Protons in Europe : Possible synergies
with the Muon Collider

N. Charitonidis [CERN, BE-EA]
Acknowledgements : G. Arduini ,J. Bernhard, M. Brugger, M. Calviani, R. Losito, D. Reggiani, C. Rogers ,D. Schulte and others

23.06.2023

Intarnationa
UOMN Collider
# Collaboration
C E I {N 22=23 Jun 2023
\ Europe/Zurich timezone




Outline

* Introduction — Scope of the presentation

« EXxisting proton (or proton-driven) facilities in Europe

o Focusing on already proposed or ideas for synergies with the Muon Collider Community

« Outlook on future proposals

o Keeping the door open for collaborations and possible knowledge sharing

o Not covered :

o Medical facilities, LHC experiments, FCC, ions beams and Light Sources (SLS, SwissFEL ...)
o Any facility with proton momenta < 0.5 GeV/c (GSI UNILAC, Legnaro, GANIL ..)
o Any facility that by mistake have been overlooked ?
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Introduction

 Today many proton facilities available in Europe, both for physics and
for test-beams

* Inthe foreseeable future: the ESPP outlined an indicative timeline for
future collider and larger accelerator facilities, many of them proton-
driven

5PS fixed target
Other fixed target; FAIR (hep) ALICE 3 FCC-hh
Belle ll LHCb (= L54) FCC-eh
ALICE LS3 EIC FCC-ee Muon Collider
PIP-I/DUNE/Hyper-K LH=C ILC CucC Plasma Collider
< 2030 2030-2035 2035-2040 2040-2045 = 2045
. . . . European Strategy for
« Sharing concepts, tec_h nigues, materials and kn(_)wledgee “Synergles” Particle Physics -
- Focus on exactly this aspect for the Muon Collider Collaboration Accelerator R&D

Roadmap
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https://e-publishing.cern.ch/index.php/CYRM/issue/view/146/114
https://e-publishing.cern.ch/index.php/CYRM/issue/view/146/114
https://e-publishing.cern.ch/index.php/CYRM/issue/view/146/114
https://e-publishing.cern.ch/index.php/CYRM/issue/view/146/114

Two types of beam structures

- “Slowly” extracted beams ’
* Debunched beams with spill lengths > ~ ms

» Useful to characterize and benchmark detectors with primary or secondary beams

« “Fastly” extracted beams A
* Bunched beams with bunch lengths < ~ms

» Useful for experiments that need high instantaneous intensities and for understanding material thresholds
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Existing Proton-driven Facilities

Present
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Proton facilities in Europe — CERN PS (1)

« TO8 — East Area Irradiation Facilities 4N

* Proton beam 24 GeV/c— debunched — spill length ~400 ms, intensity ~5x101! pps
* Primary beam (IRRAD) and Secondary Field (CHARM) available @

s

IRRADW

Proton Facility TE g

» Flexible to accommodate new experimental collaborations for tests

. T09/10 — East Area Secondary lines 4
« Mixed hadron or electron beams 0.1 — 12 GeV/c, debunched — spill length ~400 ms intensities ~106 pps

« n-TOF — Neutron Time-of-Flight facility A
» Proton beam 20 GeV/c - 46 bunch length : 28 or 40 ns, intensity ~8x10%? ppb

* An experiment can be installed in TT2A line before the target and use the proton beam.
» Possibilities for a demonstrator in TT7 and TT10 under consideration (R. Franqueira, R. Losito, M. Calviani et al)

 ISOLDE - Radioactive lon beam facility A

y y
* Proton beam 1.4 GeV/c from PS Booster, bunch length 230 ns, intensity 8x10'2 ppb W 6"‘_"
» Dedicated facility for nuclear, fixed target, condensed matter & biophysics

C\E/RW 23-Jun-23 N. Charitonidis | Protons in Europe & Possible Synergies with the Muon Collider 6


https://cds.cern.ch/record/2845829/files/document.pdf
https://ps-irrad.web.cern.ch/ps-irrad/
https://ntof-exp.web.cern.ch/
https://isolde.web.cern.ch/isolde-facility

A possible MUC demonstrator facility at CERN ?

