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Abstract

This year we start assembling the DIRC detector to upgrade the particle ide. ¥ _atio' capabilities in the forward region of the
GlueX detector in Hall D at Jefferson Lab. The main components of the «"eX T ..C are the four bar boxes (reused from the
decommissioned BaBar DIRC) and two photon cameras, which were designed ba. ~d on the prototype for the SuperB FDIRC. The
delicate bar boxes have already arrived at JLab from SLAC, where they hav. heen s’ yred for the last ten years. They will be attached
to the newly built photon cameras and installed in Hall D already for the -"19 sp.ng run. We present the status of the GlueX DIRC
project including the ongoing R&D and the plan for the future.
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1. Introduction 2. Transportation of the Bar Boxes

One of the major challenges of the GlueX DIRC project was

the transportation of the fragile radiators stored since 2008 at

The primary goal of the GlueX [I, 2, 3] experiment is to  g[ AC (California). The BABAR bar-box numbers 0, 1, 10, 11
search for and ultimately study the properties of hybr'.me.~ns, - (qut of 12 total) were selected for GlueX and had to be brought
which contain an intrinsic gluonic component ir their Wz /e gyer (o Jefferson Lab (Virginia) by truck. To minimize the risk
functions. Hybrid mesons, predicted by lattice QCL . ~lca- g6 the bars or glue joints, the transportation campaign was
tions [4], provide an opportunity to quantitativ ly t'st our un-  carefylly prepared and included two stages: the first trip took

derstanding of the strong nuclear force in this .. " pertv pative 451y one bar box, and the remaining three boxes were brought
regime. The GlueX physics program has tv » phase. che first . i, the second trip.

phase, focused on the study of light qua < .. »sons, is finish-
ing this year. Next year GlueX starts the seconu phase, high
luminosity run, with improved particle (dex ‘ification (PID) ca-
pabilities in the forward region. The 1. v ¢ stector, based on the
DIRC (Detection of Internally Refl- cted C.. ~enkov light) prin-
ciple [5], was developed and is cv rent’y be‘ng installed in Hall
D to provide clean separation betw. - 1 kar as and pions with at
least three standard deviations .o mome.ita up to 4 GeV/c.

The GlueX DIRC [6] co: sists of our BABAR DIRC bar
boxes and two photon camer.. »~ ¢d on the SuperB proto-
type [7]. Each bar box c .ntains *2 long and narrow fused silica
radiators (1.725 x 3.5 x 190 cm® with a small wedge attached
to the end which is read « = Each of two photon cameras,
described in [6], iS . ‘tac.. . *0 two bar boxes and is equipped
with an array of Hame ~ atsu H12700 Multianode Photomulti-
plier Tubes (MaPMTs). .™he readout electronics boards are the
same as for the CLAS12 RICH [8] in Hall B (Jefferson Lab).

Figure 1: The transportation crate with a bar box inside.

Each bar box was packed in a special double layer crate (see
Fig. 1), equipped with a number of accelerometers and temper-
ature sensors. The radiator bars need nitrogen atmosphere to
keep the surfaces clean and dry, therefore a constant purge was
*mpatsyuk @mit.edu 4+ ensured for all four bar boxes not only while in storage, but also
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during the transportation. The temperature, stress, and nitrogen
flow were continuously monitored on the road. The maximal

stress requirements of 3 g in the up/down direction and 1.5 g
along the radiators were defined based on the material proper-

ties, engineering studies, and expertise of the SLAC team.

The radiators were visually monitored throughout the whole

trip in order to notice immediately if a bar or a glue joint were

damaged, and link it to the road conditions or other actual cir-
cumstances. This was of particular importance for the first trip,
which influenced the preparation for the second one. The idea
of the inspection was to use the human eye to look at the kalei-
doscopic pattern visible through the readout face of the bars
(see Fig. 2) every several minutes and compare that to the refer-
ence picture taken before the trip. The human eye is sensitive to
changes, which is a key feature for the inspection. Monitoring
was done by a chase car, which received the wifi signal from
cameras installed in front of the bar box window (see Fig. 3).
Each bar box was equipped with four cameras, which resulted
in four signals for the first trip and twelve signals for the second
trip. The same type of truck and trailer was used for both trips.
The first bar box arrived at JLab in November 2017, and the re-
maining three in June 2018. All bar boxes were inspected upon
arrival. During the transportation, one bar box experienced a
shock of 5 g vertically, and three bar boxes were under negative
nitrogen pressure for three minutes while driving downhill, but
that did not cause any visible damage.

