V. Palladino
SPSC Closed Session
Villars, 22 Sep 2004

Summary of
Multi Mega Watt (MMW) Workshop

See http://proj-bdl-nice.web.cern.ch/proj-bdl-nice/megawatt-summaries/WorkshopSummary-3.71.doc

¢ Highlights & outlook for MMW physics
admittedly v - centric

. ¢ Rich & debated spectrum of options (71: decay channel, u & B storage ring....
[] energy, baseline , detector mass & density ...

but consensus on highest priority : High Power MMW Drivers
MMW Targets
MMW Collectors

¢ Tentative timeline & recommendations

Villars, 22 Sep, 2004 V. Palladino Summary of MMW Workshop



NBTRENDPION BENE+EURISOL
PHYSICS

WITH A
MULTI-MW PROTON SOURCE
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The wrorkshop explores both the short- and long-term ocpportunities for particle and nuclear physics
offered by a multi-MYY proton sowrce such as a proton limear accelerator or o rapid-cycling symchrotron.
This source would provide Muon and Electron Meutrino beams of unprecedented inbensity, superior
slow Muon and possibly Kaon facilities, as well as a world-lecading Radicactive lon Beam facility for
Hugclear;, Astro- and fundamental physics.
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AnNnnual Meeting

CARE

Coordinated Accelerator Research in Eurcope
supported by the European Community (FP6 Research Infrastructures Action)

Nowv. 2-5, 2004, DESY Hamburg, Germany

Progress and Status Reports of Joint Research Activities (JRA)

Superconducting RE  ppotoinjectors FHOtITAReIHon"=®Y  maghat RaD

And Networking Activities:

ELAN Q HEHIH;E? fa;&{’ BENE
S =3 Jelr

Limear Colliders

Neutrino Beams

Proton Accelerators

Local Organization:

International Program Committee:
Brinkmann S. Mette

R. Aleksan . Mapohy (CEAS/DAPMNILAY) ™
(CEADAPMNIA and CNRS/JAMZP3) W, Palladino (INFMN) AL Goessel wW.-D. Moeller
AL Devred (CEASDAPRMNILAY) D. Proch (DESY) K. Lando 1. Mikodem
GCaroby (CERMN F. Richard (CNRS/AIMNZP3) H. Mais D Proch
v Scandale (CERMN) R. Mawyer D. Reschke

R.
T. Garvey (CNRS!?NEF’S)
AL Ghigo (INFMN)
Information and Registration
http:/fcare04 . desy.de
Contact: care0d@mdesy.de

On the first two days of the Annual Meeting, Nowv. 2 and 3, there will be the
ECFA/BENE Workshop
The Future of Accelerator Neutrino Experiments in Europe
(see http://'bene_ na.infn.itYfEvents/20041102/Agenda.html)



BENE as an integrating activity ... Joint ECFA/BENE activities

Group
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Work Package
Level

Task/Topic
Level
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|
|
|
|
|
|
|
|
L

N3:

BENE

Coordinator : V. Palladino

Deputy: P. Gruber (tbc) |

»

E. Gschwendtner

WP1: PHYSICS
Leader:
M. Mezzetto

WP2: DRIVER

Leader:
P. Debu

WP3: TARGET
Leader:
R. Bennett

Leader:

WP4: COLLECTOR

J. E. Campagne

WP5: NOVEL NEUTRINO BEAMS
collection & dissemination of knowledge
promoting further initiatives

Full mapping of
neutrino mass splitting
& leptonic mixing
matrix, including CPV
phase.

NeutrinoFactories
Conventional
Superbeam Betabeams
Optimal parameters

power injectors

| | Superconducting Mercury jet
proton linac target
| | Rapid cycling Granular
synchrotrons | targets
i?)fiii I_lll_i;ﬁn | | Solid rotating
i toroidal

Beams, fluxes, energy &

Shock studies

Effective

Collection

| | Pion & Muon

TARGET

Integration with

1

MUFRONT
R. Edgecock

MUEND
F. Meot

BETABEAM
M. Lindroos

Comparisons of
existing front-end
schemes: with and
without ionization
cooling

Thermal stress &
heat removal

—|New front-end ideas

Comparison RLA,

[|FFAG, VFCS

Production of
— | B emitting isotopes

Muon Storage
Rino schemes

__| Charge breeding &
bunching

Ton acceleration

1

Asses HIPPI i i : . Assessing Infl £ ren-
detector location masses, | — in solids | Material res§ar.ch. experimental studies i uenc? Oh rep -

M . results on Fast shock & radiation . I—{rate & of choices Ton Decay Ring
baselines & detector . — of cooling (MICE for MUFRONT y
technique beam choppers Beam dump resistance results etc..)

and Normal & L bet
Super Conducting S . ) __| -OW energy beta-
PRTIT . —{ Safety aspects — Theory: beam
Systematic limitations, Accelerating yaspestt | Lell i, 11 Qverall optimisation ] | dynani/ics beam
beam monitoring, plans electrical dischafge
. Structures
for ancillary
measurements
— Overall design & remote handling
Road map of physics
k reach, time and cost
1
PHYSICS ENG .... the accelerator sector
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... from BENE proposal :

coordinate and integrate the activities of

the accelerator and particle physics communities working together,
in a worldwide context,

towards achieving superior
neutrino (v) beam facilities for Europe.

