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Research in Particle Physics needs:

 Theories

* Accelerators — Engineering — Infrastructure

* EXperiments — Computing — Services
* Projects
* People

* People
* People
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THANKS TO an Enormous Amount of
Work by CERN Groups/Teams/Projects
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Experiments/Collab

AWAKE

NASS

NAS1

NA62

NAG3

NAG4

NAGS

NABS

COMPASS

SHINE

DsTau

AMBER

Driven by Ideas from

Advanced WAKEfield Experiment

Commaon Muon and Proton Apparatus for Structure
and Spectroscopy

Study of Hadron Production in Hadron-Nucleus and
Mucleus-Nucleus Collisions at the CERN SPS

Proposal to Measure the Rare Decay K+ -> pi+ nu nu
at the Cern SPS

Electromagnetic Processes in strong Crystalline
Fields

Search for dark sectors in missing energy events
Study of tau neutrino production

Apparatus for Meson and Baryon Experimental
Research

08.11.2023

Ps2112

PS215

nTOF
COLLABORATION

orations/Researchers

Atomic Spectroscopy and Collisions Using Slow

Lifetime Measurements of pi+ pi- and pi+-

DIRAC K-+ Atoms to Test Low-Energy QCD
Predictions
A Study of the Link between Cosmic Rays
CLOUD and Clouds with a Cloud Chamber at the

CERN PS5

Neutron Time-Of-Flight (n_TOF) experiment

AD-3 ASACUSA
s M E Antiprotons The ASACUSA Collaboration
DT AD-5 ALPHA Antihydrogen Laser PHysics Apparatus
AD-6 AEGIS :S;E}rrg;igs: Experiment Gravity Interferometry
Department of Theoretical
PhyEiC 5 AD-7 GBAR Gravitational Behaviour of Anti-Hydrogen at Rest
AD-8 BASE Baryon Antibaryon Symmetry Experiment
AD-9 PUMA Antiprotons and radioactive nuclei
ISOLDE ISOLDE

...etc.
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An (incomplete!) ? 50’ Story Line

The CERN Accelerator Injector Complex
& Its Experimental Areas

What’s needed — based on a selection of

on-going/planned/proposed Experiments
(North Area Focus)

In the context of Mid/Long-term
perspectives of concerned Experimental Areas
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Claude: Probin What is Beyond
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Probing What is Beyond

2 An experimental fact & yet, still
a total mystery

o And masses span over 80 orders of
magnitude

2 Nightmare scenario: totally
dark

o Only Gravity to play with...

2 More promising: some shade of grey

Collider
Experiments

Accelerators
Astrophysics
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Fixed Target
Experiments

Other
Facilities
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Probing What is Beyond

Hidden-sector Dark Matter: Anomalies,

Production Mechanisms, and Detection Strategies

-— >
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coupling
E'E.Be
: o . , Nuclear &
V'S'b.le Muonic hydrogen Atomic Physics
coupling —>
Muon g-2
kleV Mclev MediatorG?V T(?V
! " Mass ! !
A Freeze-n (heavy mediator) fraasc
<....Secluded_/__Direct — thermal 4 DM-spin-dep. (e.g. Majorana)
Heavy ) (Elastic
Mediator Accelerator
| <....Secluded_/ _ Direct — Asymmetric __ R
Light SIMP/ELDER
Mel iator Direct detectio
v - Freeze-in (ultralight mediator) >
kIeV M?V G?V Tc?v
I I I I
© U. Wiedemann DM Mass

08.11.2023

o <-

 No “no-lose” theorem,
nor “easy focus”

 Many Open
Questions

 Enormous Amount of
Ideas

Collider
Experiments

Accelerators

Fixed Target

Experiments ASYFODhy‘SICS

Other
Facilities

» Vast Physics
Opportunities
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Fresh Fro Th Press

https://edition.cnn.com/2023/11/07/world/euclid-telescope-first-images-scn/index.html
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https://edition.cnn.com/2023/11/07/world/euclid-telescope-first-images-scn/index.html

Colllder vs Fixed Target Physics

Energy & Luminosity

- - TWO HUNDRED

BILLION PARTICLES
x 10™ partlcles 10" partlcles e
U am .
#oeg " “L_\E,_‘
E '-.Cl' 0%

cms ~Ebeam 2 x10™ particles
e.g.: LHC: 13600 GeV

Few particle types: ehl o Ecrr_ls ~\/_2mpEbeam
Protons (+ ions) L e.g.: SPS: 27 GeV
Discovery machines: Precision experiments: : _
e.g. Higgs... Rare events, e.g. Kaons Many particle types:
& CP violation... 2.0, 8, N & |4
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Let’'s Get Started

The CERN Accelerator Injector Complex
& Its Experimental Areas

08.11.2023 PBC & The Many Equipment/Service Groups | CERN's Injector Options
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The CERN Accelerator Complex

The CERN accelerator complex
Complexe des accélérateurs du CERN

Neutrino
Platform
il

1976 (7 km)

/ R A e HiRadMat
ST e B N

== ‘ MEDICIS
[ 2010 |
ISOLDE
»
REX/HIE-

ISOLDE

LEIR
2005 (78 m)

) H (hydrogen anions) p ions P RIBs (Radioactive lon Beams) n (neutrons P p (antiprotons) P e (electrons) P p (muons)

LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive
EXperiment/High Intensity and Energy ISOLDE // MEDICIS // LEIR - Low Energy lon Ring // LINAC - LINear ACcelerator //
n_TOF - Neutrons Time Of Flight // HiRadMat - High-Radiation to Materials // Neutrino Platform
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Experimental Areas
/

ALICE TT20

North Area LHCh

SPS

T

—
HiRadMat
N\

ISOLDE

T2

[ 2001
\’//’/,A LINAC 4
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Linac 4

H- ion source at 45 keV

Accelerates beam
up to

The chopping scheme allows
removing some of the Linac
bunches to make the beam fit
into the PS Booster RF
buckets

50 MeV 102 MeV 160 MeV

352.2 MHz
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<7 *Beyond
Colljders



PS Booster

|
|l Injected Intensity:
2022: ~1.7E20

2023: ~1.7E20

\ o %“ i -" :
Proton energy ‘

from 160 MeV to R s

res - 1
Can cycle every 1.2 s " . . - m
Each ring will inject over multi- | B 3 |

turns, using charge exchange
Injection

1t Synchrotron, unique,
with

Circumference of 157 m

66 mrad Chicanedipoles
\

148

Stripping
foil

Waste byeam
dump Main dipole
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Delivered Intensity:

2023: ~1.1E20

|SQL/ HE-ISOLDE 2022: ~9.7E19

NS ~ &= &

« PSB proton beam impinges on atarget producing a range of isotopes

 mass separators (GPS & HRS) allow selection of isotopes

| | https://isolde.cern
 Post acceleration of isotopes

« REX, normal conducting accelerating structures -> BTY 2 GeV upgrade study

« HIE-ISOLDE, super conducting LINAC ->Beam Dumps exchange_ .
-> Fire/RP/REX-HIE Consolidation
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ISOLDE Beam Perspectives

PSB upgrade opened the path to ISOLDE beam beyond the pre-LS2 1.4GeV limit

 Today limited to 1.7 GeV by power converter current in BTY vertical dipoles

10
. Optips rematched to kee_p all guadrupole settings A sy v
within power converter limits for 1.7 GeV 5| X GPSBSFV17GeVoptics @ 1.7 Gev

=== acc-models-tls 2021
— acc-models-tls rematched 1.7 GeV

* First (ever) ISOLDE run at 1.7 GeV done in 2022

Beam size, oy [mm]

 QOperation up to 2GeV is technically possible but
requires hardware changes

020 025 030 035 040 045 050 055 0.60
K1 BTY.QF0210 [m~?]

