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Beams for European
Neutrino Experiments
Summary

Towards
a consensual road map
for
accelerator based neutrino programs in Europe

A complex multi-parameter problem
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BENE(4

1) Summary of a very intense & productive year
initiatives
results .... physics case WP1+2
.... technical WP3+4+5

2) Summary of a lively workshop Nov 2-3

thank you, Dieter & Helmut
Profs Wagner & Klanner
everybody in DESY
all participants
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BENEU4 Workshop in DESY

Tue, Nov. 2, 2004, Seminar Room 2

Meeting Time Speaker Subject

11:00-11:05 Welcome
Plenary BENE 11:05-11:35 AL Ringwald Neutrinos in the universe
Plenary PHIY SICS 11:35-12-005 M. Lindner Neutrino Oscillations: phenomenology
Plenary PHY S1IOS 12005 - 1235 D. Wark Neutrino Oscillations: experiments
Lrunchi
Plenary BENE 100 = 14:20 J. Dainton EL Neutrinos aller the SPSC Cogne [N mecting
Plenary ENG 14:20 - 14:50 H. Haseroth Superbeam & Nulactory Overview
Plenary ENG 14:50 - 1520 R. Garobvwv HIPPL and high intensity p-drivers
Plenary ENG 15:20 - 15:50 R. Bennett High Power Targets
Cofiee 15:50 - 16:10
Plenary ENG 16:10 - 16:30 H. Kirk Farget experiment (TT2a)
Plenarv/EING 1630 = 16250 J-E. Campagne Collection of neulring parents
Plenarv/EING 1G-S50 - 1720 L. Bravar Muon (ront end, ionization cooling, MICE
Plenary/ ENG 17200 = 1750 K. Long MNeutrino actory activities in the UK
Plenary ENG 17:50 - 18:10 F. Meot Acceleration of muons: FEAGs and more
Plenary ENG 18:10 - 18:30 AL Caldwell (the) Frictional muon cooling

BENEO4 Workshop in DESY

Wed, Nov. 3, 2004

Meeting Time Speaker or Convenor Subject
PHY SICS/parallel 09:00 — 10:30 M. Mezzetto/P. WP-PHYSICS & WP2-DRIVER. acenda
Hernandees/ O, Cavala
ENG/parallel 09:00 — 10:30 R.Bennet/J.E.Campagne | WP3-TARGET & WP4-COLLECTOR, agenda
EMNG/parallel Q900 — 10:30 R. E.gl:cll‘l-l:k.-"'F. Meot WPSadb-MUFRONT & MUEND. goenda
Caofiee T30 — 1 1:00
PHY SICS/parallel 11:00 - 12:30 M. Mezeetto/P, WP-PHISICS & WP2-DRIVER
Hernandes/ O, Cavala
ENG/parallel 11:00 - 12:30 R.Bennet/J.E.Campagne | Joint WEP3-TARGET & WP4-COLLECTOR
ENG/parallel 11:00 - 12:3( R. Egecock/F. Meot WPSasb-MUFRONT & MUEND
Lrunchi
Plenary ENG 1000 = 14:20 Y. Kadi Spallation target development for the EU ADS
Project

Plenary E™NG 14:20 — 14:50 M. Lindroos 1500, EUVRISOL & neutrine Betabeams
Plenary ENG 14:50 - 15:20 M. Lisman MuFact & Betabeam News [tom LIS APS Stady:
Plenary BENE 15200 = 1550 A Donini Leptonic Mixing: beams and baseline oplions
Coffee 15:50 - 16:10
Plenary BENE 16:10- 16240 P. Strolin Detectors for future neutrino experiments
Plenary BENLE 14y = 1710 C. Hagner ['he complementary reactor approach: DO HOW .
Plenary BENE 17:10 - 17:40 I, Fernandez/R. kK lanner General physics road map

17:40 - 1810 DISCUSSION ROLUND R& D s tasks ahead of us: choices & priorities

18:10 - 18:30 TABLE Contributions (rom new laboratories
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V. Palladino Univ & INFN Napoli. Italy BENE 04 Summary




BENE thrives on three pre-existing centers of initiative ..

