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n}('( Accelerator based neutrino production

g (EUFONU comparison as a service to the community: http://euronu.org)

 Pions decay: The ESSnuSB approach

Source Oscillation

Detection

,m.-""*“’::f-:v# Neutrlndos as Superbeams o
K - secondary The only method in existing
Ry particles —_ accelerator based facilities

H

Mainly:v,and v, Contamination: 1% of v, & v,

« Muons decay: Attractive ESSnuSB evolution

HUT— e" + Vv, +V, L~ > e +Vv,+ V,

Source Oscillation

Detection

y Neutrinos as Multitude channels available
. “<ve tertiary particles  Neutrino beam known to% level
V<:ve Equal quantities of: Clean muon detection

Vs Ve, vV, and v, More challenging (expensive)
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T Beauty of muon beams

Prograc®

Tt—> pu*—> e" + v, +v, Neutrinos as tertiary particles
p— Equal quantities of:
T —> U —> e +v,+ v Vs Ve, v, and v,
Enable facilities at both:

« High precision frontier (Neutrinos from muons decay)

v’ Short Base Line (without acceleration)
° Inachannel (Moment approach)
° In astorage ring (huSTORM approach)

v’ Long Base Line (after acceleration and cooling)
° Neutrino Factory (decay in storage ring)

« High energy frontier (Muon collisions before muon decay)

v TeV class Lepton Collider
°* in muon collider ring after acceleration & cooling
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n}(’( Neutrinos from Muons decay:
Short Base Line

Pion target
Proton driver (1MW, 1.5GeV)
1 | .

Dump

CW superconducting linac (~300m)

Muon decay in a straight channel
The MOMENT approach A
(J.Tang / NUFACT13)  Detector S V, Or v,

0T
Vu/veorv, /v, n decay channel (~600m)
To detector (~150km) (SC solenoids or quads)

Target

NeutrinoBeam ~ Muon Decay Ring [}@. Proton driver: 120GeV/0.2MW

Far
Muon decay in a storage ring
fie Electrdn neutrino The NUSTORM approach
neutrinos  cross-sections ‘ ' (A.Bross / FNAL)

R ~800 m '1 “_226m_’|
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\) nNuS ORM b
n/{neutrinos from STORed Muonsg
rogra® (A.Bross / FNAL)

O

u decay ring:
P =3.8 GeV/c + 10%

MAIN\VJECTOR

200 kW /120
proton beam from
Ml on target

ry'STORM

Low energy, low luminosity muon storage ring.
Provides with 1.7 x 10'® 4% stored, the following
oscillated event numbers

v, — v, CC 330

v, — v, NC 47000

. — e NC 74000

v, — 7, CC 122000

v — . CC 217000
and each of these channels has a more than 10 o
difference from no oscillations

With more than 200 000 ., CC events a %-level 1.
shiodd sELpidh Magasurement should be possible

<
il

ar Detector




/( ‘Example of leverage potential by
- NUSTORM for Long Baseline Experiments

Super-Beams Super-Beams
with nuSTOR
1_0_ . ; /} alone
o 0 .
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@ka[ng Base Line Neutrinos from Stored Muons decay
i The Neutrino Factory approach

Neutrinos as tertiary particles
Equal quantities of:
Vs Ve, V, and v,

T > utr—> et + v, +v,

T-—> u > e +v,+ v

5 GeV?, 4 MW

proton driver ﬁﬁgu+mbuljlﬁt(:0r]r MUOHS decay |n h|gh energy
compressor . .
i neutrinos after acceleration

Target and circulation in rings

Magnetic
capture
lonization
Recirculating cooling
Linacs 2 —» 50 GeV

Phase rotation

Requires bunching and
lonization cooling to match the

muon beam emittances to the
D e oronce accelerator acceptances

Linac —» 2 GeV

v beam to far detector

magnhetized ; ;
e oded Fast_acceleratlon by Ilnac_s
Ej (straight and/or recirculating)

v beam to near detector
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SN International design Study
Tl Neutrino Factory (IDS-NF)

’o/‘og ra((\

Neutrino Beam “Generic” design (not site-specific)
10 GeV muon storage ring optimized
for 1500-2500km baselines

Proton Driver:
®—Linac option

Ringgpﬁon
n"“'I"_*\:'i“ng":*““‘g‘i"htt|os://www.ids—nf.orq/wiki/FrontPaqe

c
o . .
% YE8 m Interim design report:

- Ef o http://arxiv.org/abs/1112.2853

-~ &5 g 9 3
o =2 C o
— m o &)

MagneHzed'lron'Neutrino'Detector'(MIND):'

@ —@ masEs

Linac to 0.9 GeV 0.9-3.6 GeV RLA
(Omm—<)