O

International
UON Collider
Collaboration

= Firstideas proposed by Marco C. in the 1st
Community meeting. TT10 line option seen as
most attractive (Roberio L. presentation).
= O(80kW) should be easily feasible by going
sufficiently underground.

= 4 MW does not appear to be a showstopper in
this layout, but detailed studies will have to be
performed.

= Future upgrades towards a collider and HP-

SPL should be compatible with this layout. .
. : ; Courtesy: R. Ximenez, M.
= Experience with other facilities available o
Calviani

TT10 line option (recap)

PS2tosPs | .

e LS

M

See talk of D. Schulte = This workshop

Conceptual layout

Target + hom [12 phase) |

International i id (2% phase)
UCN Collider
Ilaboration

Callimation and upstraam
fiagnosties area: 10ed m

Downstrsam diagnostics
arsa: Sxdm

Momentum salsction chicans 10x 4 m Cooling area: 30xd m

MUC Demonstrator VERY Conceptual layout — To be taken with a “grain of salt’

L 1

J Collimation + Cooling areal

23-Jun-23

C@
\
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Proton facilities in Europe — CERN SPS (2)

H2/H4/H6/H8 : North Area Secondary beams iy ,,
* Proton beam 400 GeV/c— debunched — spill length ~4.8 s, intensity
1x10%2~1x107 pps and momentum spread up to 2% IN E
* Flexible to accommodate new experimental collaborations for tests // o
« Hadron production or other service measurements possible with

the NA61 collaboration TPC

(¥o)
o ;s 25 2
g2 ©g
(172 = 17) GeV/c ;:g %;‘:S ?
| =
M2: Muon beam i " S U/QGN
600 m !
|

Hadron Decay Section

* Unique high energy muon beam in the world, debunched — spill
length ~4.8 s intensities ~108 mps between 100 — 200 GeV/c

* For the moment dedicated to AMBER experiment

« However: Strong possibility for synergies on magnetic
collimation, muon shields, simulation codes, ...
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Proton facilities in Europe — CERN (3)

« HiRadMat test facility A

Proton beam 440 GeV/c - 40 bunch length : ~1 ns, intensity ~5x10°
2.3x10% ppb, up to 288 bunches in total (6x10'3 ppp)

An experimental area available for tests with the LHC-type high-brightness
beams - Useful for MMW targetry studies or accelerator components
(like vacuum windows)

Transnational access support for experimental teams to perform their
experiment via EURO-LABS

Possibilities of scaling the HiRadMat beam to similar parameters as the
muon collider proton or even muon beam, in order to study single
pulse effects ?

Possibilities for extracting lower momentum beams to HiRadMat with
the same time structure being currently studied.

—)|HiRadMat

High-Radiation to Materials

HiRadMat Experiments 2022

Prototype ATLAS \ of idation of beam  Thermal shock in Damage limits in
beam con dition production BLMs windows for LIU pre-irradiated SC miniature HL-
monitor for HL-LHC intensities at HRMT materials LHC dipoles (3 K)

i _!HiRadMat EUR®:LABS 030623

Example:
33 bunches of p+ @ 1x10ppb @440
GeV/c @0.25 mm - 0.90 kJd/cm® @
1um SizN,

4x1012 mu+ @32 MeV/c @ 0.6mm >
0.89 kd/cm3 @ 1um SizN,
Calculations: J. Ferreira Somosa

CE?W
\
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https://web.infn.it/EURO-LABS/
https://hiradmat.web.cern.ch/
https://indico.cern.ch/event/1175126/contributions/5024024/attachments/2527491/4348024/Cooling%20windows-absorber.pdf

Proton facilities in Europe — PSI
« PSI Secondary beam lines 4l

 SINQ : Neutron Scattering in the SSNS

Neutron

avity Test
¥ Generator

Area

- PiE1.2
Secondary muons, pions protons electrons & ultra-cold neutrons

Momenta up to 0.5 GeV/c with maximum fluxes up to 2x10°
p/s/mA and momentum spread up to 8%.