Mini-workshop on ISOLDE consolidation and improvement https://indico.cern.ch/event/1208149
L4/PSB MPC #81 https://indico.cern.ch/event/1179484/#5-psb-status
CERN-PBC-Notes-2022-008 https://cds.cern.ch/record/2838061

Status of the PSB instabilities studies, https://indico.cern.ch/event/1179487
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https://indico.cern.ch/event/1208149
https://indico.cern.ch/event/1179484/#5-psb-status
https://cds.cern.ch/record/2838061
https://indico.cern.ch/event/1179487

Injected Intensity:

PS

2022: ~6.2E19
2023: ~4.4E19

The oldest operating synchrotron at CERN

Circumference of 628m

« 4 x PSB circumference
Increases proton energy from 2 GeV to max. 26 GeV

Cycle length ranges from 1.2s to 3.6s

Many RF systems allow for complex RF gymnastics

Various types of extractions:
« Fast extraction
e Multi-turn extraction (MTE)

* Slow extraction

E mé Esi("- 08.11.2023 PBC & The Many Equipment/Service Groups | CERN's Injector Options 19
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nToF @various Flavors

(7
"

Delivered Intensity:
2022: ~2.6E19
2023: ~2.4E19

Spoliation + iNear & aNear

« FTN WG -> path to higher flux operation

* Double batch TOF beam (single PS cycle with 2
« Neutron cross-section measurements bunches extracted 1.2s apart to allow for increased flux)

* Flexible adaptation of the SC to exploit maximum flux
reach (work ongoing, full implementation LS3)

NTOF (neutron time-of-flight)

« Astrophysics

* Nuclear Physics : :
y * Max. bunch intensity of PS TOF beam can be explored

« Medical Applications : "
PP * Maximum intensity of parasitic TOF on EAST cycles can be

* Nuclear Waste Transmutation explored in the PS
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AD-ELENA

* Receives fast extracted proton beam from PS
at 26 GeV/c on atarget

 One out of a million protons yields about one
usable antiproton at 3.5 GeV/c.

 AD decelerates beam in stages
down to 5.3 MeV

e ELENA further decelerates down to 100 keV

* Experiments:

« ASACUSA, ALPHA, AEGIS,
BASE, GBAR, PUMA, BASE-STEP [|niected Intensity:

2022: ~2.2E18
2023: ~1.8E18
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AD to ELENA ‘:@%{r -

AD-ELENA R

* running full steam with 4 bunches delivered to 4
different experiments at the same time

* higher intensities than design in ELENA

e 2new lines commissioned in 2022 for PUMA and pu;g;.g mcm
BASE-STEP in addition to the 5 regular users LATEST — Nature:

https://home.cern/news/news/physics/alpha-experiment-

« Parallel operation with H-in ELENA for machine cern-observes-influence-gravity-antimatter

studies and experiments setting-up We're Save
10° years

Pbars in AD/IELENAI/Experiments o . @ fu " Steam
] O ce_7o43
] ELENA_inj
z ] ] .-.\F{’-I’s_ln'. or
i 10 years
= 5 1 [ asacusaz_int »
B for todays experiments
] [ cBAR_int -
¥ A S A scientist at CERN produced a quarter gram of anti-matter
pbar o6 mean. 1) without the knowledge of the Director General

falls into wrong hands!

w - 08.11.2023 PBC & The Many Equipment/Service Groups | CERN's Injector Options
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https://home.cern/news/news/physics/alpha-experiment-cern-observes-influence-gravity-antimatter

East Area

Since the 1960’s, the Main bending Targets
CERN East Area is a witinps  Secondbending
beam facility using L Firstbending N 1
protons derived from the _ g N\ R

Proton Synchroton (PS)
for:

 Irradiation facilities

« R&D tests of detectors
« Experiments (CLOUD) ._
«  Outreach | S i —~—_=

An important consolidation
program (EAR) has been
completed during LS2

PS RING

Delivered Intensity:

2022: ~9.6E17 EAR: 2 years in 2 Minutes (link)
2023: ~8.8E17
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https://videos.cern.ch/record/2783783

CLOUD Experiment, T11

CLOUD during beam run in 2017

New and improved =2 -
Big thanks to all CERN service & support groups

involved in BE, EN, EP, HSE, IT, SCE,...

08.11.2023

Larger platforms and better accesses
Control + Rack room & Chemistry lab
Gas system

Electrical power and IT networks
HVAC systems

PBC & The Many Equipment/Service Groups | CERN's Injector Options




CLOUD

« Study aerosol formation and cloud formation
e The beam simulates cosmic radiation

« The chamber contains air from pure N2 and
O2, with controlled injection of other gases

« Very important inputs for climate research

* Profit from CERN beam and expertise, as well
as CERN collaboration mechanisms
(e.g. Common Fund)

« Largest ad cleanest chamber in the world

 Many Nature publications

« Recent Upgrade: FLOTUS (pre-age stage) https://home.cern/news/news/experiments/flotus-aerosol-
precursor-vapours-age-more-quickly
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https://home.cern/news/news/experiments/flotus-aerosol-precursor-vapours-age-more-quickly

EAR Project Finished -> NA-CONS Starting

08.11.2023 PBC & The Many Equipment/Service Groups | CERN's Injector Options




EAR Project Finished -> NA-CONS Starting HVAC&

Radiation Protection =~ Vacuum Installation Cooling
i In;:g(rja_ntlon Magnet System Power Converters
€am Studies EAR : Survey Activities

New Beam Instrumentation Safety Systems
Beam Stoppers Handling/Transport IT Systems
Collimators & BIDs in general Planning

Control Systems Electrical Distribution
Configuration Management & Cabling Gas

Warm Magnet Interlock Controller (WiC)  Distribution

Qt{ERN ){ E % - 08.11.2023 PBC & The Many Equipment/Service Groups | CERN's Injector Options
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PS ngh -Intensity Beam for North Area
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SPS

* The first synchrotron in the chain at
~30m under ground

e Circumference of 6.9 km

11 x PS circumference

* Increases proton beam energy up to
450 GeV with up to ~4-5x10%3 protons per cycle

 Provides slow extracted beam to the North Area

_ Injected Intensity: '
* Provides fast extracted beam to 5022 ~2 4E19
LHC, AWAKE and HiIRadMat 2023: ~1.4E19
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The versatile PSB / PS / SPS Super cycle Chain

SPS

Booster

 the number of protons for a given cycle is limited

« Composition of cycles/super-cycles define sharing
among experimental areas and users/experiments

* Very flexible and changes possible (almost) on the fly

 |ot of effort by the CERN accelerator teams to
optimise the delivery rate
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@

PS-PAGE1 Current use...SFTION1 1.09E+10 22-11-22 11:39:33
SC 21 (44BP, 52.8s) Last update: 21 seconds ago
SPS North Area Pb ions SPS p+ beam AWAKE Short

\YID)
Cycle
N
arget I/ES MUL %SYM Experiment
T2 268.9 0 63 a NA61/H4
T4 250.4 0 65 a H6/H8
T6 0.0 0 0 COMPASS
T10 0.0 0 75 NAG2

Phone: 77500 or 70475
Comments (22-Nov-2022 10:29:55)

