Introduction to photodetectors and their applications in HEP

i 6 = =

LN @ 2% % om
| Nt |

\“ﬁ‘ m B
: -' ’\;, H

W W o ¢ U @ 8 8

Lecture 1
06-03-2026

Sune Jakobsen (CERN EP-DT-DI)

Excellence in Detector and Instrumentation Technologies 2026




Introduction

Classical PMT Scintillators Use case classical PMT and scintillators Classical PMTs in calorimetry

Use cases of classical PMTs and calorimeters

—
@ Lecture overview

EDIT 2026

Lecture 1

Introduction to photodetectors
Classical photomultiplier Tubes
Scintillators
Use case of classical photomultipliers and plastic scintillators
Classical PMTs in calorimetry
Use cases of classical PMTs and calorimeters

Lecture 2

MultiAnode photomultiplier Tubes (MAPMTSs)
Ring-Imaging Cherenkov (RICH) detectors
Use case of MAPMTs and in RICH detectors
Scintillating fibers and fiber trackers
Use case of MAPMTs in scintillating fiber tracking detectors
Silicon photodetectors
Use case of SIPMs and Time of Flight
Use case of SIPMs in scintillating fiber tracking detectors

Introduction to photodetectors and their applications in HEP 06-03-2026

Sune Jakobsen

2/40




Introduction

Classical PMT Scintillators Use case classical PMT and scintillators Classical PMTs in calorimetry

Use cases of classical PMTs and calorimeters

P
C\ERN Y

~/_

EDIT 2026

Introduction to photodetectors
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@ Basics of photo detection

Photoelektron /.
Purpose:

Convert light into detectable electrical signal ‘/ .""‘*».\ / .\
Not covered: photographic emulsions Gamma -
( photograp ) e ® * ®
Principal: \.“—-‘ /' \.*—‘. /.
Use photoelectric effect to ‘convert’ photons (y) to photoelectrons (p.e.)

Many photosensitive materials are semiconductors, but photoeffect can
also be observed from gases and liquids.

P
Absorbed photons impart energy to electrons in the material Wi
semiconductor € vacuum
If E, > E,, electrons are lifted to conduction band => Internal photoeffect
“eo\ photodetector
e
If E, > W,,, = E,;+E,, energized electrons diffuse through the material (random \0‘(\0\0
walk) and reaches the surface with sufficient excess energy to ecape from it Eq \“\e‘“a
=> External photoeffect \ A I[A]
F app A
'0
EC Y ~N 7 Wph > Eg
E Nv
V' EF—N-\——-m——-f- ) &
""" Eyv oS0 Y lery,
Q/
h e '0/70
o iOe
/7’@01[ photodetector
(Photonis)

E, = electron affinity Npe
E; = band gap lll

Figures from [1], [2] and [3]
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@ Basics of photo detection — Types of photocathodes

Substrate with photocathode on it

The electron exit the same why as the photon got in. % ) €
Semitransparent photocathode: \\ Light absorption in photocathode
Windows with photocathode on it ‘\* A (um)
Photocathode
Electrons have to pass through the photocathode to exit 106 n 1}0; 0;'8 1 ;D'S O;'S 0;4

SbNa, KCs

The thickness of the photocathode should to be only as thick as necessary (cm _1)
Red light (2. ~ 600 nm), _ '
10° -

a~15-10°cmt

Ap~ 60 Nm g ,
Semitransparent [/
Blue light (A ~ 400 nm) 4 [
4105 photocathode 107 _
kA ~25nm ‘\‘ y 8 l 1
\ _ L I
=> Blue light is stronger absorbed than red light ‘\‘ Detector window I : :
10 3 = f I -
Photocathode - '
1 ! ]
L i :
2] ]
_ 10 [ L ! L J L | ] ) I
€ 10 14 18 22 26 3
MRB106 hv (eV)
Apn=1la
Figures from [1]
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@ Basics of photo detection — Frequently used photosensitive materials

Almost all photosensitive materials are very reactive (alkali metals). <@mmmu |egin of arrow indicates threshold
Operation only in vacuum or extremely clean gas.