Various properties quite dependent on the specific beamline

Could be useful for components testing

» Moreinformation for the muon beams available here

« Future project HIMB will provide muon beams up to 101 muons/s

A unique continuous neutron source providing a flux of 1014 n/cm?/s
(starting from 590 MeV protons) with a max. power of ~1 MW

MJ B PSlinstruments
B Instruments with partially external support
. Instruments in planning stage / under construction
Neutron target Heavy load Space reserved for instruments
hall access B Shielding

Cold and utra-cold neutrons can be useful for material

research

Very broad spectrum of research with dedicated instruments

laboratory building
(sample preparation,

sample environment equipment,

technical support)

available — Possible synergies need to be looked at in detail

Neutron guide hall

CE/RW
\
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https://www.isis.stfc.ac.uk/Pages/MuonTrainingSchool_ISIS_2018.pdf
https://inspirehep.net/files/0f3f62f17834c3866d36cdc9f06939eb
https://www.psi.ch/en/sinq/instrumentation

Proton Facilities in Europe — GSI

. SIS18 Synchrotron & HEST beam lines 4 A

* Primary protons @ 4.5 GeV/c, up to 10 p/spill, with
possibilities for both slow (200 ns — 8ms) and fast (1us)
extraction.

* In the HEST beam lines, secondary pion beams also
available up to 2 GeV/c and intensities up to 10

p/spill
» Possibilities for tests of components ?
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https://www.gsi.de/en/work/accelerator_operations/accelerators/hest

70 MeV H™

lon ® Linear Accelerator

Proton Facilities in Europe - STFC

» ISIS: Muon and Neutron source A ‘

Beamline

Port1 ARGUS  RIKEN-RAL
¥ 4 Muan Facility

g -
AR Papd’ CHRONUS

« Protons (stripped H-) accelerated up to 0.8 GeV/c, 2.5x1013
ppb, with 70ns bunch length towards the muon and neutron
targets.

800 MeV
Synchrotron

 Focusing on Muons :

Extracted Proton Beam

« See talk of R. Steward => this workshop !
VESUVIO™ pgguin Alll GEm
« EC muon facility : 28 MeV/c momentum, +-2% momentum TorgetStation \
spread, up to 1x10® muons / s.

 RIKEN/RAL muon facility : Adjustable muon momentum
between 17 MeV/c and 120 MeV/c, with intensities up to
O(10%) muons/s.

Extracted Proton Beam

MNIMROD

o *)\

« MICE beamline: Dedicated for MICE experiment @ 140, B N
200 and 240 MeV/c - Now dismantled R e e 15 2
- A wide variety of experiments and instruments = G S
. . [ Imaging and Diffraction ;
available. Synergies for components tests ?

Target Station 2

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6335298/pdf/rsta20180
064 ndf
0684 pdf

C\E?W 23-Jun-23 N. Charitonidis | Protons in Europe & Possible Synergies with the Muon Collider 12


https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.20.063501
https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.20.063501

Future Proton-driven Facilities

Future
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Future Proton Facilities —= CERN HI ECN3

« The CERN ECN3 cavern is a unique place for high-energy,

high-intensity beam experiments. ; R ]j M
» Today hosting the NA62 experiment 2 et 2/ /2

: P42.(‘ / o

7
4
o

7 4

EHN1

« Within the Physics Beyond Colliders initiative and the ECN3-HI o A
TF, three proposals are being considered for post-LS3 (2029) g\/d ’
operation : ‘

 HIKE : A proposed expansion of the current NA62 experiment for studying rare decays of
charged kaons and (later) neutral kaons ;

TT20 transfer ling &2 1 &/

« SHADOWS : A new experiment that would look for visible feebly-interacting particle (FIP)
decays off-axis and could run in parallel to HIKE ;

| TT90-TCCO-ECNA || i
| (EOI > CDS study) | »’f«v\\.‘l q

« BDF/SHIP : A proposal that would allow a full investigation of hidden sectors in the GeV mass
range.