MD2 0.5 E10 0.0 E10
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- il =
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gh —f P Lt : .\; — o =

Energy _
Mass Filter

=
:\ lon Linag3, 4.2 MeViul

Linac3: the heavy ion source
(Commissioned in 1994)

« Total length: ~12 m + short transfer line
« 4.2 MeVIN
o 25 uA Pb5%*

e + Ar, Xe and soon O beams

Not Forgettmg about LINAC-3 & LEIR

The LEIR machine
(circumference is about 80 m)

Uses a multi-turn injection from Linac3, normally
Pb>4* or lighter isotopes (e.g. Ar, Xe or O)
->accelerated to 72 MeV/u, then further
accelerated by the PS and fully stripped before
belng sent to the SPS or the EA
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Let’s Look into some Details

What’s needed — based on a selection of
on-going/planned/proposed Experiments
(North Area Focus)

08.11.2023 PBC & The Many Equipment/Service Groups | CERN's Injector Options
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1,970 1,980 1,990 2,000 2,010 2,020

60 ' ' i 60

Science Diversity at the e o

= 1 0

CERN North Area g <
[ — N

« The North Area at CERN is one of the most diverse z 8- L i 305

experimental facilities that currently exists, serving proton, fgzo_f , THEHHIE | S

hadron, electron, muon, and ion beams to yearly over 200 L é
user teams for detector R&D and to the NA58/COMPASS, 10_;
NAG62, NA63, NA64e, NA64mu, NA65/DsTau and NA66/AMBER ~ °-

1,970 1,980 1,990 2,000 2,010 2,020

experiments, the two large neutrino platform cryostats, as Yoar
well as to the GIF++ and CERF irradiation facilities, with
combined more than 2000 users.

f !‘l !l ,,i-umm

T10 target
\-

EHN]..Neutrino Platform

...»

frontlers

W o7 April 2022

- _‘ ' The North and East experimental areas of CERN enable a wide range of
'3’

A - e . S
s . measurements, from precision tests of the Standard Model to detector R&D. P > ‘,

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

FT Physics @ SPS

CERN Prévessin A5F _
7% North Area 2o~ sS4 Experimental Areas:

 EHN1 (surface building)
 EHNZ2 (surface building)
« ECN3 (underground cavern)

Main Users:
* Fixed Target Experiments
« Variety of Test Beam Users

08.11.2023 PBC & The Many Equipment/Service Groups | CERN's Injector Options




Beam Delivery Scenarios: SHARED  cisrrero

LSS2 TT21 . TT22 TT23 12 H2

Splitting
in TDC2

EHN1

TT24 T4

*

T4 impacted

P6 magnets
removed P42, P62

YETS22/23

experiment
T6 M2 P

K —

TT25

I
EHN2JECNS
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PBC (including studies) FT Physics @ SPS

Splitter  Splitter _
ProtoDUNE VD
from SPS > H 2

protons/ions VLE beam lines

T2wobbling e —> Ha
Delivered Intensity:. targets
2022: T2 ~3.5E18
T4 ~4.3E18 —t———> H6 m
T6 ~7.4E18 m__m C____]
T4 ~3.2E18 T4 wobbling

16 ~2.9E18

AMBER, MUonE,
+ test beams (HL-LHC, FCC, M2 NA64p

detector R&D, space/satellites, R2E)
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: Beam | Momentum | Particle types
| The EHN]‘ " TBeamS H2 <400 GeV/c p,e, h, u, ions*)
I i | <450 GeV/c p,e, h, u, ions*)
<205GeV/c e, h,u

<450 GeV/c p,e, h, u, ions®)

Maximum fluxes depend strongly on

8l the momentum, charge, particle type,
production angle, layout, shielding, etc.
) -> typically 105-107 per pulse

(but can be higher with more shielding)

[coupling between beamlines
1 from the same target — Wobbling]

*) Up to LS1, only fragmented ion beams can be provided
After LS1, primary Pb, Ar and Xe beams are possible
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Excursion: Test Beams

All experiments need test beam time for detector R&D, proof of
their concepts and validation of their backgrounds

PBC contributes to the general need for detector R&D as was just
stated by ECFA: “It is 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...” — P. Allport

THE 2021 ECFA DETECTOR

With the consolidation efforts (e.g. East Area, NACONS) we go In e
the right direction, very much appreciated by the community. R
We have more than 1100 users per year with increasing
number of requests f:\) \ e
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https://indico.cern.ch/event/1085137/#12-detector-rd-roadmap

NAG4

NAG4 is designed to search for dark sector physics in missing-energy events with mainly
electron and muon beams.

Unlike classical beam dump experiments, NA64 uses an active target, i.e. a detector in
which dark matter particles are potentially produced. This results in a high sensitivity
for certain channels.

Suppression and control of the backgrounds to a high level is essential to the experiment

- o L : -
MBPL 1, 2 - =0 . <
Straw 1,2 s T
=3 = ) { . A
s1 /w1 mm3.4 ECAL B, ( N—— - L T - e
| N i - ‘ HCAL 1-3 _ - = s v
y : v2 | | -
| [ [ | ™ ! i L O — | w=io
i II I 1 1 i t s = A ~i3ea A H % ; 104
of ‘ 6= 20mrad E . ¢ AT : :
A -0 H
- - | [ e . ... 10°
MM 1,2 [~ 5. ET :
- o e e S
e - -, 5 102
10
s L l 1 i 1

1 e 2
20 40 60

09 =
Signal Region | e Ge
(box size increased  MISSING energy
vertically for visibility)
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NAG4

| 2023 setup |
= T [ [E=2]

1N

|
feewTz]

« A new veto hadronic calorimeter (VHCAL) was installed in front of ECAL to further suppress upstream
electro-nuclear reactions with large-angle neutral hadrons.

* Excellent beam quality in 2023 with further reduction of hadronic contamination down to 0.3%.
« About 6 weeks physics run in May/June with ~ 6.5 - 108 electrons/spill
— Increase total available statistics on invisible mode by 5.1 - 101! electrons on target.

-> First tests with Positron Beams POMER
« The A’ Bremsstrahlung production mechanism scales with 1/m?,., hence is suppressed

POsitron resonant

towards higher masses annihiation into
« First Test Run! — Plan to start a dedicated positron beam campaign.
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lce®0 ®e Be*" beam
i ————
1 )

Z= 82 82+ Target (thin)
A=208 Pb in T2 region

e.g.: 400 GeV/c — (82/208)*400 = 158 GeV/N 158 GeV/N —+ (8/4)*158 = 316 GeV/c

Shielding Improvement:
« Early PBC
 Allowing for 10x

more intensity

during this run period

Stronq interactions physics:

| Neutrino and cosmic ray physics:
R

» search for the critical point of strongly - hadron measurements for the J-PARC and
Interacting matter Fermilab neutrino program

* study of the properties of the onset of « measurements for cosmic ray physics
deconfinement « measurements of nuclear fragmentation

* heavy quarks: direct measurement of open cross sections of intermediate mass nuclei
charm at SPS energies needed to study cosmic rays in our Galaxy

08.11.2023 PBC & The Many Equipment/Service Groups | CERN's Injector Options




NAG1 Low-E Beamline

 Requirements LK o e T

A% "" ”

iz

 low-momentum (2-13 GeV/c) beam proposed by and
extended NA61 physics program

« Studied a new tertiary branch of the H2 line (located in
PPE132-142-152 zones) in front of the NA61/SHINE TPC

* new magnets and modifications to existing power supplies
powering the H2-VLE line of the neutrino platform

» extra shielding, and rail systems allowing the transition
between the existing H2 line and this low-energy
configuration

 Remarks

- H2 VLE beamline motivated by NA61 TPC location
and unique capabilities
 Tertiary beam possible, however starting from

SPS beam energies not optimal
(in terms of production/intensity)

grillagee
PPG
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The M2 Beam

Three main operation modes:

« High-energy, high-intensity muon beam. Normally for muon momenta up to 200
GeV/c. Higher momenta up to 280 GeV/c are possible, but the flux drops very
rapidly with beam momentum.