Exception: Silicon, Csl.
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Figure from [1]
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@ Basics of photo detection — Quantum efficiency

The efficiency of converting photos to electrons is
called Quantum Efficiency and is defined as:

0 = r°

Ny

For vacuum devices, the quantum efficiency
peak was for a long time stock around 26 %,
but in currently improvements has been made
to push up the quantum efficiency.

For many use-cases this fundamentally
changed everything: Much more signal could
be achieved (or alternatively: much less light
was needed for the same signal)

Notice that the peak quantum efficiency is
archived at lower wavelength for the very
sensitive versions.
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@ Basics of photo detection — Radiant sensitivity

Because it is easier to measure the photocathode

current produced in response to an incident light

power than to count photons and electrons,
photoemission is frequently described by the term
cathode radiant sensitivity, S, defined by:

QE(%) = 124 -

S(mA/W)

A(nm)

Photocathodes for many different ranges and
applications are commercially available.
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RADIANT SENSITIVITY (mA/W)

102

Photon energy E, (eV)

Figures from [3] and [4]
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@ Basics of photo detection — Photodetector overview
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Gas

External photoeffect

/

TMAE | MWPC
TEA +4 GEM
Csl

Photodetectors

Vacuum

External photoeffect

T

Other gain process

Avalanche gain
Process

Dynodes 9|Photol\/lultiplier Tubes

Continuous dynode
—>Channeltron, MicroChannel Plate

Multi-Anode devices

Figures from [1]
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Classical photomultiplier Tubes

Figure from [4]
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@ Classical photomultiplier Tubes - PMTs

Basic principle:
Photo-emission from photocathode
Secondary emission from N (often 8-14) dynodes
The gain per dynode, g, is typically 4, but can vary from ~3-50 (depends on the incoming electron energy)

Total gain M:

=[] L | L 1 |

— — — —_— — Signal

Example of a 10 dynode PMT with g = 4:
M =410 ~ 106
Each dynode need higher

potential to accelerate the
electrons

Photon

Often this is applied by a single
voltage source and a voltage
divider that can be a simple
resister chain.

Photocathode

| N |

The low energy electrons are easily bend in even a weak magnetic filed (even the earth field), so the PMT needs to be protected by magnetic shields (mu-metal)
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@ Classical photomultiplier Tubes - PMTs

Basic principle:
Photo-emission from photocathode
Secondary emission from N (often 8-14) dynodes
The gain per dynode, g, is typically 4, but can vary from ~3-50 (depends on the incoming electron energy)

Total gain M:

N
u=] [o
i=1

Example of a 10 dynode PMT with g = 4:

Vacuum tube
M = 410 ~ 10°

Each dynode need higher
potential to accelerate the
electrons

Often this is applied by a single
voltage source and a voltage
divider that can be a simple
resistor chain.

Photocathode

The low energy electrons are easily bend in even a weak magnetic filed (even the earth field), so the PMT needs to be protected by magnetic shields (mu-metal)
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@ Classical photomultiplier Tubes — Gain fluctuations

Classical PMTs are known to have significant fluctuations in gain.

This is mainly contributed to the fluctuations of the number of

secondary electrons m; emitted from the dynodes:

Vacuum tube
7.13 -m;

ml
P(n,m;) = o

On VM, 1

Standard deviation: — = =
VM

m; m;
Fluctuations dominated by the first dynode gain

Poisson distribution:

Photon

The potential to the first dynode, and thereby the energy gained
by the electron, is therefore typically larger than for the rest of
the dynodes

Photocathode

A
15 — i H
o AgMgO(Cs) i 2 photoelectron
Co o
=10 — i 2
o 21 |
o ¢ CuBeO(Cs) S \ 3 photoelectron
=L Q \k -
o O | / _ -
8 ST i
W 4 - -] u%4 photoelectron
0 - |7 “
3 I
2 Lo ! N R e T——
20 50 100 200 500 1000 Pulse height
Electron ener E (eV)
9y Figure from [2] and [5]
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@ Classical photomultiplier Tubes — Pros and cons

Pros for classical photomultipliers

Well known technology

Radiation tolerant (and special versions very radiation tolerant)
High gain (so cheap electronics can be used)