« All experiments would require unprecedented intensity extracted
towards the CERN North Area (4x10%2 protons / slowly extracted spill
— O(10%°) protons per year)

» Possible synergies with the MUC would need to be looked at more in detail

? Figure 1: ()\w‘viv‘\\' n; |u‘ Vlu(':\';imx.\ considered for the implementation of the BDF.
(e.g targetry tests ? ) https:/icds.cern.ch/record/2802785/files/2204.03549.pdf
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https://na62.web.cern.ch/
https://cds.cern.ch/record/2847433/files/PBC%20ECN3%20TF%20Final%20Report.pdf
https://cds.cern.ch/record/2847433/files/PBC%20ECN3%20TF%20Final%20Report.pdf

Future Proton Facilities — ESS (& ESSnhuSB)

European Spallation Source will be a multi-
disciplinary research facility based on a
powerful neutron source

* Proton-driven by a linac accelerating protons up to 2 GeV,
14Hz repetition frequency, 62.5 mA pulse current and 2.86ms
pulse length

« ESSNnuSB project proposes to add to the ESS a ‘super beam
neutrino facility where ~10%° muons / year will be produced as
“by-product” — modifying the proposed ESS accumulator ring.

* Various ideas for target synergies and even the idea of an Initial
Cooling Experiment in ESS have been also proposed.

The ESS linac, the ESSvSB Accumulator and synergies using the muons

nuSTORM

Neutrino Factory

Muon Collider

decal channel D

_@g. e Muon Decay Ring Vi Ve Neutrino Beam
{ 0.5 GeV nUSTORM

+Decay At Rest and Coherent scat.
(with short pulses)

wstorage ring
5 GeV

decal channel

buncher
phase rotator

4D cooler

6D cooling

& | iniial 6D cooling

HEAa e
c merge

5| 60cooling

. Vv, cross sections
. Steril neutrinos
. First step towards a

Muon Collider

. High presicion mesurements

of the PMINS matrix elements,
in particular 8.,

. Second step towards a

Muon Collider

Higgs Factory
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https://indico.cern.ch/event/849674/contributions/3679042/attachments/1997080/3332480/TargetStation.pdf
https://indico.cern.ch/event/849674/contributions/3679009/attachments/1996219/3330482/ESS..March_2020.F.pdf
https://indico.cern.ch/event/849674/contributions/3679009/attachments/1996219/3330482/ESS..March_2020.F.pdf

ENUBET & NUSTORM

« ENUBET: A mature collaboration, supported by an ERC grant
with the purpose to develop a monitored neutrino beam

* Monitoring of the large angle positrons & muons towards measurements of v, and
V, Cross-sections

« Beamline design advanced, a conceptual feasibility analysis will start at CERN in
the framework of Physics Beyond Colliders investigating also synergies with
the ProtoDUNE collaboration

« Strong synergies with the MUC, especially in the case of the CERN-based
demonstrator, both on targets & civil engineering

* NuSTORM: A proposed facility to deliver a definitive
neutrino-nucleus scattering program using vug & ve

« Seetalk of K. Long = This workshop !

* Proposing a unique storage ring of mu+ between 1 GeV/c and 6 GeV/c and
neutrinos between 300 MeV/c up to 5.5 GeV/c. Can be a muon source ?

« Strong synergy with ESSnuSB using possibly the NuSTORM detector for the
lower momenta ?

e Muon Collider demonstrator at CERN - Both NuSTORM and ENUBET could

branch off ???

Opportunities for a common implementation

nuSTORM can be seen (simplistically) as an “ENUBET without a hadron
dump” where pions and muons are channeled into a ring. Large room
for smart ideas to match the requirements of the two experiments

ENUBET

(;otons - (K, ) Kdecaysg‘. v/ Y © neutrino
L el detector

(prutons + (K, 1) > pdecays  —>V[v—> neutrinoJ

L detector

+ common points: proton extraction line, target station, 1*stage of meson
focusing, proton dump, neutrino detector (possibly)

Courtesy: A. Longhin

The Work Package 6 of ESSnuSB+

Participants: Unimib (Milano, Italy), INFN (Padova, Italy), RBI (Zagreb, Croatia), NCSRD (Athens, Greece), AU’