* High-intensity secondary hadron beam for momenta up to 280 GeV/c with
radiation protection constraints.

 Low-energy, low-intensity (and low-quality) in-situ electron calibration beam.

Beam Momentum Max. Flux Typical Typical RMS Polarisation Absorber
Mode (GeVl/c) (ppp / 4.8s) Ap/p (%) | spot at target (9.9 m Be)

Muons +208/190 ~108 3% 8 x 8 mm 80%
+172/160 2.5108 10 Impurlty
Hadrons +190 108 (RP) ouT
-190 4 108 (with dedicated _ 5x5 mm _
Max. 280 dump)
Electrons -10 to -40 <2104 _ >10x 10 mm _ ouT
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The M2 Muon Beam

Beam momentum p,/p, 160/ 172 GeVic
Proton flux on T6 per SPS cycle 1.5 1013
Muon flux at COMPASS per SPS cycle 2.5 108
Beam polarisation -80% + 4%
Spot size at COMPASS target (o, x 0,) 8mm x 8mm
Divergence at COMPASS target (04, X Og,) 0.4mrad x 0.8mrad N
Muon halo within 50mm from beam axis 16% O %
Halo in experiment (6 x 4m?) at |X,y[>150mm 7% . 0 % LL
0 O LU
Oe o al)
=0 (40}
© (172 + 17) GeVic S8 3 v .
— N
P ,K p Lo | ceNI©
—|am I 1.c0:®
| 600 m o 0T 400 m |
I

Hadron Decay Section Muon Cleaning Section

e
Q@’ E w\ii(.g 08.11.2023 PBC & The Many Equipment/Service Groups | CERN's Injector Options
e

*‘Beyond
Colljders



The EHNZ2 Experimental Area
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« Large surface experimental area
 Houses currently the
AMBER, NA64p and MUonE experiments
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Hadron Mass Budget

A M B E R o Program Go‘al-s lil(r;zrsi' Inlt:?ls;ty [l;:[tzcl Type Tef:get s(tiaur: ;r;: ad‘ditions
70030 Vass G+ e | e AP I el R e
The new question o tpeis | messmoer 7 e
exclusive GPDE 160 2-10 10 u NH; 2022 meodified polarised
is not “what is matter made of”, | T I T
but rather “how did it emerge” and R Ea— : s
“do we understand the structure of what is visible” _sumem | "™ | "7 |~ | " | "] sen | cloimn
AMBER is a QCD facility, aiming at understanding ot | tammores | 0| 0|50 | £ | 0, | e | e
open issues such as the proton radius puzzle i || | n | s | | e |
(different proton sizes seen depending on the probe From | 6 =
and method used)
Phase 1 aims at exploiting the conventional muon and "™ o el Wl o Rl O~ -
hadron beams and is already largely approved R g [me) st STonaee e e

Table 2: Requirements for future programmes at the M2 beam line after 2021. Muon beams are in blue,
conventional hadron beams in green, and RF-separated hadron beams in red.

Phase 2 requires high purity kaon and antiproton c1
beams at high energies, for which the technique of/,!__\ - -
RF-separation is being studied. A dedicated e e . . mﬁ; ------ -
workshop has taken place and a pre-CDR report is vomenun
aimed for before LS3. e

quadrupole
Lrr
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https://indico.cern.ch/event/1069879/

NA64p

An experiment to search for dark sector particles weakly |
coupled to muon at the SPS as well as test the (g-2), anomaly.

(i 3

Installation of rails
for the MBPL
magnet as well as
all upstream
components.
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MUonE

One of the few hints for new physics comes from the tension of the g,—2 @.
measurements with respect to the SM prediction -> Theory Uncertalntles

While the measurement reached a new level of precision, theory rapidly caught up —
missing just one important ingredient for an even better prediction, the hadronic
vacuum contribution

MUonE offers a complementary way of measuring this with the help of elastic muon
on electron scattering, which needs to be done at an unprecedented precision and
stability (order 107°)

https://cerncourier.com/a/getting-to-the-bottom-of-muon-g-2/

e muon filter
M2ubeam 7//’/ =71 | ~ _______ Iﬂ chanber
150 Gel/e J7
station #1 ~ #2  #3 I #k #N
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https://cerncourier.com/a/getting-to-the-bottom-of-muon-g-2/

A~ Tracking
station

Design and installation of the blue trolley for easy changeover of
MUonE during the COMPASS/AMBER polarisation periods for tests

Final installation with 40 such stations (10 in 2025!)
Experiment aims at an independent and precise determination
of the leading hadronic contribution to the muon anomalous
magnetic moment a,=(g,-2)/2.
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Infrastructure
allowing

for fast
reconfiguration

TPC

. catate ¥
Installation of TPC on the rails for the proton radius

measurement, one ingredient to understand where 98%
of the mass of the visible universe comes from.
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Excursus: Stability

Many experiments rely on stable conditions during their physics run as they try to exploit
the absolute maximum of their data taking capabilities

Each proton counts to reach the physics goal, but the steadier they come, the less
often interruptions occur, and more data can be taken

A high duty cycle is a guarantee for reaching the physics goals of the experiments. Often it
IS even more helpful to communicate early any change, so the data taking strategy can be
adapted

Stability is defined over several time scales: From short fluctuations in the spill
structure, even to weeks of data taking, during which experiments try to balance
between configurations in order to decrease their systematic errors

Beam instrumentation is essential: accurate and absolute intensity measurement per
beam line and an accurate and fast spill structure monitoring -> ideally from which
iInformation should be available directly to experiments for logging with their data
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. very small (~10-19) branching ratio anc
" calculable with very good precision ir
_ the Standard Model

- -> Probing New Physics

ECN3 -> tOday: NA62 studies very rare K* decay -> n*vv

* [t can also look for other rare K
decays (e.g. LFV)

: MR T E - NAG2 spends part of its beam time
——— AN in looking for Dark Matter, dark
photon and axions.