C: 3.6-12.6 GeV RLA :)

12.6-25 GeV FFAG

* IDSNF'baseline:'
— Intermediate'baseline'detector:’ — SegmentaHon:'3'cm'Fe'+'2'cm’
* 100'kton'at'2500—5000'km’ scinHllator'
— Magic'baseline'detector:" — 50$100'm'long'

+ 50'kton'at'7000—8000'km’ — Octagonal'shape’

— Appearance'of' “wrong$ign”'muons’ — Welded'double$heet’
*  Width'2m;'3mm’slots'between'plates’

. s
NEUtrlno Beam - ._1-—|—.—1——+—|—1——+—|—'—+—1—1—+—| —t )
—— —
=t
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et
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Muon Decay Ring IDS-NF Baseline 2010/2.0

JP.Delahaye/CERN EURONUDET COST workshop (15/10/2016) 8


https://www.ids-nf.org/wiki/FrontPage
http://arxiv.org/abs/1112.2853

o Acce/g,

¥ }(’(A site specific study: FNAL to SURF
TéC NumAX (Neutrinos from Muon Accelerator CompleX)

Prograc®

5GeV staged Neutrino Factory optimized for BEEieas
a far detector at SURF 1300kms from FNAL , rerne

Batavia, lliinois

Proton Driver Front End Cool- | Acceleration K Storage Ring
ing -
OO £
e
'

0.2-1 1-s — =
Gev Gev H
281m

7 ; ; :
B T matter. Only rarely does a neutrino collide with another matter particle.

The neutrinos would travel 800 miles straight through the earth. No tunnel would

Irild Coding

Capture Sal.
Decay Charred
Burcher
FreseRotator

Acceleratgrs: be necessary for this trip since neutrinos can pass right through rock and other

MAOass Tar

Key ':|_1 Orl.d . ”r‘;_sfc Fa?t 02?0")”9 F{st acceleration Background | [
ertia ICle T=2ZUS - . b deca Xj: :
Challenges . by 106 (6D) mftigating p decay yu y =
MW proton drive\ lonization cooling Cost eff. low RF SC | Shielding »
Key R&D MW class target High field solenoids (3 Fast pulsed magnet
NCRF in magnetic field wh Temp Supercondugtor (1kHz)

—~—

Dual-Usel
(pEEn)Ainack

1.25-5 GeV/c Muon
dual use Linac
(650MHz)

1.0eVE

L 325@VIHZE m* & mChicane J B80T g el
loy |
gl
i% i Target@®L Nu MAX S
o u ?| - . -
i§ i Sapture? e Commissioning AA
= < 1MW Target

< No Cooling < 6D Cooling

Buncherfl] Accumulatort) % 10kT .Detector 4 34kT Detector
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/Physms reach of various technologies
A large |mprovement potential

Neutrlno Factori

per-Beams Present facilities

N
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}(r 3 Muons based facilities:
¢!  anovel and attractive technology for lepton

colliders at high energy frontier
Muons are leptons like electrons & positrons

but with a mass 207 times larger

* Negligible synchrotron radiation emission (a m-2)

- Multi-pass collisions (1000 turns) in ring

* High luminosity with reasonable beam power and power consumption

- relaxed beam emittances & sizes, alignment & stability

* Multi-detectors supporting broad physics commuinitiac

° Large time (15 ps) between bunch crossings |
- No beam-strahlung at collision:

° narrow luminosity spectrum 3 TeV
- Multi-pass acceleration:

* Cost effective construction & operation '

* Compact acceleration system and collider ™ 7 imeommeegoen

@- No cooling by synchrotron radiation in standard damping rings

* Requires development of novel cooling method
JP.Delahaye/CERN EURONUDET COST workshop (15/10/2016) 11
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Muon Colliders extending high energy frontier

with improved performances

Rrograc®
25.00 25.00
FCCTLEP Muon Collider FCC(TLEP) Muon Collider

Circular

— Lepton Colliders
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Ve Total (100%) all IPs Luminosity
Lepton Colliders
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Circular
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<\ Muon Colliders extending high energy frontier

Prograc®

T'v'/lwith potential of considerable power savings

600.00

Lepton Colliders
Wall Plug Power

90.00

80.00

Lepton CollidersFigure of Merit: Muon cliders
Total Luminosity per wall plug power

As with an e*e™ collider, a p*u~ collider offers a precision
probe of fundamental interactions without energy limitations
By synchrotron radiation as e*e~ circular colliders
« By beams-trahlung as e*e~linear colliders

Muon Collider the ideal technology
to extend high energy frontier in the multi-TeV range
with reasonable dimension, cost and power consumption