1) to establish a road map for upgrade of our present facility and
the design and construction of new ones

2) to assemble a community capable of sustaining

the technical realisation and scientific exploitation
of these facilities

3) to foster a sequence of carefully prioritized&coordinated

initiatives

220 signatures

capable to establish, propose and execute
the R&D efforts necessary to achieve these goals.
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approval of BENE and HIPPI oY

recognition of accelerator neutrino physics, CNGS & beyond
and of its need for Mwatt protons

July 03

fruitful confrontation with RIB NUPECC community
EURONS, EURISOL ....... Rad Ion Beams

could work together towards a betabeam

could share a MWatt p-driver
Moriond 03

new management taking office at CERN
=) MWW Workshop

first major BENE event
Villars, 22 Sep, 2004 V. Palladino Summary of MMW Workshop




Tuesday, May 25 1001

13:30 S Introductory Session_
R. Aymar Welcome address [0+5
J. Ellis Ihe high intensity frontier 30+5°
S. Nagamiya The IPARC program & experience | 25+5
S. Holmes US plans for high power proton 25+%
drivers
15:20
R. Garoby The potential of the SPL at CERN 30+5
15:55-16:20 Coffee Break
C. Prior Rapid Cycling Synchrotron option 2045
H. Haseroth Additional mstallations for a 2545
neutrino physics facility
M. Apollonio Defining the energy of the proton [5+5
driver
A. Mueller Additional installations for a Nuclear | 2045
Physics facility
M. Lindroos A neutrino Beta-beam facility at 2045
CERN

18:30

.idjnurn

Villars, 22 Sep, 2004 V. Palladino Summary of MMW Workshop

1954 -2004
—

CERN
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9.00

MNeutrino oscillation phyvsics from a 25+5°
Mwwatt neutrino complex
L.. Mosca The Frejus underground laboratory 15+5"
status and plans
oK. Jung A Nlegaton Water Cherenlcon 15+5"
detector
M BEreditato Large Liguid Argon detector 20+5"
10:40 -11:05 Coffee Break
S, Geer Neutrino Factoryv: physics and R&D | 20+57
progress
P. Migliozzi Phvsics of Neutrino interactions 15+5"7
Mo Van der Schaat The Physics ol a new high intensity 25457
low energy muon source
M Cleccuccel The Phvsics of higher intensity PS or 15+5"
S5PS (kaons. muons. neutrinos)
12:40 Lunch
Wednesday,
14:00
Introduction: The Eurisol DS 15"+5"
Orsav) proposal
W Grelletly (Surrey ) The future of nuclear structure 30'+10y
studies
F. Gulminelli (L.PPC MNuclear dyvnamics and the nuclear 25'+5"
Caen) cquation ol state
15:30-16:00 Coffee break
K.-1.. Kratez (Main=z) Mstrophwsics with RIB 25'+5
K. Jungmann Fundamental syvmmetries and 255
(Groningen) interactions (at an intense proton
source)
J. Avstd (Jvwvisky i) MNew approaches to the study of the 25'+5
nucleus : muons., pbar....
H.-J. Kluge ((:51) FATR: the GS1 New Facility 25°+57

18:00

Adjourn

19:30

Workshop dinner

1954 -2004
—

S

W
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Thursday, May 27, Morning

9.0

10:30

11:00

>

B. Weng Accelerator aspects IALR)
M. Spiro Particle Physics aspects 25t

M. Harakeh

Nuclear Physics

], Eneelen

13:00

Villars, 22 Sep, 2004

("nm:luding remarks

unch Meeting 0
SAC& PAC:
“Towards Cogne”

V. Palladino Summary of MMW Workshop




Physics with Megawatt —_ﬁ




The options we have explored \/_,Q’

T 1954 -2004

NB: beam + detector conﬁgurations‘

Conventional beam 70 decay Channel cee Vy (011% V)
SuperBeam, if MW power .......

need Very Large Detector (water C, Li-Ar)

manipulate &
accelerate

-0 < O =

v parents !

VJE&D(DU

BetaBeam B Storage I‘ing ... pure v,

50-500 Ktons
the same as p-decay ie new lab

Neutrino Factory u StOl‘age I‘ing e V) & V_e

(& W accelerator complex! )
needs Large Magnetic Detector

(SuperMINOS, Li-Ar in B) 30-100 Ktons

LNGS!
new lab ?

(& EU accelerator complex)
detectors same as SuperBeams

Villars, 22 Sep, 2004

V. Palladino Summary of MMW Workshop

B:m u B possible, in all cases, for CP, T & CPT studies
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The key to novel neutrino beams o)

the re- acceleration of the neutrino parent !!!

V FlllX ~ (Nparent / LZ) Yparentz basic Kinematics
v Rate = vy, ... /L?
v-os¢ Rate = E 3sin*(L/E)/ /L?

v/parent grows very rapidly with E

parent

N "

parent °°°

NB 1) not necessarily with Eproton

2) low E may have independent merits  no matter effects
ie no fake CP V

Villars, 22 Sep, 2004 V. Palladino Summary of MMW Workshop



Atmospheric neutrinos: SuperKamiokande L/E analysis

Kearns

- Superkamiokande -

=2 a2 2 . -
b O 0O -2 M b oD OO

=
o
T I T

a

10 10" ‘10° 10"
L/E (km/GeV)

Data/Prediction (null oscillation)
=

—

Atmospheric “wavelenght”

oscillation dip seen
at ~500 km/GeV

Villars, 22 Sep, 2004 V. Palladino Summary of MMW Workshop



KamLAND “L"/E distribution: direct look at oscillations

Solar “w

avelenght”about 30 times longer

L4F

2.6MeV

Gratta

Am?, =821 90,105 ¢p?

_ ® EKomLAMND data _043
12 analysis threshold Best-fir casillanion 0 09
+U.
tan 6, = 0.40
| —0.07
& 08
0.6
04
I 4 Hypothetical
02F . ’ single 180km
ﬂlllll]llll I.Jll.l.llIl.]II.JIIEIJ.]II.JIIlJII.] hnseline
0 L0 20 30 40 50 60 T0 =0 Expgrlimen-r
L4/E (km/MeV)

Villars, 22 Sep, 2004

V. Palladino Summary of MMW Workshop




[ o— 1

KamLAND “L"/E distribution: direct look at oscillations

Solar “wavelenght”about 30 times longer Gratta
F Y
- +0.6 2
— =82 x107 eV
4 - 2.6MoV ® KumLAND datz -0.5
12 o anzlysis tiugshold _ best-fir cacillarion ) n 009
B tan” 6, = 0.40 0.07
I no nscglln*rmn expectation — V.
o 08f S/ ’
aarTys T
04 ;
n ““'-xh Hypothetical
E single 180km
ﬂ -1. L1 Lo all I A A A | |E| T BT I IR A hGSEIinE
0 L 20 30 40 50 60 T0 &0 Expﬂl"imﬂl'l'l'

Villars, 22 Sep, 2004

L4/E (km/MeV)

A=30000 km/GeV
V. Palladino Summary of MMW Workshop

»
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The matrix of neutrino transition probability

444444444

1-..... P,= P, =

el et
= Puu=1' coose P I,I,’C=

P_=1-....
= e Py= ... ™

Villars, 22 Sep, 2004 V. Palladino Summary of MMW Workshop




The matrix of neutrino transition probability—| ==

P.=1-....

