The CERN Fixed Target Program - Beyond Collider

Eva Barbara Holzer
SPS and PS Physics Coordinator

UK Accelerator Institutes Seminar Series

May 30, 2024
https://indico.cern.ch/event/1410360/

UK Accelerator Institutes Seminar Series, 30.05.2024 Eva Barbara Holzer



CERN “Injector Complex”

= World class fixed-target research program, which complements CERNs flag-
ship collider physics program

= Highly versatile test beam and irradiation program, essential for the design,

prototyping and construction of future physics experiments and new
accelerator generations.



Related Recent UK Accelerator Institutes Seminars

This seminar builds on and complements the “Physics at the CERN Secondary Beamlines”
seminar from 15 February 2024

= Physics at the CERN Secondary Beamlines (Nikolaos Charitonidis)

= SPS North Area, available beams and mayor experiments
= NAG1, NA62, NA64, NA66 AMBER

» PS East Area and CLOUD Experiment

= Antimatter Gravitation Studies with Trapped Antihydrogen (William Alan Bertsche)
= ALPHA experiment at the CERN AD/ELENA antiproton decelerators

= AWAKE: beam-plasma interaction studies, and plasma wakefield acceleration for application
to particle physics (Patric Muggli)

= AWAKE experiment at the SPS

UK Accelerator Institutes Seminar Series, 30.05.2024 Eva Barbara Holzer


https://indico.cern.ch/event/1367316/contributions/5750783/attachments/2801873/4888305/N_Charitonidis_JAI_seminar.pdf
https://indico.cern.ch/event/1330586/contributions/5601187/attachments/2754095/4794929/Bertsche_CI_2023.pdf

Outline

The CERN “Injector Complex”

ISOLDE

AD/ELENA
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What physics is there at CERN, other than the LHC?
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CERN Beam Driven Irradiation Facilities

= PS East Area:
= Proton: CHARM, IRRAD
= Jons: CHIMERA/HEARTS
= Neutron facility at nTOF
E = SPS North Area: CERF, GIF++

HiRadMat

LHC

» HiRadMat

. » CLEAR (CERN Linear Electron

| REX/HIE East Area .
"  RRADICHARN Accelerator for Research):
= vesper
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ISOLDE — Isotope mass Separator On-Line facility



ISOLDE — Isotope mass Separator On-Line facility

= Large variety of radioactive ion beams

» |argest range of isotopes worldwide: over 1300
iIsotopes of more than 70 elements

= Weak interactions and nuclear and atomic physics,
e.g.: nuclear shapes, lifetimes, beta-decay & EW interactions

= Solid state physics and material science, e.g.:
implantation of radioisotopes in semi-conductors

= Astrophysics, e.g.: triple-alpha to 12C rate (star formation),
nuclear processes occurring during supernovae

= Biological systems, medical applications, e.g.:
detoxification of mercury in bacteria, sensitive diagnostics

= ~ 500 users, small experiments, about 60
experiments per year

»= 60 to 70% of CERNSs protons go to ISOLDE
(<0.03% go to LHC)

= 57 years of physics at ISOLDE!

= first experiments started at the PS in 1967
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Nuclear Physics at ISOLDE

= How to create radioisotopes that do not exist on earth?
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REX and HIE-ISOLDE: High Energy and Intensity Upgrade

= Major upgrade of the REX post-accelerator to the HIE-ISOLDE (High Intensity and Energy
Upgrade) superconducting linear accelerator in 2018

* [ncrease the energy from 2.8 MeV per nucleon
to 10 MeV/u

= 3 pbeamlines:

Superconducting
solenoid

Scattering
chamber
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ISOLDE in 2023

Integrated Intensity [e10 p]

= About 470 shifts in 2023, 122 of them for HIE ISOLDE

= About 40% of the shifts to be scheduled are for HIE ISOLDE
—> shorter physics period for HIE ISOLDE is problematic

= “Winter Physics” Program extends beyond the operation of the Booster accelerator by using pre-
irradiated targets

HIE-IS@DE: 21 July Winter Physiogy 30 Oct.

1.200e+10
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e — Total to ISOLDE — ISOHRS - ISOGPS — PS — DUMP
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ISOLDE Highlight I 'in 2023

= Background:
* The radionuclide thorium-229 features an isomer with an exceptionally low excitation
energy that enables direct laser manipulation of nuclear states.
= |t constitutes one of the leading candidates for a nuclear clocks

» Such a nuclear clock would use the frequency of the nuclear transition as a reference
frequency — in the same way as the atomic clock uses the frequency of an electronic
transition in the atom shell.
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Article

Observation of the radiative decay of the

2Thnuclear clockisomer

https://doi.org/10.1038/s41586-023-05894-z

Received: 20 September 2022

Accepted: 28 February 2023

Published online: 24 May 2023

M Check for updates

Count rate (s7)

Implantation of A=229 and 230 in three different hosts to search for
and identify the uv transitions with 22°Th and to exclude artifacts.

