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Outline

• Previous talks have addressed

• why particle identification is essential to the GlueX physics 
program, and

• how the GlueX DIRC design will achieve the stated particle 
identification goals.

• A few remaining details:

• how to safely transport four priceless BaBar DIRC bar boxes 
from SLAC to Jefferson Lab without damage, and

• how to install and integrate these elements into the existing 
GlueX detector.
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A Bar Box
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Figure 25. 3D schematic drawing of a bar box
showing the active region, mirror end and window
ends

possible.
During installation a bar box may be rotated at

any angle about its long dimension with respect
to the direction of gravity, consequently it must
be supported under a variety of load conditions.
Within the CST and SSA the bar boxes slide
into their slots on 16 wheels (or cam-followers)
that align with the four tracks of the CST and
SSA (see Section 3.3). There are eight pairs of
wheels built into one cover of the bar box, and
eight pairs of cam-followers on the opposite cover.
The wheels and cam-followers are similar, but the
cam-followers rotate about an axis perpendicular
to the axis of the wheel rotation, to locate the
box with respect to the broader width dimension
(azimuthally).

For bar boxes where the broad dimension
(429 mm) is nearly horizontal, most of the weight
is carried by the wheels, and the cam-followers
just help to guide the bar box into their slots. For
the bar boxes where the broad dimension is nearly
vertical, the role of the wheels and cam-followers
is reversed, with the cam-followers carrying most
of the weight. Since the wedges at the backward,
instrumented, end always point radially outward,
the bar boxes are almost identical, with the ex-
ception that the cover with the wheels (or cam-
followers) changes sides of the bar box with re-
spect to the direction of the wedge depending on

whether it is in the lower half (bar boxes 3–8) or
upper half (bar boxes 0–2 and 9–11) of the DIRC.
A further mechanical complication due to the gas
supply and return lines breaks the symmetry of
the boxes in the vertical plane. To accommodate
these conditions requires four distinct types of bar
boxes in the full detector.

To ensure that the bars are kept free from con-
densation, nitrogen gas is introduced through a
small 3 mm diameter tube that runs from the
window end, along the outside of the bar box to
the mirror end, where it is introduced into the
bar box. From there it flows along the bars back
to the window end and exhausts into a return
line for analysis (the gas system is described be-
low). To avoid excess pressure inside the bar box,
the gas pressure is set to less than 20 mm water
equivalent. Each bar box is equipped with a cus-
tom pressure relief value that will open fully at a
pressure of 250 mm water equivalent.

The details of the active region, the mirror end
and the window end of the bar box are discussed
below.

5.4.1. Active region
A cross section through a bar box in the active

region of the detector is shown in Figure 26. The
support of the short-bars within the bar box as-
sembly is designed to minimize the force on the
glue joints of the long-bar assemblies. The force
is minimized when the short-bars are supported
such that under their own weight their ends would
be in a vertical plane. This condition is satis-
fied when the supports are located at a distance
z = 0.211L from each end of a bar of length L.
The sections of the load buttons and bumpers
in contact with the bars are made from nylon or
teflon, and were tested extensively to assure that
they do not damage the surface of the bars.

In the azimuthal direction (perpendicular to
the 429 mm r¢¡ dimension of the bar box), the
bars are pressed against two fixed nylon buttons
by a spring-loaded bumper on the opposite side of
the bar. This combination of a bumper plus two
opposing buttons is repeated at eight locations
along the length of the long-bar. The height of
the fixed bumpers was set to ± 25 µm by sus-
pending the cover a known distance above a flat,
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Figure 20. Schematics of a DIRC radiator bar in side and top view.

facturers. Tests were performed on several brands
of natural fused silica, including Vitreosil-F [20],
and synthetic fused silica, including Suprasil [21],
Spectrosil 2000 and Spectrosil B [20].
The tests are described in detail in reference [11]:
In the following list we summarize the main re-
sults.

• Tests using a Co60 source showed that natu-
ral fused silica materials can suÆer from se-
rious radiation damage to the transmission
properties in the blue and UV regions after
exposure to a radiation dose of 5 krad to
10 krad. It is expected that the DIRC will
be exposed to 0.5 krad/year to 1 krad/year
for the anticipated 10 years of BABAR oper-
ation.

Although partial transmission recovery is
possible using photo-bleaching and/or heat-
ing treatments, such “curing procedures”
are not practical for BABAR. In addition,
some of the natural fused silica materi-
als tested exhibited radio-luminescence at
room temperature. All synthetic fused sil-
ica samples were found to be su±ciently ra-
diation hard for BABAR.

• The typical bulk transmission of both nat-

ural and synthetic fused silica material was
found to be 98 %/meter or better over the
entire wavelength acceptance of the DIRC.

