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A Ring Imaging Cherenkov Detector for CLAS12

R.A. Montgomery; for the CLAS12-RICH collaboration.
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Abstract

The energy increase offferson Lab’s Continuous Electron Beam Accelerator FaditizBAF) to 12 GeV promises to greatly
extend the physics reach of its experiments. This will idelan upgrade of the CEBAF Large Acceptance Spectrometé&$Lto
CLAS12, dfering unique possibilities to study internal nucleon dyiemFor this excellent hadron identification over the fitide
matical range of 3-8 GeX¢ is essential. This will be achieved by the installation &iag Imaging CHerenkov (RICH) detector.
A novel hybrid imaging design incorporating mirrors, aegbdiators and Hamamatsu H8500 multianode photomutiplibes
is proposed. Depending upon incident particle track ar@erenkov light will either be imaged directly or after twaflections
and passes through the aerogel. The detector design istiasalong with preliminary results on individual detaatomponents
tests and from recent testbeam studies.

Keywords: RICH, Ring Imaging Cherenkov, CLAS12, MAPMT, Multianoded®bmultiplier Tube, H8500, Aerogel, Particle
Identification

1. Jefferson Lab 12GeV Upgradeand CLAS12 12 coverage. The physics program is extremely broad [2, 3Jinbut
1 particular will focus upon three-dimensional imaging of tiu-

Jeferson Lab (JLab) (VA, USA) is currently undergoing.an cleon through the mapping of generalised parton and trassve
upgrade program which involves the increase in energy af itsnomentum dependent distributions at high with unprece-
electron accelerator from 6 GeV to 12 GeV. The upgrade.willdented precision. Other topics include quark hadronisatio-
also see the enhancement of detector capabilities in tis¢-exi cesses in the nuclear medium and spectroscopy studi@is. E
ing experimental halls, including Hall B's CEBAF Large Ag- cient hadron identification is demanded across the entire-ki
ceptance Spectrometer (CLAS) [1] which will be upgraded tomatical range and, in particular,/@K separation of-4 ¢ at
CLAS12 (see Fig. 1). CLAS12 will receive polarised beams of8 GeVjc is the goal. Currently charged Particle IDentification
2 (PID) in CLAS12 is performed by Time-Of-Flight (TOF) de-
22 tectors, Low and High Threshold Cherenkov Counters (LTCC,
2 HTCC). These will not provide the necessary separationsacro
2 the range of 3-8Gel however and thus a RICH detector
s has been proposed for installation into the forward regibn o
2 CLAS12, replacing the LTCC.

» 2. RICH Design

28 Since the RICH detector must fit into the original CLAS12
20 Carriage there are several constraints imposed upon iigrdes
w Six radial sectors are required, each with projective geome
«  try, limited gap depth of 1.2 m and4.5 n? entrance windows.

=2 There is also a strict low material budget to minimise influ-
_ o ~ = enceonthe TOF detectors positioned behind the RICH. Simula
o ot v o 1y, ! e . ton stucies favour a ybrid imaging Cherenkov detectoigtes

s incorporating aerogel radiators, visible light photoneaors,

and a focussing mirror system [4, 5]. The focussing mirrgr sy
providing a world-leading facility for the study of electrd” tem (see Fig. 2) will be used to reduce the detection aremaiinst

nucleon scattering at these kinematics, with close to hglgar™ mented bY photon detectors tol mt* per sector, minimising
s costs and influence on the TOF system.