75

80

Figure 2: The interior view o the bar bc : through the window (for details of
the bar box structure see [5]). * face ( the small wedges is marked with a
black dashed line. A rea'~t face or the radiator is marked with a white solid %
line. The multiple reflec. »ns ¢ u.c light off the long radiator sides result in
the grid-like kaleidoscopic L ¢ ern visible in the readout faces of the bars. The
picture was taken before the tr,,

The experience gained during this transportation campaign is
of great value and might be applied to the transportation of the
remaining 8 bar boxes, when they are needed outside of SLAC.

Figure 3: Four camerac on the nport structure inspecting the interior of the
bar box through the /indow. A strip of LED lights was used to ensure enough
light for the camera

3. Simula 'on .ad leconstruction

The DIk “etector was implemented into the GlueX Geant4-
basec <oftware The detector simulation has a detailed model
of the op.~a! system including description of the materials,
realistic “tructure of the photosensors, implementation of the
., - eificiency of MaPMTs and reflection probability for
the L." BAR radiators based on the SLAC measurements. The
L7 cupport structure within the geometrical acceptance was
‘» plemented as well. There are three reconstruction methods
wi ‘ch can be used for the DIRC.
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Figure 4: Cherenkov angles per photon for simulated 1000 kaons (red) and
1000 pions (blue) with momenta of 4 GeV/c and track direction defined by 6 =
4° and ¢ = 90° angles!. The distributions are normalized to their peak values
(Nynax). The solid vertical lines show the expected values for the Cherenkov
angles. The dashed lines define the range of values, where the reconstructed
photon is considered to be signal.

The geometrical reconstruction method [9] based on the
BABAR DIRC algorithm was implemented in the GlueX soft-
ware and will be used for the commissioning and start of the
DIRC operation. This method reconstructs the Cherenkov an-
gle for each detected photon as an angle between the particle
direction obtained from the tracking system and the estimator
for the photon direction taken from a look-up table. The look-
up table is created in advance using a simulation, where each

IThe z axis in the GlueX coordinate system goes along the beam, i.e. per-
pendicular to the DIRC wall, the y axis is vertical, and the x axis is defined
by the right handed system. The polar angle 6 and the azimuthal angle ¢ are
conventional for spherical coordinates.
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pixel on the photodetection plane is associated to a set of pho-1s
ton directions at the exit from the bar, which could have lead to

a photon ending up in that pixel. Each entry of the look-up table
contains a radiator number, a pixel number, and a set of photon
directions at the exit from the radiator together with a propa-
gation time associated to each of that direction. The look-upizo
table is stored as a root tree with the size of about 300 MB. The
Cherenkov angle distribution (e.g. Fig. 4 shows a cumulative
spectrum of reconstructed Cherenkov angle for 1k pions and 1k
kaons) includes a number of solutions for each detected photon,
which account for the possible reflections off the radiator barizs
sides and for possible photon paths inside the photon camera
(from the look-up table), which explains the background under
the peaks at the expected values of 8¢ for pions and kaons. The
width of the Cherenkov angle distribution can be used to deter-
mine the single photon Cherenkov angle resolution o ¢, whichis
is a characteristic of the detector performance. The difference
in log likelihoods, formed for two particle hypotheses, shows
the separation power between kaons and pions (see Fig. 5a).
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Figure 5: Log of likelihoods for pion (+ ue) 7 .d kaon (red) hypotheses for
momentum of 4 GeV/c and track direction "~fi- «dby =4°and ¢ = 90°'. The
simulated sample includes 1000 particle< of e ¢, pe. The reference timingiss
spectra for each pixel were created ising 10° pions and 10° kaons with the
same parameters. The separation p« ver define as the difference between log
likelihoods is 4.95 s.d. for the geom ‘rical res ynstruction method (a) and 5.6
for the time-based imaging rece _ uction wosuming 1 ns single photon timing
resolution (b).
160
The time-based imaging 1cconstruction is similar to the ap-
proach used by the 1 =lle 1 .OP [10, 11]. The basic concept
is that the measured an ral time of Cherenkov photons in each
single event is compared .0 the expected arrival time for every
particle hypothesis, yielding the PID likelihoods. The expectedies
photon arrival time can be calculated analytically based on the
charged particle direction and hit location on the photodetec-
tion plane. Alternatively, the full detector simulation can be

used to produce timing spectra for each pixel. Since the DIRC
signal depends on the particle mass, momentum, direction, and
the position on the DIRC wall, the simulation of timing spectra
for all charged particle configurs ‘ons is computationally limit-
ing. For the detector performz ice e, 'iation (see Fig. 5b) we
used the simulated timing sp~ .. " and the single photon timing
resolution of 1 ns, which i* the alue obtained during tests of
the readout electronics. The . 1gn value for the single photon
timing resolution is 600 ps.

