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

Highly polarized 12 GeV electron beam
Luminosity up to 103> cm=2s?
H and D polarized targets

Broad kinematic range coverage

\(current to target fragmentation)/

RICH: Hadron ID 1
for flavor separation . by RSN

(common to SIDIS approved exp.) | ‘ . '
Solenoid

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




Kaon SIDIS Program @ CLAS12

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

RICH detector for flavor separation of quark spin-orbit
correlations in nucleon structure and quark fragmentation
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Studies of partonic distributions using
semi-inclusive production of Kaons
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Studies of Spin-Orbit Correlations in Kaon Electroproduction in
DIS with polarized hydrogen and deuterium targets
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SIDIS Kinematics @ CLAS12

Intermediate angular range (15-25°) High Momentum region important as
important to reach high P; values transient to hard semi-exclusive region
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f P;: hadron transverse momentum z: hadron fractional energy
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PID @ CLAS12

RICH is mandatory to reach few % pion contamination in the full kinematics
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CLAS12 Momentum Range

Kaon flux 1 order of magnitude lower than it = & rejection 1:500 required

L A 4

Aerogel mandatory to separate hadrons in the 3-8 GeV/c momentum
range with the required large rejection factors

- collection of visible Cherenkov light

@ Use of PMTs: challenging project, need to minimize the detector
area covered with expensive photo-detectors
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ase Configuration

1st sector allows:

v/  to start physics with un-polarized and
longitudinal polarized target

v full coverage of the relevant azimuthal
angle ¢ (w.r.t virtual photon)

2nd sector allows:

v/ to extend the kinematical coverage

into the most interesting regions
(high-Q? and high-P;)

v the symmetric arrangement needed to control
systematic effects in precision measurements
with polarized targets
(i.e. double ratio method)

Crucial for the study of parton dynamics
related to angular momentum and spin-orbit
effects with flavor sensitivity.
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- Minimize active area (cost) to about 1 m?

» Material budget

concentrated where TOF is less effective

* Focalizing mirrors allow thick radiator for good light yield




RICH Project Achievements

2010:

v Concept of Design and Technology
2011:

v Tests of components and small prototype
2012:

v July: Test-beam with Electrons (Frascati)

v July: Test-beam with Hadrons (CERN)

v December: Test-beam with Hadrons (CERN)
2013:

v February: Start Engineering Phase

" 26-27 June: Technical Review
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Readout Electronics based on MAROC3
chip and derived from Medical Imaging

GEM

scintillators |

(trigger)

beam

pions
few % kaons
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H8500
plane mirror
6 GeV beam
< 8
curved
mirror

Aerogel: n=1.05
6cm thickness
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direct light setup
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The CLAS12 Hadron ID

One charged particle per sector in average:

Non trivial RICH light patter due to reflections:
patter recognition and likelihood ID required
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One charged particle per sector in average:

Non trivial RICH light patter due to reflections:
patter recognition and likelihood ID required
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One charged particle per sector in average:
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Technical Review Outcome

Very fruitful discussion and positive response:

“A talented and dedicated collaboration is aggressively pursuing the development of a detector
that would significantly enhance the capabilities of the CLAS-12 baseline design. Retrofitting 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
continue. The potential gain is high.”

14 valuable recommendations:

We implement actions for all.
Many are addressed already in the TDR under finalization.

Contalbrigo M. CLAS12 RICH Meeting, 20t November 2013, JLab



RICH Project Achievements

Summer 2013:

v August: CLAS12 RICH Project (TDR)
v August: Project Management Plan

v 5-6 September: Project Review with DOE
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RICH US Scope Management

Hall B Leader
Internal Review Panel V. Burkert
appointed as needed
Program Scientists
M. Contalbrigo (principal)
Technical liaison Program Manager (INFN)
V. Kubarovsky P. Rossi = V. Kubarovsky
(JLab)
M. Mirazita
(INFN)
[ | | | | [
Vicherini | LPappolardo | puusico | S.Tomsssini | C.Cuovas | O Qucchil | Mook
Apucket | N Lt (Lab) R. Miller K
O weieson
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The only option to keep the schedule is the use
of multi-anode photomultipliers: start with
H8500, keep option for H12700

—

Contract Awarded by JLab
on 30 September 2013
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RICH Project Achievements

Summer 2013:

August: CLAS12 RICH Project (TDR)

August: Project Management Plan

v
v/
v 5-6 September: Project Review with DOE
v/

30 September: 15t contract awarded (MA-PMTs)

Construction phase has been started

GOAL: 1t sector ready by the end of FY16
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PENENVIER

The CLAST2 large arca RICH detector
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Aerogel Transmittance

Achieved clarity for large tiles at n=1.05

~0.00050 um* cm!
(LHCB has 0.0064 um* cm! for n=1.03)
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Aerogel Manufacture Engineering:

Layer I and IT

- maximize production rate for large scattering lengths (>50 mm) 3 om thick Aerogel

- minimize edge effects (large area tiles)

i Layer ITI &

- improve bottom surface accuracy ST A
Large area - High i |
—/ Under negotiaﬁon (|NFN) transmittance .‘ 1

Aerogel Production Phases:

1) First layer of the tick radiator ~ 2 m? by March 2015
- minimum requirement on optical quality

> 1st*m?under negotiation (INFN)

II) Second layer of the tick radiator
- medium requirement on optical quality

l1l) Thin radiator layer
- maximum requirement on optical quality




Aerogel Production

Aerogel Manufacture Engineering:

- maximize production rate for large scattering lengths (>50 mm)
- minimize edge effects (large area tiles)
- improve bottom surface accuracy

> Under negotiation (INFN)

Aerogel Production Phases:

1) First layer of the tick radiator ~ 2 m? by March 2015
- minimum requirement on optical quality

> 1%t m?2 under negotiation (INFN)

Il) Second layer of the tick radiator
- medium requirement on optical quality

l11) thin radiator layer
- maximum requirement on optical quality
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Metalized Carbon Fiber substrate Thin glass skin on a flat support
for spherical mirror for planar mirrors

Self-supporting structure with Cost-effective technology for precise

minimal material budget o Iarge area mirrors
(applications in physics experiments) (applications in terrestrial telescopes)

Standard technologies already in use and commercially available

MAGIC-Il telescope




CFRP Mirror

Mirror Manufacture Engineering:

- pyrex mold (Marcon, CMA) -
- small size CFRP prototype (CMA, Riba, Alenia)

- reflective coating (CMA) B
CFRP Mi

- surface accuracy & reflectivity (CERN Lab) R= 4I:r'\“0r

- point-like source image < pixel size

- rigidity/stiffness

O -

— Under negotiation (INFN)

dR/R~1%
ey Surface accuracy ~ few um
/ Surface roughness ~ few nm

————RA4016,6
R40158

e RACDS
F——ra000
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Mirror Manufacture Engineering:

- small size prototype (Media-Lario)
- reflective coating

- surface accuracy & reflectivity
- aerogel holding test

- rigidity/stiffness

Under negotiation (INFN)

Al honeycomb core
803 <1 mm glass skin

10

CFRP Entrance Panel

Glass skin
Mirror

Aerogel bricks




2" workshop on
1

[AN0ENESS N nal

Laboratori Nazionali di Frascati
November 11-13, 2013

> Nucleon tomography -
GPDs and TMDs .
) Strange distribution and "e"éiﬁif.f?."sg'ffhph"?m) ::Q::tl::tt;-l(];’aalci:lsjl:l)varsity. Italy)

D. Hasch (INFN - LNF) W. Brooks (UTFSM, Chile)
. - M. Mirazita (INFN - LNF) V. Burkert (JLab, USA)
frag mentatlon functlons L. Pappalardo (INFN - FE) M. Contalbrigo (INFN - Ferrara, Italy)
2 . S. Pereira (INFN - LNF) K. Hafidi (ANL, USA)

S. Pisano (INFN - LNF) V. Kubarovsky (JLab, USA)

) Qu a rk h ad ro n Izatl o n K. Livingston (Glasgow University, UK)

. pshp2013@lists.Inf.infr.it. A. Prokudin (JLab, USA)
] EXOtI c stran ge mesons P. Rossi (JLab, USA & INFN - LNF, Italy)

P. Schweitzer (University Connecticut, USA)

» Advances in RICH technologies C e ULk 038y

A4 Sty ot Strongy nteractngMattr ) |
v B HAMAMATSU F Jeﬁgon Lab
i‘wf T PHOTON IS OUR BUSINESS i omas Jefferson National Accelerator Facility

COMUNE DI FRASCATI
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RICH Project Latest’s

v September: MA-PMTs Neutron Irradiation Tests
v 14-18 October: DREAM chip readout test
v 11-13 November: PSHP Workshop
November: H12700 characterization
18-22 November: MAROC + NINO chip readout test

November: start aerogel + Mirror Manufacture Engineering Phase
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From DOE review report:
“All presentations were of excellent quality and reflected an impressive body of
work. It is clear that the collaboration is talented, enthusiastic, and hard working. “

Drift Chambers

High Threshold
Cerenkov Counter

Central Detector

Forward Electromagnetic
Forward Time-of-Flight Calorimeter
Coum‘ers

Preshower
Calorimeter

INSTITUTIONS

INFN (ltaly)
Bari, Ferrara, Genova, L.Frascati, Roma/ISS

Jefferson Lab (Newport News, USA)

Argonne National Lab (Argonne, USA)

Calorimeter
Inner
Electromagnetic
Callorimeter

CodEIectmmagneac 7 N \/

Low Threshold
Cerenkov Counter

Duquesne University (Pittsburgh, USA)

Glasgow University (Glasgow, UK)

J. Gutenberg Universitat Mainz (Mainz, Germany)

Kyungpook National University, (Daegu, Korea)

University of Connecticut (Storrs, USA)

UTFSM (Valparaiso, Chile)

THANKs EVERYBODY FOR THE HARD WORK AND SUCCESSFULLY REVIEWS !!!
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SIDIS Kinematics @ CLAS12

Intermediate angular range (15-25°) High Momentum region important as
important to reach high P; values transient to hard semi-exclusive region
f P;: hadron transverse momentum z: hadron fractional energy T
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