STRAW CHOD
LAV MUV1,2
Iron
MR i fuvs

Target KTAG GTK

0 ——-Ru==nlr CHANTI Vacuum . | n
| SAC
1 ‘|RICH
j | IR Dump
2] Decay _—
‘ Region a LKr
i T T T T T T T T T T T T
0 100 150 200 250

Z[m]
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CEDAR - A Special Tool -> Now with Hydrogen

Light box installed KTAG Cabled
New optics sy | -
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Excursus: Spill Structure

Precision Experiments rely critically on slow extraction -> sensitive to intensity fluctuations

High frequencies (e.g. f,) lead typically to a shorter effective spill length. Large effect: 1%
shorter effective spill needs typically an additional 1.5 days more data taking per year to
compensate -> also leads to pile-up: very dangerous as it mimics good physics signals

Low frequencies lead typically to problems in the data acquisition and to fluctuations in the
gain of some detectors, and thus their efficiency and stability -> for experiments without
good online data quality control this is hard to spot and seen normally at the analysis level

Spikes can trip or even destroy detectors if the amplitude is high -> often spikes lead to a crash
of detector readout and data acquisition, which takes some time to recover

Fast beam-profile Run: 8056 Burst: 688 Detector: i r{38){chod]}(#bf r{410){ir)}) - D1OR2017 13:24 s
g g F ! - 2021, GTK

= ¢ i
g ¢ . ; = 2021, STRAW

= 2018, STRAW

Trgger prmdives [KHz|
a o
g
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Extraction Quality .
P. Arrutia (CERN) 175/ EBC on
0.004 - 0.004 - 1.507
& . P — 1.25 1
oy L: : 1 “. oy — 0.75 WWMWNJWWM&M
;-l 0.000 ‘“ \ .'..‘ ," -" ‘ t; 0.000
\ / / / g / 0.50 1
-0.002 -L\ ‘ . “': 7 ~0.002 { 0.25 1
TR R e ‘“'“I 00050 175 200 225 250 2.75 3.00 325 35
100 075 -050 025 0D0 025 050 075 100 0005 0DI0 0DIS 0D20 O0D25 0030 QD35 0D40 time, t [s]
t[s] - Axve, [Vm]

« Especially time structures at 50 Hz and 150 Hz, introduced via power 2.00 14 ZBC of
converters, can easily lead to data acquisition issues due to peaks in the 175 ©
Instantaneous intensity 1.50

« Amongst several improvements on the hardware and controls-side, =%’
empty bucket channelling proved very helpful: the de-bunched s
beam is forced up and “channelled” between the empty buckets o7

0.50 1
. Pablo A. Arrutia Sota thesis (funded by PBC), Keble College, University of Oxford 0.25 1
Advanced RF techniques for CERN sfut'ure slow-extracted beams 000 e T >t0 275 300 335 3&
(to be submitted for the degree of DPhil, 2024) time, t [s]
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N A 6 2 an d B ey on d R

1.0~ ! -

Extremely rare decays with rates are very precisely predicted in SM, nmramm)_ _
example: the kaon decay to nvv, either with a charged kaon/pion (=2 ,,t \\' et
NAG62) or with a neutral kaon/pion (= KLEVER) [golden channel] ; G ——

L i Phase1/5
L smrranensaneasana—]

Due to the small branching ratio in the order of 10-, stable high-intensity | —
beams are a must. In order to reach a measurement precision of e.g.  *°f i ;
5%, the current intensity for NA62 would need to b | ¢
be quadru pllcated - % Prospectwe study on rare Kaons ]
P SR N T T T

As the branching ratio for the neutral channel is even smaller, the
intensity for KLEVER would need to be at least sixfold of whatis =~ ' ve= { e
available now, i.e. 2.1013 protons per spill. With an assumed 1.5 1013 4 '
protons for T6/M2 and some 0.8 103 for T2, this could bring us to

the need of providing a total of more than 4.10%3 protons .

Such measurements are comparable to a sensitivity at the O(100 TeV) mass ' 1
scale for new physics searches -> precision means true Ve o
complementarity to measurements at highest energies
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Excursus: The Quest for Higher Intensities

Basically all newly proposed experiments want to push the limits of precision aiming at either
excluding new physics at a certain scale or even making a discovery of new physics (e.g.
SHIP/HIKE/SHADOWS). This means clearly higher intensities are needed, none the less to serve
the demand of having more high intensity users at the same time. This happened already 2021
with NA64, NA62 and Compass wanting to run simultaneously

Slow extraction of high proton intensities at a high quality is one of the major features that
makes CERN unique, and which is even constantly improving
(remarkable progress by SLAWG-driven ideas)

Higher intensities means overcoming several challenges: Radiation protection issues,
adapting beam intercepting devices (especially target and XTAX), providing and
transporting the required intensity from the machine to the targets -> all this was studied
In PBC, in particular within the Accelerator Complex Capabilities WG, BDE WG,
Conventional Beams WG and many more

High intensities come at the cost of higher backgrounds -> advanced muon shielding designs and
simulation of muon backgrounds at more than 11 orders of magnitude

=
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https://indico.cern.ch/category/7887/
https://indico.cern.ch/category/13996/
https://indico.cern.ch/category/7987/
https://indico.cern.ch/category/8813/

Pushing Proton Intensities

-
S

1e19 118 :
1.2
2.0 Summer ]
period I
1.0
-—- TS !
I

O
o

Per-week extracted intensity
o
(0]

Cumulative extracted intensity
o

0.4 :
0.5 :
0.2 I
I
I
0.0 0.0 :
Apr May Jun Jul Aug Sep Oct Nov Apr May Jun Jul Aug Sep Oct Nov
Time [re-shifted to 2022] 2022

Time [re-shifted to 2022]

« The demand for higher intensities and the increasing number of users requesting beam time confirms the
attractiveness of the North Area, but also becomes more and more challenging on the accelerator side.

* For test beam users, beam lines are already overbooked, sometimes with 20 parallel user set-ups in one line.

* In 2022, the three major experiments Compass, NA62, and NA64e required running at the same time with
high intensities, leading to an all-time intensity record for the North Area — however also with record
activation of the beam line elements, potentially leading to equipment failures.
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Pushing Proton Intensities — LSS2/TT20

« Beam loss per extracted proton has been improved since LS2
* 30% lower at ZS (LSS2 crystal in VR and optimization together with new ZS)

 10% lower at TCSC (optimisation and alignment)

« first results from LSS4 crystal in CH indicate about 50% lower at ZS
F. Pirozzi et al.

« Use of lower density (“low-Z”’) materials in the https://indico.cern.ch/event/1249260/
extraction equipment to reduce the induced radiation levels Angular scan
 PBC Fellow ABT-SE working on ZS anode straightness and a prototype low-Z septum ,.--\v 20 2

to be installed in LS3 ANl it w0 |8

« Improved procedures and handling to reduce dose in SLAWG % 081 '”' -1.75 %

% o7 ¥ - 1.6 é %

-LSSTZSCS re-design in NA-CONS (+use of remote handllng)splltters ¢ 1‘:' 135 g

, — 4 TTZO 514- -2000  -1800  -1600
N 2 | sl l ' £121 TECA angle / urad
mﬁml:»-r ——————————— e P— )| AT . g 10 +
; ______-__-_______-__-_-_--_--,;s‘w’..ﬂ-.-:‘“__W!Lrj ;é"”‘l i [T Ny || ["Vi‘ ! k S 081
| " 'ff';?

P,

F Velott/ et a/ https ///ourna/s aps orq/prab/pdf/lO 1103/PhysRevAcce/Beams 22.093502
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https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.22.093502
https://indico.cern.ch/event/1249260/
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Let’'s Look Beyond

In the context of Mid/Long-term
perspectives of concerned Experimental Areas
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Some loving
care and
attention

required!
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https://indico.cern.ch/event/800748/timetable/

North Area — 40+ years

~ \“ "y
o~ e,
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NA-CONS Project Timeline/Roadmap

LS4

Power Convertersin BAS8O:
PC & E.E. for vertex1&2 + H8 Morpurgo (YETS 21/22)
50% of the power converters
50% of availability recovered (TT20, TDC2, start of NA)

Power Converters BA81 & BAS82: \
e 50% of the power converters
= 100% of availability recovered

Power Converter
Consolidation study

-

seam [nstrum: Consolidation & Upgrade for

higher intensity: remaining 40%
Essentially secondary|beamlines

Review & analysis

Crates consolidation

AFT implemented
Electrical non conformities

\
/
\
/
Civil Eng.: \
/
\
/

Primary beam area : BSI, BSP, BTV, BLM, P42 SEM,
XBPF, electronics,

.