Group
(accelerator)

Haseroth

NOVE‘AMS
propose & ngte
OR Design Studies

CDRs
TDRs
R&D Proposals



Work Package
Level

Task/Topic
Level
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N3: BENE
Coordinator : V. Palladino

Deputy: P-Gruber-{tbc)—

Steering Committee

E. Gschwendtner

WP1: PHYSICS WP2: DRIVER | | WP3: TARGET | (WP4: COLLECTOR | WP5: NOVEL NEUTRINO BEAMS
Leader: Leader: Leader: Leader: collection & dissemination of knowledge
M. Mezzetto P. Debu R. Bennett J. E. Campagne promoting further initiatives
. . . . MUFRONT MUEND BETABEAM
Full mapping of || Supercqnductmg | | Mercury jet Effectlve R. Edgecock F. Meot M. Lindroos
| | neutrino mass splitting proton linac target | | Pion & Muon
& leptonic mixing Collection i
matrix, including CPV - ) Comparisons of Production of
phase. | | Rapid cycling Granular existing front-end Comparison RLA, [ [_| 0 'c.tlon.o
synchrotrons | targets Integration with schemes: withand | T{FFAG, VECS Bl gl
] ithout ionizati
NeutrinoFactories TARGET XOI i(;ug romzation i
| | Conventional Intense H- ion ol s o || Charge breeding &
Superbeam Betabeams | M sources, high ] . | [Muon Storage bunching
. 2 toroidal Thermal stress & - : Rino schemes
timal ct || New front-end ideas
Optimal parameters power injectors heat removal
Shock studies I Ion acceleration
Beams, fluxes, energy & |+ | Ases HIPPI ] insolids Material research: ey i (i g sie s
| [detector location masses, [ ] | - experimental studies £ choi -

! results on Fast shock & radiation . —rate &of choices | | | jon Deca Ring
baselines & detector ) 1 of cooling (MICE for MUFRONT y
tochmique beam choppers — Beam dump resistance results etc..)

and Normal & Lo beta
Super Conducting . ) | Lo GIS Gy bekE
Systematic limitations, Accelerating —| Safety aspects | High rep. r&}te o) Querall optimisation gheor}{. beam beam
|| beam monitoring, plans electrical dischatge —|dynamics
. Structures
for ancillary
measurements
L Overall design & remote handling
L{ Road map of physics
reach, time and cost

1
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... from BENE proposal : P
coordinate and integrate the activities of f/,y
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 HARP, MuSCAT
MICE

capable to establish, propose and execute TT2a
E-FFAG

the R&D efforts necessary to achieve these goals. -
CARE04 meetineg 4 Nov 2004. DESY V. Palladino Univ & INFN Napoli. Italy BENE 04 Summary
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road map issues ..... of neutrino & accelerator physics together ==

The physics of v transitions is proving extremely rewarding "
and demands long term experimentation with accelerator v

EU accelerator v are an endangered species
may extinguish after CNGS & upgrades
a strong initiative is needed

thrive on the richness of OptiOIlS: Superbeams, NuFact, Betabeam + specific detectors

Preliminary conclusion: all options very promising

to first comparative appraisal NuFact most attractive & challenging
Preliminary road map:| head towards it !

pursue NuFact R&D ... driver, target, collection .... u complex
have CDR re y LHC startup

A LARGE & EA build a Superbeam along the way?
FRACTIO almost free
EFFORT IS COMMON combine them with a Betabeam?

(DRIVER and more ) may exploit sinergies with CERN & EURISOL & GSI
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new shapshot vesterday at BENE(4 o)

Survived the big risk 53 participants

Did attract new people ...............
Germany?
Holland?
Scandinavia?
Poland, Latvia ?