Cheap for large active area

Low noise per active area

Temperature insensitive

Cons for classical photomultipliers

EDIT 2026

Typically, large gain fluctuations (leading to fluctuations on signals from few photos)
Expensive per channel

Fragile

Requires high voltages

Gets noisy over time (many years, dominated by degrading vacuum)

Very sensitive to magnetic fields

Figure from [4]
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@ Classical photomultiplier Tubes — Producers

There are not so many producers left of classical PMTs, but to mention a few (link on the logos):

ET Enterprises =~

electron 'tubes

\

HAMAMATSU

PHOTON IS OUR BUSINESS

é A0T elecmn(m::\

h
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https://www.bentham.co.uk/products/components/detectors/
https://aditelectrontubes.com/
https://et-enterprises.com/
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Scintillators

Figure from [2]
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@ Scintillators

A scintillator is a material emitting light when a charged particle passes the material

For detector applications, PMTs are often used together with organic scintillators

EDIT 2026

Organic scintillators are based on molecules containing benzene rings
The molecular pi-electrons in the ring is ionized

There are several possibilities for the for decay

The one of main interest:

lonizing energy to state S, (or higher)

Internal degradation to state S,

Florescence decay to one of the vibration state of S,

In this case the photon will not be energetics enough of
excite the molecule and will therefore not be self-absorbed

Many others transitions are possible (and some of them may contribute to the
overall light yield)

Molecular states (pi orbitals)

singlet states

triplet states

T

S
101s  ultra fast
S,
lonization energy non-
S — radiative
1

fast 4

N\

\I\N\[\ fluorescence
108-109s

T

phosphorescence

Waj\ik

slow

Figure modified from [1]
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@ Plastic scintillators

An often used variant of organic scintillators is the plastic scintillator:

The main material (solvent) is a plastic e.g. polystyrene

The solvent is dopped with a “scintillator” (also called activator) in a concentration of ~ppm
The activator can be e.g. butyl PBD, p-Terphenyl, PBO or PPO

The energy from the ionizing particle is mainly absorbed in the solvent

The energy is then transferred to the activator fast and locally via non-radiative dipole-
dipole interactions (Forster transfer).

The activator typically emits light in the UV range
Unfortunately, the solvent is not transparent to UV light

A second dopant (also ~ppm) is used to absorb the UV light and reemit it as e.g. blue
light and is therefore called a wavelength shifter and can be e.g. POPOP

The light can then be collected by e.g. a classical PMT to convert it into an electrical signal

\ O
/

Butyl PBD . —N | N\>_©_<o |

N

[

O)\©

PPO

Chemistry figures from [6]

p-Terphenyl
Introduction to photodetectors and their applications in HEP
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Solvent

Ionizing Particle

Forster
transfer

2 o

(”300 nm)

Visible
(>4OO nm)
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@ Plastic scintillators — Coupling and matching to classical PMTs

The light from the scintillator needs to reach the PMT Scintilator Emission
photocathode to be useful 1

Light guides can be made in many shapes and sizes depended

on the application. § 0.6

| general the light can not be compacted (Liouvilles theorem), % 0.4

so to avoid losses, the cross section of the light guide needs <

to be preserved in all cross section of the light guide 0.2
0

This is rarely the case due to space constrains and the
fact that the PMT price scale with the active area. 300 350 400 450 500 550 600 650
Wavelenght [nm]
The emission spectrum of the scintillator needs to be
matched with the quantum efficiency of the PMT.