Civil Engineering: BASO, 5t cell for CT2
Light repairs elsewhere

Civil Eng.: EHN1, EHN2, ECN3,

roof of gas barracks
BA81l, BAS2

BA gate doors

> Beam Instrumentation: 60% of consolidation

Technical Services
EL: BAS1, BAS2, EHN1, EHN2, ECN3

CV: ventil. surf bldg., primary pumps circuits,
new cooling stationin BA81 anld 82 (for PC)

CRG: centrifugal helium pumps

Tech.Services:
CT2, cooling plant,
Chilled water piping,
Irrad cables TDC2,
Lift for TCC8

CV: underg. ventil, chilled water, cpoling station,CT2,
new cooling station for converters [in BA8S80O

~_— N O~~~
S~ SN

\/

Technical Services:
EL: BA80O, TDC2, TCC2, UPS, secured network

-

Safety: Safety (95%):

Gas network, Underground & Surface Fire detection & Alarm.
Gas detecflon, Fire detection in false floors BA80

ATEX ventil. Sprinklers underground (shafts)

SUSI 918, EHN2 Fire detection EHN2 galleries

video ECN3, EHN2 )
Elec. non conform. Pilot test for new access control system

i Ph.ysu 5

P,('y()n(l

Safety (remaining 5%):
- Fire detection in ventilation
and in false floors for BA81 &
BAS82
Access system deployment
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North Area High Intensity Beams - ECN3

Consolidation Phase 1: 2019 - 2027

SPS North Area is the workhorse for a
diverse physics programme at CERN

Consolidation programme ongoing
Areas concerned

New proposals requiring higher " Z ‘ with Hl for ECN3
Intensities in the ECN3 underground

cavern post-LS3
L . C lidation Phase 2: 2028 — 2033
Beam loss/radiation control, beam quality pnseldatonhase
(reproducibility, spill structure etc.) are

challenging future requirements

Identified synergies and implications of a future ECN3 High Intensity programme on North
Area Consolidation -> ECN3-HI Upgrade Program (Initial Phase Approved)

https://cerncourier.com/a/pushing-the-intensity-frontier-at-ecn3/
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https://cerncourier.com/a/pushing-the-intensity-frontier-at-ecn3/

Possible
Scenario

Possible
Scenario

ECN3 High Intensity — Experiment Proposals

« SHIP (Search for Hidden Particles) is a general-purpose BDF/SHIiP@ECN3
beam dump experiment proposed to search for feebly .
interacting particles (FIPs). Highlights of the physics

FIPs, i.e., heavy neutral leptons, dark photons, dark
scalars, axion-like particles, and light supersymmetric
particles. Access an abundance of tau and muon ,
neutrinos. Naatring betector
Several extensions possible, e.g. adding an irradiation
facility, adding an LAr TPC to search for milli-charged
particles.

Muon shield

Sweeping Magnets
TAXes \

»
Target

* High intensity Kaon Experiment (HIKE) with a programme i
to StUdy Ultra Rare Kaon decays (eg K—mvv - BR~1O'10) Ll . 1;;;“ - S “z?:;";:i?:;;r:;f'.;;:zg,

complemented by the search for visible decays of Feebly- ™
Interacting Particles (FIP) in Beam Dump mode on-axis SHADOWSERE -~

Magnelizad Iron Blocks

SHADOWS

« SHADOWS (Search for Hidden And Dark Objects With the
SPS) to search for FIP visible decays in Beam Dump (BD)
mode off-axis. Running in parallel to HIKE when operated
in BD mode

Downtream shields

HIKE (Phase 1) T S
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Intensity Requirements

PoT/spill Spill duration PoT / nominal # nominal Total PoT
[S] operation year operation
years
HIKE Phase 1 (K*) 1.2 x 1013 =245 0.72 x 1019 <) 3.6 x 1019
HIKE Phase 2 (K9 2.0 x 1013 > 4.5 1.2 x 1019 6 7.2 x 1019
HIKE/SHADOWS BD 2.0 x 1013 =45 1.2 x 1019 4 5 x 101°
BDF/SHIP 4.0 x 1013 21.0 4 x 1019 15 60 x 1019

factor 6 to 12 increase in p/spill
factor 6 to >20 increase in p.o.t./year
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ECN3 Dedicated Beam Dellvery

LSS2 TT21

SPS

TT22

Shared delivery

| Field-free region |

el

Ve
) e

[| Horizontally deflected by the B-field |

| Continues straight: no B-field |

| Losses (~5%) |

‘ Ad

08.11.2023

TT23

No splitting : H4 :
in TDC2
H6
@A e
. . i P4:6
No Interaction
with TCC2 TCes
targets PA2,P62 M Y ey
PBC
experiment
TT25 T6 M2 g
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SPS Operation and Future Proton Sharing Scenarios for the ECN3 facility

1 Prebibaj, Tirsi et al., CERN-PBC-Notes-2023-001
PrOton Shanng https://cds.cern.ch/record/2848908
S(E)I”S for TCC8 [106/year] Spills for TCC8 [10%/year]
0.0 0.2 1.2 0.0 0.5 1.0 1.5 2.0 2.5
30/ ' ' ' 10.8 30/ ' ' ' ' —10.8

- only protons - only protons
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« With a new ECN3 high-intensity facility, there would be a dedicated extraction only to ECN3, interleaved with
extractions serving the other NA experiments and test beam users.
« Proton sharing computed to max. TCC2 POT: SFTPRO with 4.2x10%3 ppp and with 4.8 s FT
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https://cds.cern.ch/record/2848908

TCC8 Target Complex

« a new target complex will make sure that the new intensity step can be optimally exploited while
upgrading the facility to modern radiation protection and handling standards
« challenging design and infrastructure, shielding, service constraints

« + civil engineering, etc.
Space for shielding '
temporary storage

Proton beam from
SPS

Target station
(CNGS-like) =~

Target area
confinement walls

Magnets embedded in

shielding \ /

TAX system )

Target area
Confinement walls

BIG Effort from the
BDF and CB WG Teams

(Great Team Spirit)

BDF/SHiP HIKE/SHADOWS
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An Example of Radiation Protection Challenges
BDF/SHIP prompt radiation in target area

Side view

2000

1500

1000

500

-500

Cross-sectional view

H*(10) [uSw/h], x [0,40] x = 26 cm
H*(10) [uSw/h], z [13240,13260] z,5ge = 13255 cm (10} [usv/hl, x [0,:40] Xpeam

= 2.5 pSv/h l

2000

|
= 2.5 uSwh

1500

1000

H*(10) [uSv/h]
y [cm]

500

-500

-1000 -500 0 500 1000 1500 13000 14000

z [cm]

15000

x [cm]

Shielding design is optimized for the prompt radiation

Thanks to shielding reinforcements towards the bottom, no increase of soil

08.11.2023
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Along y-axis

H*{10) [usw/h], x [0,40], [13240,13260]

1
-500 0 500
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1000 1500

activation expected
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An Example of Radiation Protection Challenges
HIKE residual radiation in Target/TAX area

Cross-sectional view, target level
1 hour cool-down 1 day cool-down 1 week cool-down

50 uSv/h
600 15 usvih |- 600

600

400 400 400

200 200 200

X (cm)

-200 -200 -200

107!