(Thessaloniki, Greece)
External support: from the ENUBET Collaboration on the re-optimization of the horn-less beamline

V.
\,O Synergy with other WPs

et VT ey == =5 i - WP3: Target station
- . . [target, transfer line]

d O — - - WP4: Low energy nustorm
/[ g . [target area, detector]
- ------ WPS: Detector and physics performance
S . - [use of cross section, near detector]

Courtesy: F. Terranova
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https://indico.cern.ch/event/1018506/contributions/4284328/attachments/2215325/3751515/MCa__NuSTORM-ENUBET_Targetry__25Mar2021_v0.pdf
https://indico.cern.ch/event/1018506/contributions/4284330/attachments/2215384/3750367/2021_03_25_NuSTORM_Civil%20Enginnering%20Implementation%20at%20CERN.pdf
https://indico.cern.ch/event/1260921/contributions/5422714/attachments/2671691/4631482/2023-06-22-LONG-nuSTORM.pdf
https://indico.fnal.gov/event/48798/contributions/213105/attachments/142242/179539/2021-04-18_mice-cooling-aps.pdf
https://indico.cern.ch/event/1175126/contributions/5025337/attachments/2527649/4348073/2022_10_12_MuC_AM_Possible_implementation_at_CERN.pdf
https://indico.cern.ch/event/1175126/contributions/5025337/attachments/2527649/4348073/2022_10_12_MuC_AM_Possible_implementation_at_CERN.pdf

Summary

« There are many existing proton facilities in Europe than synergies can be investigated
with the muon collider collaboration.

» Accelerator-driven facilities that could serve for a proof-of-principle demonstration or to test detectors /
components or contribute to the MUC R&D effort

« The possible synergies “landscape” has yet to be fully explored — also many new
Ideas will be coming from Physics Beyond Colliders or other inititatives in the
upcoming years

C\E/RW 23-Jun-23 N. Charitonidis | Protons in Europe & Possible Synergies with the Muon Collider 17






An example emulating a multi-MW beam @ HiRadMat

« Assumption :
« 4AMW beam e.g : 50 Hz, 6.25E13 p/pulse, 8 GeV/c, 1 mm sigma @ 30 cm Mercury
« Compared with : 34 HiRadMat bunches, 3.74E12 p/pulse, 2 mm sigma @ 30 cm Tungsten Powder

Mercury , 8GeV, 1Tmm sigma, 6.25E13 p/pulse [GeV/g]
— W- powder, 440 GeV/c, 3.74E12 p/pulse (34 bunches), 2mm sigma [GeV/g]

2.3x10" - —‘W-powdevr. 8GeV, 1 mm sigma, 6.25E13 p/pulse [GeV/g]
zomo g+ The HiRadMat beam parameters
1oxt0” TFWN AT can be ‘tuned’ in order to emulate

1.5x10" f

[ Ye—"| the same maximum energy density

% | / \\ AN as expected in proposed multi-MW
,/’ HERNIN beams, as the one required in a
S N&:«*WMMN future Muon Collider.

T . ——— T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Cylinder Length [cm]
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Tests at HIRadMat ?

« Test detectors or components with very high energy muons ?

Huon Double Differential Yield in the Three setups, angle B8-78 deg polar

8,881

sﬁtupl

a.06081
1e-85
1le-B6
1e-87

Detectors could be
1e-83

placed here?

1e-89

EdN/dE [sr-1 per primary protonl

...or further
downstream inside fa=l1
the existing _—
neutrino decay
tunnel ? 1e-13 ' - - ' '
o.88e1 a.81 8.1 1 18 108 10849

E [Gev]

A high muon yield behind the dump could be used ?

Space and muons available for a demonstrator setup — e.g for placing/trying high-field fast-ramping dipoles
2
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PSI| secondary beams

PAUL SCHERRER INSTITUT

Overview of Secondary Beam Lines Features

Typical
omentum

Typical Use

Courtesy: D. Reggiani

N4
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