P.=-4..
-4..
-4...
- (8.

P .=......

Villars, 22 Sep, 2004

P,=-4RelJ '’sin’A,, P.=-4ReJ, 1'%sin’A,,
-4 Re J,, Bsin’A , -4 Re J_ sin’A,,
-4 Re J, Psin’A,, -4 Re J_Bsin’Ay,
+ 8J sinA,sinA,;sinA,; + 8J sinA,sinA,;sinA,;
Puu=1' P E 4 Re Ju 125in2A,,
-4 Re J, Psin*A,;

-4 Re J, Hsin*Ay;
+ 8J sinA,sinA,;SinA,;

P.=.... P =1-....

T (4

V. Palladino Summary of MMW Workshop



The matrix of neutrino transition probability—| ==
| Solar (SuperK; '
<« | LBL Reactors (Kamland)
P.=1-.... P,=-4ReJ '*sin’A,, P.=-4 Re J !’sin’A,,
+ 8J sinA ,sinA,;sinA 4 + 8J sinA ,sinA,;sinA 5
Pue = PMM=1- P MT=
i -4 Re J, Psin*A,;
-(+8J.... + 8J sinA ,sinA,;sinA 5
Atmo Super-K
/ K2K, NuMI, CNGS
T & CP violating term e
universal
P.=....... Po= e P.=1-.....
Villars, 22 Sep, 2004 V. Palladino Summary of MMW Workshop

Experiments ahead of us, for decades .....




The matrix of neutrino transition probability—] ==

P..=1-..... P,= P.=
-4 Re J_ !3sin’A;
BetaBeam, NuFact'| + 8J sinA,,sinA,sinA,

/V .
NuFact - silver

Pue = PMM=1- P MT=
-4... -4 Re J, Bsin’A,;
B 4 e = 4 Re Ju 123Sin2A23
SuperBeam, NuFéct
P .=.... P=.. P=I-....

Villars, 22 Sep, 2004 alladino S of MMW Works

can we exploit them afl?” ‘what stra ategy?



What we do not know yet? AN

013 < Tt/ 20 or so ... sure smaller, but how much?

s drives vy — Ve subleading transitions =~

SCP no clue, so far

the “holy grail of @
neutrino science ”’

an insight into antimatter suppression ... CP odd leptogenesis?

Sign Am?....... hierarchy or degenaracy?

matter effects .... explore the detailed mechanism

All above emphasize subleading transition \Y,
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Sensitivity to Oqpy S

asymmetries can be sizeable ..........
particularly for subdominant transitions

V, «» V, transitions again

PQI{ P-P, 8J sinA ,sinA,;sinA,,
A 91{= ——— = _ = —
Py P +P, 4 [Re J,, + Re J, ]sinA,,
= 0.3 Am . 22 L 10 GeV
5% —— sind
sin20,;,  104eV2 732Km E
possibly even big ...........
Villars, 22 Sep, 2004 V. Palladino Summary of MMW Workshop

NB: L/E behavior
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Matter effects : Matter is CP odd (noe*) .... v, « v, agalncuw
Y~

tg2 2Qmatter. . =gin O, /(cos 0,5 -Amatter/ Am, )

P, enhanced if Am,, >0
P, depressed
viceversa if Am,, <0

BUT A= AcptAnatter

A =~0710-6 oo

310-3eV2  E (GeV) NB: L2/E behavior

matter

Lt
et

Can syst error in the subtraction be controlled?

YES! At Nufact 50, if N, * Niq * €geqectors = 6 102211 Ktons

/
N,= 210?! /year v\NKTz several 10 Ktons
Mwatts & Mtons !!



The reference facility: J-PARC [~ 5

0.75 MW at start, evolving
Materials and Life Science
Experimental Facility

Nuclear and Particle
Experimntal acility

Nuclear
-~ Transmutation

SN
=N

e

e . & Neutrinoto ETE
c AR Kamiokande ke
3 GeV Synchrotron B8 50 GeV Synchrotron [R
(25 Hz, 1MW) (0.75 MW)
. )

J-PARC = Japan Proton Accelerator Research Complex




444444444

Nuclear and Particle Physics ;A

Baryon Implantation

LY

b EE'“'?.
., Normal & ..-"Illr F W
@\ Nucleus > el >
Hyperon —F ,,r j V 6-:-.V
! r_f-* _,.f
Hypernucleus E#r Kamickande ggﬁkm {Tmlui :
. . - @ (=)
— High resolution spectroscopy - ,..,,_; Elt —. o=
for S = -1 hypernuclei ﬁﬂw}‘? U B TG’ﬂfﬂ*ﬁ..iEi{ %

- S = -2 hypernuclei * - tadoua | *

yp gﬁ I, uuaﬂl rﬁ""}"ﬁﬁ\“fﬁw
e Q‘E}IM ¥

Meson Implantation | &

{c) zlun£§nl o - 4200 mi /BTE.8 kn aurgos

e+
Meson . ]
Neutrino conventional beam (0.75 MW) v,
p, ®, o, J/'¥, etc. then multi MW Superbeam + Mton
e- .
w, K, g, etc
Villars, 22 Sep, 2004 ( Palladm(? Summary of MMW Workshop later Neutrino Factory



2 Detector Hyper-Kamiokand

L

Height 58m

Villars, 22 Sep, 2004 V. Palladino Summary ot MMW W orkshop

2 detectorsx48m x 50m x250m, Total mass = 1 Mton
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Next phases of
EU initiative in neutrino Physies

2006 2009 2014 >2014

CNGS >

EU-T2K > T2H (4 MW, 1 Mton) ?
CH, France, Italy, Spain, UK

UA1/NOMAD magnet

New EU Neutrino Complex?

