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Abstract

A large arearing-imaging Cherenkov detector has beendegig provide clean hadron identification capability intih@mentum
range from 3 GeYt up to 8 GeVYc for the CLAS12 experiments at the upgraded 12 GeV contiswbectron beam accelerator
facility of Jefferson Lab, to study the 3D nucleon structure in the yet pomtplored valence region by deep-inelastic scattering,
and to perform precision measurements in hadronizatiorhaddon spectroscopy. The adopted solution foresees a hpeat
optics design based on aerogel radiator, composite miarmthigh-packed and high-segmented photon detector. Gkwmréight

will either be imaged directly (forward tracks) or after twarror reflections (large angle tracks). The preliminargules of the
individual detector components tests and of the prototgsopmances at the test-beams are here reported.

Keywords: Cherenkov radiation, Multi-anode photomultipliers, &lin photomultiplier, proximity-focusing RICH, Aerogel
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1. Introduction b
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Jeferson Lab (JLab) (VA, USA) is currently undergoing an p,an‘f
upgrade program which involves the doubling of the energy o ™"
its electron beam from 6 GeV to 12 GeV and the enhancemet
of detector capabilities in the existing experimental falln
Hall B, the CLAS12 detector will receive polarised beams of
maximum energy 11 GeV and luminosity up to’iem2s1, Figure 1: The CLAS12 hybrid optics design (see text for dg}tai
providing a world-leading facility for the study of electro
nucleon scattering with close to full angular coverage Ttje
physics program is extremely broad [2], but in particulall wi @nyhow not able to distinguish kaons from protons. A ring-
focus upon 3D imaging of the nucleon through the mappingmaging Cherenkov detector (RICH) has been proposed,aepla
of genera”zed and transverse momentum dependent pa&gﬂ dlng at least two SymmetriC LTCC radial sectors out of theltota
tributions at unprecedented h|gh Bjorkgr[S] In particu|ar2? SiX, to achieve the needed hadron identification and aCdSmpl
three approved experiments demand fitient hadron identi= the physics program. The radial sectors have projectivengeo
fication across the entire momentum range, from 3 to 8/6eV etry, gap depth of 1.2 m and about & mntrance windows.
and scattering angles up to 25 degrees. A pion rejection powéimulation studies favor a hybrid imaging RICH design incor
of about 1:500 is required to limit the pion contaminatior::in Porating aerogel radiators, visible light photon detesitand a
the kaon sample to a few percent level. The CLAS12 basefocusing mirror system [4, 5].
line comprises a time-of-flight system (TOF), able fioaently s The focusing mirror system (see Fig. 1) will be used to re-
identify hadrons up to a momentum of about 3 GeVandss duce the detection area instrumented by photon detectors to
two Cherenkov gas detectors of high (HTCC) and low (LTGC)about 1 m per sector, minimizing costs and influence on the
threshold, reaching the needed pion rejection power onlyeal  detectors (TOF and Calorimeters) positioned behind thé-RIC
to the upper limit of hadron momenta (around 7 G&Vands: For forward scattered particles € 13°) with momenta p= 3 -

photon

aerogel detector

aerogel
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8 GeVc, a proximity imaging method with thin (2 cm) aerogel oSt
and direct Cherenkov light detection will be used. For large
incident particle angles of 23k 6 < 35° and intermediate mo-

menta of p= 3 - 6 GeV/c, the Cherenkov light will be focused

by a spherical mirror, undergo two further passes through th .
thin radiator material and a reflection from planar mirroes b e e, . +
fore detection. The longer path of light and the focusingomir i )
allows the use of a thick (6 cm) aerogel to compensate yield tosg Ll

400 450 500 550 600 650

losses into the thin radiator. Wavelength (nm)

® Experimental data

----- MC Model
1.05 —° .,

Refraction index
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2. The RICH Component Tests