Sandro Kraemer'?*, Janni Moens®, Michail Athanasakis-Kaklamanakis'*, Silvia Bara',
Kjeld Beeks®, Premaditya Chhetri', Katerina Chrysalidis®, Arno Claessens’,
Thomas E. Cocolios', Jodo G. M. Correia®, Hilde De Witte', Rafael Ferrer', Sarina Geldhof',
Reinhard Heinke*, Niyusha Hosseini®, Mark Huyse', Ulli Késter’, Yuri Kudryavtsev',
Mustapha Laatiaoui®®'°, Razvan Lica*", Goele Magchiels®, Vladimir Manea',
Clement Merckling®, Lino M. C. Pereira®, Sebastian Raeder®"°, Thorsten Schumm?®,
Simon Sels', Peter G. Thirolf?, Shandirai Malven Tunhuma?®, Paul Van Den Bergh',

Piet Van Duppen’, André Vantomme®, Matthias Verlinde', Renan Villarreal® & Ulrich Wahl®

Implantation of A=229

229Th isomer decay
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First direct evidence of very low-lying state in
223Th via measurement of the uv decay.

More precise measurement of energy than indirect
measurements, giving only 8.338(24) eV
Measurement of t,,, for isomer embedded in MgF,
670(102)s

Nucleus exited state: Low energy enables
potential direct excitation by lasers and therefore
use as a nuclear clock.

Nuclear clock much less sensitive to
environmental effects than atomic clocks so
more precise.

A nuclear clock would be a unique tool for many
precision tests of fundamental physics.

The observation of radiative decay in large band-
gap crystal is a huge step forward in design of
such a clock.

Reduction in precision of energy significantly
eases the search for direct laser excitation as
lasers have narrow bandwidth compared to

uncertainty in energy.
Slides from Sean Freeman



Indium — from one extreme to the other - two back-to-back ISOLDE PRL’s in July

Part of nuclear chart with corner stones of doubly-magic Sn isotopes : 199Sn and 132Sn ()
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Isomeric Excitation Energy for *In™ from Mass Spectrometry
Reveals Constant Trend Next to Doubly Magic 1°Sn
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Precision measurement of ground
and isomeric state using ISOLTRAP.
Excitation of isomer extremely
constant across In

In contrast to measurements of
magnetic moment, which increases
near N=50 - also ISOLDE experiment
from 2022!

Very difficult to reproduce with
modern calculations and may point
to missing physics.

1331n: A Rosetta Stone for Decays of r-Process Nuclei
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Measured B decays from ground
and isomeric levels using ISOLDE
DECAY STATION.

Decays populate just a few
unbound levels in 133Sn.
Measured resonance properties
that are critical for benchmarking
models of the astrophysical r
process that manufactures many
of the heavy chemical elements.

Good example of versatility of ISOLDE — precision studies of both neutron-rich and neutron-deficient exotic isotopes
separated by 34 neutrons!

Slides from Sean Freeman



Medical Isotopes Collected from ISOLDE

= Fundamental studies in cancer research

» |[SOLDE target only absorbs about 10% of the beam protons -
MEDICIS uses a second target behind

= MEDICIS can also use pre-irradiated targets that are provided by
external institutions = was operating during ‘Long Shutdown 2’

* Produce and test unconventional radioisotopes for the development
of new imaging and therapy protocols

» |sotopes produced at ISOLDE / MEDICIS are mainly to be delivered to
hospitals and research centres in Switzerland and Europe.

= The first batch produced in the new facility (December 2017)
was Terbium 1°°Th, a promising radioisotope for diagnosing
prostate cancer

= Terbium is also a possible candidate for Theranostics
(treatments aiming to combine therapy and diagnostics)

= Bernerd, C. et. al (2023-09-01).
. Nuclear
Instruments and Methods in Physics Research Section B: Beam
Interactions with Materials and Atoms. 542: 137-143.

Existing Class A

laboratories
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Antiproton Decelerators: AD/ELENA



AD and ELENA —the CERN anti-proton Experiments

» Precision measurements and anti-gravitation measurements:
BASE, BASE-STEP, ALPHA, GBAR, ASACUSA, AEgIS and

PUMA

= Experiments constantly pushing the limits for particle
trapping (charged ions and neutral atoms) and cooling of

trapped particles
LS2 2019-2021
New AD Target
2007 LS12013-2014 « Major AD magnets
First feasibility * S-Cooling controls and RF consolidation
study of ELENA + Instrumentation
1996 2000 2009 2011 2018 2021
Design Study of  START of AD START of ELENA project ELENA START of ELENA

the Antiproton for physics AD-CONS approved commissioning for physics

Decelerator (AD) l l l l
¢ é & )
I ‘ Topio I I Tor10) I WTop 10
2023

1996 2002 2010 2017 2021
END of pbar physics First Hbar START of Hbar Observation of laser-cooled Hbar  Antimatter does
@LEAR: production and physics in traps  1S-2S transition and sympathetically not fall up...
CERN to concentrate detection in trapped Hbar cooled p

on low energy pbar
physics only in AD

Timeline courtesy Johannes Bernhard
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AD — Antiproton Decelerator

= Started Physics in 2000 Stochastic Cooling
= PS protons at 26 GeV/c on target » Invented at CERN by Simon van der Meer
= Antiprotons captured at 3.57 GeV/c ~ discovery W, Z bosons

Deceleration and cooling - Nobel Prize 1984

Extraction of 2-4 107 antiprotons at 100 Mev/c " C00ling power decreases with decreasing

5.3 MeV) every ~100s for energy
( ) Y —> Electron Cooling

Momentu

1 . .
& DGV Basic AD Deceleration Cycle
357t . .

Stochastic cooling
6.6 5. Tune jump

pbar injection
Bunch rotation

Stochastic cooling
17.8 5.

20 4+

Electron coolin;
11.4s.

| Actual Duration Design Duration

0.3 J
0.1 1

12(10) 36(33) T55(52) T5(58) 90(60) time [sec|
RF ON: - — — — -
RFh= 6 1 1 3 1

Beam bunched for deceleration (RF ON), debunched for cooling
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ELENA

= Started Physics in 2021
= Deceleration from 5.3 MeV to 100 keV

* Improve capture efficiency of experiments - new types of experiments (GBAR) become
possible

UK Accelerator Institutes Seminar Series, 30.05.2024 Eva Barbara Holzer

19



Aim of AD Experiments

» Main goals: compare Hydrogen to Antihydrogen

= Comparison of hydrogen and antihydrogen atomic spectra: CPT symmetry test to 10-13
using mK atoms / antiatoms

= Gravitational measurement of antimatter

= Secondary goals: compare proton and antiproton (CPT symmetry), evaluate radiation-therapy
potential of antiprotons, ...

HYDROGEN

Earth Earth

Spectroscopy on antihydrogen Gravitational Experiments
and more exotic objects
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AD / ELENA in 2023

= 2023: twice the ELENA design pbar / shot

= AD extraction increased to 2000E10 p (target limitation)
= Optimisation of transmission efficiency in AD and ELENA - record bunch intensities of 1x107

pbars per bunch
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Antimatter Gravity — ALPHA: Physics Highlights

Article

Observation of the effect of gravity on the
motion of antimatter

https://dol.org/10.1038/541586-023-065271 €. K. Anderson’, CLWHMW'LKMGWLWLM
R. Collister**, A

C. L. Cesar’, M. Chariton’, A. Ch
ICetvedi 6May 202 o ,S. Erlksson’, A Evans®™, N. Evetts?, S. Fabbr™®, 1 Fojans'S,
Accepted: 9 August 2023 A.M ", T. Friesen”, M. C. Fujiwara®, D. R. CItt*, L. M. Colino”, M. B. Gomes Congalves’,

205 . Granum', 1. S. Hangst'S, M. E. Hayden", D. Hodgkinson™, E. D. Hunter”,
- C.A.h-:’A.LuM M. A. Johnson™, J. M. Jones’, S. A. Jones™, S. Jonsell™,
Open access A Khramov**™, N. Madsen’, L. Martin®, N. Massacret®, D. Maxwell’, 1. T. K. McKenna'’,
»C for S. Monary™, T. Momose®**, M. Mostamand®™”, P. S. Mullan™®, J. Nauta”, K. Olchansk!®,
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» First measurement of direction of gravitational force on anti-matter, which is entirely model

independent

Asymmetry
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Further AD Physics Highlights

GBAR published production of
antinydrogen atoms by 6 keV
antiprotons through a positronium

cloud
https://arxiv.org/abs/2306.15801

Preliminary Result: BASE
performed the first ever coherent
guantum spectroscopy with a
single nuclear spin, reducing g-
Factor (magnetic moment) line
width by more than a factor of 20.
Aim: Precision measurement
comparing proton to anti-proton g-
factor as stringent test of CPT
Invariance.
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Some Recent Technical Highlights

Winter Physics using antiprotons stocked in the reservoir trap (30 p ) to
BASE measure during the period when the accelerator is not operating (quiet
environment required); 1 p per month required
Aim: Transport of p from ELENA to ISOLDE; measure charged pions from
annihilation with low energy ions from ISOLDE - neutron-to-proton annihilation
PUMA ratio
« Antiproton beam line (deceleration with PDT to 4 keV) validated with beam
» Plans first trapping and transport in 2024
» Plans to be ready for first experiments at ISOLDE in 2025.
New Test |+ First slow anti-proton test beam line
Beam Line |¢ Planning to be ready for internal and external users by the end of summer 2024
TELMAX * Invitation to apply for beam time to be sent out soon
UK Accelerator Institutes Seminar Series, 30.05.2024 Eva Barbara Holzer
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East Area and North Area — Quick Recap

= Already covered by Nikos in February



East Area and North Area — Recap

» https://cerncourier.com/a/science-diversity-at-the-intensity-and-precision-frontiers/

C I I: RNC OURER Reporting on international
high-energy physics

Physics~ | Technology~ @ Community~ | Infocus @ Magazine

f ACCELERATORS | FEATURE

v Science diversity at the intensity and precision

- frontiers |
- 27 April 2022 | -
a The North and East experimental areas of CERN enable a wide range of

measurements, from precision tests of the Standard Model to detector R&D.

Kristiane Bernhard-Novotny takes a tour of their upcoming programmes.

PS @ 24 GeV/c
Slow extraction

/—)

s

EastArea = Nemmmmmceeis Semmmmmmeees ’ North Area
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PS and SPS Experimental Facilities

» Highly diverse and versatile experimental facilities. Proton, hadron, electron, muon, and ion
beams to more than 100 user teams per year for detector R&D, irradiations and physics
experiments.

= PS: n-TOF (neutrino Time of Flight facility), IRRAD, CHARM, CHIMERA, CLOUD
experiment, two test beam lines

= SPS: AWAKE, HiRadMat, NA61, NA62, NA64, and NA66/AMBER experiments, the two
large neutrino platform cryostats, GIF++ and CERF irradiation facilities, 4 test beam lines,
with combined more than 2000 users

* Increasing levels of over-booking of the beam lines g
—> partially absorbed by parallel running o

= Some lines have typically three or more set-ups share
the same beam whenever possible

» Recently conducted survey covering until 2041 (until the end
of High Lumi LHC)
—> estimate similar levels of beam time overbooking for the future

''''''
\\\\\\\\\\\\\\\\\\\\\\\\\\

courtesy Johannes Bernhard
and Lau Gattignon
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North Area Consolidation and High Intensity Upgrade



North Area Consolidation Project

* North Area (NA) experimental halls and transfer tunnels were built in 1970s

= About 60 000 square metres, including North Experimental Halls 1 and 2 (EHN1 and
EHNZ2) and underground cavern ECN3

= Equipment such a power converters exceeded the intended lifetime

= |nitial Consolidation work
concentrating on the safety
of the installations during Long
Shutdown 2 (starting 2019)

Recent years concentrating

on safety-related works (such
as fire safety) and preparations
for the Long Shutdown 3
(starting November 2025), with
mayor de-cabling campaigns
Planned to be ready for

beam again in Q3 2028

TCC2 (Targe

Experimental
halls

TT20 (Tragsfer Tunnel "

TCC8 (Target Cavern
8)

ECN3 (Experiment
Cavern North 3)

TT81-85 :
ransfer Tunnel)

CT2
cooling \g
towers

Underground beam . Underground
tunnels & caverns technical galleries

Service
buildings
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Winter Shutdown 2023/2024 Consolidation Highlights

- -3 1 e
Chilled water piping distribution network - EHNT

—_

o )
ERN) Y
),
e A
s |

2D

06.02.2024 M.Brugger, J.Bemhard | Experimental Areas
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Phased Approach to Consolidation and High Intensity Upgrade

Consolidation Phase 1 (2019 — 2028):
Primary areas incl. TDC2, TCC2, BA2, BA80 & beamlines towards EHN1 & TDC8

Beam Areas concerned with the upgrade of ECN3 to a
high-intensity facility for SHiP

TCC8/ECNa3:
*» Beam Dump Facility
» Target Complex

Related Infrastructure and
Services

TCC2/P42: =5

« Beam Instrumentation
« Beam Intercepting Devices (e.q. targets, collimators)
* Vacuum

» Shielding

Consolidation Phase 2 (2029 — 2034): BA81, BA82, EHN1, EHN2 & associated beamlines

07.05.2024 Experimental Areas SPSC 153 | M. Brugger, J. Bemhard 31

UK Accelerator Institutes Seminar Series, 30.05.2024 Eva Barbara Holzer

38



Future Experiments and Projects

* New Physics Experiments: MUONE and SHIP

* Neutrino Related Projects from the Physics Beyond Collider (PBC)
Study Group (https://pbc.web.cern.ch/)

= Continued heavy demand for test beams (High Lumi LHC upgrades,
new projects)



MUONE (MUon ON Electron elastic scattering)

* Proposal

= JAn alternative evaluation of the leading-order hadronic contribution to the muon g-2 with
MUoNE", Phys. Lett. B 848 (2024), 138344, doi:10.1016/}.physletb.2023.138344

» Purpose: measure the leading hadronic contributions to anomalous i TR
magnetic moment of muons (g-2) to sub-percent level
https://web.infn.it/MUonE/ ¥ ) ?=t<0
» Long-standing discrepancy between measurement and Standard

Model (SM) prediction for g-2 ammet Poase

= Recent lattice QCD results lie between the measurement
and SM calculation using e+e- — hadrons

* MUonE will measure the same guantity that is calculated with lattice QCD,
testing directly the theoretical expectation value

= Measuring muon elastic scattering on electrons in a target
= 160 GeV/c muon beam; 3 full years of data taking post LS3 (2028 onwards)

* Intermediate measurement step in 2025 (EM contribution and 10% precision of the hadronic
contribution)
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https://www.sciencedirect.com/science/article/pii/S0370269323006780

SHIP (Search for Hidden Particles) at the ECN3 High-Intensity Facility

= General-purpose intensity-frontier experimental facility operating in “beam-dump mode”

(BDF/SHIP at the ECN3 high-intensity facility, Proposal, CERN-SPSC-2023-033)
Search for feebly interacting GeV-scale particles
Perform measurements in neutrino physics

sector decay spectrometer)
Data taking envisaged 2031 to 2048
Examples of the physics models and final state that can be measured:

Ventilation wall é?\ — Access shaft (4x8m?)

(existing)

Service building

Hadron absorber ——
(existing) Access shaft (8x8m?)

Target complex Physics model

Two main detector components: SND (scattering and neutrino detector) and HSDS (hidden

Final state

Mo W.rt;aret < m " = . - ~ N ) SUSY neutralino
— - B e Dark photons
Dark scalars
ALP (fermion coupling)
HSDS ALP (gluon coupling)
HNL
Axino

ALP (photon coupling)
SUSY sgoldstino

Muon shield "

Scattering and
Neutrino Detector

(Fn ¥, (FKF, (FpF (Tl v
0=, 27, 3w, 4, KK, q3, DD
o, 7r, KK, q3, DD, GG
(0, 3w, . qq

Y, 3T, NI, Yy

v, 7l pl, 7", qq'l

laa?

0%
Ay, 00 27, 2K

Decay volume

LDM

SND  v,, 7. measurements
Spectrometer ™ T

Particle ID Neutrino-induced charm production (v., v, v-)

electron, proton, hadronic shower
+
.

D%, D*, D°, DY, A, K.
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SHIP Motivation

= Urs Wiedemann, ECN3 Physics experiments: HIKE/SHADOWS — SHiP, Chamonix Workshop
2024, https://indico.cern.ch/event/1343931

Why searching for Feebly Interacting Particles (FIPs)?

» Standard Model is successful but incomplete => New Physics needed
(Dark Matter, neutrino masses, matter/anti-matter asymmetry, apparent fine-tuning and
hierarchies of SM parameters, absence of strong CP violation .... not explained within SM).

What is generic about FIPs?

» Portal models characterize generic possibilities of FIP-SM interactions and generic
search signatures (even if NP sector may be more complex than the portal model).

» New physics (NP) may have escaped detection so far because FIP pm‘tal. interaction with SM via
* NP sits above the electro-weak scale => high-energy frontier / precision frontier Scalar "dark Higgs” >
* New degrees of freedom are feebly interacting and long-lived => FIP searches Fermion “neutral lepton” \
Pseudoscalar axion” gauge field theta term: F,,, F'*"
» Beware: multitude of possibilities for FIPs, little theory preference Vector “’dark photon” gauge fields

» Kinematic distribution of FIPs follows from distribution of the SM particles they couple to.

» FIP mass and FIP-SM coupling determine FIP lifetime 7T, — (couplimlg)I mZo

Neutrino physics'

> Vr, Ur X prototype of FIPS  une | smoovsws | swrow | e - Within existing infrastructure worldwide, ECN3 is unique in combining
within SM, predominantly from .. .\ s o . .
DF =7t = X o, ‘ ‘ ‘ ‘ with experimental access to
s T » large FIP-lifetimes (i.e. small couplings, masses).
»> ECNB3 is best for o 2510510 ?
10 < E, < 100 GeV A0 | wAOs
$.8/6.1 % 10° 8.3/43% 10"
38002900 8307430 3;’2’;:‘? :o

» Suite of firm SM deliverables
* V- induced charm production
* V), interactions narrow S, S -PDFs
* CC v, -DIS => structure functions

logilEiGeV)  dNdiogualEfGeV)
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Neutrino Related PBC Projects — Currently No Time-Line Available ONVENQ;Q*@;

» Dealt with at the PBC (Physics Beyond Collider), conventional beam working group, Neutrino

Beams subgroup,

https://indico.cern.ch/event/1137276/contributions/4950763/attachments/2543792/4380179/PBC_ENUBET _NUTAGV5.pdf
= NAGL Low Energy Beamline (very low energy beamline): under review with the SPSC

= 2 to 13 GeV/c hadron beams to NA61 set-up in the SPS NA H2 beam line

= Measurements of
particle yield and
Cross sections -
reduce uncertainty in
atmospheric neutrino
flux

= NUTAG: tagged (energy,
direction measured)
v beams for next
generation long-baseline
experiments

® Method for accelerator based neutrino experiments
@ Determine neutrino property using production mechanism: mt*->p*v,
e Install trackers in beam line to kinematiclly reconstruct v, from 1t and p

@ Associate v seen in the detector with the tagged-v using time and angular

03/10/2022

coincidence.

10°Vg/ 10ns

s~ 10ns

* for 15GeVic n

oE/E [%)]

Energy Resolution < 1%!

0.6

-+-+ ol contribution

=i +=+ op_ contribution
= all contributions

0.1

01 02 03 04
EJE.

Mathieu PERRIN-TERRIN (CPPM)
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Neutrino Related PBC Projects, cont’d

= NPO6 ENUBET: Monitored (flux measurement) v beams for precision v cross section
* aim at reducing cross section uncertainties [

from 10% - 30% down to 1% level
= K* - ¥ e*v, and other channels
(e.g K+ — “+ -I-[O VIJ) Shart, narrow band

= Assuming 4.5x10"19 p/year @ 400 GeV/c
and using ProtoDUNE-SP as detector (NA
extension) ENUBET would aim to collect a total of 1E4 events in 2 years.

= 8.5 GeV/c baseline design; alternative Multi-Momentum” beam line design (4, 6 & 8.5 GeV/c) studied
as well

» Test beam phase nearing completion: PS T9 (2017, 2018, 2022, 2023, 2024)

Proton
absorber

protons

= SBL@PBC: Efforts towards a short-baseline proposal that combines both projects with a

reasonable number of POT/y within the Conventional Beams — Neutrino Beams WG
(https://indico.cern.ch/category/14358/)

= Ongoing study, feasibility to be established. Possibly submit proposal to SPSC in 2026 (dedicated SPS NA beam
line; 5 years data taking; would require neutrino beam; <5 10718 pot/year.

Eur.Phys.J.C 83 (2023) 10, 964
https://indico.cern.ch/event/1353517/
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New DRD Collaborations (Detector Research and Development )

= DRD1 — Gaseous Detectors

= DRD2 — Liquid Detectors

* DRD3 — Semiconductor Detectors

= DRD4 — Photodetectors and Particle ID

* DRD5 — Quantum and Emerging Technologies

* DRD6 — Calorimetry

» DRD7 — Electronics and On-Detector Processing
= DRDS8 — Integration



ECFA Detector R&D Roadmap

= Based on

» The European Committee for Future Accelerators (ECFA)
released in 2021 “The 2021 ECFA Detector Research and Development

Roadmap”:

= QOverview of future facilities (EIC, ILC, CLIC, FCC-ee/hh,
Muon collider) and major upgrades (ALICE, Belle-Il, LHC-b,...)

and their timeline

= Corresponding mayor Detector R&D Themes (DRDTSs)

§§’
& & &
& > F 8 § Sé. 8
S g & £ $ & $
g 5§ &E § & & & Fef 58
Ja ) & IS SIS S S £ .. Y & e 3
£F & FeFe  § 0§ FFE 8435558
el £ 5.8 L5 FSESFSFSE
SIFFEETEFIEEF S5 §@§§§$&@f§@§°§§§f
o & T o 2 & .§ 8 P 5 & > P o
P S O S G S I i o A O ol G
S O &S Y 2 PRSP § & o &
o _&fv§&§.§.§ £@§s¢éy§.\qa~§¢f®§$§§

<2025 2025-2030 2030-2035 > 2035

“Technical” Start Date of Facility

(This means, where the dates are not known, the earliest
technically feasible start date is indicated - such that
detector R&D readiness is not the delaying factor)

Figure 4: (Representative) Smaller Accelerator and Non-Accelerator Based Experiments
Start Dates (not intended to be at all an ezhaustive list).

recommendation

)

THE 2021 ECFA DETECTOR
RESEARCH AND DEVELOPMENT ROADMAP

The European Committee for Future Accelerators
Detector R&D Roadmap Process Group

) 1 ECFA
European Strategy Furopean Commitoe
Update for Futwe Accelertors

Q
Q
g S
> S
g & N - N
Y o “-@ 3 S
L FF g o S
SESEY &5 o £ o FLs
< X N 9 ~ O
§FFIE IIT3 N4 E e
<2030 2030-2035 2035-2040 2040-2045 > 2045

Figure 3: Large Accelerator Based Facility /Experiment Earliest Feasible Start Dates.
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https://europeanstrategyupdate.web.cern.ch/
https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4036993/ECFA%20Detector%20R%26D%20Roadmap%20Main%20File.pdf
https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4037008/ECFA%20Detector%20R%26D%20Roadmap%20Synopsis.pdf
https://indico.cern.ch/event/957057/overview

2030- 2035- 2040-

Timeline of the Identified DRDT Activities <0 0 o aoas 208

DRDT 1.1 Improve time and spatial resolution for gaseous detectors with & L ®
long-term stability
= ECFA Detector R&D Roadmap describes R ok whos vory bow wetrt gt et rostiot T
Strategic R&D towards necessary technologies DROT13 Sce’\’ai?%%fin:jr%nmfmanyfg_??;ny gaseous detectors for very large — oo
. L . areas with high-rate capabili
to build future facilities and experiments DRDT1.4 Achieve high sensitivity in both low and high-pressure TPCs —_—
. . . DRDT2.1 Develop readout technology to increase spatial and energy ——e—)
L resolution for liquid detectors
B Ut It ?I.ISO aI.S k‘% Ifo r DkRE) I;Z(I ::?.bo ratl ons to In CI u d € DRDT2.2 Advance noisecl"eduction in liquid detectors to lower signal energy =50—"00]
a Sma SCa e Ue-S y Liquid thresholds
. . DRDT2.3 [mprO\_{e the material properties of target and detector components ——e—
. Very d IVel’SG TeSt Beam n eeds durlng a” the DRDT 2.4 ge:;c:i:::‘lie:[:jc;iictor1echno|0gies scalable for integration in ———
stages starting from blue-sky until production large systoms
. . DRDT3.1 Achieve full integration of sensing and microelectronics in monolithic . 2 &
(batCh) Valldatlon DRDT 3.2 SMOIS pixel"cTerth‘:)rS ith 4D bilities for tracki d L & & =]
) Solid . P z\é?i%% solid state sensors wi -capabilities for tracking an
. DR D 1 ) D R D3 ) D R D7 heaVy paral Iel ru n n I ng state DRDT 3.3 Exlend c:;abili‘[ies of solid state sensors to operate at extreme 0 L
. fl
pOSSIbIe DRDT 3.4 Dl;igftfps full SDTinterconnection technologies for solid state devices & L & 9
u DRD4 some paral Iel runn | ng pOSS|b|e oD and DRDT 4.1 52{1;;2:% timing resolution and spectral range of photon < > 0
an
. - H . DRDT4.2 Develop photosensors for extreme environments L 4 < L 4 @
- DRDZ, DRD6 . reqUIre dedlcated beam tl me 9 Photon DRDT 4.3 Develop RIQF! and imaging detectors with low mass and high & 9
SUbStantlaI requeStS expeCted for beam tI me DRDT 4.4 E?:\?tlal:églgmélii high performance time-of-flight detectors & ®

DRDT 5.1 Promote the development of advanced quantum sensing technologies
DRDT5.2 Investigate and adapt state-of-the-art developments in quantum
technologies to particle physics

u LaSt DO'[ Target date Completlon Of the R&D reqU|red by DRDT 5.3 Establish the necessary frameworks and mechanisms to allow
ar. . . exploration of emerging technologies
the |ateSt known futu re faCI|Ity/eXperIment (e arl ler d OtS DRDT 5.4 Develop and provide advanced enabling capabilities and infrastructure
r‘epresent |ntermed|ate fac|l|t|eslexper|ments) DRDT 6.1 Develop radiation-hard calorimeters with enhanced electromagnetic
energy and timing resolution
n ArrOW' further tlme to be anticipated for eXpeI‘iment- DRDT 6.2 Develop high-granular calorimeters with multi-dimensional readout
. ) . ] for optimised use of particle flow methods
SpeC|f|C p rototy p 18] g , procurement’ p ro d uction DRDT 6.3 Develop calorimeters for extreme radiation, rate and pile-up
. . . . . . . . environments
validation, construction, installation and commissioning.

DRDT71 Advance technologies to deal with greatly increased data density

. R&D for qul_“d Detectors W|” be needed far IntO the DRDT7.2 Develop technologies for increased intelligence on the dstector
future, but eStImates do I"lOt eX|St DRDT7.3 Develop technologies in support of 4D- and 5D-techniques

DRDT7.4 Develop novel technologies to cope with extreme environments and
required longevity
DRDT75 Evaluate and adapt to emerging electronics and data processing
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Roadmap Concludes with 10 General Strategic Recommendations (GSR)

» GSR1: Supporting R&D facilities

» |tis recommended that the structures to provide Europe-wide coordinated infrastructure in the areas of: test
beams, large scale generic prototyping and irradiation be consolidated and enhanced to meet the needs of next
generation experiments ... and to maintain a network structure for existing distributed facilities, e.g. for irradiation.

= GSR 2: Engineering support for detector R&D
= GSR 3: Specific software for instrumentation

= GSR 4. International coordination and organisation of R&D activities

= ... refresh the CERN RD programme structure ... revisit and streamline the process of creating and reviewing
these programmes, with an extended framework to help share the associated load and increase involvement,
while enhancing the visibility of the detector R&D community and easing communication with neighbouring
disciplines - A Detector R&D Committee (DRDC) was

formed in 2023 to deal with new detector R&D CERN Scientific Committees

The CERN Scientific Committees are of two types: the Experiment Committees, which
C O | | ab O r at i O n S Allin a nutshell ) review the physics, and the Resources and Finance Review Boards. Calendar all )

= GSR 5: Distributed R&D activities with centralised facilities Experiment Committees
= GSR 6: Establish long-term strategic funding programmes

= GSR 7: "Blue-sky” R&D

= ... unlocking new physics may only be possible by unlocking novel
technologies in instrumentation ... past examples include ... the
World Wide Web, Magnetic Resonance Imaging, Positron Emission
Tomography and X-ray imaging ...

REC - Recognized Experiments

Research Board DRDC - Detector R&D Commiittee Committee
er

INTC - ISOLDE and n_TOF
* GSR 8: Attract, nurture, recognise and sustain the careers of R&D experts xperiments Committee

= GSR 9: Industrial partnerships

LHCC - LHC Experiments
Committee

= GSR 10: Open Science
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https://committees.web.cern.ch/

General Strategic Recommendation #1 — Excerpt from the Full Text

On the increasing requirements for test beams and infrastructure for test beams:

“ ... Firstly, coordinated access to test-beam facilities should be continued and enhanced to meet the
needs of next generation detector development. A small number of world leading facilities at major
laboratories support access to test beams [Ch10-2], [Ch10-3], where detectors and detector systems can
be tested under realistic conditions and their response to a range of particle types can be evaluated. Given
the different functions of different sub-detector systems, beams of charged hadrons, electrons and
muons at different momenta and rates are vital. The cryogenics, gases, cooling, magnets,
electrical services and readout, along with provision of the beams themselves, represent a considerable
annual cost that host laboratories supply to the community. In addition, further detector systems (*oeam
hodoscopes”) are required to provide increasingly accurate tracking and timing information of the
individual incoming particles, and further instrumentation is required to determine particle energies,
monitor particle fluxes and determine beam compositions.

For large scale system tests, the engineering and other infrastructure required can approach the
cost and complexity of a small-scale experiment.

- PS EA multipurpose test beam lines (H2, H4, H6, H8)
- SPS NA: EHN1 multipurpose test beam lines (T9, T10)
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General Strategic Recommendation #1 — Excerpt from the Full Text

On the increasing demands for radiation testing

‘.. Support for radiation testing should be continued and enhanced to meet the needs of next generation
detector development. In many experiments, even modest levels of radiation exceed those to which any
commercially available equipment has been designed to withstand. Unless fully customised components can be
afforded, the impact of this is that sample (batch) testing of all commercially sourced equipment is needed
to check that no design or process changes (which would typically be commercially confidential) could have
resulted in reductions in the radiation tolerance properties and to be able to track such changes over time. Even
fully customised designs targeting radiation hardness still typically involve commercial partners whose
detalled device processing may vary. Establishing a design and a process to the most extreme levels of
radiation hardness requires both a high degree of testing at irradiation facilities [Ch10-3], [Ch10-4] and a deep
understanding of the physics of the radiation damage mechanisms themselves, often requiring a major
simulation effort to model the measured macroscopic degradation with irradiation in terms of the microscopic
changes in the heavily exposed materials. Facilities are needed to allow irradiation at a range of energies with
neutrons, photons, protons and (ideally) pions (since the latter dominate the actual particle mix for sensors
closest to the collision point in many experiments with the most severe requirements). Reactors, x-ray and
gamma-ray sources, low energy cyclotrons and beams at accelerator laboratories are all needed, with a wide
range of instantaneous particle fluxes and achievable integrated fluences, for these studies. ...”

- PS EA T8: IRRAD/CHARM and CHIMERA/HEARTS
- SPS NA: GIF++ and CERF
- SPS HiRadMat
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First DRD1 Test Beam

= Eight DRD1 set-ups successfully operated in parallel

» Operating in parallel to GIF++ facility (taking muon beam behind)

Generic and Application driven R&D
Technologies: Micromegas, uURWELL, uRGroove, GEM
Application: High Rate, Timing, Large Area
Readout: Capacitive Coupling, Resistive Sharing

Project driven R&D

CMS MEO

Detector Commissioning
Twin TPC for MIXE, G4G (AMBER)

FE electronics and DAQ
Straw, VMM3a and TPC

Schedule Runs SPS H2, H4 1.0.0 :: Status 2024-03-06 17:32 (UTC)
Calendar manths ;[ april [may [june [iuly
Weeks (Mon-Mon)  |cwis[cwie  [owir  Jowis  owis  Jowao  owzi  Jower  Jewzs  owza |owes  [ow2o  |owe?
Weeks (WedWed) | Week 15 |Weok 16 |Wieok 17 |Week 16 | Week 10 | Week 20 [Week 21 [Weok 22 |Week 23 | Weok 21 |Weok 25 | Week 26 wesk 2
ALICE PHOS VLAST |ALICE |DRDS [ILC LHCB ECAL
o by 7d FOCAL |IDEA |DUMPS | |1sd
o H 7d DRC  |7d
T g TEC, 7d
J
nASde S
H s6d
H
GIF++ TS S
Lid
1 [ 1 Li—i Il |
‘ 3 + 3200
—_—
] 1 i ] 1
. 1 1 1 I #
4| SETUP SETUP SETUP SETUP SETUP e
T - D E F c I H ¥
— L
Clt RHUM ',:,NP::N DRD1 UsTC CMS —d
| Tracker
==
i -~ ﬂ‘rﬁ
% L5 - -

SETUP A, B: PICOSEC (F. Brunbauer, M. Lisowska)
SETUP C: STRAW (T. Enik, K. Kuznetsova)
SETUP D: RHUM (M. lodice, G. Sekhniaidze)
SETUP E: TWIN TPC (F. Garcia Fuentes)

SETUP F: GDD/RD51 Tracker (K. Floethner)
SETUP G: USTC (Y. Zhou)

SETUP H: CMS MEDO (A. Pellecchia, P. Everaerts)

4/25/2024

DRD1

Faptess]

K.J.Floethner 3
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END