(Gilardoni)

) ) (Mezzetto, Haseroth, Lindroos, Blondel ..)
Villars, 22 Sep, 2004 V. Palladino Summary of MMW Workshop



The Japanese Neutrino Factory Concept 28

Large aperture

FFAG : accelerators (FFAG)

0.3-1EgVic

| p.0.p. prototyp

Series of FFAGs for muon

r The ultimate neutrino facility
acceleration

0.3-1.0 GeV and...
1-3 GeV first step to muon colliders
3-10 GeV

10-20 GeV
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High Power Proton Drivers |}

Fermilab and Brookhaven

Fermilab and Brookhaven concepts have several elements in common:
— Increase the repetition rate of the existing machine (MI or AGS)
— Decrease the fill time of the existing machine by using a (sc) linac
— Increase the injected beam intensity by using a linac (or synchrotron)
— Rely on previously developed SCRF technologies

Both conceive of upgrade paths that could go another factor of 2-4

The BNL concept features a 1.2 GeV superconducting linac as the injector
into the (upgraded) AGS

Fermilab has two implementations under evaluation, each with capability to
inject into the Main Injector and to provide stand-alone 8 GeV beams:

— 8 GeV synchrotron (with 600 MeV linac injector)

— 8 GeV superconducting linac

Villars, 22 Sep, 2004 V. Palladino Summary of MMW Workshop



:':. el H“" T g 1#2“_ kK Filivem. -*:::,F: s
5 A 10K e e a il = I. |
T " Homestake \ e
; PO
e oe =N
1Y Lo | ||I|I-! -
HEI‘IL';!, Atlantio

. ."I | _ K{{Hhﬁ“tﬂn B T T
' " !il‘li;l_q_. km *.-.',J' (4 : 23?5 !(’ﬁ' T emunm |'. s

b A
L e W

7 8 Hidmin
"~ | | s S Ul'lllE-'d States
Temmm B .
T ) S e Monlgomer v @ P Mepmd renmd
IH“"'——- .__f"'_.".""""' WIPP = Lm;fh BN abenh B e cape
3 Tew | o hd | = B ReConey iy
1'1 : Eofon Fruie Ik e Fpm--—-_-{ ) -~ Frinory red
MEIlCU o S S g i Mar Crlwa® Pl Fid vt

MMW-CERN, May. 2004 Chang Kea Jung



% W e :—--== UNO Datncrur Cnncup ::'ﬂ =

-
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1;

|"

-,

A Water Ch Erenkw Detector

optimized fo ﬁ
- Light attenuation length limit ¥
« PMT pressure limit
= Cost (built-in sta-mng]

"‘i;
"

-.l a

A

N

g B0xB0xB0Mx3

' ‘-*'ﬁ' Total Vol: 650 kton

. T % Fid. Vol: 440 kton (20xSuperkK)
Dnlj,r optical & # of 20" PMTs: 56,000

ECFABENE, May. 2004 separation I #of 87 PMTs: 14 900



US Neutrino Factory Concept - 1 32

Example: US Design Study 2

proton driver

1. Make as many charged pions as possibleT™
#* INTENSE PROTON SOURCE

(In practice this seems to mean one with a

beam power of one or a few MW) /

| B 41k
target

A5 mot LH, 10 mdnft

2. Capture as many charged pions as
possible bunching 56 m

. |
#®* Low energy pions / | | cooling 108 m

it mini—cooling
|
|
|
I
a

\

#* Good pion capture scheme

l Linac 2.5 GeV
3. Capture as many daughter muons as N\
possible within an accelerator 1
¥ Reduce phase-space occupied by the [l storage ring
LS 20 Ge

#* Muon cooling — needs to be fast
other-wise the muons decay



uropean MWatt complex: Nes

combination of linact+rings  in synergy ‘
with LHC upgrades

2nd enerauon 5
Radioactive Ion Beam
Facility

Neutrino beam
to Frejus tunnel

Villars, 22 Sep, 2004 V. Palladino Summary of MMW Workshop



A
INTEREST FOR
LHC upgrade Neutrino physics beyond | Radio-active Others
CNGS ion beams
(EURISOL)
Low energy 50 Hz RCS Very interesting for 0
(~400 MeV /2.5 GeV Valuable super-beam + beta-beam No )
Very interesting Spare flux
0 Hz SPL (~2 GeV ) Valuable y 58 Ideal = possibility to
super-beam + beta-bea
serve more users
Qich energy 8 Hz RCS Valuable Very m.terestmg ) No Valuable
&l GeV) neutring Ory
New PS (30-50 GeV) Valuable No No Valuable
Very interesting for
1 TeV LHC injector luminosity upgrade. No No Valuable

Essential for doubling
the LHC energy

Villars, 22 Sep, 2004

V. Palladino Summary of MMW Workshop




i

Protons

Observation Box

MWatt targetry

x\\\\w@%ﬂ, N

|

Protons —m
I
I

Ex: Hg-jet p-converter target

Hg Jet s1cm

Valve

Hg Injection

External Horn

1954 -2004
—

CERN Y

A

Internal Horn

Villars, 22 Sep, 2004

~—— Interchangeable

Hg Evacuation

V. Palladino Summary of MMW Workshop

- 0 _

H. Ravn

ey
1402001




Mwatt pion/muon collection systems [~ =

Protons

Ex: Horn focusing system

Hg target

Villars, 22 Sep, 2004

e AE >
To decay|channel
I g. _______________________ _% _
B=0
EEiD | 300 | 400 500 mm
NEUTRINO FACTORY - Horn 1 prototype e

V. Palladino Summary of MMW Workshop




CERN-SPL-based Neutrino SUPERBEAM

! | .
H- linac 2 GeV, 4 MW Accumulator

FIIE
( 300 MeV v, Neutrinos

Magnetic
harn capture

4]

small contamination
rom Vv, (no K at2 GeV!)

Target

nENTE
Il i 1
LI I ]

Near Decay tunnel

Detector

A large underground water Cerenkov (400 kton) UNO/HyperK

or/and a large L.Arg detector.

also : proton decay search, supernovae events solar and
atmospheric neutrinos. Performance similar to J-PARC 11
There is a window of opportunity for digging the cavern
stating in 2008 (safety tunnel in Frejus)




IMBKamiokande ——e=
-

SUPErE In 10 yrs

UNQ in 10 yrs .

