- n=1.06
- thick. increasing 

with radius:
2-4-6-8-10 cm
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At least SBA  PMTs are needed

Average N p.e. :  Mirror 14-25o



Average N p.e. :  PMTs: UBA

Mirror up to 35o:
Worse for positive hadrons
Better for negative hadrons
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200 trials per point
Aerogel:  
- n=1.06
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with radius:
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Mirror 14-35
PMT: UBA
100 trials per point
Aerogel:  
- n=1.06

- thick. increasing  with radius:
2-4-6-8-10 cm
2-2-10-10-10 cm
3-5-5-10-10 cm

With 2-10 middle-angles improve
With 3-10 only small angles improve
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Same performance with
Increased aerogel thickness

Can improve high angles only

Average N p.e. :  Semi-reflective Mirror  (UBA)
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Mirror 14-35
PMT: UBA
100 trials per point



Aerogel provides a very good pion/kaon separation up to 8 GeV/c

• Systematic studies performed with a GEANT3-based simulation provided an 
optimal configuration for the RICH in terms of pions/kaons separation 

• RICH simulation is now being performed with GEMC (GEANT4-based)
- realistic geometry 
- realistic optical effects
- mirror system (different geometries tested)
- joint sectors
- multi-aerogel thickness
- semi-reflective plane mirror

• A new reconstruction algorithm allows for quantitative studies:
n of p.e. for different configurations  (studies ongoing)
/K separation (next future)

Conclusions
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Experiment proposals for CLAS12  
(PAC38)
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Experiment proposals for CLAS12  (PAC38)
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momentum

transversity

helicity
The table of TMDs
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momentum

transversity

helicity
Boer-Mulders

Sivers pretzelosityworm-gears

functions in red are naive T-odd       functions in green box are chirally odd

The table of TMDs
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TMDs can be studied by measuring
azimuthal asymmetries in SIDIS

Distribution Functions (DF)

functions in red are naive T-odd       functions in green box are chirally odd
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TMDs can be studied by measuring
azimuthal asymmetries in SIDIS

angles     and      

The SIDIS cross section

 S

exhibits asymmetries 
in the azimuthal 

Distribution Functions (DF)

functions in red are naive T-odd       functions in green box are chirally odd



}

The SIDIS cross-section
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}

Sivers

The SIDIS cross-section
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transversity
Worm-gear

Pretzelosity



}

The Collins effect

Collins effect
•

• correlation between parton 
transverse polarization in a 
transversely polarized nucleon 
and transverse momentum of the 
produced hadron

),(),( 2
1

2
1 TT kzHpxh 

h

h

hP

hP
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The Sivers effect

Sivers effect

• correlation between parton 
transverse momentum and nucleon 
transverse polarization 

• requires orbital angular momentum 
h

h

Tq

Tq
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1 TTT kzDpxf  
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The “pretzelosity”

pretzelosity

• correlation between the quark 
transverse momentum and the 
quark transverse spin within a 
transversely polarized nucleon

• can be linked to the non-
spherical shape of the nucleon 
resulting from substantial quark 
orbital angular momentum
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2
1 TTT kzHpxh  
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eWorm-gear

• describes the probability to find 
longitudinally polarized quarks in 
a transversely polarized nucleon 
( “trans-helicity”)

• accessible in LT DSAs through 
the leading-twist cos(-S) Fourier 
component

),(),( 2
1

2
1 TTT kzDpxg  
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1-dim projected results: Collins & Sivers



1-dim projected results: Collins & Sivers

Extracted amplitudes are only indicative, but statistical precision is realistic 



2-dim projected results: Collins & Sivers 

Extracted amplitudes are only indicative, but statistical precision is realistic 



Magnetic field simulations by TOSCA:
• main solenoid (5 T)
• correction solenoid 
create a zero field region
• insert a simple dipole saddle (1T)

Evaluate different magnetic 
configurations
• field quality
target region, drift volume
• feasibility study

Constraints
• forward acceptance 30deg or 60 deg
• transverse acceptance 30 deg 
• superconducting wires performace

Magnetic field design (M. Statera)

Different superconducting  wires and magnetic configurations loadlines are compared 
for a realistic feasibility study



Back up
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Optimal 
geometry

5              8  5               8  5               8 5               8 5                8 5               8

P (GeV/c)

Mean p/K separation (5-8 GeV/c)

- small photo-detector pads 
( 0.3 cm)

- small radiator thickness 
( 3 cm)

- relatively small 
refraction index ( 1.03) 
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Optimal 
geometry

5              8  5               8  5               8 5               8 5                8 5               8

P (GeV/c)

Mean p/K separation (5-8 GeV/c)

- small photo-detector pads 
( 0.3 cm)

- small radiator thickness 
( 3 cm)

- relatively small 
refraction index ( 1.03) 



Average N p.e. :  PMTs: UBA

Mirror 14-25o Mirror 14-35o

Worse for positive hadrons
Better for negative hadrons
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LH-LHk,p :  PMTs: UBA

Mirror 14-25o Mirror 14-35o

Worse for positive hadrons
Better for negative hadrons
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100 trials per point

Aerogel:  
- n=1.06

- thick. increasing  with radius:
2-4-6-8-10 cm

M35 is acceptanble but slightly
worse for positive and does 
not improve at large angles ?!
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100 trials per point

Aerogel:  
- n=1.06

- thick. increasing  with radius:
2-4-6-8-10 cm

Symmetric Ellipsoide
Semi-Axes focalizing onto the 
photon detector best in Npe
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Feasibility study
Different superconducting  wires and magnetic 
configurations loadlines are compared