1 -I L s s 1
-2000 -1000 0 1000 2000 3000 4000 5000 6000 -2000 -1000 0 1000 2000 3000 4000 5000 6000 -2000 -1000 0 1000 2000 3000 4000 5000 6000
Z (cm) Z (cm) Z (cm)

» Challenging Target and especially TAX area
-> high residual dose rates even after significant cooling times (not shown here)

» Residual dose rates well contained within shielding allowing for a Supervised Radiation Area in SHADOWS experimental area

» High residual dose rates in secondary beamline requiring optimisation of interventions
(e.g. remote operations, quick connections, cool-down, etc.)
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An Example of Radiation Protection Challenges
HIKE prompt radiation in Target/TAX area

HIKE Phase 1 HIKE BD/SHADOWS Neutrons
Side view Side view X [-60,60]
All particles All particle
2000 T T T T T T T T 10% 2000 T T T T T T T T
x [-60,60] X [-60,60] 1000
1010 5
1500 1500 L;‘ 500
108 .
1000 1000
108 -500
'E 5 ’g 500
=500 10“§ = o 2000 0 2000 4000 6000 8000 10000 12000 14000
E z (cm)
0 . i 2000 Muons 1012
100 x[-60,60]
500 1500 oxe
-500
102 108
-1000 1000 m
-2000 Q 2000 4000 6000 8000 10000 12000 14000 -2000 0 2000 4000 6000 8000 10000 12000 14000 £ %
z (cm) z (cm) 2 500 mﬂé
» High radiation levels in region between target and TAX ¢
(equipment life-time constraints!)

-2000 0 2000 4000 6000 8000 10000 12000 14000

z (cm)

» Prompt radiation sufficiently reduced for a Non-designated Area above target-TAX area
» Prompt radiation dominated by neutrons in target-TAX area and by muons downstream
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First Indicative Schedule -> Beyond HL-LHC !

2029 2030 2031 2032 2033 2034 2035 2036 2037 2038

HIKE Detector / Beam Commissioning

Installation & Detector / Beam

SHADOWS .
Commissioning
i Installation & Detector / Beam
SHiP/BDF L
Commissioning
2039 2040 2041 042 2044 2045 2046 2047 2048
Installation &
HIKE Detector / Beam KO KO KO KO KO KO
Commissioning
SHADOWS
Extension &
SHiP/BDF Detector / Beam

Commissioning
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Decision Timeline: ECN3

ECN3 TaskForce -> Report

CERN-PBC Report-2023-003

SPSC Taskforce established

Positive recommendation for a high intensity facility from
SPSC -> allocation of budget to continue the studies in time  amiaramy.L
for possible implementation in LS3 (NA-CONS + ECN3-HI)

Rx ero” bR{x (Sllll \!54/11 )Yt g TS[W‘('I (\aH 77Ur',
I Zupan®.

PBC document on ECN3 options post-LS3 to SPSC and -

The Experimental Caven North 3 (ECN3) 1s an underground experimental cav-

man ag ement on 1 5 / 9 / 2 O 2 3 crn on the CERN Prévessin site. ECN3 currently hosts the NA62 experiment, with a

physics programme devoted to rare kaon decays and searches of hidden particles ap-

proved until Long Shutdown 3 (LS3). Several options are proposed on the longer term
in order to make best use of the worldwide unique potential of the high-intensity/high-
cnergy proton beam extracted from the Super Proton Synchrotron (SPS) in ECN3.

Final recommendation/decision on which experiment to G posa f;“:;:.:z“s':.;';iﬁ’:‘;.i’t;;;Sq:.;::nz“ﬁss,'?‘i‘";f‘:i'

tecto rR&D.md onstrue -tion, schedules and cost, as well as physics potential within

host - SPSC & RB November/December 2023 e CERN ad ki s

Presentation to Council ——

September 14, 2023

Aim for inclusion in MTP 2024
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NAG4x -> Post LS3

leading the field for dark photon searches

« Aiming for x 2-3 electron beam intensity post-LS3

* Needs to be studied taking into account the limitations
in intensity for T2 TAX and target

* NAB64(l): test of (g-2),, interpretations and p-coupled dark

I
secto A. Celentano, H. Sieber— 150th SPSC

NA64p to and beyond LS3

« Aiming for x 3-4 muon beam intensity post-LS3

e Plans before utdow
Pursue 1alys

 NAG64(e*): being also considered after pilot run in 2022

 NAG64(h): use decays of hadrons from a hadron beam to
look for FIPs
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L m
A M B E R U ‘ o m I n Apparatus for Meson and Baryon
Experimental Research

« Kaon structure via the
Drell-Yan process
(Post LS3 -> 2y running)

* Gluon structure of pions
and kaons via prompt

photons
i . — _ M ) i .
. Prlma_koff reactions to Koeam X :  Diffractive production of

Investigate Kaon- P,R . vector mesons and di-jets

photqn Cf_Jl_Jp“ngi Kaon — ol to study distribution

polarisability, Fggr amplitudes
‘;__::T—:_ ‘ * Spectroscopy of / « Meson charge radii via
e mesons with ] ‘“1’%% electron scattering in
' _ strangeness \\ inverse kinematics

—— J. Friedrich — PBC Annual WS 2022
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- 1000
A Long-Term Perspective s
-> LLeading to A Shorter Term Improvement

Requirement of increased purity K beam with no or limited reduction in intensity
—> two options studied:

RF separated beams General beam line improvements

0 Wanted + unwanted Experiment Wanted « Completing the vacuum in the line

o -~ RF1 particles RF2 —> particles . . .
Jl[ « Improving the divergence at the CEDARs with

Momentum optics and an additional collimator.

selection

Quadrupole
Lre

* Increasing the number of accumulated hadrons

« Feasibility study (see PBC CB Workshop) : - o s absorber

« Studies indicate that physics requirements
cannot be (easily) met with present
technology

* RF cavities parameters not achievable
« Significant cost and complexity
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https://indico.cern.ch/event/1069879/

lon experiments’ proposals post-LS3

Current 2D scan

NA61++ aiming to explore onset of fireball ... m
W|th I|ghter |OnS rb+Pb | M ] B 068 Pbeam V5NN 10p 160 Mg
sl B B B B B v (AGeV/c) (GeV) # days # days # days
* requires production and acceleration of e e e 13 5.1 7 7 7
lighter ions I i o | e | 1 | 7 | q
. . . pipH B H H B . 2009/10/11 150 16.8 7 7 7
« Studies ongoing: appears to be feasible o S T e
beam momentum [A GeV/c]
Pb lons for NA60++ to measure the caloric
curve of the QCD phase transition: vers— , & tracking stations
* pre-study & location identified in H8 (EHN1)
« support for integration and muon toroidal
spectrometer design
« soon with SPSC IR
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North Area lons post-LS3

Review of the ion beam requirements post-LS3:

« Summary of requirements (NA61++, NA60O++):

->jon s pec les and beam characteristics Ion beams requirements for the North Area
Experiments post-LS3

CERN-PBC Report-2022-xxxx

author.email@cern.ch

« Conceptual feasibility (ion sources, accelerator capabilities)

R. Alemany, G. Arduini, H. Bartosik, D. Boer, N. Charitonidis, M. Gazdzicki, J.
Jueckel, M. Kuich, J. Pawlowski, S. Pulawski, G. Rumolo, G. Schnell, E. Scom-

 Operational scenarios and expected performance parin, G. Usai, C. Vllée (10 be inalzed)
* Implications on the accelerator/experimental area infrastructure/NA-CONS At

The Super Proton Synchrotron (SPS) delivers ion beams to Experimental Hall
North I (EHN1) on the CERN Prévessin site typically over a period of four weeks per

) Necessary StUdieS/R&D, teChnica”y driven time Scale’ COSt CIaSS vear. EHNI1 is currently hosting one physics experiment using ion beams, the NA61

experiment approved until Long Shutdown 3 (LS3). For the longer term proposals
based on ion beams of different species and energies have been made. The current
status of their study by the CERN Physics Beyond Colliders (PBC) study group is pre-

L d P hyS i CS pote nti al With i n C E R N a_n d WO rI dWi d e CO ntext sented, including considerations on beam requirements and upgrades, schedules and

cost. as well as physics potential within the CERN and worldwide landscape.