• Some of the synthetic fused silica samples,
made in the form of ingots, had periodic
optical inhomogeneities. These inhomo-
geneities caused light that is transmitted
down the length of the bar through a se-
ries of internal reflections from the sides,
to produce a diÆraction-like pattern that
severely deteriorates the angular resolution.
This was an extremely important discovery,
since in some regions of photon phase space
a DIRC made from such material would
provide essentially no useful information.

Based on these tests, QPC Spectrosil 2000 was
chosen as the material for the DIRC bars, wedges
and windows. However, during the process in
which Spectrosil 2000 was formed into cylindri-
cal ingots, there was a tendency for large bub-
bles to occur, limiting availability on occasion.
To compensate, ingots of Spectrosil B were used
as a backup material.

Many other materials used in bar box construc-
tion were also subjected to a wide variety of tests;
in the following list we summarize the most sig-
nificant of them.

4 boxes needed
for the GlueX FDIRC

key mechanical features
• size
• glue joints
• pristine bar surfaces
• sliding support buttons
• mirror pressure
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Environmental Concerns

• Temperature variation

• BaBar literature cites design 
tolerance of ±20oC

• stuck buttons may inhibit smooth 
thermal response

• Shock/vibration

• aged glue joints

• window/bar breakage

• resonant vibration

• Altitude variation

• cannot contaminate bar surfaces

• gas environment inside the box 
must be dry N2

• potential outgassing of materials
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Precise limits
are difficult to define

Typical Tensile Strengths:

Fused Silica:  7000 psi
Epotek Glue:  >1000 psi

Design for at least 10x below
these limits.
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Al Bars
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Mock bar box has natural
resonances in the 10 Hz range.
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4g load 28 lb.
spring force

Epotek Joint
0.0004” deflection

21 psi stress

FEA of bar response
under 3g vertical

acceleration

Bar Span
0.0022” deflection

141 psi stress

Stresses are both about 50x 
under tensile strengths

Adopt ALARA but 3g seems to 
be a safe transverse acceleration
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Window Loading

• Net force applied by mirrors on the 
window:  340 lbs.

• balances hydrostatic pressure in 
BaBar design

• Weight of bars:  ≈ 200 lbs.

• Proposed limit: 1.5 g acceleration 

• keeps all glue joints in 
compression in one direction

• loads the window with 640 lbs. 
of force in the other direction

• FEA with 1030 lbs. of force on 
window (3.5 g equiv. acceleration) 
gives safety factor of 11

8

34

Figure 25. 3D schematic drawing of a bar box
showing the active region, mirror end and window
ends
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(429 mm) is nearly horizontal, most of the weight
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followers) changes sides of the bar box with re-
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these conditions requires four distinct types of bar
boxes in the full detector.

To ensure that the bars are kept free from con-
densation, nitrogen gas is introduced through a
small 3 mm diameter tube that runs from the
window end, along the outside of the bar box to
the mirror end, where it is introduced into the
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line for analysis (the gas system is described be-
low). To avoid excess pressure inside the bar box,
the gas pressure is set to less than 20 mm water
equivalent. Each bar box is equipped with a cus-
tom pressure relief value that will open fully at a
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The details of the active region, the mirror end
and the window end of the bar box are discussed
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A cross section through a bar box in the active

region of the detector is shown in Figure 26. The
support of the short-bars within the bar box as-
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glue joints of the long-bar assemblies. The force
is minimized when the short-bars are supported
such that under their own weight their ends would
be in a vertical plane. This condition is satis-
fied when the supports are located at a distance
z = 0.211L from each end of a bar of length L.
The sections of the load buttons and bumpers
in contact with the bars are made from nylon or
teflon, and were tested extensively to assure that
they do not damage the surface of the bars.

In the azimuthal direction (perpendicular to
the 429 mm r¢¡ dimension of the bar box), the
bars are pressed against two fixed nylon buttons
by a spring-loaded bumper on the opposite side of
the bar. This combination of a bumper plus two
opposing buttons is repeated at eight locations
along the length of the long-bar. The height of
the fixed bumpers was set to ± 25 µm by sus-
pending the cover a known distance above a flat,
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facturers. Tests were performed on several brands
of natural fused silica, including Vitreosil-F [20],
and synthetic fused silica, including Suprasil [21],
Spectrosil 2000 and Spectrosil B [20].
The tests are described in detail in reference [11]:
In the following list we summarize the main re-
sults.

• Tests using a Co60 source showed that natu-
ral fused silica materials can suÆer from se-
rious radiation damage to the transmission
properties in the blue and UV regions after
exposure to a radiation dose of 5 krad to
10 krad. It is expected that the DIRC will
be exposed to 0.5 krad/year to 1 krad/year
for the anticipated 10 years of BABAR oper-
ation.