40 For forward scattered particle® €12°) with momenta

maximum energy 11 GeV and luminosity up to*i6ém—2s?, *

Email address. r.montgomery.1@research.gla.ac.uk (R.A. a p=3-8GeVca proximity.imaging methOd will be used,-whlere
Montgomery) « the Cherenkov cone is imaged directly. For larger incident
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Planar
mirrors

e 2 not advertised as the optimal MAPMT for single photon de-
e tection purposes, several units have been successfulliyhyse

ss the CLAS12-RICH group in a testbeam of a small-scale RICH

PD';‘t’;‘c’t"ors s prototype at the CERN T9 beamline in 2011. Results demon-

~m? s Strated stficient capabilities of the H8500 to detect Cherenkov
s light. For example, a mean of 11 photoelectrons per event

&z (Cherenkov ring with 56.8 % coverage) were obtained using a
I ss Novosibirsk tile of refractive index a 1.05 and thickness 3 cm,

7 into an active area of 49.0 mr¥9.0 mm and outer dimensions
Cm 7 0f 52.0mmx 52.0 mm. Furthermore, the device has a very high
Thickness s packing fraction of 89%. Although the H8500 MAPMT is

s and with a mixed hadron beam set at 10 GeV

% Laser scanning facilities have been setup for in-depth-char
> « acterisations of MAPMTs. One topic which has been studied
« extensively includes the uniformity of the H8500 resporksa.
fig}lfe_;i The hﬂ}fid RI(EH (fSigfl‘ Corzlgeptéczefe”kov 'filgm?iaged dge‘?t'ygs example Fig. 3 shows the normalised single photoelectgpn si
e 1T i eleclons 161225 nal atfciency response of an HBS00 pixel and it surrounding
12° and 35'. s area, obtained from a sub-mm precision laser scan. Thelsigna
s efficiency is defined as the fraction of the single photoelectron

. . . distribution which lies above ac2pedestal cut. The pixel re-
particle angles of 12< < 35° and intermediate momenta of

p=3-6 GeVcthe Cherenkov light will be focussed by an ellip-
tical mirror, followed by two further passes through theiasor
material and a reflection from planar mirrors before debecti
The Cherenkov light will be produced from a thicker amount
of aerogel material than it will be reflected through, to cemp
sate yield losses whilst obtaining a focalised ring. The et
also exist where Cherenkov rings are imaged partly by bath th
direct and reflected light cases simultaneously. For moanent
below 3 GeVc the TOF system will provide the necessayK
identification for polar angles up to 40

The RICH detector is simulated within the CLAS12 Geant4 i il .
framework. This also allows the development of patterngeco HovaEaL s PSR )
nition algorithms, which involve maximum likelihood met®
and ray tracing ansatze. Results from simulations imgy, tio  Figure 3: Normalised signalfiéciency map of an H8500 pixel scanned in
achieve the-4 o 7/K goal at 8 GeVt, of the order of 7 detected 0.04mm steps, with a 633 nm laser beam focused to a diameef ofm at

. . : - . single photoelectron light level.

photons per ring are required in the direct light case.

Several characterisation studies of the individual RICHhe€g
ponents are underway, a subset of which is described below. sponse demonstrates a dependency upon the dynode structure
o of the MAPMT, where there exist periodic drops in signal ef-
w0 ficiency when the laser strikes dynode support structuree. T
e Mmagnitudes of these drops are however small, whi?o less

There are several requirements limiting the choice of phot€lative signal #iciency compared to when the laser strikes
ton detector which have been confirmed through the simutatiodynode chain openings, and are not a concern for the CLAS12
studies [4], for examp]e the granu]arity of the photon dieder: RICH. Such studies are further described in [6], and they may
plane. Due to the imaging aspect of the RICH and since meltialso be used to study the PMT response in deadspace areas and
ple photon detectors will be tiled into large arrays, it isaake t0 evaluate the true active areas of the pixels.
that the photon detector provides an active area with mihima Further characterisation tests performed include stutiées
deadspace. The photon detector must afBociently detect sins voted to: crosstalk, where magnitudes<ob % are extracted;
gle photon level signals and, due to the aerogel radiatoeiwat single photoelectron signal losses (defined as the fracfon
rial, should be sensitive in visible light wavelengths. 1o the single photoelectron distribution lying below a pedestal

MultiAnode PhotoMultiplier Tubes (MAPMTS) exist as threshold), which is minimised te 12 % through operation at
promising candidates for the CLAS12 RICH and the curreitly-1075V close to the suggested maximum operating voltage; re
selected photon detector is the flat-panel Hamamatsu H850ponse uniformity within pixel areas as a function of incide
MAPMT, which offers an adequate compromise between deteghoton angles, which is unaltered up to tested anglescis@
tor performance and cost. The H8500 MAPMT comprises arpixel to pixel gain variations, which again did not causeaan
8x 8 array of pixels, each with dimensions 5.8 8.8 mmys  for the RICH.