------- MC model
1.052

2.1. Aerogel Radiator

The best radiator for RICH hadron identification in the few
GeV momentum range is silica aerogel, an amorphous solid 1.048
network of SiQ nanocrystals with a very low macroscopic den-
sity and a refractive index in between gases and liquidsast h R CR——
been successfully used as radiator material for RICH datect Wavelength (nm)
in several particle physics experiments [6] and is planroed f
future use [7]. A systematic characterization has beernechrr Figure 2: Aerogel dispers'ion measured with the spectranistam and the
out in laboratory and during test beams on a variety of aetcff" T (0F) e vih he R pratope and  Gebon beam by
gel samples from dierent producers and refractive indexes intinuous lines are fits of the data using the Selmeier formuligh the gray
the range r1.04-1.06 identified to provide ficient photon  band showing the uncertainty due to fitted parameter erfidrs data points are
yield. The most studied has been the aerogel from the Budké_pmpar_ed with the di_spersion model used in input to the RICbhtd Carlo

. . L simulations (dashed line).
and Boreskov Catalysis Institutes of Novosibirsk [8], hesma
it conjugates high-transparency with flexibility in geomiesl
parameters (area and thickness).

Precise measurements of the aerogel transmittance as-afurie n ~ 1073) throughout the tile. The prism method allows to
tion of the light wavelength are being performed using adetermine the refractive index only in the proximity of thle t
Lambda 650 S PerkinEImer spectrophotometer. During thespreedges, whereas the test-beam measurements are time consum-
totyping, the production technique and the resulting dyali s ing. A complementary approach has been commissioned based
the Russian aerogel has been significantly improved in timeon the gradient method [11]. Preliminary results indicéiat t
Presently, a clarity of the order of 0.00BM*cm™ foran=1.05s= inhomogeneities contribute to the Cherenkov angle reisolut
refractive index has been achieved. s much less than the chromatic dispersion.

In order to study the chromatic dispersion, estimated to be
among the largest contributions to the Cherenkov angldueso 2-2. Photon Detector
tion, one needs precise measurements of the aerogel refract As confirmed by simulation studies [4], the photon detec-
index as a function of the light wavelength. figrent meth-. tor must provide a spatial resolution of less than 1 cm to not
ods were employed, see Fig. 2. The prism method allewslegrade the Cherenkov angle resolution in the CLAS12 RICH
to measure the refractive index through the Snell-Desgartegeometry. The Hamamatsu H8500 multianode photomultiplier
formula [9]. The measurements were performed usingsthéubes (MA-PMTSs) have been selected as a candidate being an
monochromatic beam extracted from the spectrophotometegffective compromise between detector performance and cost.
focused by a series of lenses and recorded by a CCD caseila.comprises an 8x8 array of pixels, each with dimensions
As a second method, the dependence of the refractive #adéx8mm x 5.8 mm, into an active area of 49.0mm x 49.0 mm
on the photon wavelength has been studied by applying épticavith a very high packing fraction of 89%. The devicfers a
filters just after the #1.05 aerogel radiator in a RICH protp- spectral response matching the spectrum of light transdhity
type tested with a 8 Ge¢ pion beam (see next Section). The the aerogel, with a quantunffi€iency peaking at 400 nm, and
set of available filters allowed to span the entire range lefie a fast response (less than 1 ns rise time) useful to supgress t
vant wavelengths, from 300 to 650 nm, in steps of 50 nmis Atbackground.
the reference wavelength of 400 nm, the measuredl.i0492.. Although the H8500 MA-PMT is not advertised as the opti-

+ 0.0004 refractive index is in agreement with the valued:demal device for single photon detection purposes, seveligg un
rived from the known aerogel density pf= 0.230 gcm® and:s  have been characterized in laboratory tests and used in test
the relatiom? = 1+0.438. The data points are consistent with beams of RICH prototypes with a dedicated electronics gaehi
the dispersion model used in input to the RICH simulatioms; i ing performances adequate to the CLAS12 RICH requirements.
which the aerogel refractive index is derived as a comlnaii The uniformity of the H8500 response has been extensively
of those of its air and quartz components [10]. Due to locakin studied with a pico-second pulsed laser. The typical gaiia va
homogeneities, the refractive index can change significéunt..  ations in the pixel response, of the order of 1:2, can be eas-