Did progress on the work

Scientific & Technical
Consensus ....
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OPERA

Neutrino beam (v,) from CERN to Gran Sasso Underground Lab

2 &

Vv, appearance

v, appearance

ratory of Gran Sasso

EEMNE workshop 3.11.2004 Hamburg Caren Hagner
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Congratulation, Konrad!

2000 | 2001 2002 2003 | 2004 ‘ 2005 ‘ 2006 |First beam in

dwiEngneerng, . I May 2006
sxcavate civl anginesrin it. lwrinels and cavems; -

onereta Jﬂnl-:gr-bl lurl?:s and caverns CNGS PNJ'ECT

o T - on schedule 1 | Intensity

increase (1.5)
under study

with dedicated
machine tests

Install decay tube

Bl decay hibe e weld logether, paur concele

Install general services

Hectrical services, ventilaion, cooling water, elc.

nstall eqmumment
rget, hom+meflector, shieldng

Commissioning Decay tube

installed and

sy S vacuum tested

=irst beam to Gran Sasso:

Civil engineering

completed Hadron stop

installed
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Congratulations, Yves!

Conclusions

Despite difficulties at LNGS
installation of OPERA experiment following schedule

Completion of Supermodule 1 foreseen Sept 05
Completion of SM2 Feb 06, SM2 filled in Sept 06
OPERA needs physics run in 2006 to start physics program

Efficiency and background based on robust numbers
from previous experiments: improvements under study

In order to cover the SuperK allowed range of Am?:
- At least nominal beam conditions (4.5 107 pot/year) needed!
- Even more protons on CNGS target are needed
« either by increasing number of CNGS cycles \
- or (and) increasing proton intensity in the SPS
» multi-turn ejection from PS to SPS is urgently needed

13.8
1s
conceivable!

e L P

FOELICE ccomelombume 3 44 TOA0NA L lmosnle semm
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Tohn Da rIr
e Benedikt
r~1-;F-:_[L“F " Strategy (and action) | Garoby

« start 2004/5:
- PS: multi-turn ejection
- increase SPS intensity (impacts all machines)
- 0.9s PSB repetition

. Linac 4 design
— construction decision @ end 2006

. prepare decision on optimum future accelerator
- study of a Superconducting Proton Linac (SPL)
- alternative scenarios for the LHC upgrade

L context for SPSC strategy and input
MMW power?
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John Dainton
Villars 2004

Mavember 2nd 2004

ECFA BENE @ DESY

With upgrades

e (i) PSB repetition period of 0.9 s
(ii) 7x1013 ppp in SPS
(iii) Linac4 injecting into PSB

Benedikt
Garoby

at PS exit [x101! ppb]

Standard ENGS Llannc“4 Basic user's
. x2 batch (i)+(ii)

(i) ()+(ii) «iii) request
CNG; ﬂ:’e‘ﬂ[:im” 4745)| 7045 |75@4.5) 45
FT spills [x10% /year] 3.2(3.4)| 3.0(5.1) 3.2 (5.6) 7.2
E Hall spills [x10¢/year] 2.3 2.3 2.3 2.3

19

NTO;S:;E?O 1.7 1.6 1.7 1.5
ISOLDE flux [pA] 3.0 2.45 6.2 1.9
[no. pulses/hour] 2126 1722 2160 1350

72 bunch train for LHC 15 15 5 1.3 (2%)

CARE04 meetineg 4 Nov 2004. DESY
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ﬂ R porT on *I‘he SP*SC Vlllar's Meefmg
Sep’rember 22-28 2004 '

John Dam‘ron %
sity-of lepool GB .