2
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4. Prototype Studies at Testbeams £ F g
g 300 A ZSDE

Testbeam studies of a prototype RICH detector were per- gmg ,,?réﬁ .§~b\ S

formed in 2012 with the T9 beamline in the CERN-PS ém: /p’ W

East Area, which provides secondary particles - mostly pi- S ] ©i

ons and kaons - with selectable polarity and momenta from °F :‘}\ '"f

0-15GeVc. The prototype consisted of two setups, dedi- 00 &y

cated to study direct and reflected light imaging cases iddiv 200 \?»:& 0{?/

ally. Gaseous Electron Multipliers (GEM) chambers weraluse ,mf_ Sz E—='$V E o

for particle tracking and a beam threshold Cherenkov counte v4°95“" DU I U T T T T

which was provided in the T9 beam area, was set for kaons and B OSERORE N it

pions to be below and above threshold respectively and msed i
offline kaoripion separation analyses. Furthermore, a secon€iigure 5: Direct light case testbeam prototype ring imadxgioed beam mo-
smaller scale RICH prototype incorporating silicon phom-m mentum 8 GeYk, aerogel refractive index 1.04 and thickness 2.cm.

tiplier arrays as photon detectors was included in the ¢éesiis,

however the results are not presented here. EMQ "6 sB=sF é,‘ R c,
For the direct light imaging case the prototype geometry gmz {?@ \‘\ o™
was matched as close as possible to the CLAS12 RICH ge- §2°°: o 7.,
ometry and a schematic of the setup is shown in Fig. 4. S 100 pog “o
Novosibirsk aerogel tiles, of dimensions 6e&récm, were offil TR
-100 é\“ | & -E
Cherenkov Ring of ok \\?‘s\ ,’.’7 N
Light MAPMTs of— - P o
. K. D N |
Beam 300 -300 -200 -100 0 100 Honz%?gal Pos?’\filgn (mr:) 0

S
>

Figure 6: Direct light case testbeam prototype ring imadigaioed beam mo-
mentum 8 GeYk, aerogel refractive index 1.06 and thickness 2.cm.

1000mm

s the data obtained with a beam momentum 6 (&e¥erogel re-
fractive index n=1.05 and thickness 2 cm. The beam threshold

Figure 4: Diagram illustrating the proximity imaging setapthe testbeam

prototype (side view).

7 1o SRR R Wy T
used as Cherenkov radiators. Several thicknesse& ¢m - 3 C \ d
4.cm), transparencies and refractive indices- (n04-1.06) g™ E ]
were tested and their corresponding impact on the RICH pro- ) '\\;L ]
totype performance are under study. The radiator was placed ET \\Qﬁ ]
at 1m from a ring of 28 H8500 MAPMTs, which could be il N ]
moved radially for imaging of diering ring radii. Both stan- 8 \\\\L q
dard borosilicate and UV-extended window type MAPMTs 2000 N ]
were tested, to study yieldftierences and Rayleigh scattering A& \
resolution smearingfiects. For readout of the MAPMTs the T R R o v
Multianode ReadOut Chip MAROCS3 electronics [8] were used Chsterkel Ring Rt fifr)

nd, although the chipfter rsified r tm the en-
6.1 d, |’Ell oug ec pfffE”S z;spa SI ed eadoud dOde'@je c Figure 7: Cherenkov ring radii obtained for 6 Gee\pions (blugilled) and
tire charge spectrum of all channels was recoraded to a&yrat kaons (reghatched), with the direct light testbeam setup and an akrad@tor
study the MAROC3 and H8500 responses. of n = 1.05 and thicknesscn.