104 1091 10% 10+ 104 104 10% 10
lifelimeas in yrs

- - 2 Step-S0010)

M@{E; - -
—_————Ag -

Flipgped L) - -

Split multiplets =

Fermion mass comelated wa -
MSSM SO0 -BPW -—-——--=

MSSM 50(10) - generc ___ = =

Extra dimansion at GUT scale - -

Villars, 22 Sep, 2004

1954 -2004
—

S

f/

Evident synergy
Astro-particle

NNN 05, March 2005
Aussois

Next
Nucleon Decay &
Neutrino Detector

V. Palladino Summary of MMW Workshop



000000000

Detectors ..... again UNO/HyperK - ﬂq

but also

100 kton liquid Argon TPC detector

Eleclronic crafes

Feriite insulation

Experiments for CF violation: a giant liguid Argon scintillation, Cerenkoy and charpe imaging experiment.
A Rubbia, Proc. IT Int. Workshop on Meutrinos in Venice, 2003, hep-ph/0402110



EURISOL Overall Baseline Layout

Schermnatic layout of the EURISOL FACILITY

0w N

© @ N3 L

Driver linaar accelerator

3 x 100-kKW solld targets

1 to 4-MW Hg-et targat
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EURISOL 4 yrs Design Study Approved mid 04 j
FP6 Contract being prepared Jan 05

G.Fortuna INFN
P. Butler

Y. Blumenfeld
(M. Lindroos)

WP11 Betabeam(Benedikt)
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Eurisol Design Study Tasks )

*  Preparatory meeting for EURISOL design study in Orsay.
«  First drafts presented by task coordinators.

1. Proton Accelerator (Alberto Facco, INFN-LNL)

2. Heavy-lon Accelerator (MH. Moscatello, GANIL)

3. Cryomodule Development (S. Bousson, IPNO)
Direct Target/lon Source (J. Lettry, CERN)

Solid Converter-Target/lon Source (L. Tecchio, INFN-LNL)
iquid-Metal Target/lon Source (F. Groeschel, PSI)
Safety and Radioprotection (D. Ridikas, CEA-Saclay)
Beam Preparation (A. Jokinen, JYFL)

9. Physies and Instrumentation (R. Page, U. Liverpool)
10. Beam Intensity Calculations (K.H. Schmidt, GSI)

11. Beta-Beam Aspects (M. Benedikt, CERN)

12. Co-ordination and Layout (Not yet allogated)

© N O O
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CERN: B-beam baseline scenario

Nuclear
Physics

SPL /\

Decay
ISOL target
& Ion source

ECR
Cyclotrons,
linac or FFAG
Rapid
cycling
synchrotron

Ring

V.,V

Same detectors as Superbeam ! W Workshop

__  EUpnde
V.,V
A

Decay ring
Brho = 1500 Tm
B=5T

L, =2500 m

SHe—{Lie VvV
Average £, =1.937 MeV

sNe—'sFee'v
Average £, =1.86 MeV




444444444

Multiple beta beam regimes A

few 10 MeV (c. volpe)
neutrino reactions
nuclear (astro-)physics,
solar , supernovae

Low energy ....... Yion = 1-10 E

Medium energy .... ¥, =100 E,  few 100 MeV . Mezzetto)
massive low density detector
very large !!!!

ngh cnergy ......... YionZ‘SOO EVe GeV & mult1 GeV (P. Hernandez & al.)
denser, smaller, farther detectors
same as NuFact?
NB Main issues are technical !!!

may well be an evolutive process (M. Lindroos)
Villars, 22 Sep, 2004 V. Palladino Summary of MMW Workshop




lllllll

Electron neutrinos !!!! Dy

~ \

(terrestrial) emphasis shifting to
subdominant v @v, transition

Vu ‘ Ve Conventional beam, dirtish

Ve ‘ Vu Beta beam, clean

Ve ‘ Vu NuFact, clean
A A7
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solar v, -V

e active

terrestrial v, — v,

<—>Ve

Why subleading?

= - o 1.6 el
= - SR (20, a—= 06
e u sin” (28, )=0.8
= B =2 5E-3
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- o =
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1 1 1 1 1
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K. Mazzstto, “Intreduction to Physics™, ENG mesting, CTERN, March 26, 20603, |
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-- Neutrino Factory -- CERN layout

’ | I
fﬂ{;& A pDSElblE H' linac 2 GeV, 4 MW Pgﬂcufl;;llatnﬁ
ring + bunc
layﬂut of a mgmprvasst:r o
neutrino factory Magnetic
horn capture
Target =
T 10%p/s &

Recirculating
Linacs 2 = 50 GeV
Phase rotation

Linse >2Gev 1.2 101 /s =1.2 102! w/yr

0.9 10! w/yr

+ + v
Decay ring — 50 GeV u — € Ve Vu

= 2000 m circumference /

AV

!," v beam to far detector WRONG SIGN MUON

-

3000-06-18 + Peter Gruber, CERN-FB
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Neutrino Factory: CERN Scheme | fQ’

7~
A posaable B Howe 23 Go%, 4 W |
o = -
neutrine factory
el
Z]
o
E 5
Y MultiGeV T g
i .-"'"- v e o enr slwlarsbor H
L o— ev, Vv,
Disappearance  Appearance Appearance ... Wrong Charge Signature
v, "edeficit v, v, 7eexcess V.V |l excess '
vill v, —l deficit v, —T excess v, T excess Silver ¢

Magnetic detector



The matrix of neutrino transition probability—] ==

P =1-..... P~ P =
-4 Re J_ !3sin’A;
BetaBeam, NukFact| + 81 sinA,,sinAsinA, ,
NuFact //' silver
Pue = PMM=1- P =
ut
-4 ... -4 Re J, Psin*A,;
-4... -4 Re J, Psin’A,;
SuperBeam, NuFéct
P .=..... P.=... P =1-....
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The matrix of neutrino transition probability—] ==

P =1-.... P~ P =
-4 Re J_ !3sin’A;

+ 8J sinA ,sinA,;sinA;

T silver
BetaBeam, NuFact -

Pue = PMM=1- P MT=

-4... -4 Re J, Bsin’A,;

B 4 e = 4 Re Ju 123Sin2A23

[~ /
SuperBeam, NuFact
P .=..... P.=... P =1-....
Villars, 22 Sep, 2004 V. Palladino Summary of MMW Workshop

The Neutrino Factory does them all !