= (on behah‘ of The SPSCl
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John Dainton

Vi | ars 20004

iy Villars 2004

Framework

. Machines and Beams

. Heavy Ions

Neutrinos

. Soft and Hard Protons
Antiproton Physics

. Flavour Physics

. Other Topics

. Summary

OO0 NOOTHhWwn =

Note 8/10/04: Overheads are here exactly as presented apart from a small number of
bugs which have been fixed, and apart from the inclusion of some overheads skipped in
the seminar because of time pressure.
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John Dainton
Villars 2004

Oectober __.-"|h 2004 h
CERN seminar ( " arge

® "to review present and future activities and
opportunities in fixed-target physics, and to
consider possibilities and options for a future
fixed target programme at CERN"

t globally important
= realistic (beams + resources)
= short, intermediate, and long term

® from the SPC

SPSC not in approval/rejection mode !
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John Dainton

Villars 2004 I I . |
Jovember £2nd 2004 CN GS O r. I z O n
‘CFA BENE @ DESY

» nominal (1999) €9 200 days
- 2.4x1013 p /extraction EE{% ;fg'C'EnCY
C
- 4.8x1013 p /cycle LHC fill
- 45x1019 p /year FT

° 2nd look (2001)
- 3.5x1013 p /extraction target rods ?
_ 13 windows ?
7x10%3 p /cycle heating: target, horn ?
X3 ? - 13.8x10%° p/year shielding ?

NB decommissioning cost
» R&D underway >> construction cost
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<Ny
John Dainton \ \
SPSC =
QOctober 7th 2004
CERM seminar

» vphysics has noble history at CERN

» vphysics is in a new golden era
- CERN beginning again pivotal global role

» CNGS commitment to ~ end of decade vital
- 2006 important: COMPASS then CNGS @ end 06
- CNGS crucial up to 2011 (window @ 4.5x101%pot/yr)
- CNGS + COMPASS ? multi-turn xtraction
longer running period

- no compelling case for extending CNGS beyond
2011 @ realisable pot/yr (< ~ 3x 4.5x10%%pot/yr)
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because | NEUErINO flavour transitions DO exi?t o~

V'

i

... beyond a reasonable doubt.... SNO

by now, multiple evidence ..

Solar v deficit no more ....

. itis v, » v, .. .instead ... appearance!
almost max mix (0,,~1/6)

A

solar
» even visible @Japanese reactors

Terrestrial (atmospheric) v, deficit confirmed
.... looks much likev, » v,
max mix  (0,;~m/4)
Ao ~ 104 Km/1 GeV (Am,,> ~2 103 eV?

atmo

NB: thou )“solar surprisingly only ~30 times larger (MSW)
. 2 2= 2

so only 2 wavelenghts exist .... 7\13 = )\.23 =\
CARE04 meetineg 4 Nov 2004. DESY V. Palladino Univ & INFN Napoli. Italy BENE 04 Summary
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The matrix of neutrino transition probability

P.=1-.... P,=
Pue= Puu= _
P .=..... P.=

CARE04 meetineg 4 Nov 2004. DESY
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The matrix of neutrino transition probability—| ==

A
P =1-..... P,=-4ReJ, *sin’A, P.=-4Re J !%sin’A,,
-4 Re J Psin’A,; - 4 Re J_ Bsin?A;
J°s miXi’I’l/g/’/* -4 Re J, Psin’A,, - 4 Re J_ Bsin’A,,
5 + 8J sinA ,sinA,;sinA ; + 8J sinA ,sinA,;sinA ;

Amass splittings

three, but two

P=-4.. P .=-4RelJ Usin’A,

-4 .. -4 Re J BsinA,

-4 ... -4 Re J  Psin’A,,

- (£8J.... - + 8J sinA ,sinA,,sinA
P.=.en P,= P =1-

Tu LN XX TT
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The matrix of neutrino transition probability—| ==
| Solar (SuperK,
4 | LBL Reactors (Kamland)
P =1-..... P,=|-4 ReJ *sin’A, P.=-4Re J '%sin’A,
+ 8J sinA,,sinA,;sinA,; + 8J sinA,,sinA,;sinA;
Pue = Puu= = cesee P MT=
i -4 Re J, Psin’A,;
/ -4 Re J, Fsin’A,,
- (& 8J.... + 8J sinA ,sinAsinA, ,
Atmo
/ K2K, NuMI, CNGS
T & CP violating term e°
universal
P .=.... P.=-. P _=I-....

