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Introduction
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Layout Of EC Modules

ECal Support Design
(4/21/2016)

84.6219

11.1760

provement & '

* The view of PVDIS FAEC (portion) = ™ = s © mihimize
alongthe beam direction. P SAgging

* 147 modules/30-degree wedge of
the FAEC for the PVDIS rigid spacer, nuts inside

configu ration. hold compression

* The cross section of moduleis
hexagon-shaped/areais 100 cm?/
side lengthis 6.25 cm.

* Modules from PVDIS FAEC will be
splitand rearranged into SIDIS
FAEC and LAEC.



Structure Of EC Module

* Preshower: 2 X, lead + 20 mm plasticscintillator, WLS fiber
embedded in scintillator.

e Shower: shashlyk module (0.5 mm lead + 1.5 mm scintillator + 0.1
mm papersheet X2) X194, WLS fiber X96 penetratinglayers
longitudinally.

* Overall:20 Xy, energy resolutionislessthan 10%/\E

Preshower, 2X;,lead + scintillator

T 4—4 fiber
11.2 ---l"/d Atiivn G eanEscion Preshower clear fibel‘s\\\
.2mm lea T 1 =
(large sheets) (6.25—cm-—side hexagons) (guided out between EC and the magnet wall) A
LN ¥ clear fibers
e Y \

Shower, 18 X, Shashlyk
(6.25-cm-side hexagons)

WLS fibers - 100-100 fibe

connectors
434.5mm (194 layers) ==—100mm—=
each layer: 0.5mm Pb+1.5mm Scintillator+two 0.12—mm paper
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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).

e Resumed working with ANL/Chicago engineer on the Ecal support
(UVa)

* Tests requiring beam (UVa)
e FASPD uniformity test
* LASPD timing test
* Preshower prototype radiation resistance
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Main Materials

e ScintillatorTile: 2
different types by
Kedi Company.

Lead Plate Scintillator Tile,

* Lead Plate: by several
company.

* Reflection Layer:
print paper by SDU
factory.

The geometry sizeof « \WLS Fiber: BCF91A
scintillator tiles, lead by Saint Gobain

plates and reflection Company.
papers are all fine.
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Test of Materials (SDU)

The lightincident on the side. PMT collects light from one end.

LED

Light guide

Gr—

10cm fiber PMT

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

FWHM(full width at | Amplitude(mV) Compared to No.
half maximum)(ns) 4

4 20:2 56 1207
20.3 54 12.6

1 20.5 104 24.2 1:02

2 20.7 92 21.5 1.706

3 20.6 96 22.5 1.786
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Test of Materials (SDU)

. . Aluminum plat
Two pre-shower scintillators at the load N
. reflector —_
bottom and top as trigger detectors. scintillator

reflector —
L

PMT

5 shashlykscintillatorsin 5 floors.
The 5t is for reference.

uf

: : ate
Top trigger sl :(}! ------- ¢ Type 2 40.9+0.52  30.9+0.36 38.1+0.43 28.5+0.33
Scintillatof 1 e cl

/ v
Scintillatﬁr 2 ° c2 Reflection Print paper Tyvek
7 Layers

SCi"ti"itOf K O iea Light yields  0.85+0.02  1.06+0.06 0.97+0.08 1.61+0.16

1 (relative)
Scintiyator 4 K O ®cd

/ Currently, the absolute light yield is
Refefence k i > oc5
Sopm vigger () about 20 p.e./layer

v
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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:

> alternating layers of scintillator and reflective material on a plastic holder, no
lead plate is used

» 96 Y11(200)MS fibers “sticking out” from holes (no mirrored end)

» fibers glued to a permanent cylinder (with holes) and coupled to XP2262 PMT

through optical grease

» loose reflective layer on the tile edge.




UVa results

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

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

Concept Design

Sensors for
compression

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

e Compressthe module stack

* Suspensiontest
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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

Two module prototypes are ready for
cosmic test

PMT: Hamamatsu R11102
(Set the Gain equal to 5*1076)

* Scintillator tiles (2 types) from Kedi
company;

* Lead plates from USA company;

* Print paper from SDU factory.

e Side of module wrapped with tyvek
layer
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Cosmic Test

il

4 Shashlyk Module
\ \

e S (D

bellows Trigger detector PMT

.

