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Introduction and Motivation 1
4

The behaviour of semiconductor materials at the fluence levels foreseen at FCC-hh
(around 1018 neq. cm

−2) is largely uncharted territory!

“The understanding of the silicon properties at fluences above
1× 1016 neq. cm

−2 is a must for developing the sensors for
experiments operating at or above that fluence level”

ECFA detector research and development roadmap (2021)

< 2030 2030-
2035

2035-
2040

2040-
2045

> 2045

DRDT 1.1    Improve time and spatial resolution for gaseous detectors with 
long-term stability

DRDT 1.2    Achieve tracking in gaseous detectors with dE/dx and dN/dx capability 
in large volumes with very low material budget and different read-out 
schemes

DRDT 1.3    Develop environmentally friendly gaseous detectors for very large 
areas with high-rate capability

DRDT 1.4    Achieve high sensitivity in both low and high-pressure TPCs

DRDT 3.1    Achieve full integration of sensing and microelectronics in monolithic 
CMOS pixel sensors

DRDT 3.2    Develop solid state sensors with 4D-capabilities for tracking and 
calorimetry

DRDT 3.3    Extend capabilities of solid state sensors to operate at extreme 
fluences

DRDT 3.4    Develop full 3D-interconnection technologies for solid state devices 
in particle physics

DRDT 4.1    Enhance the timing resolution and spectral range of photon 
detectors

DRDT 4.2    Develop photosensors for extreme environments
DRDT 4.3    Develop RICH and imaging detectors with low mass and high 

resolution timing
DRDT 4.4    Develop compact high performance time-of-flight detectors
DRDT 5.1    Promote the development of advanced quantum sensing technologies
DRDT 5.2    Investigate and adapt state-of-the-art developments in quantum 

technologies to particle physics
DRDT 5.3    Establish the necessary frameworks and mechanisms to allow 

exploration of emerging technologies
DRDT 5.4    Develop and provide advanced enabling capabilities and infrastructure
DRDT 6.1    Develop radiation-hard calorimeters with enhanced electromagnetic 

energy and timing resolution
DRDT 6.2    Develop high-granular calorimeters with multi-dimensional readout 

for optimised use of particle flow methods
DRDT 6.3    Develop calorimeters for extreme radiation, rate and pile-up 

environments

DRDT 7.1    Advance technologies to deal with greatly increased data density
DRDT 7.2    Develop technologies for increased intelligence on the detector
DRDT 7.3    Develop technologies in support of 4D- and 5D-techniques
DRDT 7.4    Develop novel technologies to cope with extreme environments and 

required longevity
DRDT 7.5    Evaluate and adapt to emerging electronics and data processing 

technologies

DRDT 2.1    Develop readout technology to increase spatial and energy 
resolution for liquid detectors

DRDT 2.2    Advance noise reduction in liquid detectors to lower signal energy 
thresholds

DRDT 8.1    Develop novel magnet systems
DRDT 8.2    Develop improved technologies and systems for cooling
DRDT 8.3    Adapt novel materials to achieve ultralight, stable and high 

precision mechanical structures. Develop Machine Detector 
Interfaces.

DRDT 8.4    Adapt and advance state-of-the-art systems in monitoring 
including environmental, radiation and beam aspects

DCT 1          Establish and maintain a European coordinated programme for training in 
instrumentation

DCT 2          Develop a master’s degree programme in instrumentation

DRDT 2.4    Realise liquid detector technologies scalable for integration in 
large systems

DRDT 2.3    Improve the material properties of target and detector components 
in liquid detectors

DETECTOR RESEARCH AND DEVELOPMENT THEMES (DRDTs) &
DETECTOR COMMUNITY THEMES (DCTs)

Gaseous

Liquid

Solid
state

PID and
Photon

Quantum

Calorimetry

Electronics

Integration

Training

Detector R&D Themes (DRDTs) and Detector Community Themes (DCTs). Here, 
except in the DCT case, the final dot position represents the target 
date for completion of the R&D required by the latest known future 
facility/experiment for which an R&D programme would still be needed 
in that area. The time from that dot to the end of the arrow represents 
the further time to be anticipated for experiment-specific prototyping, 
procurement, construction, installation and commissioning.  Earlier 
dots represent the time-frame of intermediate “stepping stone” 

projects where dates for the corresponding facilities/experiments are 
known. (Note that R&D for Liquid Detectors will be needed far into the 
future, however the DRDT lines for these end in the period 2030-35 
because developments in that field are rapid and it is not possible 
today to reasonably estimate the dates for projects requiring 
longer-term R&D. Similarly, dotted lines for the DCT case indicate that 
beyond the initial programmes, the activities will need to be sustained 
going forward in support of the instrumentation R&D activities).
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Goal - Contribute to DRDT 3.3 with a programme of radiation hardness studies to
map the fundamental properties of silicon detectors up to 1018 neq. cm

−2

New Facilities: Substantially extend the UK’s irradiation capability

New Measurements: Conduct an extensive irradiation campaign with dedicated
test devices to study effects at FCC-hh fluence levels for the first time

New Models: Exploit groundbreaking data to contribute to the development of
the next generation of radiation damage models / simulation strategies



Birmingham Proton Irradiation Facility 2
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59

Cyclotron has been operational 
since early 2004

p     11-39 MeV and 3-9 MeV (N=2)
d      5.5-19.5 MeV
α 11-39 MeV
3He  33-54 MeV and < 27 MeV 

Also 46 MeV 14N4+ and 70 MeV 14N5+  

for nuclear physics

BIRMINGHAM
CYCLOTRON FACILITY

CYCLOTRON
FACILIT Y Birmingham MC40 Cyclotron

Proton or He ion beams with energy
up to 38 MeV

Capable of O(µA) beam currents

Used for a wide variety of applications,
including nuclear physics research,
radioisotope production and as a test
beam and irradiation facility

Extensively used for particle physics
detector R&D through transnational

access agreements:

AIDA-2020 (2015 - 2020)

EURO-LABS (2022 - 2026)

Only facility to provide regular monthly
proton irradiations for the ATLAS ITk

strip sensor QA programme



Birmingham High Flux Accelerator-Driven Neutron Facility 3
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State of the art high intensity neutron source recently began operations (late 2022)

Based on commercial system designed for Boron Neutron Capture Therapy
(BNCT), housed in an extension to UoB Medical Physics building

Uses a 2.6 MeV proton beam on a rotating Lithium target, to produce fast
neutrons (≈ 1 MeV) via the 7Li(p, n)7Be reaction

With initial > 30mA proton beam, expect fluence rate of 1.8× 1011 cm−2s−1

Upgrade planned (from 2024) to add Deuteron beam, increasing fluence rate
beyond 3× 1012 cm−2s−1 (i.e. HL-LHC fluences in minutes)

Exciting prospect to substantially extend UK-based irradiation capability for
particle physics applications!



Idea in a Nutshell 4
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Commission Birmingham Neutron Irradiation Facility for HEP Devices

Develop dedicated end-station at ADNF for irradiation of sensors and electronics

Facility designed for continuous operation, could deliver 1018 neq. cm
−2 in around

10 days at ultimate intensity of 3× 1012 cm−2s−1 (from 2024)

Upgrade of Birmingham Proton Irradiation Facility

Accelerator capable of very high beam currents, up to 10 µA (!), but present
beamline and sample enclosure limit operations to lower currents (typically 0.2 µA)

Upgrade beamline and sample enclosure to open possibility of high-current
operation (around 2× 1017 neq. cm

−2 in a 5 hour run at 1 µA, per 1 cm2 sample)

Dedicated Test Devices

Design submission of simple pad detectors / diodes with a range of substrate and
structural parameters, similar to “RD50 diodes”

Target UK-based foundry with history of engagement with small submissions for
HEP applications (e.g. Teledyne e2v or Micron)

Irradiation and Measurement Campaign → Model / Simulation Development

Irradiate test devices with both protons and neutrons (separately) to a range of
fluence points spanning the path towards 1018 neq. cm

−2

Thoroughly characterise devices both before and after irradiation with typical suite
of measurements at institutes accross the UK

Exploit data for development of radiation damage models / simulation strategies
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Proton Irradiation Setup at Birmingham MC40 Cyclotron 6
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27 MeV proton beam, operating at a
current of 100− 400 nA (nominally
200 nA)

Square beam spot of 10mm× 10mm

Samples mounted inside N2 flushed
cold box, maintained at −27◦C

Cold box mounted on tracking stage
capable of both static positioning and
periodic scanning during irradiation

300µm of Al foil shielding in front box
entrance window

Sensors mounted on Al plate (2 mm thick)
and overlaid with Ni foil for dosimetry, all
suspended within cold box

The temperature of the Al plate has been monitored during the

irradiation and does not exceed −20◦C