Old and new european underground laboratories I~ CW
\

Longyéarbyen
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Haseroth
Lindroos

ey EU Neutrino Complex R

Muon om ' lex
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Water C
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Physics Reach in one plot only (Mezzetto, Blondel) f/j
3 sigma sensitivity of various options

- 80

™o N

Q [ — Superbeam only

E.. — Beta-beam only

7 B Betabeam
60 - + superbeam

| — MUFACT

40
20 +
ﬂ_IIII|IIII|IIIIIIIIIIIIII|IIIIIIIIIlIIIIlIIIIIIIII

0 1 2 3 4 5 6 7 8 G 10
844 (deg.)

Figure 7 : 99%CL 9 sensitivity of the beta-beam, of the SPL-SuperBeam, and of their combination, see text. Dotted line is the combined
Superbeam+beta-beam sensitivity computed for sign(Amz)=-1. Sensitivities are compared with a 50 GeV Neutrino Factory producing 2x1020u
decays/straight section/year, and two 40 kton detectors at 3000 and 7000 km
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V/v asymmetry

asymmetry ...

both asymmetries

All of great interest!

Villars, 22 Sep, 2004

444444444
—

VeV,  at NuFact EN
Betabeam
Vi—V, Superbeam
VeV, at NuFact?
VeV, Betabeam +
Superbeam
Betabeam +
Superbeam
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The betabeam/superbeam synergy

CP Searches
e SuperBeam running with 1, and 77, .

e Beta BEeam running with *He (1. } and e (1. ).

T searches
e Compare Super Beam p[;b;: — I, | with Beta Beam BNe plve — vy )

e Compare Super Beam p(¥7,, — T, ) with Beta Beam Se pve — 17, ).

CPT searches
e Compare Super Beam p(1, — 1, | with Beta Beam He p(T, — Z)

e Compare Super Beam p(r/, — . ) with Beta Beam ENe plve — vy )
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NB: near-detector sites essential

/\ fGCX A possible - linac 2 eV, 4 MW Accumulatr
PL layout of a " otinpronser
S yout S
neutrino factory Magnatic
horn capture
Target €|
lonization 3
Recirculating csoling [
Linacs 2 = 50 GeV
Phase rotation
Linae - 2 GeV
2
£ :
=
|
Bp = 1500 Tm :
!
B - 5 T ; s v beam b
L 2500 @ ,/' v beam to far detector e
— z -
ss m - v
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International R&D !!!!! e

* [ntersection of interests from HEP. NP and AP communities: and
International community (Japan: Hyper-Kamiokande, Europe:

CERN/Frejus (133 km) intiafives

- Awel organized infernational effort with & comman physics
onart can bring a suceessful

experimenCSomewnere in &

MNW-CERN, May. 2004 Chang Kee Jung
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facé\'(’ Y Superbeam and Neutrino Factory R&D >8

Proton driver (and accumulator etc..)
Target area, targetry & collection
Muon Ionization Cooling.

Acceleration.

Detectors

Superbeam/Neutrino factory FP6 design study proposal
in preparation for early 2005
--> be ready for decisions 1n 2010!

NB Nearly all of the accelerator R&D has, from the start, had a
healthy level of global collaboration. Examples: MUSCAT,
MUCOOL, Targetry, HARP, Design Studies I and 11, ...



Proposal to testa 10m/s Hg Jetina 15T
Solenoid with an Intense Proton Beam

Note: The solenoid is under construction, and the Hg-jet under development.

f % 5 Targetry & Collection: 59

CERN-INTC-2003-033
INTC-1-049
26 April 2004
A Proposal to
the ISOLDI and Neutron Time-of-Flight Fxperiments
Committee
. Participating Institutions
Studies of a Target System for p g
a 4-MW, 24-GeV Proton Beam 1) RAL
J. Roger J. Bennett!, Luca Bruno?, Chris J. Densham!, Paul V. Drumm?, 3) KEK
T. Robert, Edgecock!, Tony A. Gabriel?, John R. Haines®, Helmut Haseroth?,
Yoshinari Hayato*, Steven J. Kahn®, Jacques Lettry?, Changguo Lu®, Hans Ludewig®,
Harold G. Kirk®, Kirk T. McDonald®, Robert B. Palmer®, Yarema Prykarpatskyy®, 4) BNL
Nicholas Simos®, Roman V. Samulyak®, Peter H. Thieberger®, Koji Yoshimura 5 ORNL
Spokespersons: H.G. Kirk, K.T. McDonald ) . . .
Local Contact: H. Haseroth 6) Prlnceton UnlverSIty




MICE — a Global Muon Ionization Cooling

. - Experiment
Build & operate a section of a realistic cooling channel & measure

its performance 1n a muon beam (at RAL) for various operation
modes & beam conditions.

60

SHIELD GATE {1 ABSORBER FOCCUSING COIL (AFC) MODULE

(SHUTTER?) SHIELD GATE 2
RF COUPLING COIL (RFCC) MODULE (SHUTTER?)

D
T.0.F;
CHERENKOV
e e e i i A i
il il i HH, Hi HH i
gl lp g||p g||b gl|p glle g\l g |p CALORIMETER
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| \\ \/ | | | \\ \/ Il |
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| it | | | || | | |
;

R728mm

1800mm

UP—BEAM DETECTOR
AND COUNTERS

DOWN—BEAM DETECTOR
AND COUNTERS

COOLING CHANNEL

Has Scientific Approval and 1s seeking funding.




%{ Acceleration 61

Much progress in Japan with the
development and demonstration
of large acceptance FFAG
accelerators.

% Latest ideas in US have lead to
0.5-MeV Proton FFAG | 150-MeV Proton FFAG the invention of a new type of
POP at KEK Under construction at KEK | FFAG (so-called non-scaling
FFAG) which is interesting for
more than just Neutrino Factories
& may require a demonstration
experiment (plans are developing

10-20 GeV FFAG

Perhaps US & Japanese concepts
are merging to produce something
better ?7?

