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MultiAnode photomultiplier Tubes
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Figure from [4]
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To understand the MAPMT, we first need 
to introduce the metal package PMT

Figresfrom [4] and [13]

MultiAnodePhotoMultiplierTubes - MAPMTs

The dynode structure naturally also need a 
segmentation at least as fine as the anode

This is s modern small size version of the 
classical PMT, but made significantly 
smaller by fine machining technologies 

This is actually the type used in ATLAS 
TILE calorimeter and the additional 
veto station for FASER shown in the 
first lecture

In the MultiAnodeversion, a segmentation 
is introduced to divide the anode into 
separate channels 

Photocathode

Focusing mesh

Metal channel 
dynodes

Multianode

Photocathode

Focusing mesh

Metal channel 
dynodes

Anode

2 mm x 2mm MAPMT channel

In the shown 64 channel version, it can be 
seen that dynode structure actually is 
twice as segmented as the anode

Photo from the photocathode of a MAPMT

Each anode has a separate pin for 
measuring the signal
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MultiAnodephotomultiplier Tubes ςPros and cons
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Pros for MultiAnodephotomultiplier Tubes

Radiation tolerant

High gain (so cheap electronics can be used)

Cons for MultiAnodephotomultiplier Tubes

Low noise per active area

Typically large gain fluctuations (also internally in a unit)

Fragile  

Requires high voltages

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

Temperature insensitive 

Sensitive to magnetic fields

Significantly more compact per channel than classical PMTs

Significantly cheaper per channel than classical PMTs

Cross-talk between channels

Gain uniformity of a state of the art MAPMT 
(Hamamatsu H13700, 256 channels)

Cross-talk of a state of the art MAPMT 
(Hamamatsu H13700, 256 channels)

Figures from [4]
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MultiAnodephotomultiplier Tubes ςProducers
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There is unfortunately only one producer of MAPMTs.
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Ring-Imaging Cherenkov (RICH) detectors
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Basics of Ring-Imaging Cherenkov (RICH) detectors ςCherenkov radiation
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Cherenkov radiation is 
electromagnetic radiation emitted 
when a charged particle passes 
through a dielectric medium at a 
speed treater than light in that 
medium: 

Figures from [14]
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Since the reflective index, ὲ, is known, this gives a correlation between the Cherenkov 
angle, (muucav ni thgil fo yticolev eht gniebὧ) .ὺ ,elcitrap eht fo yticolev eht dna ,‮

So if the Cherenkov angle can be determined, then the velocity of the particle can be 
derived, which together with the momentum measured by other systems can be used 
for identification of the particle  

In 3 dimensions the Cherenkov light form a cone while the particle passes the medium

If the medium is short, the cone becomes a ring when projected onto a plane and the 
Cherenkov angle can be determined by the ringdiameter

A more advanced type of RICH uses a spherical mirror to focus the light onto a focal 
plane, making a ring (the focusing means that the position is only depending on the 
Cherenkov angle, not the emission point)
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Use case of MAPMTs and in RICH detectors
The LHCb RICH detectors
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Use case of MAPMTs and in RICH detectors - The LHCb RICH detectors

EDIT 2026                    Introduction to photodetectors and their applications in HEP                        11-03-2026

Two RICH detectors are part of LHCb 

Cherenkov medium: C4F10 gas

Momentum range: 2 GeV/c - 60 GeV/c 

Coverage: 25 mrad- 300 mrad

Figures from [15]

RICH1:

Cherenkov medium: CF4 gas

Momentum range: 30 GeV/c - 100 GeV/c 

Coverage: 15 mrad- 120 mrad

RICH2:

Both uses spherical mirrors for parallel to point focusing

Both have the photodetectors moved out of the detector 
acceptance  (to minimize material in the acceptance)

Quartz 
window

MAPMTs

MAPMTs

MAPMTs

MAPMTs

RICH1 side view RICH2 top view
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Use case of MAPMTs and in RICH detectors - The LHCb RICH detectors - MAPMTs
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The LHCb RICH detector uses two different 
MAPMTs:

1 inch

8 x 8 channels

12 stage 

Figures from [15]

Hamamatsu R13742:

2 inches

8 x 8 channels

12 stage 

Hamamatsu R13743:

For optimal active area, the MAPMTs are 
installed side by side

The smaller one (with higher granularity) 
are installed in the positions with higher 
photon flux to keep down the occupancy

384 units (24576 channels) in use

2528 units (161792 channels) in use

Hamamatsu R13743 Hamamatsu R13742 MAPMT plan of RICH2

MAPMT plan of RICH1
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Use case of MAPMTs and in RICH detectors - The LHCb RICH detectors - Signals
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The MAPMT signals are typical signal photoelectrons 

Important to have almost no noise

Thresholds must be adjusted with great care

Figures from [15]

Early event displays:

Charge

Pedestal

2 photoelectrons

1 photoelectron
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Scintillating fibers and fiber trackers
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Scintillating fibers
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The core of the fiber is polystyrene doped with scintillator and wavelength shifter, just like the plastic scintillators covered in the first lecture 

Around is a cladding made of Plexiglass

When a charged particle passed the core, photos are emitted in all directions 

A minor part of the photons are trapped in the fiber by total internal reflections 

The critical angle is determined by: 

Particle

69.6°

Lost photons

Fiber side viewFiber end view

The majority of the photons (eventually) leaves the fiber

33.7°

ʃ ὥὶὧίὭὲ ὥὶὧίὭὲ
Ȣ
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The trapping efficiency per side is about ~3.1 %

20.4°

Square fibers: ~4.2 %

Double cladded: ~5.4 %
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Scintillating fibers producers and typical products
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There are only two producer of high quality plastic scintillator fibers (link on the logos):

(former Saint-Gobain Crystals)  

Both have standard products of round and square with single or double cladding and diameters between 0.25 and 3 mm
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https://www.crystals.saint-gobain.com/radiation-detection-scintillators/fibers
http://kuraraypsf.jp/
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Scintillating fiber trackers
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To illustrate the concept of a fiber tracker, start with a single square 
scintillating fiber

Then position several fibers parallel to it next to one another 

This makes up a fiber layer

If an ionizing particle passes the two layers, light will be emitted in the fibers 
that are hit

Some of the light is transported to the end of the fibers

Position a another fiber layer perpendicular to the first one 

At the end of the fibers, photodetectors are positioned

By knowing which fibers had light, the particle position can be reconstructed
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Use case of MAPMTs in scintillating fiber tracking detectors
The ATLAS ALFA detector
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MAPMT and scintillating fiber ςUse case: ATLAS ALFA: Introduction
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Beam pipe Beam pipe

Approach the 
beam to few mm 
with Roman Pot. 

Only used in 
dedicated high 

*̡ runs.
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MAPMT and scintillating fiber ςUse case: ATLAS ALFA: Fibers
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500 µm scintillating square fibers (Kuraray SCSF-78, s-type)

Aluminum coated to avoid the primary scintillating light 
to reach another fiber and make cross-talk

Figures from [1] and [16]
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MAPMT and scintillating fiber ςUse case: ATLAS ALFA: Main detector
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Main detector

Main detector plate

Staggering of plates

The main detector has 64 
fibers per layer:

Another layer is mounted 
on the backside of the 
support plate

The fibers are active    
~20 µm from the cut

24 with 90 degree cut

40 with 45 degree cut

10 U-layer and 10-V 
layers are stacked to 
improve resolution

1460 fibers in a detector

11680 fibers in the full 
system

Measured resolution is 
better than 30 µm 
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MAPMT and scintillating fiber ςUse case: ATLAS ALFA: MAPMTs
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Main detector

Hamamatsu R7600-00-64 64 MAPMT channels

MAPMT 
channel

64 fibers in one connectorFiber connectors
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MAPMT and scintillating fiber ςUse case: ATLAS ALFA: MAPMTs support
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MAPMT support and magnetic shielding (mu-metal) MAPMTs for one detector
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Silicon photodetectors
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Figure from [1] and [3]
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Silicon photodetectors ςInternal photoeffect
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Photodiodes (PIN diodes)

Figures from [3] and [17]

Avalanche photodiode (APD)