If feasibility demonstrated

0.10 1.00 10.00 0.00
010

C.M. colliding beam energy (TeV)

=t=|.C =@=CLIC =d=PWFA ===LPA DA =#=Muon Collider ====FCC(TLEP)
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T Muons: Issues & Challenges

’O/‘og ra®

* Limited lifetime: 2.2 us at rest

@ * Race against death: generation, acceleration & collision before decay

°* Muons decay in accelerator and detector
- Shielding of detector and facility irradiation
- Physics feasibility with large background?
* Decays in neutrinos:
- Ideal source of well defined electron and muon neutrinos in equal quantities :

@ r + +., 15 1
1 —>e vy,

U —>evy
\

The neutrino factory concept

e u

|
* Generated as tertiary particles in large emittances

@ * powerful MW(s) driver: provided “for free” by ESSnuSB @

* novel (fast) cooling method

Development of novel technologies
with key accelerator and detector challenges
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Prograc®

Muon Accelerator Concepts

(Neutrin actory@dNuMAX)RI

Key issues and R&D to address feasibility
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roton@Driver

FrontEndEz

Buncher
Combinerf
Bl
Buncherf

CaptureBol.

MW-ClassTargetf]
DecayThanneld

FinalTooling

Accelerators:[Fiw
Linacs,[RLARFFAG,ERCSE

FCollider@Ringl

Key
Challenges

.

~1013-10%  / sec
Tertiary particle
P=27m

t

Fast cooling
(t=2ps)

4

by 106 (6D
y 4( )

Key R&D
addressed

by MAP

MW proton driver
MW class target
NCRF in magnetic field

Ionizlation cooling
High field solenoids (30T)
High Temp Superconductor

Fast acceleration Background
mitigating p decay by p decay
Cost eff. low RF SC Defector/

Fast pulsed magnet machine

(1kHz) interface
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o Acce/g,

<y = An attractive staging scenario of facilities
Te { with physics interest at each stage

rogras®

Intensity Frontier Energy Frontier
1E+21 1 NoMAXS o [DSNF|— — Mul-Tel] (Beyord
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* V" Staged Neutrino Factory and Muon Colliders

TC’({ Increasing ooamp lexityrandrshallenges
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e ESS linac with 5 MW beam power an appropriate proton driver



1%( ESS neutrino and muons tacility
Built in stages (or some of them)

Prograc®

with increasing complexity
Neutrons to ESS

SRRl Protons dump _

Long

Py ESSnuSB

Detecto

V + V Short
Accumulator RN NUSTORM
Vo + v Detecto

rng

—z@t Baseline

auel Neutrino

pEE Facto ry

Cor'l'r'%er ’ Muon Collider
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n-\('( ESS-short-base-line-Neutrinos
Tentative layout on ESS site

ESS-MOMENT ESS-nuSTORM
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T  R&D to beincluded in design study

’Of‘ograﬁ\

O ESS-muon facilities conceptual design study would strongly benefit and
take advantage from the excellent work performed in the frame of the
Muon Accelerator Program (MAP) especially:

* the design, parameters and performance of the various options
 Nevertheless, the HB-2020 proposal should include ESS specificity issues:.

°* Review and optimisation of design, parameters and performance of the
various staged options based on ESS linac upgrade as foreseen for
ESSnuSB, in particular:

- Muon production with a 2.5GeV/5MW linac (MAP based on 8GeV/4AMW)

- Adaptation of the pions production target
Identification of further ESSnuSB upgrade of particular interest or
necessary modifications for muon based facilities
Selection of the most attractive options in the ESS context and schedule
Their Implementation on ESS site and identification of possible conflicts
Identification of:

- the major technical issues

- the necessary R&D to demonstrate their feasibility

- the corresponding cost drivers.
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R}(l Conclusion

Rrograc®

The ESS facility provides a unique opportunity for a range of top level muon-
based facilities in parallel and complementary to the proposed superbeam
neutrino long baseline facility, ESSnuSB.

A cost efficient series of facilities, ranging from short baseline neutrino facility
to neutrino factory and muon collider (or a selection of them depending on
physics requirements), could be realistically considered in a staged approach.

It would make the best use of the muons generated in parallel with neutrinos
at the exit of the ESSnuSB pions decay channel instead of dumping them.

It would leverage and take advantage of the, then existing, ESS world most
powerful proton driver and of the ESSnuSB target & pions decay.

Plea to include in the ESSnuSB conceptual study a possible extension in the
future towards a staged series of (a selection of) muon based facilities
Including:

v' an estimation of their performance,

v therequired R&D to address their feasibility,

v’ their adaptation and implementation on the ESS site in parallel with ESS as a

neutron facility and ESSnuSB as a first stage neutrino facility.
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