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Introduction

• Electromagnetic	  Calorimeters	  
(EC)	  are	  used	  in	  PVDIS, SIDIS
and J/𝝍 of	  SoLID (Solenoidal
Large	  Intensity	  Device)	  project.
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• The	  view	  of PVDIS FAEC (portion)	  
along	  the	  beam	  direction.
• 147 modules/30-‐degree	  wedge	  of
the	  FAEC	  for	  the	  PVDIS	  
configuration.
• The cross section of module is
hexagon-‐shaped/ area is 100 cm2/
side length is 6.25 cm.
• Modules	  from	  PVDIS	  FAEC	  will	  be	  
split	  and	  rearranged into	  SIDIS	  
FAEC	  and	  LAEC.

Layout Of EC Modules

assume	  10cm	  fiber
bending	   radius	  (no	   loss)

rigid	  spacer,	  nuts	  inside	  
hold	   compression

need	  improvement &
testing to	  minimize	  
module	  sagging

ECal Support	  Design
(4/21/2016)



StructureOf EC Module
• Preshower: 2 X0 lead + 20 mm plastic scintillator,WLS	  fiber	  
embedded in scintillator.

• Shower: shashlykmodule (0.5 mm lead + 1.5 mm scintillator + 0.1
mm paper sheet×2) ×194, WLS	  fiber×96 penetrating	  layers	  
longitudinally.

• Overall: 20 X0, energy resolution is less than 10%/ 𝐸
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Progress
• Sufficient materials are ready (SDU, THU).
• Assembly tools are designed and constructed (SDU, THU).	  
• Various tests are done to the materials (SDU, THU, UVa).
• 2 Prototypes are built (SDU, THU).	  
• Cosmic test is done to the prototypes (SDU).
• Resumed	  working	  with	  ANL/Chicago	  engineer	  on	  the	  Ecal support
(UVa)
• Tests requiring beam (UVa)
• FASPD uniformity test
• LASPD timing test
• Preshower prototype radiation resistance

• See THU progress in Chendi’s talk
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Main Materials

LeadPlate Scintillator Tile

WLS Fibers

• Scintillator Tile: 2
different types by
Kedi Company.

• Lead Plate: by several
company.

• Reflection Layer:
print paper by SDU
factory.

• WLS Fiber: BCF91A
by Saint Gobain
Company.

The geometry size of
scintillator tiles, lead
plates and reflection
papers are	  all fine.

ReflectionLayer

08/22/2016 焦健斌 (SDU)	  @	  12th全国粒子物理会议,	  USTC,	  Hefei,	  China 7



Test of Materials	  (SDU)

4: no plating, 1,2,3: silver plating

The light incident on the side. PMT collects light fromone end.
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Test of Materials (SDU)
Two	  pre-‐shower	  scintillators	  at	  the	  
bottom	  and	  top	  as	  trigger	  detectors.
5	  shashlyk scintillators	  in	  5	  floors.	  
The 5th is for reference.

𝜇

Reflection
Layers

None Print paper foil Tyvek

Light yields
(relative)

0.85±0.02	   1.06±0.06	   0.97±0.08	   1.61±0.16	  

Type 1 17.9±0.27 16.7±0.22 12.4±0.22 20.6±0.31

Type 2 40.9±0.52 30.9±0.36 38.1±0.43 28.5±0.33

Currently,	  the	  absolute	  light	  yield	  is	  
about	  20	  p.e./layer
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Test of Materials (UVa)
LHCb used	  “hedgehog”	   test	  for	  screening	  the	  scintillator	  plate	  quality,	  but	  there	  is	  
no detailed	  picture/diagram	  for	  the	  setup.	  UVa built	  their	  own	  “hedgehog”	  setup:
Ø alternating	  layers	  of	   scintillator	  and	  reflective	  material	  on	  a	  plastic	  holder,	   no	  

lead	  plate	  is	  used
Ø 96	  Y11(200)MS	   fibers	  “sticking	  out”	  from	  holes	   (no	  mirrored	  end)
Ø fibers	  glued	   to	  a	  permanent	  cylinder	  (with	  holes)	  and	  coupled	   to	  XP2262	  PMT
through	   optical	  grease
Ø loose	  reflective	  layer	  on	  the	  tile	  edge.