An example ring image obtained with the direct light setu is
shown in Fig. 5, where the beam momentum was 8/@eWds Cherenkov counter was used as #itiree kaon trigger, and cor-
the radiator had refractive index=1l.04 and thickness 2cm. responding kaon and pion events are shown in thfheddhed
Such images were used online as a check that ring propertiesd blugfilled histograms respectively. The kaon distribution
behaved as expected - for example that radii increasedswithas been subject to an amplitude scaling factor of 77, wisich i
aerogel refractive index as is demonstrated in Fig. 6, wtiexe in rough agreement with the expected T9 beam composition at
refractive index is increased to=1.06. Moreover, in the ois this momentum and negative polarity [7].
line data analysisy/K separation has already been observed. Currently investigations are underway to extract final figh
For example Fig. 7 displays Cherenkov ring radii distriboies yield and ring resolution results, which are also conveaggiith
extracted from 3-parameter (ring centre and radius) risgdit: simulation comparisons. Due to the similarity of the geome-
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tries, for the direct light imaging case the testbeam resuly
be extrapolated for CLAS12 RICH performance projections,
and also be used for model inputs in the simulations.

The main aim of the reflected light case testbeam study was
to investigate the Cherenkov light yield loss caused by imult
ple passes through aerogel. A schematic illustrating the te e
beam prototype setup is shown in Fig. 8. A mirror, with focal -100
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Figure 10: Reflected light case ring image, obtained withtéisébeam proto-

Beam : o .
> type, with aerogel absorber tiles in front of the planar orsr

Mirror

» Spherical and
-" E(‘)“Cpa‘;ﬁ::]gm 14 ies indicate that the yield is fiicient to perform a likelihood

~4m 15 pattern recognition analysis.
/)
| |

150mm 16 D, Summary
Figure 8: Diagram illustrating the setup of the reflecteditigase of the tess” The installation of a RICH detector into CLAS12 for im-
beam prototype (side view). 1s  proved hadron identification over the 3-8 GeVnomentum
1o range will enhance its physics reach. A hybrid imaging de-

length~ 1 m, was used to reflect Cherenkov light radiated fomsign has been proposed, incorporating both proximity and re
the aerogel along the beam to a wall of 8 planar mirrors withflected light imaging cases depending upon incident particl
aerogel tiles, called absorbers, placed in front of themexThtrack angle. An in-depth characterisation program of iiehlial
Cherenkov radiators were as in the direct light setup, bth.wi detector components, including H8500 MAPMTs and aerogel
increased thicknesses used (6 cm - 8 cm). The aerogel absarbeadiators, is underway. Furthermore a large-scale testipea-
were 10 cmx 10 cmx 2 cm Novosibirsk tiles of varying trans- totype has been studied and currently extensive data asmalys
parencies and refractive indexri.05. 26 and simulation comparisons are ongoing, with further tssul

Fig. 9 shows an example ring image obtained with na.aben Cherenkov yield and ring resolutions to follow. From the
sorber tiles placed in front of the planar mirrors, a beamzmnoprototype testbeam results it is decided that H8500 MAPMTs
mentum of 6 GeYt and radiator refractive index ofn1.05 anebs  with standard Borosilicate glass windows only will be used i
thickness 6 cm. For the reflected light measurements lessithahe CLAS12 RICH, since Cherenkov ring resolution degrada-
an tions were observed with UV-extended window types. The up-

£ bl AR AN NGB RRA iy 22 coming year will also include the construction and runnifg o
E400F - 180 8 . . . . . .
5 ok a2®™ "'5'-'.3’ g 23 COSMic-ray prototypes for simulation validations and ectgd
EE % L 4 E 2s  performance studies.
g 200 ;— ,,/ _E 140
2 100 =& o
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