New US Acceleration Scheme ... still evolving



o

Neutrino Factory: towards cost reduction

Study 2 Now Factor
PHASE ROTATION
Beam Line {m) 328 166 51 7%
Acceleration (m) 269 35 13 A
Acc Type Induction Warm RF
COOLING
Beam Line (m) 108 h1 47 %
Acceleration (m) T4 34 46 %
Absorbers Liquid Hydrogen|Solid Li or LiH
ACCELERATION
Beam Line {(m) 3261 2 T00 3 21 Y
Tun Length 1494 7~ 700 e 47T %
Acc Length 288 = 130 w45 %

62



1.1.10 Progress on Neutrino Factory design

An impressive Neutrino Factory R&D eftort has been ongoing in Europe. Japan. and the LS.
over the last few wears. and significant progress has been made towards optimizing the
design. developing and testing the required accelerator components. and significantly
reducing the cost. To illustrate progress in cost reduction. the cost estimate tor a recent update
ol the UUS design [ APS0O4] is compared in Table 1 with the corresponding cost for the previous
“Study 177 UUS design | Study 1T, It should be noted that the Study 1T design cost was based on
a significant amount of engineering input to ensure design feasibility and establish a good
cost basis. This engineering step has not yvet been done for the updated design. but the new
cost estimate is based on experience from the Study 11 work. The conclusion is that the latest
design ideas are expected to lead to very significant cost reductions. although more work must
be done to establish a reliable new cost estimate.

Neutrino Factory R&D has reached a critical stage in which support is required for two key
international experiments (MICE and Targetry) and a third-generation international design
study. If this support is forthcoming. a Neutrino Factory could be added to the Neutrino
Phyvsics roadmap in less than a decade.

lable | Companson of unloaded Meutrino Factory costs estuimates for the LIS Stady 11 design and for the latest

updated S design. Costs are shown including or not ncluding the Proton Drover and Target station in the
estimates. The New design cost estimate has not vet benefited from the level of engineering effort included in the

Study IT work. Table from Ref. [APS04].

All No Proton Driver MNo Proton Driver &
(NEY (NS Mo Target station (M5$)
Studw 11 1832 1641 1538
MNew S Stadvy 1T (26) o7 03 (518

The scientific case for pursuing Neutrino Factory R&D 1s strong. The encouraging technical
progress in Neutrinoe Factory R& D over the last few wvears has been matched by progress in
building the level of international collaboration needed for the next step. and preparing
proposals tor the critical R&D experiments. All of this has been accomplished with wery
Ihmited funding. The next steps require an increase 1 funding. but to a level which 1s still
modest considering the nature of the enterprise. [ a Neutrino Factory 1s to remain a viable
option  for the future it is important that MICE. the Targetry experiment. and a third-
generation nternational design study are supported. It this is the case. we have much to look
forvward to.
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Conclusions:

An European strategy, based on a new powerful

W eon MWatt proton Driver

for a new Kuropean Neutrino Complex

comprising part or all of

Superbeam
Eurisol/Betabeam
Neutrino Factory

deserves careful attention
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(at least) one point that does need clarification ....

The richness of options
v Superbeam
v Betabeam
v Factory

and the animated debate on the choice of <E,>& L

should not obscure the fact that ALL options DO need

a Megawatt Proton Beam
& a Megawatt Target-Collection Complex

consensually
the highest priority

detector
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In the framework of the vearly general CARE Meeting
(DESY., Hamburg WNWov 2 —6) we will hold a

ECFA/BENE Workshop

O

The future
of
accelerator neutrino experirmernis
in Furope
http://people.na.infn.it/~palladin/041102BENE/BENEO4PreliminaryAgenda.pdf
Nov 2-3, 2004, DESY, Hamburg

This is the 3™ and last ECFA/BENE meeting in 2004. It will be
reviewing the opportunities ollered to both neutrino physics and

accelerator phyvsics by a vigorous BEuropean initiative in the sector ol
superior conventional & nowvel neutrino beams bevond the CINGS.

It will include:

1) a theoretical. henomenological and experimental discussion ol
becam options. beam cnergies. basclines. sites and ncecutrino detectors

2) a review of the technical challenges (proton drivers. targets.
collection systems) common to all beam options as well as ol those
specific of betabeams (production. acceleration and storage ol
radioactive i1ons) and of neutrino factories (muon phase rotation.
cooling. acceleration & storage).




1.1 Recommended accelerator R&ED

1.1.1 Proton driver

For the linac proton driver solution. provided the on-going support to the development of

cquipment tor Linacd is steadily maintained. more efforts have to be invested in the following
items. as highlighted in section 9.1 of this document:

o The - ion source. whose characteristics are beyond today s state-of-the-art.
o The chopper driver. for which no adeguate solution has yvet been found.
o The supcrconducting REF technology where activity has been almost stopped

at CERM.

It is clear that the issue of radioprotection and the management of beam losses are crucial to
the operation of a multi-NWW machine. which implies strengthening efforts on beam dynamics

and on the analysis of measures to limit activation {calculation of activation. sclection of

materials., design of collimators and bearm duamps. o).

For the ROCS proton driver solutionds ). competence and efforts are localised at RAlL. For a
proper comparison with the SPL option. more resources are necessary. and certainly some at
CERMN. Obwviously, it an ROS based solution is finally selected. the resources initially invested
in the SPL would be redirccted.

1.1.2 EURISOL and neutrino beta-beam

The EURISOL. design study proposal concerning an [SOLL and beta-beam facilityv. submitted
o the ELD sixth framework program. was favourably evaluated. Contract negotiations between
the ELT and the institutes and universities participating are scheduled ftor September 2004, The
ain is o get started in Januvary 200494 and work for four vears. The technical design work to be
undertalken has been described in section 5.3. The study is presently site independent but
CERMN is listed as a candidate lab to host the facility considering especially the possible
construction of SPL at CERMN. The design study is strongly supported and the commmuanity is
cencouragaed have a tull technical design report ready for the present milestone of’ 2009 for o
decision on SPL at CERMN.

