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Tile Calorimeter Upgrade Challenge

Tile calorimeter is a device made of
three longitudinal layers(A, BC, D)
Measures the energy of particles
through scintillator
Jets in the HL-LHC will be closer
together than previously
Currently in tile calorimeter:

* 620K Fibers

e 400K Tiles

* 10,000 channels

* AnxAdp=0.1x0.1

Goal:
* Increase A layer granularity by
factor of 4
* Increase BC layer granularity by a
factor of 2

* Change only electronics readout
and not detector as a whole
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Read Out Electronics

.&'Iﬂ’

|
\

Light signal from the

is read out
using a photomultiplier
tube(PMT)
Photomultiplier tube
converts the light signal
to a corresponding
current Focusing
Goal of the electronics is Electrode
to develop a system to
read fibers into two
different regions
Device needs to be
designed in order to
couple light from bundle
to PMT to allow for this
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3D Printed Fiber Light Guide

Photomultiplier

Light guide was Fiber Light

developed using a Form Guide S D
1+, thanks to support Fiber Bundle OO0 ... O
from Idea Square

OO
Form 1+ printer . .
develops 3D items by . .
hardening resin via laser .
irradiation \G 9
Currently in the 6t Design Concept Goal: to spread fiber signal over multi anode PMT
generation of the fiber
light guide
6t Gen piece is fully
enclosed and features
inlets for easy assembly
process
Print time for the piece
takes ~1.5 hours
Fibers are routed
through holes and epoxy
is used to coat each side

Implemented: Fiber Light Guide printed via Form 1+ 3D printer



Cesium Scan

e Cesium scan used to test and
equalize the signal response
of each PMT used for tile
calorimeter

e Cesium is used due to half life
conditions and energetic
decay

e Cesium 137 main decay
method is gamma decay

 Gamma particles strike
scintillator in tile calorimeter
as scanned

 Scintillator luminesce in
response and is then readout
via a PMT(integrated
response)

* Multiple PMTs are in use for
the module
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Electronics
Drawer

Cesium 137
“Garage”

. = Motion Sensor,

* Tile Cal should be flipped RLC Circuit



Electronics Drawer

e Electronics “Super Drawer”:
one new PMT(8x8 array) and
one old PMT(1 Channel)

e 48 Channels are only
available on electronics
drawer

* 46 are sampled from the
8x8 array

e 1isused for the new
PMT analog sum

e 1forthe old PMT

e Channels are read out using
3 in 1 cards which integrate
pulses from PMT to get total
charge

 PMTs were placed in a cell
containing ~20 fibers

* Results were obtained using
Cesium scan and this setup




Results

* The pessimistic goal of our study
was to divide the tile calorimeter
into 4 cells

* Algorithm for data analysis:

* Remove pedestal

* Apply differentiation

* Apply region of interest cut

* Apply median value cut

* Perform peak
detection(Threshold and
Width limits) on old PMT

* Search for same peaks in
new PMT

e Reconstruct old PMT using
only the principal
components of new PMT

* Although, based off current study
individual tiles can be read
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Results

* Run 10240 had no fiber
light guide and had only an
air gap between the PMT
and fiber bundle

* Data highlights only about
3 active pixels

* Run 10264 had a fiber light
guide

* Data demonstrates every
single tile response has an
individual pixel

* This highlights the fiber
light guides goal to spread
the light amongst
individual pixels was a
success!!!
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Main Achievements and Next Steps

* The goal of the fiber light
guide study was a success
* Worked in a multidisciplinary
group on electronics and
optics project
* Next:
e Light guide attenuation
to be measured
* Light guide repeatability
to be tested
* Light guide matrix
patterns are to be
tested
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* Develop material for
International Design Review
document for upgrade

e Further implement signal
processing algorithms for
data
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