* Synergies with other future programmes (e.g. @ LHC)

Geneva. Switzerland

August 5, 2022

Input for SPSC and CERN Management
Time scale: March/April 2024
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Tagged Neutrino Beams ==

Short, narrow band
focusing and transfer line

« Studying neutrino oscillations and therefore their masses
gives an important access to new physics as this is not allowed in the SM

« Experiments measure nowadays easily the arriving neutrino

* itis hard to say with which flavour the neutrino started from
-> hence, the community looks into tagging of the neutrino beams close to their source

« ENUBET and NUTAG study identifying neutrinos coming from kaons decaying into

neutrinos and other particles at the same time (e.g. muons and electrons)

_;- 0.1m? Tracking Planes

« Measuring means tagging of the outgoing neutrino L g [ HLLHC Techno
. . . Static 4 Plane .
on a particle-by-particle basis ) W,
arget . . . . . . s b H
Primary beam . —— 2 Double ' . E-_-_ H c § 3 i E
== I AT ) — K> e'moy AN | R A B LA g [eeerid 1
Target vl L.f \ J.’ \/ ] | _E____ Ve iy
— o |__ - nstrumented decay-tonner.- = R s St o -«—— Decay Tube —
Beamline - Momentum selection . S ; P
Background reducal, collimating 10121'[;’5 « Max rate for 10y operation 1011\)”,,‘5
K, p, e with 0.1m? of HL-LHC trackers

Efforts towards a short-baseline proposal that combines both projects with a reasonable number of POTly.
Studies within the Conventional Beams — Neutrino Beams WG (https://indico.cern.ch/cateqory/14358/)
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https://indico.cern.ch/category/14358/

ENUBET — Multi-Momentum beam line performance

.

E Pa rOZZI e Momentum Resolution vs Collimator Aperture

-
-

Potential Intensity & Profile

10.0 1
monitors placement
E 95 .
2
[= %
h=
Target tance St N
” /m " “narrow band”
e
L . poment™ L_! . | |
’ ) d\n@sed“’“'mm 10 20 % 40 50 [, 70 B0 %0
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Energy Spectrum
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. Particles Energy Spectrum @ FarDet - 4 GeV BL
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| all particles from Standard Maps 85 GEV/C = v BrtesR oy La0mT
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" H
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b 0
@ : i
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¢ 200 | ‘ g
k q
I S 400 FL
|| i \_L
. 4 GeV | J
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'!i— fr', g [ ::.:'! 1 100 "JJJ
50 TR e e [ b i i ,—-rr‘ JTLL
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November N. Charitonidis | ENUBET & NuTAG studies update

2023




ENUBET - Demonstrator—ERCs +. ..

Some background neutrinos in lower

+
ENUBET "landed” at the PS-T9 area Oct 2022 CERN-PS-T9 € (8] momenta}euggéﬁbmrlibegumnear detector
e v St l ,, ]
_‘High precision o

det_8 bh

'silicon trackers " !
“ l‘ l" J \ EE

—s o "‘:‘
)

|

ryl

The black hole simulation
(lines) is our « ideal »
reference

prima

e, 7, u (0.5-15 GeV)

-

@ Trigger scint.

dN/dPy, fprimary [(GeV/c)~/
° -

“Far” detector acceptance first estimates

(Anti-)Neutrino Spectrum at detector 9 (acceptance detector)

...........

 Jp— ' ~400 events /year

“TRITON[’ has submitted an ERC grant
application for the continuation of the studies
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What We Didn’t Have Time to Look At

Touched upon by Claude yesterday...

Each worth an academic lecture by its own

* TaukFV

 AWAKE and AWAKE++

« Gamma Factory

 EDM

« PBC Technology WG

 AD Experiments, ISOLDE Facilities & Experiments, nToF, etc...

08.11.2023 PBC & The Many Equipment/Service Groups | CERN's Injector Options




THANKS TO an Enormous Amount of
Work by CERN Groups/Teams/Projects
SME - O

dustrial
‘erations of systems  20detic

‘nl';gé:;mm evo‘ogy l"meﬂml o
~ss & Alarms ‘ g P DT \ EI EIHA
Accelerator ‘. ;f:rwvia:s&
~dination o EAST AREA RENOVATION
~ectronics & =
Cooloas “ &M’“ia Department of Theoretical
l = o Physics
Electrical
e ENGINEERING

Handling
Engineering

Information

Radiation Protection ACC-CONS

Raising awareness of radiation protection

3 .

Occupational Health and -

Safety Ph.ySI CS

Advice and Support inmatters of Occupational = B eyon d

Health and Safety . ;
“Colliders

Environmental Protection

Committed to limiting CERNs impact on the e t‘
HE B N |

environment

Mechanical &

ﬁ f’hysi('f- 08.11.2023 PBC & The Many Equipment/Service Groups | CERN's Injector Options

*Beyond



Experiments/Collab

AWAKE

NASS

NAS1

NA62

NAG3

NAG4

NAGS

NABS

COMPASS

SHINE

DsTau

AMBER

Driven by Ideas from

Advanced WAKEfield Experiment

Commaon Muon and Proton Apparatus for Structure
and Spectroscopy

Study of Hadron Production in Hadron-Nucleus and
Mucleus-Nucleus Collisions at the CERN SPS

Proposal to Measure the Rare Decay K+ -> pi+ nu nu
at the Cern SPS

Electromagnetic Processes in strong Crystalline
Fields

Search for dark sectors in missing energy events
Study of tau neutrino production

Apparatus for Meson and Baryon Experimental
Research

08.11.2023

Ps2112

PS215

nTOF
COLLABORATION

orations/Researchers

Atomic Spectroscopy and Collisions Using Slow

Lifetime Measurements of pi+ pi- and pi+-

DIRAC K-+ Atoms to Test Low-Energy QCD
Predictions
A Study of the Link between Cosmic Rays
CLOUD and Clouds with a Cloud Chamber at the

CERN PS5

Neutron Time-Of-Flight (n_TOF) experiment

AD-3 ASACUSA
s M E Antiprotons The ASACUSA Collaboration
DT AD-5 ALPHA Antihydrogen Laser PHysics Apparatus
AD-6 AEGIS :S;E}rrg;igs: Experiment Gravity Interferometry
Department of Theoretical
PhyEiC 5 AD-7 GBAR Gravitational Behaviour of Anti-Hydrogen at Rest
AD-8 BASE Baryon Antibaryon Symmetry Experiment
AD-9 PUMA Antiprotons and radioactive nuclei
ISOLDE ISOLDE

...etc.
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Enjoy the journey as
. much as the destination.
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MANY THANKS

FOR YOUR INTEREST
AND the MANY

Experiments, Users, Equipment/Service/Support Groups