Vertical Test

Horizontal test
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Test of Module 1

1. no reflection mirroron fiber end
2. Scintillatortile of type 1 (low light yield)
3. Connectto PMT directly

The Distribution of Photoelectron The Distribution of Photoelectron
1800 :—_ h2 70 s ho
1600 “EA”‘”ES 22‘:822 i Entries 5169
— ean . 1IN
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Test of Module 2:

1. silverreflection mirroron fiber end
2. Scintillatortile of type 2 (high light yield)
3. Connectto PMT with grease

The Distribution of Photoelectron

C h2
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Number of Photoelectron

horizontal

The Distribution of Photoelectron

120

1001+

60—

Number of Events

h2
Entries 6466
Mean 93.23
RMS 109.8

x? I ndf 4996/ 34
Constant 96.98 + 2.79
Mean 2142+ 0.6
Sigma 2242+ 0.57

1

Number of Photoelectron

vertical
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Test results comparison

Vertical Horizontal The Gain of PMT is
LERPAEST e B wrong, the real light
1 112.1 23.9 19.3 yield should be twice as
o 217.9 389 N/A big as the current ones
A B [ C D E | G
number of p.e. # p.e. per 1 GeV electron in shashlyk module, SoLID running  €XPected # of p.e. for shashlyk
per shashlyk condition, assuming 20% sampling fraction and light yield module cosmic horizontal test
layer, hedgehog proportional to energy deposit in scntillator (assuming 10cm vertical thickness,
test 7.5cm of which is scintillator)
after light
Y11, no loss of adding resolution
] mirror at end if using connectors ) mirror to )
of fiber, light BC91A and clear end of photoelectr
yield directly instead of fibers (use fiber (use
out of WLS Yil +60%) statistics
3 0.500 300.000 150.000 75.000 120.000 0.091 25.000
4 1.000 600.000  300.000 150.000 240.000 0.065 50.000
5 1.500 900.000  450.000 225.000 360.000 0.053 75.000
6 2.000 1200.000  600.000 300.000 480.000 0.046 100.000
7 2.500 1500.000  750.000 375.000 600.000 0.041 125.000
i 3.000 1800.000  900.000 450.000 720.000 0.037 150.000
9 3.500 2100.000 1050.000 525.000 840.000 0.035 175.000
10 4.000 2400.000 1200.000 600.000 960.000 0.032 200.000
11 4,500 2700.000 1350.000 675.000 1080.000 0.030 225.000 |




Summary & Discussion

Two prototypes of Shashlyk modules are produced and various
testsare done. The material tests of SDU and UVa about thelightyield
are consistent with each other taking into accountthe trapping
efficiency. The lightyields of the prototypes are lower than the
requirement of design from the results of cosmic test. Need to do some

change toimprove the lightyield.
Change fibers?

Change the reflection layers?
Wrap the side of module?

Use optical grease?

Etch the surface of scintillator?

YVVYVVYVYY

More tests need todo inthe future
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Thank you!
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Backups

AR (SDU) @ 12th & [ERL -#EE2> 1Y, USTC, Hefei, China

21



Cut & Polish Tools

The new milling cutter
with 1cm diameteris
used for cut & polish

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

The end of fiber is plated with
silver, but the edge of plating
mirroris 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

) = ; i — u-t:‘.-‘:(h‘nr'(
in 5 floors. Test results —— = S

scimtillator
will be available soon.
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Test of Module 2 (Gain of PMT Revised):

1. silverreflection mirroron fiber end
2. Scintillatortile of type 2 (high light yield)
3. Connectto PMT with grease

The Distribution of Photoelectron
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The Cost of Shashlyk Module

For current prototypes, the
rough cost:
Y 10,000/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...

For the whole ECal:
Refer to the Wiki page of SolLID: https://hallaweb.jlab.org/wiki/index.php/SoLID

Preliminary Conceptual Design Report

http://hallaweb.jlab.org/12GeV/SoLID/download/doc/solid_precdr.pdf B (public access, without cost
estimation, the version submitted to Jlab Director in Jul 2014)
For cost estimation, please ask JP Chen.

Writers, please follow the link at Instructions and Guidelines
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