In the FastDIRC ".., algoi.thm the photons are traced
through the optical ,yste a a..alytically, which makes it four
orders of magnitude ta. =t than Geant. The FastDIRC recon-
struction is base . on kerne. density estimation (KDE), which
delivers the sep. ration b« ‘ween different particle species based
on difference in lo, 'ike! 100ds. The likelihood is obtained from
a probabilit den<** function (PDF) for the distribution of pho-
tons expect 1.1 the photodetection plane for each charged par-
ticle hyp. “hesis  7ae PDFs are determined numerically using
kernel density ~stimation. The resolution of the reconstructed
Chere..ov ang e is about 30% better than for the geometric
reco.. *rucuoa method. Since the FastDIRC method is about
1000 time.  slower than the look-up table based reconstruction,
we nlan to use the FastDIRC algorithm offline for particular
events, “here the default method does not yield a clear identifi-
car ou.

Simulation studies showed that one edge row of 18 MaPMTs
~an be removed from each photon camera without loss in per-
formace. Therefore the total number of MaPMTs needed to
2quip the GlueX DIRC decreased from 216 to 180 pieces. The
vacant slots in the electronics boards will be filled with dummy
blocks of the same size as MaPMTs (see Fig. 8).

4. Optical Coupling of MaPMTs

Special silicone pads were developed to couple the photo
sensors to the fused silica window of the photon camera. The
technology is based on the Belle II TOP [13] experience. The
refractive index of RTV-615 (from Momentive) is close to that
of adjacent materials: the fused silica window of the photon
camera and the MaPMT window made of borosilicate glass.
Coupling with a silicone pad minimizes the difference between
the refractive indices of the adjacent materials and allows sav-
ing up to 20% of photons on that interface. The pads allow ex-
change of single PMTs if necessary, are robust, and have good
transmittance (see Fig. 6).

One silicone pad with dimensions of 51x153x2 mm? is used
for 3 MaPMTs matching the design of the electronics boards.
The pads have flat surfaces and are produced using the soft-
est mixing ratio for the two-component RTV-615 material. To
maintain good optical coupling the pads need constant pressure,
which is ensured by the clamping fixture shown in Fig. 7, which
holds two electronics boards (six MaPMTs) forming one row of
the 6 X 18 MaPMT array on the window of the photon camera.
Two independent springs (inside blue cases in Fig. 7) transmit
a force of 150 Newton to each of the two electronics boards,
which push the MaPMTs and the silicone pads to the window
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Figure 6: Transmittance as a function of wavelength for several custom-made
silicone pads and a single quartz window (for comparison).

of the photon camera. A special procedure of greasing and ap-
plication of the silicone pads was developed using a test setup
(see Fig. 8) to ensure stable optical coupling. About fifty sil-
icone pads were produced, which is enough to equip the first
photon camera.

Figure 7: Technical drawing of the clamping fixture (shown in 1.d) holding two2%
electronics boards (shown in green). The two s /ng. in the blue cases apply
pressure to the boards, pushing the six MaPM’ s to ' ¢ window of the photon
camera (not shown here).

5. Summary and Outlook
210

The GlueX experiment is . hout to tart the second phase of
its physics program aime ' at s...ying exotic mesons with a
strange component. Tt : DIRC detector doubles the momen-
tum range, where kaons “an be ¢ :parated from pions, to p < 4215
GeV/c. The four BARAR LinC bar boxes assigned to GlueX
were safely transpor. d 1 o SLAC to JLab. Two of them are
already installed on th. DIRC support structure. The assem-
bling of the DIRC started .n July 2018 and is expected to finish2®
the end of February 2019, so that the detector is ready for para-
sitic data taking in the upcoming run. The MaPMTs arrived at
JLab and have been tested. The photon cameras will shortly be
equipped with photo sensors using custom silicone pads. 225

4

Figure 8: Test .etup i» "ding a clamping fixture and a small window (mockup
of the photon “am’ a wir low). The clamping fixture is loaded with one elec-
tronics board atiached tr .wo MaPMTs and one dummy block.

The » "RC d' ector simulation is implemented into the global
Glue.. ~oftware. The baseline reconstruction algorithm based
on tha P~ AR DIRC geometrical method is ready to be used
in .= beginning of operation. The time imaging reconstruc-
tion necds some development work, and the FastDIRC method
aw .its implementation into the GlueX software. The number of
N aPMTs required for the DIRC was decreased by 17% without
'ass in performance.

One half of the DIRC including two bar boxes and one pho-
con camera will be installed by early 2019. Then the DIRC will
collect calibration data-sets with an LED pulser for timing off-
sets as well as HV and thresholds scans. The commissioning
with the beam starts in February 2019. Later in 2019 a com-
plete installation of four bar boxes and two photon cameras is
planned. The GlueX physics program with the DIRC starts in
autumn 2019.

This material is based upon work supported by the U.S.
Department of Energy, Office of Science, Office of Nuclear
Physics under contracts DE-AC05-060R23177 and DE-FGO02-
94ER40818.
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