Although partial transmission recovery is
possible using photo-bleaching and/or heat-
ing treatments, such “curing procedures”
are not practical for BABAR. In addition,
some of the natural fused silica materi-
als tested exhibited radio-luminescence at
room temperature. All synthetic fused sil-
ica samples were found to be su±ciently ra-
diation hard for BABAR.

• The typical bulk transmission of both nat-

ural and synthetic fused silica material was
found to be 98 %/meter or better over the
entire wavelength acceptance of the DIRC.

• Some of the synthetic fused silica samples,
made in the form of ingots, had periodic
optical inhomogeneities. These inhomo-
geneities caused light that is transmitted
down the length of the bar through a se-
ries of internal reflections from the sides,
to produce a diÆraction-like pattern that
severely deteriorates the angular resolution.
This was an extremely important discovery,
since in some regions of photon phase space
a DIRC made from such material would
provide essentially no useful information.

Based on these tests, QPC Spectrosil 2000 was
chosen as the material for the DIRC bars, wedges
and windows. However, during the process in
which Spectrosil 2000 was formed into cylindri-
cal ingots, there was a tendency for large bub-
bles to occur, limiting availability on occasion.
To compensate, ingots of Spectrosil B were used
as a backup material.

Many other materials used in bar box construc-
tion were also subjected to a wide variety of tests;
in the following list we summarize the most sig-
nificant of them.
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Window Load Testing

9

Actual fused silica window
and replica flange loaded at 
1030 lbs. (3.5 g equivalent)  

for two weeks.



M. R. Shepherd 
GlueX DIRC Technical Review 

October 14, 2015

Crating Requirements

• Keep shock ALARA but use safe quantitative guidelines

• 3 g transverse plane

• 1.5 g longitudinally

• Brace box to avoid natural resonances in the 10 Hz range that can be 
driven by overland transit

• Need easy access for loading and unloading (most damage actually 
happens during this phase)

• Start by asking an expert for help:

• contract with Art Crating Los Angeles (ACLA) who specializes in 
crating and shipping fine art

• consultant visited IU to see the mock box and discuss design 
requirements

• constructed a complete crate system for one box and shipped to IU

10
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Shipping Crate Fabricated
by ACLA

(≈ 1600 lbs. when loaded)
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Shock Absorbing Features

• Instrument box, inner crate, and 
outer crate with three-axis 
accelerometers

• Optimize damping using series of 
“drop tests” onto concrete floor 
from a few inches

• variable spring pressure

• variable oil damping

• Propose to regulate air spring 
pressure in transit

13

Pallet Cushion

Air Spring

Oil Damper

Inner CrateBar BoxFoam Bracing

Outer Crate
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 4 hour road test with accelerometers on the bed of the 
trailer as well as various positions on the bar box and crate
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Maximum Acceleration
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Vertical Oscillations
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Road Test Observations

• Maximum vertical acceleration of the truck bed was

• 10 g, during which

• bar box acceleration remained less than 2 g.

• Maximum transverse acceleration of the bar box was 2.8 g,

• under our design limit, but

• will be reduced with addition of transverse air springs (not present 
during test).

• Maximum aft/fore acceleration was 0.6 g,

• well under our design limit.

• Propose to orient boxes with window towards the back of the truck to 
reduce potential damage in a hard stopping event.

• Oscillation in 10 Hz range evident:  rely on stiff inner crate to prevent 
resonant flexing of the box.

17



M. R. Shepherd 
GlueX DIRC Technical Review 

October 14, 2015

Shipping Strategy

18

• Temperature:  avoid seasonal extremes 
and use a climate controlled truck.

• Gas purity:  maintain dry N2 purge in 
transit and chose a route with minimal 
altitude variation.
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Bar Box Integration

• Replicate many features, fixtures, 
and design elements successfully 
used in BaBar DIRC 

• lifting and installation jigs

• roller tracks for positioning 
and alignment

• bar box to focusing box flange 
and water seal

• Additional GlueX considerations

• minimize material in front of 
the forward calorimeter

• ability to (somewhat) easily 
remove from the beam line

• Design now at conceptual level
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Cam Follower
(load bearing)

Roller
(guiding)
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Beam Axis

Bar Boxes

Focusing
Boxes and
Readout

Existing GlueX 
Forward Carriage

GlueX DIRC
Support Structure

Time of Flight and
Forward Calorimeter
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Upper Bulkhead I-beam

Bar Box Rail

T-Slot

Bar Box Motion

Rail and Linear
Bearing

Lead Screw
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Summary

• We have developed a strategy for transporting bar boxes from 
SLAC to Jefferson Lab

• keep temperature and altitude variation as well as shock as 
low as possible

• field-tested crating system achieves what seems to be, based 
on analysis, reasonable design limits

• A plan for integrating the bar boxes within the spatial and 
operational constraints of Hall D exists

• utilizes techniques developed for BaBar

• retractable for experiments that would be sensitive to the 
material

• conceptual at this stage:  needs final design

24