P(I)N type: p-region(intrinsic)n-region

P layer needs to be very thin (below 1 µm), as visible light is rapidly absorbed by silicon

h    e

p+    i(n)      n+

g

Main drawback: Gian = 1, so many photons needed to a good signal 

Similar to the PIN diode, but with a high reverse bias voltage applied

Due to the doping profile, some region has a high internal field

The free electrons makes avalanches in the region due to impact ionization

This leads to internal gain of 100-1000

g

Very high sensitivity to temperature and bias voltage
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Silicon photodetectors ςGeiger Mode Avalanche Photodiode (GM-APD)
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Geiger mode Avalanche Photodiode (G-APD or GM-ADP)

Figures from [18]

Operation sequence

Operation beyond the linear mode

Ready, CD charged to VBIAS

Avalanchetriggered by photon, switch turned ON, CD discharging towards break down voltage (Vbd), ID grows to 

Recharging, switch turned OFF, CD is recharged from break down voltage to VBIAS

Ready to repeat

Voltage

C
u

rr
e

n
t

Liner
mode

Geiger
mode

VBIASVbd

Quenching, the avalanche stopped by the voltage reaching the break down voltage 

g

Recharging

Discharging

MAPMTs    RICH    Use case of MAPMTs + RICH    Scintillating fiber trackers    Use case of MAPMTs + scintillating fibers    Silicon photodetectors Use case of SiPMs+ Time of Flight    Use case of SiPMs+ scintillating fibers



Sune Jakobsen 26/47

Silicon photodetectors ςSiPMs(aka MPPC, MGPD, SPM, PSiPs, MRS-!t5Χύ
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Multipixel GM-APD array

Figures from [18]

It is build up from serial connected GM-APDs

Known under many names: SiPMs, MPPC, MGPD, SPM, PSiPs, MRS-!t5Χ

Quench 
resister

GM-APD

-VBIAS

Q Q

2Q

Commonly now referred to as SiPM(Silicon PhotoMultipliers)

Quench resister

GM-APD

BIAS bus

Notice that only part of the surface is photosensitive 
(lots of optimization to minimize this in the last years)

Serial connected GM-APDs

Quench resisters

The charge from each GM-APD is analogy summed

Since the charge from each GM-APD is equal and has a small spread, the summed signal 
directly showed how many GM-ADPs fired => Photon counting

1 g

2 g

3 g
10 ns5 mV
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SiPMsςPros and cons
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Pros for SiPMs

High quantum efficiency and detection efficiency 

Mechanically robust 

Tolerant to even very high magnetic fields

Cons for SiPMs

Small and easy to integrate

Operates at moderate voltage (below 100 V)

The gain is very temperature depended

The gain is very BIAS voltage depended

Linearity is limited (depending on the number of GM-ADPs)

Very noisy per area (~100s kHz/mm2 1 PE noise) at room temperature

The noise dramatically scales with neutron radiation 

Available in arrays

Very good time resolution

Figure from [19]

Cheap per unit and per channel

High gain (so cheap electronics can be used)
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SiPMsςProducers
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There are many producers of SiPMs(links under the logos), the list is not exhaustive:

MAPMTs    RICH    Use case of MAPMTs + RICH    Scintillating fiber trackers    Use case of MAPMTs + scintillating fibers    Silicon photodetectors Use case of SiPMs+ Time of Flight    Use case of SiPMs+ scintillating fibers

https://sd.fbk.eu/en/projects/detail/sipm-evolution/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjEmYDSlbn-AhVG62EKHW0bD0cQFnoECAwQAQ&url=https%3A%2F%2Fwww.onsemi.com%2Fproducts%2Fsensors%2Fphotodetectors-sipm-spad%2Fsilicon-photomultipliers-sipm&usg=AOvVaw3UJhtY0e-cBVKvSnNv7p3l
https://www.broadcom.com/products/optical-sensors
https://www.aptechnologies.co.uk/support/SiPMs/intro


Use case of SiPMsand Time of Flight
The proposed CMS MTD
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Section based on [21]
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SiPMsand Time of Flight: CMS MIP Timing Detector (MTD)
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The aim is a time resolution of 30 ps