QE PMT
. . . . . 0.3
In the couplings between scintillator, light guide and PMT
sometimes optical grease or optimal glue can applied to g 0.25
avoided losses due to Fresnel reflections 2 02
However it is important to know the aging properties of GEJ 0.15
the grease/glue as some becomes opaque over time or 2 01
with radiation § '
g 0.05
0

300 350 400 450 500 550 600 650

Wavelenght [nm]
Spectra adapted from [8] (EJ-200)
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@ Plastic scintillators — Coupling and matching to classical PMTs

An alternative to a classic light guide, is a wavelength
shifting bar

EDIT 2026

1
K 0.8
The bar is typical made of the same base material (plastic) as £ 06
the scintillator and doped with ppm of a wavelength shifter e 0.4
< 0.2
The wavelength shifter absorbs low wavelength shift and emits 0
at a higher wavelength 300 350
The difference between the absorption and the emission is calle
the Stoke shift
If the absorption and emission is overlapping, the light is
self absorbed and light transmission is extremely inefficient @ 05
>
The emission spectrum of the scintillator needs to be matched % 0
with the absorption spectrum of the wavelength shifter g 05
The emission spectrum of the wavelength shifter needs to be 1
matched with the quantum efficiency of the PMT 300 350

Since the end of the bar is much smaller than the side of the
scintillator plate, a much smaller (and therefore cheaper) PMT

o
w

Wavelenght shifter

Scintillator Emission

400 450 500 550 600 650

and emission

400 450 500 550 600 650
QE PMT

can be used ? _—
Due to the extra absorption/emission, the timing is typically not EE_J 0.2

as good as with just a light guide qu_J 0.1

Notice: The bar needs to NOT have a good contact to the *E 0
scintillator (air grab needed) § 300 350

Else the wavelength shifter light will propagate into the
scintillator and be lost

Introduction to photodetectors and their applications in HEP
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@ Plastic scintillators — Producers

There are only few producer of high quality plastic scintillator (link on the logos):

EDIT 2026

| ELJEN = LUKIUM

. TECHNOLOGY SOLUTIONS

(former Saint-Gobain Crystals)
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https://eljentechnology.com/
https://www.crystals.saint-gobain.com/radiation-detection-scintillators/plastic-scintillators
https://www.nuviatech-instruments.com/product/nudet-plastic/
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Use case of classical photomultipliers and plastic scintillators:
The FASER experiment at LHC

EDIT 2026 Introduction to photodetectors and their applications in HEP 06-03-2026 Sune Jakobsen 22/40




Introduction

Classical PMT Scintillators Use case classical PMT and scintillators

Classical PMTs in calorimetry

Use cases of classical PMTs and calorimeters

@ Classical PMTs — Use case: FASER at LHC — Physics case: Dark photon

EDIT 2026

LHC

< Interact'gg point

__ Darkphoton
:—-'f;'

I

Decay volume Spectrom

Energy measur

ent

Signature of golden event

Two high energy oppositely charged tracks from a common vertex in the decay volume.

Spectrometer (magnets + trackers) to separate the decay products so the tracks can be measured individually.

Large electromagnetic energy deposit (for electron final states).
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@ Classical PMTs — Use case: FASER at LHC — Detector overview

Decay volume Spectrometer Energy measurement

Signature of golden event:

Two high energy oppositely charged tracks from a common vertex in the decay volume.
Spectrometer (magnets + trackers) to separate the decay products so the tracks can be measured individually.

Large electromagnetic energy deposit (for electron final states).

FASER Detector paper: arxiv: 2207.11427
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https://arxiv.org/abs/2207.11427
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EDIT 2026

@ Classical PMTs — Use case: FASER at LHC — Magnet

NY T — — — —

\\ ’

The 3 FASER magnets

1 magnet for the decay volume (length 150 cm).

2 magnets for the spectrometer (length 100 cm).

430 mm

Magnet design
Design and construction at CERN.

Permanent dipole magnet based on the Halbach design array.
No need for infrastructure (power and cooling).
0.55 T magnetic field.

20 cm round aperture.

06-03-2026

Introduction to photodetectors and their applications in HEP

Guiding profile (aluminium)

Pushing plate (aluminium)
Permanent magnet (Sm,Co,;)

External ring (construction steel)
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@ Classical PMTs — Use case: FASER at LHC — Tracking

EDIT 2026

3 tracker stations as part of the spectrometer.

Support and relative alignment is provided by a
backbone structure.

Detector design
Based on silicon strip tracking modules from ATLAS.
8 modules is used for a tracking plane.
Each station has 3 tracking planes.
Resolution in the bending direction: ~20 um.
Resolution in the non-bending direction: ~¥550 um.

