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The Mechanical Design of the
Backward Endcap
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BW Endcap inside Target

Spectrometer

Adjustable support for precise

alignment

Full BW Endcap system moveable

through rails




Support of the BW Endcap

fixation screw

counterweight —_—

2 platforms

(inner part
moveable
in 2
directions)

Holding support

3 levelers allow
alignment in upward
direction individually for

/ each of them

rails allow movement in
=  foward and backward

direction :



The Detector Design

(Thermal insulation system not included)

540 crystals (Lead tungstade
PbWO,)

Crystals must be cooled (-25°C)
due to the poor light yield of PWO
at room temperature

2 mounting plates (aluminum
alloy)

Mechanical feet between them
(special design allows shrinking of
the cool mounting plate)

Backside insulation: space between
mounting plate will be filled with
vermiculite granulate



The Detector Design

Backside with 2 mounting plates and View without second plate: Pipes are
mechanical feet (pink/blue) placed inside the milled canals inside
the mounting plate




Supporting Feet

Movable Head (glass fiber)

Stainless
steel

Teflon coating on the slot
reduces friction in order to Teflon Coated Steel
allow the shr_lnkage of cold Teflon

mounting plate



Supporting Feet

Fixed foot

Slots should point
directly at the fixed foot
to allow shrinkage of
cold parts during
,C00lINg* process



The Insulation Principle

Vacuum Insulation

2 mm Aluminium
Good thermal conductivity

30°C

18-10-3torr Vacuum
Conduction stop

2 mm Carbon fibre
Low thermal expansion

Rohacell spacers
Good strength

Lo

Super insulation foils
Radiation stop
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The Design of a Subunit (26 crystals) for the BW

Endcap Prototype

Back view:

Front view:
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Detailed look on a Subunit

Carbon fiber alveoles
(hosting the crystals)

......

Insert (aluminum) for 16
crystals

\

Cables for
signal and

PWO crystals

Sectional /

= \ (PEEK) & 2

power supply

Preamplifiers (green)
and tray (blue)

view =

Capsule

APD’s
(Avalanche
Photo Diode)
for one crystal
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Thermal Simulations on

Crystal-Units

Finite Element Analysis
with CAD-Software



Heat loads through the thermal

Insulator system

Heat sources:

Heat transfer mechanismens

Heat from outside going through

Coolant
the walls y eomen
acuum Panel J J Nitro
gen
Inlet
Preamplifiers for the APD’s Radiation
(150 mW assumed for one > |
T . =30°C ' Conduction | Cooling
CI’yS'[a|) amt Convection (__ Vst | at-25°C
" > Radiation e
The cables for the readout l lOutlet

The feet between the 2 mounting
plates

The crystals will be flushed with nitrogen to
avoid icing due to air humidity .
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Heat loads through insulation

Area[m?] |Heatload | Heatload per
[W] m? [W/m?]

Front plane 0,51 6,0 11,7
Outer sides 0, 98 11, 6 11,7
Vacuum shield for
insulation assumed Inner
(o) (o) 11
cylindrical =l L '7
hole
Back plane 0,51 154, 4 301,2

Vermiculite granulate N
at backside assumed
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Simulations on a Unit of 4 crystals

with inner cross made of carbon fiber

Cooling in the back & heat flux Additional heat load at the top
from the front (12 W/m?2) (12 W/m?)

Temp (Celsius) Temp (Celsius)

-23.457 -19.231

l -23.585 l -18.712
. -23.714 . -20193

. -23.843 . -20673

. -2387 . -21.154

- -24.100 . -21.635

L -24.228 - -22.116

. -24.357 L -22.596

. -24.486 . -23.077

. -24614 . -23.558

| -24.039

-24.519

-24743
-24.871
-25.000

AT =154°C AT =5,77°C

-25.000

Maximum temperature difference should be 2,2°C along the unit! »



Improved Simulations on a Unit (4)

additional DF2000MA daylight film & copperfoil around each
crystal

Cooling in the back & heat flux from Additional heat flux from one side
the front (12 W/m?) (12 W/m?)

Temp (Celsius)
Temp (Celsius)

-24 653418 -23.923071
l -24 682301 l -24.012815
L 24711182 . -24.102560

. -24.7400685 . -24.192305

. 24765943 . -24.282049

. -24.797829 . -24.371794

_ -24.826712 - -24.481538

| -24.855595 fredt I 2nd

| -24.884476 . 24641027

. -24730772

- -24.913359
-24.320517

-24 910261

-25.000006

-24.942242
-24 971123
-25.000006

AT =0,35°C AT =1,08°C

Fulfills AT<2,2°C but copper undergoes too much activation and
therefore must be dropped! 17

12 W/m?




Improved Simulations on a Unit (4)

with inner cross made of aluminum

Cooling in the back & heat flux Additional heat |°"_=‘d of 12 W/m? at
from the front 12 W/m? one side

Temp (Celsius) Temp (Celsius)
-24 248693 -22.337561
' 24 311302 ' -22.559431
L -24373913 - 2278130
. -24.436522 . -23.003172
. -24.499130 . -23.225042
. -24.561741 . -23.446913
L 24624350 | -23.668783
| 24636958 . -23.890654
| 24749569 L 24112524
. 24812178 . -24.334394

-24 374786 -24 556265
-24 937397 -24.778135
-25.000006

-25.000006

AT =0,75°C AT =2,66°C 22
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Comparison

Design of the Crystal Unit AT along the Unit AT along the Unit /°C
/°C (only front load) (heat load at front and
one side)
1) Carbon fiber Alveole 1,54 5,77
2) Inner cross aluminum 0,75 2,66
3) Carbon fiber Alveole 0,35 1,08

Crystals wrapped in copperfoil

The temperature difference is still not small enough
Further investigations on different configurations needed!
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Summary & Outlook

The design of both the final version and the prototype for
the Backward Endcap is under development.

Many parts are especially designed for best performance
under special conditions (e.g. the shrinking of material)

Previous configurations of crystal-units don't deliver the
necessary temperature difference so that further simulation
studies are needed

Thermal measurements on a test panel of the vacuum
system will be done soon
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