Inorganic scintillator: 165888 crystals

Photo detector: 331776 SiPMs

Precise timing information can be used to cope with high pileup 

/a{ ƛǎ ǘƘŜǊŜŦƻǊŜ ǇƭŀƴƴƛƴƎ ǘƻ ŀŘŘ ŀ άaLt ¢ƛƳƛƴƎ 5ŜǘŜŎǘƻǊέ

Figures from [21], [22] and [23]

¢ƘŜ ά.ŀǊǊŜƭ ¢ƛƳƛƴƎ [ŀȅŜǊέ ό.¢[ύ ƛǎ ŎƻƳǇƻǎŜŘ ƻŦΥ

To minimize noise (Dark Count Rate, DCR) of the 
SiPM, the plan is to operate them at -45 °C
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SiPMsand Time of Flight: CMS MIP Timing Detector (MTD) - Crystals

EDIT 2026                    Introduction to photodetectors and their applications in HEP                        11-03-2026

Size: ~3 mm x 3 mm x 57 mm

Density: ~7.1 g/cm3

Crystal details:

Figures from [21], [22] and [23]

Lutetium Yttrium Orthosilicate crystals doped with Cerium (LYSO:Ce)

Refractive index 1.82
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SiPMsand Time of Flight: CMS MIP Timing Detector (MTD) - SiPMs
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SiPMdetails (2 companies in competition):

Figures from [3],[21], [22] and [23]

3 mm x 3 mm active surface

Test beam results:
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Use case of SiPMsand in tracking detectors
The LHCb SciFidetector
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Section based on [20]
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SiPMsand scintillating fiber ςuse case: LHCb SciFitracker
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Figure from [19]

3) Spatial resolution: Better than 100 µm in the bending plan of the magnet (vertical).

1) Area: Active area of about 340 m2.

4) Noise cluster rate: Below 10 % of signal in all region of the detector.

5) Material budget: Less than 1 % radiation length per each of the 12 detection layers.  

6) Readout speed: 40 MHz with no dead-time.

2) Hit detection efficiency: Larger than 99 %. 

7) Life time: Integrated luminosity of 50 fb-1 with the above          
specified performance.

MAPMTs    RICH    Use case of MAPMTs + RICH    Scintillating fiber trackers    Use case of MAPMTs + scintillating fibers    Silicon photodetectors    Use case of SiPMs+ Time of Flight    Use case of SiPMs+ scintillating fibers



Sune Jakobsen 35/47

SiPMsand scintillating fiber ςuse case: LHCb SciFitracker ςScintillating fibers
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Double cladded round fibres Ø 250 µm (Kuraray SCSF-78MJ) was selected:

Very non-uniform dose profile expected

About 300 photons/MIP

3-4 p.e.detected @ 240 cm for a single fiber (trapping fraction, attenuation 
and PDE of Silicon photomultiplier)

Emission peak ~450 nm

Attenuation length ~3.5 m

Irradiation campaigns shows about 35 % loss of signal at the expected dose
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SiPMsand scintillating fiber: LHCb SciFiςScintillating fibers quality assurance
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12000 km of fiber (incl. pre-production & spare), 950 spools

Quality assurance procedure:

Attenuation length and light yield (for every spool).

Radiation hardness (X-rays), decay time, bending radius (for a fraction of spools).

Scanning for diameter anomalis (bumps).

wŜƳƻǾŀƭ ƻŦ ōƛƎ ōǳƳǇǎ όҟ5 Ҕ млл ҡƳύ ǿƛǘƘƻǳǘ ŎǳǘǘƛƴƎκƎƭǳƛƴƎ ǘƘŜ ŦƛōŜǊΦ

Verification of cladding integrity.

Ḑ2 mm

Bump after shrinking

Problem if there is a bump on a fiber

The light yield suffers at the removed bumps, but with 6 fibers in a mat it is tolerable.
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SiPMsand scintillating fiber: LHCb SciFiςFiber mat production

EDIT 2026                    Introduction to photodetectors and their applications in HEP                        11-03-2026

Custom winding machine (ɲ= 80 cm wheel with fine thread).

1500 mats produced at 4 sites (incl. spares).

The ends of the fiber mats were milled to optical quality.

Mat size: 2650 mm x 140 mm.
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One fiber mat end gets a mirror glued onto it.
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