Water cooled (no need for very low temperature as there is
only little radiation).

Dry gas can be flushed through the station to prevent
condensation.

FASER Tracker paper: NIMA 166825 (2022)
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https://www.sciencedirect.com/science/article/pii/S0168900222003096
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@ Classical PMTs — Use case: FASER at LHC — Veto, timing and trigger

Veto station

Purpose: Suppress event with incoming standard model
particles.

2 pairs of 2 cm x 30 cm x 30 cm plastic scintillators.

Classic fishtail light guide with tilts to optimize the relative
photomultiplier positions.

4 classical photomultiplier tubes (Hamamatsu H6410, 12
stages) with 2 layers of mu-metal for magnetic shielding.

Trigger and timing station
Purpose: Trigger and provide accurate timing of the event.
2 units of 1 cm x 40 cm x 20 cm plastic scintillators.
Same photomultipliers and mu-metal as for the veto station. '

Classic fishtail light guide with 90 degree bent to
fit in the detector space.
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@ Classical PMTs — Use case: FASER at LHC — Preshower and calorimeter

A

EDIT 2026

Preshower station
Purpose: Trigger and particle identification.

Detector identical to veto station.

3 mm tungsten radiator installed in front
of each scintillator.

50 mm graphite installed in front of each
scintillator and the calorimeter to reduce
backsplash.

Calorimeter

Calorimeter

Based on 4 LHCb outer ECAL modules.

Shashlik-type sampling calorimeter with interleaved plastic scintillator (4 mm)
and lead (2 mm).

4 classical photomultiplier tubes (Hamamatsu R7899-20, 10 stage) used for
readout.

A filter in front of the photomultiplier tube is used to move the range to

the TeV scale.

1

Introduction to photodetectors and their applications in HEP

06-03-2026 Sune Jakobsen

28/40




Introduction Classical PMT Scintillators Use case classical PMT and scintillators Classical PMTs in calorimetry Use cases of classical PMTs and calorimeters

@ Classical PMTs — Use case: FASER at LHC — Trigger and acquisition system

Calorimeter

Underground Ethernet Data acquisition
Trigger Logic Board: Core of the TDAQ_system, (=2l (=] and storage
distributes clocks and L1A and manage trigger °
signals. ) :é Surface E
CEAN digitizer: Readout of all photomultiplier Underground E
tubes. 14 bit ADC and readout window of up
to 1.2 ps.
Tracker Readout Board: Readout of the SCT
modules. M LHE clock &
orbit
Surface

L1A

Data acquisition and storage. BCR

RE[ETE|

Detector Control System.

No control room (all remote). Clock & command

FASER DAQ paper: JINST 16 P12028 O Tracker modules
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https://iopscience.iop.org/article/10.1088/1748-0221/16/12/P12028
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@ Classical PMTs — Use case: FASER at LHC — Additional veto

FASER was expanded with an emulsion film based neutron
detecting system.

Therefore an additional veto station was required

The space was VERY restricted, so a copy of the existing station would not fit

- The timing requirement could be relaxed, so a design with a wavelength shifting
Wavelength bar was chosen
shifting bar

Design

2 pairs of 2 cm x 30 cm x 35 cm plastic scintillators with 1.5 cm x 1.5 cm tilted
wavelength shifting bar.

2 small photomultiplier tubes (Hamamatsu H11934-300, 12 stanges)
3D printed PMT support mounted directly on the wavelength shifting bar
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7 Classical PMTs — Use case: FASER at LHC — Installed detector

S
o
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@ Classical PMTs — Use case: FASER at LHC — Veto performance

The performance of the veto detector has been n ET T T T ' ' ' T T =
evaluated using muons from the collisions. = - rdSed . -
S qoli o~ . T =
The detector is defined to be efficient if the signal 2 —  Preliminary — 3
is above 40 pC (indicated on the plot) =l=01: 1072 = +++—-—+_._+_.__._+ =
One classical PMT with a simple light guide and cheap § 1073 i_ _i
plastic scintillator has an efficiency measured to 5 = : E
99.99986% ! E 104 | _
g = =
Since up to 5 (later 6) such detector are combined and 10° = | —
are independent, the combined inefficiency in FASER is = Lo 3
smaller than 1020 106 = Veto Station 2, plane 2 —
= i MIP efficiency = 99.99986(1) % 3
Since FASER looks for very rare decays and e.g. in 2022 1077 =+ ' o
need to reject 108 muons, this very high efficiency is = 3
instrumental in the success of FASER. 108 — Hoo N
0 50 100 150 200 250 300
Charge [pC]

Plot from [7]
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—
@ Basics of calorimetry

Electromagnetic cascades (showers) Hadronic cascades (showers)

Showers can be initiated by photon or electron/positron Two components: Hadronic and electromagnetic (and is much more

. _ complex than electromagnetic cascades)
The shower continues as long as there is enough energy for

pair production. The shower continues as long as enough energy for the various processes
to create particles o
K,
- < !
e K
. »
+
e
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+ o
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€ »r—nr0 0 A e
™S Iy -
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Basic idea of a calorimeter a destructive process: Create cascades and measure the energy loss.

Figures from [3] and [9]
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Basics of calorimetry — Basic types of calorimeters

Homogeneous calorimeter Sampling calorimeter
The same material is used make the cascade and measure the energy loss Two materials interleaved: Absorber and active layers
This can be dense crystal that also have inorganic scintillation (or The absorber is typically dense mentals like lead, copper, iron or tungsten

For

EDIT 2026

Cherenkov, which is covered in next lecture)
The active material is typically plastic scintillator
The amount of light generated in the crystal will scale with the energy

deposited By coupling the scintillators to photodetector(s) (e.g. a classical PMT(s)),

By coupling the crystal to photodetector (e.g. a classical PMT), the signal the signal on the photodetector scale with the energy deposited

on the photodetector scale with the energy deposited

This is a pure, but expensive way to make a calorimeter

Absorber

Simulation of cascade in a crystal

both types additional information can be gained by segmenting the calorimeter longitudinal and/or transvers

Figures from [3]
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Use cases of classical PMTs and calorimeters:
The ATLAS TILE calorimeter at LHC
FASER calorimeter (LHCb ECAL)
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@ Classical PMTs in calorimetry — Use case: ATLAS TILE calorimeter

The ATLAS TILE calorimeter is a sampling calorimeter

The absorber is 14 mm steel (in the barrel part) or 25 mm think
copper (end-cap)

The active material is 3 mm thick plastic scintillator plate

The light from the scintillator plate is absorbed and remitted in
wavelength shifting fibers

The wavelength shifting fibers are connected to PMTs (Hamamatsu
R7877, 8 stage special version custom made version based on the
10 stage R5900 model)

Impressive total numbers:

~420000 scintillating plates

~9500 photomultiplier tubes

~2900 t total wight (dominated by the absorbers) \

Figures from [10]
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@ Classical PMTs in calorimetry — Use case: FASER at LHC — Preshower and calorimeter

Calorimeter
Preshower station Calorimeter
Purpose: Trigger and particle identification. Based on 4 LHCb outer ECAL modules.
Detector identical to veto station. Shashlik-type sampling calorimeter with interleaved plastic scintillator (4 mm)

and lead (2 mm).

3 mm tungsten radiator installed in front
4 classical photomultiplier tubes (Hamamatsu R7899-20, 10 stage) used for

of each scintillator.

readout.
50_ m'm graphite mstalleq in front of each A filter in front of the photomultiplier tube is used to move the range to
scintillator and the calorimeter to reduce the TeV scale

backsplash.

1

A SR
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@ Photodetectors in calorimetry — Linearity of PMT response

Since the energy deduced from the PMT signal, it is
important to know the correlation between the
number of photons detected and the signal

Vacuum tube

At some point, there are so many electrons reaching
a dynode, that the e.g. power supply chain can not to
provide enough electrons to be freed by secondary
emission

Photon

At that point the response of the photomultiplier

becomes non-linear
Photocathode

6000

This is called the linearity of the PMT —— 1200V
——1300 V
, 5000 | —— 1400 V
In calorimetry, the PMTs often has fewer dynodes than . 1500V L
e.g. for triggering/vetoing to minimize this saturation 2 ,,,, [ =160V ' ’H /1 '
. 0.0 - — — .
(at the cost of lower total gain) ; s { l )
:_3:. 3000 % o1 i
= =
E 2000 | g 0.2 -
........... £
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Plot from [11] and [12]
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End of first lecture

Lecture 1

Introduction to photodetectors
Classical photomultiplier Tubes
Scintillators

Use case of classical photomultipliers and plastic scintillators

Classical PMTs in calorimetry
Use cases of classical PMTs and calorimeters

Lecture 2

MultiAnode photomultiplier Tubes (MAPMTSs)
Ring-Imaging Cherenkov (RICH) detectors
Use case of MAPMTs and in RICH detectors
Scintillating fibers and fiber trackers
Use case of MAPMTs and in tracking detectors
Silicon photodetectors
Use case of SIPMs and Time of Flight
Use case of SIPMs and in tracking detectors
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General ideas

Replaceable SiPMs and reduce fluence at the SiPM

Light transport in clear fiber to zone with less fluence
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Physics Location Detector Test beam Installation Operation Upgrades FASERv Summary

@/Q/ The FASER location

FASER is benefitting from existing structures Forward direction

LHC interaction point 1 housing the ATLAS detector. At LHC, the production of many particles are emphasized

An abandoned transfer line leading from the to LHC. in the forward direction.

E.g. 1 % of n° are produced in the FASER acceptance
despite it acceptance only covers 1E-8 of the solid angle.

From ATLAS the line of sight is crossing the abandoned
transfer line: This is the location for the FASER detector.

The LHC magnets are sweeping away the majority of
luminosity based background from charged particles.

~100 m of rock shields FASER from luminosity based
background (including neutrals).

The location is separated from the LHC, which minimizes
beam related background.

IPLATLAS

Abended transfer line

===

FASER. e
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Physics Location Detector Calorimeter upgrade Testing Installation Readout Early performance Summary

@Q’ Purpose and concept of the new FASER calorimeter

Original design

Main purpose: Extend the range of the calorimeters to avoid
uncertainty from filter installation.

A Dark Photon signal would give TeV level energy deposit in the calorimeter.

Currently the high range of the calorimeters are achieved by introducing a
filter between the calorimeter and the photomultiplier tube.

With the filters installed, the muon MIP signal for calibration is very small.

Main method: Split the light output of the calorimeter over two
photomultiplier tubes.

Detector design concept
Replace the current photomultiplier with a fiber bundle (after a light mixer).
Split the fiber bundle into bundles with a ratio of about 1:30 fibers in each bundle.

Use a separate photomultiplier tube for each bundle.

The combined range should now be almost a factor 30 larger, which should cover
the full desired range.

Additional benefits
Continues cross-calibration between the low and high range possible.

This eliminates e.g. drifts over time.

CALOR 2024 Range extension for FASER electromagnetic calorimeter 24-06-2024 Sune Jakobsen  10/25
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Early performance Summary

@’ The heat of the upgrade: The light splitter

Fibers:

Diameter: 1 mm.

Double cladded to maximize the angles of light
trapped in the fibers.

Exact fiber: Kuraray clear-PS, Non-S type, round double
cladded, @1.0 mm.

Light mixers:

Material: Plexiglas.

Diameter: 16 mm (larger than the @ 11 mm fiber
bundle from the calorimeter and a large surface to
optimize the number of fibers for each bundle).

Length before fibers: 27 mm.

Length after fibers: 22 mm.

Assembly

The fibers for the high energy part are distributed
among the others to minimize bias in light selection.

The fibers are glued in the support and then diamond
mild for an optical quality connection.

The light mixers are glued with optical epoxy.

CALOR 2024 Range extension for FASER electromagnetic calorimeter 24-06-2024
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@ Mechanics for the upgrade

Features of the mechanics:

Fit in the envelop of the calorimeter

Support the light splitter and the 2 PMTs
Include magnetic shielding (mu-metal)
Light tight

RF shielding

Voltage dividers

PMTs inside mu-metal
(wrapped with Kapton)
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