2

Refraction index
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Figure 4: Online results of one of the custom made MPPC nestioperated at

Figure 3: Top: Average fraction of single photoelectromaidosses as a func-  -25 degrees. The timeftierence between any MPPC hit and the trigger (within
tion of the average gain for fierent MA-PMTs operated at 1040 V and illumi- & 30 ns window) is shown in the top plot for all the pixels. Thgnal and
nated by a 405 nm laser wavelength. Two H12700 demonstratersompared ~ background occupancies (hits over triggers ratio) in a 3me toincidence
to a sample of 28 H8500 MA-PMTs. Bottom: Normalized respomsg of ~ Wwithin the trigger are shown for pixel 75 (highlighted in ttwp plot) in the

a H8500 (left) and a H12700 (right) MA-PMT, obtained by sdagra 8x 8 bottom plots, respectively, as a function of the bias vatagd for diferent
mm? area with a pico-second pulsed laser spot withuB0diameter and 638  discriminator thresholds. The bias voltage is referrediéortominal value at 25
nm wavelength. degrees of 72.8 Volt.

1= . was recorded while approaching a manageabté dark count
ily compensated by the readout electronics. Sub-mm poetisi background occupancy, see Fig. 4.

scans are used to study the PMT response in dead space areas,
and to evaluate the true active areas of the pixels [12]. Fur-
ther characterization tests performed include: crosstaities; 3. Thelarge-size RICH Prototype
where magnitudes of less than 5% are extracted with both blue
and red laser wavelengths, and the fraction of single ptetee  Testbeam studies of a large-size prototype RICH detector
tron signal lost below the pedestal threshold, which is mini were performed at the T9 beam line in the CERN-PS East Area,
mized to less than 15% through operation at 1040V high vpltwith hadron beam particles of 6-8 G@/momentum. Two
age or above, see Fig. 3. In view of possible future upgragdegaseous electron multipliers chambers with 10x18 area and
two demonstrators of a novel H12700 multi-anode PMT, Withreadout in 256 strips for botkandy were used for beam par-
same layout of the H8500 but optimized dynode structure,,hagcle tracking. A threshold Cherenkov G@as counter, which
been tested yielding promising results in terms of singletpi,, was provided in the T9 beam area, was used to tag beam pions.
resolution, see Fig. 3. s Two setups were mounted inside a large (approximately
The fast developing silicon photomultipliers represents«p  1.6x1.8x1.6 m) light-tight box, to study direct and reflected
sible cost-&ective alternative for future upgrades of the detec-light imaging modes individually. The Cherenkov light was
tor. A small prototype was used to study the performanee ofletected by a circular array of 28 MA-PMTSs, alternated of
3x3 mntsilicon multi-pixel photon counter (MPPC) matriees the type H8500C with normal glass and H8500C-03 with UV
with a 3 cm r=1.05 aerogel and 36 cm gap. A commercial 8x8glass for systematic studies. The MA-PMTs were mounted on
MPPC matrix was compared to two customized 8x4 MPPGanaa circular support and could be radially moved so to intercep
trices with an embedded pre-amplification stage. All therimat the Cherenkov ring produced withffirent opening angles de-
ces were controlled in temperature by means of water coolegending on the chosen refractive index. The prototype read-
Peltier cells. The response to the Cherenkov light was studsut electronics was based on the MAROC3 chip and derived
ied within a temperature interval ranging from 25 down to-25from medical imaging applications. Each 5x5 <front-end
Celsius degrees. The MPPC signal hits were selected by:a redlAROC card served a 64 channel multi-anode PMT. The con-
atively broad trigger time coincidence &8 ns, driven by thes troller board could host up to 64 Front-End cards allowing to
external trigger jitter. This limited the dark count baokgnd» concentrate thousands of readout channels in a very compact
rejection at high temperature, where the working point twed t layout.
be carefully selected for each of the pixels in order to ojzEm The direct light case reproduces the 1 m gap of the CLAS12
and equalize the matrix response. At low temperature, a mucfeometry, see Fig. 5. In the early stages of data analysiss-an
more stable and uniform response could be achieved in adarggage yield of 12 photo-electrons and/& separation close to
interval of bias voltage and discriminating threshold eslua:: the goal value of & in units of Cherenkov angle resolution have
30-40% higher than H8500 single photon detectiffitiencyss been obtained with a 2 cm=1.05 aerogel up to the maximum
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Figure 6: Reflected light configuration of the test-beam giyqte. Top left:

Side view diagram illustrating the setup. Top right: Phditthe detector plane
together with the spherical mirror, and of the plane mirnway partially cov-

ered by the aerogel tiles. Bottom left: The Cherenkov ringecage is 60% for
a n=1.05 refractive index. Bottom right: Cherenkov radius hetion as a func-
tion of the photo-electron number for the two cases with aittout absorber
(aerogel) in front of the planar mirrors.

Figure 5: Direct light configuration of the test beam propaty Top left: Side
view diagram illustrating the setup. Top right: The Chex@nking coverage
is about 80% for aa1.05 refractive index. Bottom left: Photo of the detector
plane. Bottom right: Cherenkov angle distributions for 8/Aepions tagged
by the T9 gas Cherenkov (blue) compared with those of kaodspastons
(red).

beam momentum of 8 Gg¥. A better performance is antici-

pated for the final detector by increasing the MA-PMT pacf%fngswd'ed with ray tracing algorithms and FEM analyses and the

factor and usina a uniform sample of MA-PMTs with the Sél?nemirror reflectivity has been assumed to follow a realistiveva
9 P 219 length depenedence. The peculiar hybrid optics demands for

type of glass window. Several aerogel thicknesses, traespa . .
. L . 0 @ smart and robust pattern recognition algorithm even thoug
cies and refractive indexes (in the range 1.04-1.06) westedé o . . . :
and their corresnonding impact on the RICH prototvbe ezﬁ‘orfor the semi-inclusive deep-inelastic-scattering evefiiater-
P gimp P ypepey est, a low multiplicity of 0.7 charged track per sector isi@nt

man re under for further optimization. . ) -
ance are under study for further optimizatio gated. The current development involves maximum likelthoo

The main aim of the reflected light case was the study df’th ethods comparing the pattern expected from direct raiigac
. . . 24,
concept of double reflection with multiple passes throug:‘rlsth for the diferent hadron hypotheses with the recorded MA-PMT

%irsogila |tr;] ep iglrftlrjilsatlig\rllistt:)g?r:?gcaheereitg\r/egrljgl\é“r%r:qlﬂqllﬁzfio hits. The studied background accounts for secondaries from
The prototype allowed to test all the optical componentsfzémc?:/I ocijer:ltzr Z‘;‘Ztttiznggt;eg:]a;gc?&gﬁ] ;0}':] I;\\/eengrggpglljxj-ir;gk
. . L 228 y

validate their Monte Carlo description, even though thergez—:;zg preliminary results indicate that a clear hadron separatiith

rical constraints of the prototype did not allow to reproetive a 1:500 pion rejection power, can be obtained in the full 3-8

. 2,
CLAS12 reflected light path length and to put the MA_P'\ﬂ_S GeV/c momentum range for scattering angles up to 25 degrees,

on the mirror focal plane, see Fig. 6. The Cherenkov light pro ensuring the completion of the approved phvsics program
duced by a 6 cm thicka1.05 aerogel were first reflected By 9 P PP phy prog '

a spherical mirror with focal length of 0.9 m and then by a
circular array of eight 11.5x11.5 énplanar mirrors towards References
the MA-PMTS wall. The supports of the planar mirrors are
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4. CLASI2 RICH Expected Performances -

The CLAS12 RICH detector is simulated within the CLAS12
Geant4 framework. The description of théfdrent optical el-
ements is based on laboratory characterizations and the-pro
type test results above reported. The mirror geometry has be
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