1)	  no	  reflector:
39p.e./25	  layers	  =	  1.56p.e./layer

2)	  printer	  paper	  with	  loose	  edge
wrapping:
34p.e./25	  layers	  =	  1.36p.e./layer

3)	  Tyvek	  with	  loose	  edge	  
wrapping:
36p.e./25	  layers	  =	  1.44p.e./layer

UVa results
single	  p.e. main single	  p.e.

The	  results	  of	  SDU	  &	  UVa are	  
consistent	  with	  each	  other	  
considering	  the	  10%	  fiber trapping	  
efficiency	  (multi-‐cladding).



Assembly Tools (SDU)

Concept Design

Real Device

Sensors for
compression

• Stack all the scintillator tiles,
lead plates, and reflectors
together

• Compress themodule stack
• Suspension test

Module stack w/o fibers
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Shaping Tools (SDU)

Glue	  fibers	  &	  hold	  together,	  
fibers	  beyond	   the	  hold	  are	  
the redundancy for cut and
polish

The	  unbundled	   end	  of	  
fibers	  are	  separated	  into	  3	  
different	   lengths for fiber
insertion
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Module	  Prototype

PMT:	  Hamamatsu R11102	  
(Set	  the	  Gain	  equal	  to	  5*10^6)

• Scintillator tiles (2 types) from	  Kedi
company;

• Lead	  plates from	  USA	  company;
• Print	  paper	  from	  SDU factory.
• Side	  of	  module	  wrapped	  with	  tyvek

layer

Two module prototypes are ready for
cosmic test
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Cosmic Test

𝜇

Horizontal	  test

𝜇
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Shashlyk Module

Trigger detector PMT
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Test of Module 1
1. no	  reflectionmirror	  on	  fiber	  end
2. Scintillator tile of type 1 (low	  light	  yield)
3. Connect to PMT directly

horizontal vertical
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Test of Module 2:
1. silver reflectionmirror	  on	  fiber	  end
2. Scintillator tile of type 2 (high light	  yield)
3. Connect to PMT with grease

horizontal vertical
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Test results comparison
Module Vertical Horizontal Horizontal

(no Tyvek wrapped)
1 112.1 23.9 19.3

2 217.9 38.9 N/A

The	  Gain	  of	  PMT	  is	  
wrong,	   the	  real light	  
yield should be twice as
big as the current ones



Summary & Discussion
Two	  prototypes	  of	  Shashlykmodules are	  produced	  and	  various	  

tests	  are	  done.	  The	  material	  tests	  of	  SDU	  and	  UVa about	  the	  light	  yield	  
are	  consistent	  with	  each	  other	  taking	  into	  account	  the	  trapping	  
efficiency.	  The	  light	  yields	  of	  the	  prototypes	  are	  lower	  than	  the	  
requirement	  of	  design	  from	  the	  results	  of	  cosmic	  test.	  Need	  to	  do	  some	  
change	  to	  improve	  the	  light	  yield.
Ø Change	  fibers?
Ø Change the reflection layers?
Ø Wrap	  the	  side	  of	  module?
Ø Use optical	  grease?
Ø Etch the surface of scintillator?
Ø ……

More tests need to do in the future
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plated	  by	  ZnO Etched Surface
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Backups

08/22/2016 焦健斌 (SDU)	  @	  12th全国粒子物理会议,	  USTC,	  Hefei,	  China 21



Cut & Polish Tools

The newmilling	  cutter	  
with	  1cm	  diameter is
used for cut & polish

Old
cutter

New
cutter

The cut & polish
result (new cutter)
is good even under
microscope
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Sputtering Plating

The end of fiber is platedwith
silver, but the edge of plating
mirror is easily peeled off
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Test System (SDU)

Two	  pre-‐shower	  
scintillators	  at	  the	  
bottom	  and	  top	  as	  
trigger	  detectors.

5	  shashlyk scintillators	  
in	  5	  floors.	  Test	  results	  
will	  be	  available	  soon.	  
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Test of Module 2 (Gain of PMT Revised):
1. silver reflectionmirror	  on	  fiber	  end
2. Scintillator tile of type 2 (high light	  yield)
3. Connect to PMT with grease

horizontal vertical
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The Cost of Shashlyk Module

• Scintillator (X194):￥30/tile
• Lead (X194):￥10/sheet
• Reflector (X2X194) :￥1/sheet
• Fiber(X0.65X96):￥25/meter
• Other materials:Aluminium
plate, holder, glue, rod…
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Refer to the Wiki page of SoLID: https://hallaweb.jlab.org/wiki/index.php/SoLID

For current prototypes, the
rough cost:

￥10,000/module

For the whole ECal:


