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SPACE CAR FOR THE RED WORLD

THIN BURNING LIGHT GUN

The car uses this gun to point a thin bright
light at rocks far away. The light is so
bright the rocks stop being rocks and turn
to air. Then the car uses an eye to look at

AIR FEELER

This part is here to feel
the air around the car to
learn whether it’s a nice
day or not. Some days are
warm, some days are cool,
and on some days the air
is full of sand.

When the car landed, part
of this got broken, so it
doesn’t work too well.

SPACE TALKERS

The car uses these to tell
us about what it learns
and to find out what we
want it to do next.
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BOX OF HOT METAL

This box holds a piece of a kind of heavy
metal that makes its own heat. The heat
powers the car. The metal is hard to find
and you need lots of money to get it.

It’s different from the kinds of metal they

use to blow up cities, but it’s made in the
same buildings as some of those metals.

Now that we’re not building new city-
burning machines as much, there’s less
of this metal lying around. That’s bad for

space cars, but probably good for the
rest of us. !
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the air to learn what the rock was made of. J
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LOOKING DOWN

While it’s coming down
from space, the car
uses this eye to look
down at the ground

to learn where all the
rocks are. That way,
once it’s on the ground,
it can drive around
without getting lost.

EYES FOR SEEING -~
ROCKS SO THE CAR
WON’'T HIT THEM
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My background

PhD in Glasgow
CERN Fellow
Nikhef Postdoc
Oxford Staff

Mostly silicon pixel detector R&D and detector construction for

LHCb and ATLAS

e From “blue sky” to detector-specific, including

simulations, software development, etc

Event reconstruction, triggering

* Detector-scale MC simulations and pattern recognition
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Future facilities

CLIC Muon
ILC FCC-ee Collider FOC-hh
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Now 10 years 20 years 30 years 40 years 50 years 60 years
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Detectors at lepton colliders
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—— N0 smearing

At all of the proposed lepton colliders, there are many — opT/p$=2x10'5
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CLIC Muon

ILC FCC-ee Collider

The International Linear Collider Q

FCC-hh

Now 10 years 20 years 30 years 40 years 50 years 60 years

The ILC is the longest-running of the future accelerator options,
and has quite a developed array of simulation tools, detector
concepts, demonstrators...

* TDR published 10 years ago

e+ bunch
Damping Rings IR & detectors compressor
The beam conditions for ILC are the most gentle of those being \ _ o7 SOuTee ,?P
considered
e- bunch e+ Source
e Bunch train of 727 us, repeated at 5 Hz compressor positron 2 km

main linac

o \ 11 km
(bunch spacing 554 ns) | M
(~,7‘,7717'
] 4 t I .
* Integrate over the full bunch crossing, central region

o C electron

Nno precision timing, focus on low power main linac
11 km

e Two detector concepts at IP 2 km
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CLIC Muon

ILC FCC-ee Collider

The International Linear Collider Q

FCC-hh

Now 10 years 20 years 30 years 40 years 50 years 60 years

The ILC is the longest-running of the future accelerator options,
ILD detector SiD detector

and has quite a developed array of simulation tools, detector (on beamline) (parked)

concepts, demonstrators...

* TDR published 10 years ago

The beam conditions for ILC are the most gentle of those being
considered
e Bunch train of 727 us, repeated at 5 Hz
(ounch spacing 554 ns)
* |ntegrate over the full bunch crossing,
Nno precision timing, focus on low power

 [wo detector concepts at [P

ILD garage
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The ILC - a long history of R&D

Detector development for the ILC has a long history - easily 20 years

 As time went on and no project was approved, it morphed

iInto more generic R&D cf. EUDET, AIDA
 Many collaborations on low-mass ladders (PLUME),
calorimetry (CALICE), particle flow (PANDORA)

e Low-mass telescopes for testbeams at DESY and CERN -

Mimosa family of MAPS detectors

Detector concepts “frozen” long ago, clearly would be re-opened in

the event that the ILC was approved

e Most effort has however now moved on, simulation efforts

stagnant, not much hope in general
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CLIC

CLIC - environment and challenges %

CLIC proposed as the CERN-based linear collider option
 Novel “two-beam acceleration”
 Bunch structure and luminosity goals have a large impact on the detector design
 Power-pulsing possible for all sub-detectors (turn off for ~20 ms)

 Beam-induced backgrounds give rise to the need for timing in each layer (10 ns time slices)

+ — :
Train repetition 50 Hz w
— —— = f\J\memﬂ
----------------- C > J\] f\\j\f\fC >
Bunch spacing 0.5 ns M-‘MJ ﬁWKb.

Beamstrahlung

4 November 2022 - https://indico.cern.ch/event/1196259 daniel.hynds@physics.ox.ac.uk 10



The CLIC detector model

CLIC started with two detector designs inherited from the ILC

One TPC-based tracker and one with all-silicon tracking

Consolidation of these into a single detector model, CLICdet

4 November 2022 - https://indico.cern.ch/event/1196259

Silicon pixel vertex detector with air cooling

Monolithic silicon pixel tracker a la ALICE

Tungsten ECAL

Steel HCAL

4 T solenoid magnet

Power pulsing on all sub-detectors, everything inside the

calorimeter as low-mass as possible
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CLIC Muon
FCC-ee Collider

Physics focus and backgrounds %

ILC FCC-hh

Now 10 years 20 years 30 years 40 years 50 years 60 years

In generating the CDRs (input to European strategy), focus was
on physics studies and completing the full simulation chain

 Demonstration of pattern recognition and tracking in high

background environment

 Simulated physics analyses showing reach of the physics

programme

e Software developed jointly with ILC, using DD4HEP
geometry description from LHCDb
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CLIC Muon
FCC-ee Collider

Physics focus and backgrounds %

ILC FCC-hh

Now 10 years 20 years 30 years 40 years 50 years 60 years

In generating the CDRs (input to European strategy), focus was
on physics studies and completing the full simulation chain

 Demonstration of pattern recognition and tracking in high

background environment

 Simulated physics analyses showing reach of the physics

programme

e Software developed jointly with ILC, using DD4HEP
geometry description from LHCb = -
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CLIC Muon
FCC-ee Collider

Physics focus and backgrounds %

ILC FCC-hh

Now 10 years 20 years 30 years 40 years 50 years 60 years

In generating the CDRs (input to European strategy), focus was
on physics studies and completing the full simulation chain

 Demonstration of pattern recognition and tracking in high

background environment

 Simulated physics analyses showing reach of the physics

programme

e Software developed jointly with ILC, using DD4HEP
geometry description from LHCDb

Sadly CLIC was effectively dropped (put on hold) to prioritise
FCC feasibility studies
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CLIC Muon
FCC-ee Collider

CLIC - recent innovative R&D Q

ILC FCC-hh

Now 10 years 20 years 30 years 40 years 50 years 60 years

Focussed detector R&D aiming to show that construction
of the detector was technically feasible If the project would
be approved
e (Calorimeter design based on CALICE prototyping
and experience
* Novel silicon designs pushed by the group, linking
up with LHC upgrade projects and others

* Detector simulation packages developed, new

'””““HH!II!HH?!!HHM
concepts pushed and tested

e Effort now expanded in scope as part of the CERN

EP R&D programme
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FCC-ee - environment and challenges

For the FCC-ee backgrounds will look very different from those at the linear

collider options
e Synchrotron radiation at low radius

 More spread out in time, generally less serious effect on detector

Beam parameters also have quite some impact on detector design
e (rossing angle leads to focussing quadrupoles inside the detector
volume => limit on the magnetic field (tracker gets bigger)

e (Continuous operation => No power pulsing => active cooling => higher

MassS

Most R&D on the moment on simulation side, try to define plausible

experiments to allow physics studies to go forward ASAP
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CLIC Muon

C Fcc-ee Coliider FeC-hh
FCC-ee detector concepts 1%
Now 10 years 20 years 30 years 40 years 50 years 60 years

CLD IDEA £ | Noble LAr

HCAL Barrel

Scintillator-iron HCA
2L l,{ l“| alUl “H JII TTICHAL

’ 4

Si Tracker /4" /:/ / ,4//////

/ //5%

Coil

ECAL Barrel

de)jpu3l 1vIOH

Solenoid
Silicon Wrapper & ToF

SEW ECAL

Drift Chamber

de)jpu3 1vd3

1.0

R Joddesp uodijl

0

0.5

Vertex Det.

—————

T 1
0.5 1.0 15 2.0

z[l;;]

4 November 2022 - https://indico.cern.ch/event/1196259 daniel.hynds@physics.ox.ac.uk 17



CLIC Muon
FCC-ee  Collider

Now for something completely different... %

ILC

Now 10 years 20 years 30 years 40 years

Muon collider options have not been heavily developed - only
simulation work and only appearing in the last few years
 No dedicated hardware developments
e Detector design strongly based on CLIC and using LC
simulation framework

* |ntention is to show that precision measurements are

possible Steel HCAL

W ECAL
S Tra‘cker
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Muon collider challenges

The main difference compared with linear ete- machines is the
beam-induced background due to muon decays
e Bunch contains 2x1072 muons => 4x10° decays per metre

* |na single bunch crossing 4x108 particles background

* |ow momentum decay products, origin displaced from

beam axis, asynchronous arrival time

Machine Detector Interface (MDI) much heavier to try and filter out

these backgrounds

* [ungsten nozzles covered with borated polyethylene (BCH)

e Significant timing requirements placed on all detectors
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Muon
Collider

Muon collider challenges %

The main difference compared with linear ete- machines is the

beam-induced background due to muon decays

Vs=1.5TeV
' 12 — 5 > u uons from IP: o, = 60ps
e Bunch contains 2x1072 muons => 4x10° decays per metre s [ Muon Collider Muons from IP: o, = 60p
. . . E — Simulation Muons from IP: o, = 30ps
 |n asingle bunch crossing 4x108 particles background -
B — BIB: Inner + Outer Tracker
o . 0.8—
* |ow momentum decay products, origin displaced from - — BIB: Vertex Detector
beam axis, asynchronous arrival time 0.6|—
0.4
Machine Detector Interface (MDI) much heavier to try and filter out i
these backgrounds 02—
* Jungsten nozzles covered with borated polyethylene (BCH) " T L T e
-1.5 —1 -0.5 0 0.5 1 1.5 2

thit ) TOthoton [nS]

e Significant timing requirements placed on all detectors
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FCC-hh

FCC-hh - environment and challenges %

Initial designs of FCC-hh detector were HUGE
e |nvolvement mostly from ATLAS and CMS community, building on ACTS rather than LC software

 Sensible approach a few years ago: set overall budget of 1B Swiss and see what could be built

Supercharged GPD + 2 LHCDb’s...
 Massive calorimeter depth to reach required interaction lengths

e 25 ns bunch spacing, looks very much like LHC on LSD
No dedicated hardware R&D but overlap with GPD high-lumi upgrades

 (lear that the detectors will be broadly similar to other hadron machine detectors - high power, lots of heat to

take out, iImpossible data rates, complicated trigger schemes...
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FCC-hh - environment and challenges

4 November 2022 - https://indico.cern.ch/event/1196259
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50m length, 20m diameter
similar to size of ATLAS
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CLIC Muon
FCC-ee Collider

FCC-hh - environment and challenges %

ILC FCC-hh

Now 10 years 20 years 30 years 40 years 50 years
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CLIC Muon
FCC-ee Collider

FCC-hh - environment and challenges %

ILC FCC-hh

Now 10 years 20 years 30 years 40 years 50 years 60 years

No dedicated hardware R&D at present towards the FCC hadron machine

e (pen guestion on radiation tolerance, but focus on HL-LHC at present

Majority of R&D is on detector layout and

e
5

performance optimisation 1600 |0 1 E
e

e Custom software development, 1400 = S
1200 ] =

hybrid of separate development =1000 | %ES

= 800 N >

and LC-related o o

600 | - GC)

e Pattern recognition, tracking 400 = f — — _ [
— ) __ / 5

. . 200 Be— 3y — O

* What might the detector look like: =l l" [ | l"i“ﬂ“iﬂ I —— =

O =ITTTW : 1 1 | -~

)

oetabyte/second data output and 0 500 1000 1500 2(:001 2500 3000 3500 4000 >

Z |IChn LA
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Intermediate projects

4 November 2022 - https://indico.cern.ch/event/1196259
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Technology development

ECFA detector roadmap published 2021
UK represented in organisation but

almost no community engagement

* ‘“Is R&D dead in the UK?”

Highlights technologies which need to be
pursued for future experiment needs
e (overs all detector areas

e Will feed in to national prioritisation
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‘ Must happen or main physics goals cannot be met ‘ Important to meet several physics goals

Desirable to enhance physics reach @ R&D needs being met
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UK efforts to re-build an R&D community

Funding for R&D axed in 2010-ish

 [Funding was directed towards build projects

Future UK Silicon Vertex & Tracker R&D Workshop

7 Sep 2022, 10:00 — 8 Sep 2022, 17:00 Europe/London

@ University of Birmingham

 \Very limited research still carried out under the umbrella of LHC

experiment upgrades

In the last year or two, particularly during the PPTAP exercise in 2021, several

Europe/London timezone

Issues highlighted with alarm:

* Limited expertise left in the UK i
e Almost no funding for instrumentation R&D (CERN DRD involvement?) ey )
e Significant gap between the UK and European partners

Videoconference

™M uk-advanced-instrument

A couple of community efforts to address this:
e "“Advanced UK Instrumentation Training” ran April - June 2022
o “Future UK Silicon Vertex & Tracker R&D Workshop” in Birmingham Sep
2022
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25 April 2022 to 24 June 2022

Advanced UK Instrumentation Training 2022

This series of online courses is intended to support UK PhD student training in instrumentation, along
with continued development of postdocs and beyond. At present, it is geared towards the needs of
the silicon/semiconductor community, and arose from the PPTAP discussions which took place
during 2021.

The courses focus on the background knowledge involved in silicon detector development, from
solid-state theory to electronics and hands-on software tutorials. Lectures will be grouped into:

e Semiconductor Theory

e Electronics and DAQ

e Mechanics and cooling

e Fabrication and structures

e Experimental techniques

e TCAD electric field and transport simulations
e Software tools

e Short topics

Each lecture course consists of 8 one-hour lectures each, with lectures grouped into two 4-hour slots
each week.
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In conclusion...

Detector physics is a huge field - we haven’t
even talked about technologies
* Huge amount of R&D needed and no
obvious way to build expertise in the UK

e Detectors have become even more

nuanced and application-specific in the

last 10 years

K™ mAGICAL
PARTICLE -
7 ﬂ PETECTING
) | UNICORN

_!-
Capacitive E Re
coupling ’
f CCD

ECR involvement in detectors should be o’
SiPm/APD L’
encouraged, but unless effort is significant it Amplification i’
doesn’t solve the problem
ILGAD LGAD

e New academic positions in

iInstrumentation very rare
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