1.1.3 Superbeam and Meutrino Factory

Because of the high beam power and the resulting safety issues. the engineering design of the
target and target arca are ocrucial and challenging. For the necds of all applications. a stromngly
increascd cffort has to be invested in thesce ficlds. both for the nuclecar phy=sics applications
(which are covered in the framework of ELTRISCO] )y and tor the particle physics applications_
which are not covered at CERMN presently. The target experiment which is being proposcd
ltargct-cxp | is a remarkable example of international collaboration and should be supported.
but it only cowvers the specitic aspect of the beam-target interaction in a magnetic field.
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In the case ot the neutrinag super-baeam. the design ol a horm that combines neutrimnao o
optimisation and the capalkbi ncd the higzh
lewel of radiation is a casce of concern. The on-going cofforts in collaboration betweoen ToAT -

y oy survive long ernougzh the maechanical stress

COrrsax and CER™ should be encouraged and strengthenned.

The abowe are all necoessary both tor a supoerboearnmn and MNoutrino Factory . The acceleratonr
R&IDDs specitic of a Neutrino Factory are as tollows,
- Theoretical development and optimisation of the design tor cost/performianca

OpPptimmisation

- o the muon front-cnd

o rotation and coolinge i demonstration of the

eradicnts under which R cawiltics can opoerate in o magnoetic ields=s
- Fxpoerimental demonstration of muon ionisation coolimngs (DI H expoeritmaent b
- INDesigzn and cost estimate of acceeleration ssitlhy FEFACS

Ay substantial fraction ol the theoretical wsworkk and the component development for the rmuaon

fraomt end are already undervwary within the auspices of the MNeutrino Facoors and MNoaon
Collaboration [ MNMoaColl o in particular the DATTCCC T, effort [ NZviuacool |

The MNATCE experitment at RAT . wwith strong suppaort from the LIK D is an opportunity for Burope

tar havwe a major impact on this rescarch. Support from PSI
raefurbished eouiprriaent i= [Oorescan. Support aurned Participation Fr<»rm otlher Europaean
laboratories would be highly welcomme and desirable.

The RALDY on FIEACs s alrecady wwell underwwaxn in Japan. where the PRISNMI expoeriment is
procecding. This new technigue. which could hawve many other applications than acceleration
or phase rotation of muoaons. certainly deserves attention and sapport for the small agrouap

approaching it in Euarope.

he design and RAT? effort leading to a superbeam or ™Neutrinag Factory clearly requires
awviorldawswide participation and the commmunity involved is aimiang at a world design study to bhe
completed in 2008, This calls for determined participation from several Huaropean laboratorics
in a concerted warn . as recommeendaed by the Huropean MNMoaon Coordination Cirowupy | ERACTCYCq |
Possibilities o obtain ETT funding via a ELD FPOo desizgn study or additional TR A 7s savithis
CARLD | CARL )] are boeing inwvoestigated.
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1.2 Recommended detector R&D

It has been proven since the early days of neutrino detection that assembling adequately large
mass detectors will not be an easy task |Strolin]. The time 1s ripe to face this challenge. In
order tor the programme to be successtul in Europe our recommendations are as follows.

1} In collaboration with the Japanese and US efforts. undertake the design of a Megaton size
Water Cerenkov detector, along the lines described in section Error! Reference source not
found.. The technigue and cost of excavation of very large underground caverns has to be
understood. Photosensor development and involvement of European manufacturers appears
highly desirable.

2) Support the BEuropean R&D towards large mass Li Argon detectors. Its seed 1s the
ICARUS Collaboration. which in the process to implement the technology in its first 3 KTon
application at LNGS, Tho design of much larger devices. up to 100 Ktons. and possibly
embeded 1 magnetic helds 1s undertaken. Non-European participation 1s being actively
sought.

3) Launch a design study and cost optimisation of a ~30 Kton large magnetic detectors
(LMD) [Cerveral. 1deal tool for the golden channel at the Neutrino Factory. Options are a
Super MINOS detector. 10 times larger than MINOS |[MINOS| or a shlightly larger
implementation of the MONOLITH [Monolith] design tvpe.

4y Given the mmportance of the silver channel. studies of multi-kiloton detectors with kink-
finding capabilitics. OPERA-like or otherwise. should be investigated.
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1.3 Proposed milestones

The ECPFAYBENE |BENE] and EUVRISOL [EURISOLL | communities plan to continue their
Joeint effort. assemble the largest possible interest and constituency around a complete NMNMOW
phyvsics program. The general ““strategy™ 15 to provide the CERN Management with

1y the appropriate documentation to support a proposal to the CERMN Council at the end of

2000060, consisting of a fhirst set of llmited new imvestments

23 a tull conceptual design report tor a superior MMW facility. intended to support the
proposal, to the CERN Council in the course of 20009, of major new investments in the MNMMNMNW
sector. atier LTIC and beftore CLIC.

This schedule imphes that we in Europe should continue to push vigorously the necessarw
B&D. solve the remaining technical challenges. make construction costs atfordable and be
ready with a complete technical design to start building a complex of MNMW particle and
nuclear phyvsics tacilities as soon as that will be possible.

Ao more detailed list of upecoming events i1s  as follows:
- 2-3 WNowvember 2004, DESY: ECEFA/YBENE Workshop on “The future of accelerator based

neulring . experiments m Hurope'.  within the  general  yearly CARLE  mecting
http://careO4. desy . .de/

- March 2005 (réjus)y Megaton physics workshop
- June 2005 (Frascati) WUFACTOS @ an interim set of BENE recommandations is planned

Further milestones are more tentative. but may possibly be

- End 2006 first hmited new investiments at CERMN (160 MeWV T1- linac?)
- June 2008: WNLUFPACTOS will take place again in Europe. This is the planned time for tinal

BENE recommendations based on comparative study of various options and will be the
forescen decision time to excavate Megaton in Fréjus.

e Around 2009 decisions on project at CERN after the LHC
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CAREO04 Nov DESY
NNNOS5 Frejus March

NuFact05 June (Frascati)

Interim Report to EC  Input to first round of
discussion at CERN Dec 06

CARE 05 Nov

NuFactO8 EU again June

Final Report to EC  Input to second round of
discussion at CERN Dec 09

CDR foranew MMW v-Complex
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