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

terrestrial v, «> v,

Why subleading?

b E ' I rel”
= u S (20, =001
. - SR (20, )= 0.8
- By =2 5E-3
- Smiz =FE-5
- & =0
= Solar peak
V. »>V._ .. —
e active -
—
J | | L | L
o S000 10000 15000 2000040 25000 0000
L {krm)
= B <k, == 00 Gel
- B SERT20 G T
= 0.005 N SIRT20, =08
B E-.l.l."j:: 2.5F-3
B By —TH-F
- &=
0004 |—
= CMGS IHF
o003 equivalent ecuivalent
) = baseline basaline
<> V 0g2 —
e [
0001 |—
|:| :—lﬂ 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1
0 100 200 30 A0 S00 =L TO0
L {krm)
K. Mazzstto, "Intreduction to Physics™, ENG mesting, TERN, March 26, 2003, | B

CARE04 meetineg 4 Nov 2004. DESY

V. Palladino Univ & INFN Napoli. Italy BENE 04 Summary

—



2004: a useful first year of life for BEN

BENE week in February at CERN
The Yellow Report CERN 04-002

BENE in May at CERN
MMW Workshop 25-27 May

Sign up ¢ The Workshop Report to SPSC

sheet

Approval of BetaBeam Design Study, within EURISOL
Nasty cancellation of call for NuFact Design Study
ready for next call and try NEST, meanwhile

SPSC Villars recommends future neutrino initiative 22-28 Sep
BENE(04 Workshop today at DESY

Waiting for December: 1) Research Board
2) Scientific Policy Committee
before the CERN Council

CARE04 meetineg 4 Nov 2004. DESY V. Palladino Univ & INFN Napoli. Italy BENE 04 Summary



John Dainton

Villars 2004 SPSC
October 7th 2004

CERN seminar

e Future neutrino facilities offer great promise for fundamental

discoyerice h as CP violation) in neutrino physics, and a post-LHC
CConstruction windoWmay exist for a facility to be sited at CERN.
e CERN should arrangefg budget and personngto enhance its
participation in further developing The physics case and the technologies

necessary for the realization of such facilities. This would allow CERN
to play a significant role in such projects wherever they are sited.

igh-power proton driver is a main building block of future
and is therefore required.

A

e A direct superbeam from a 2.2 GeV SPL does not appear to be the
most attractive option for a future CERN neutrino experiment as it does
not produce a significant advance on T2K.

e We welcome the effort, partly funded by the EU, concerned with the

conceptual design of a S-beam. At the same time CERN should support
the European neutrino factory initiative in its conceptual design.
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2004 may have brought us ,,j

a Betabeam Design Study
a construction window 2010-20?
‘ budget & personnel ?
recognition of MMW driver?

Will know only if we keep initiative in 2005
& beyond

2004 did not bring us
‘ a NuFact & SuperBeam Design Study

earliest possible start 2007
can ESGARD help?
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V. Palladino. Proton Driver Workshop, Fermilab Oct 6, 2004

CERN SPL : Parameters and Program

few snapshots

admittedly v - centric

of the debate at & around CERN
on accelerator neutrino physics and
Multi Mega Watt physics
in general

..... RCS also or instead of SPL ...
.e... the LHC upgrade in the background
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Main conclusion v

MMW and V’s back on the EU map, maybe

positive signals , after meager years of LHC crisis

1) EU approval (HIPPI and BENE)

2) attention of CERN & National Agencies
.... more vigourous R&D soon maybe

can CERN envisage a  high intensity (M-MW) frontier

besides its high energy (M-TeV) frontier o
undisputed mandate
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A
Second conclusion
A rich V program appears possible
around a SPL
two options
1) high energy v....... NuFact (& Superbeam)

2) low energy v ........ Betabeam (& Superbeam)

but it so does with other drivers too ,
most likely
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Third conclusion .... a question v\

LHC (& upgrade)
will be the first priority

Next HE project .. CLIC

Will there be a window for a MMW investment?
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During 2004, 2 Multi Mega Watt Workshops in Eur

Physics with a MMW proton source
CERN, 25-27 May

most emphasis on
few GeV SC proton >4 MW linac (SPL)
RCS as a possible alternative
neutrino physics and more ....

High Intensity Frontier Workshop HIF04
Elba, 5-8 June

most emphasis on
30 GeV rapid cycling several MW synchrotron (RCS)
linac as a possible injector
hadronic physics and more (see Bettoni)

Peer review process starting
CERN SPSC “Cogne IX” Week Villars, 22-28 Sep

Personal pl‘ejudice *“Best would be to conceive of a realistic road map to both.... “
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The reference facility: J-PARC
MMW at low & hlgh E

Nuclear and Particle

Materlals. and Llfe Smence Expimntal Facility

nﬁgl Facility

3 GeV Synchrotron B8 50 GeV Synchrotron
(25 Hz, 1MW) (0.75 MW)

- g J-PARC = Japan Proton Accelerator Research Complex
CAREO4 meeting 4 Nov 2004 DES ' ' V. Palladino Univ & INFN Napoli. Italy BENE 04 Summary
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Hit I.'| Intensity Frontier Workshop
hhhdnh Isola d'Elba, 5-8 June 2004

m__

o » present and future projects
# kaon physics

* muon physics

# neutrino physics

# hadronic and nuclear studies
# high intensity accelerators

& detectors for h.i. beams

° applicatluns in other ﬂe.l:[s

Napoli. Italy BENE 04 Summary
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V. Palladino SPSC Closed Session Villars, 22 Sep 2004

“the SPL Workshop?”

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 OptiOIlS (n decay channel, p & [3 storage ring....
[] energy, baseline , detector mass & density ...
but consensus on highest priority : High Power MMW Drivers
MMW Targets
MMW Collectors

¢ Tentative timeline & recommendations
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PHYSICS

WITH A

MULTI-MW PROTON SOURCE

§o a | ¥ r b i, =
i ] o - A

The workshop explores both the short- and long-term opportunities for particle and nuclear phy=sics
offered by a multi-MYY proton sowrce such as a proton linear accelerator or a rapid-cycling synchrotron.
This source would provide Muon and Electron Meutrino boams of unprecedented intensity, superior
slow Muon and possibly Kaon facilities, as well as a world-lecading Radioactive lon Beam facility for
Nuclear, Astro- and fundamental physics.

Boisnitifie Advisory Commiiiss:

iﬁ“ﬂ-m'-?mﬂlﬂlmm A. Dlordel (Gonaval , A Esidial Plyai,
e B =T L = ¥. Blumondeid (IPH Gryayl P. Builer [CERSj,
iy -:-E:-t;:nlii].nu I:I-r-‘llillﬂl :""ﬁ:ﬂ_“'“‘”";’"'-"- ! BENE+EURISOL

. Eichins [FSIL, J. Engeion (CEEH)
J. FaHasws [Geciny}, L. Fomandes |Rarcokins] H. Lindresaa (GERN], ¥. Palladicg | Fapell)

A Pormon [CIEEM | ©. Prior (EALL
& Farbuna {Lepnorol. B. Fovier (Jcford]
W, Golletly (Surray), 0. Gautte [GARIL) A Rublla JCTH Iurich]; F. Schmclabsch (PR}
L. Susrmeay | IKEZP3§, M. Horakash (KY] Zraningen)
M. Hasmroth (OERME W. Hamning (G5}

L larac=l {IKFH], O. Jorsen | Grieberg) “_

K. Jungman (K'Y Grenlrgoni. 0. Kaysor {Familish] M. B emaaikt |

M. Lirdrer fTU Funich]l A Moller (IPH Sy L Gl el Ty
€. Hagsmiyn (JEARCD) M. HapslHans (Mspoll) = : Lind
W Noxsrewice |k Aldga); K. Peach (EAL) . L I
R. Parirencie (Fems Wi F. Aoogs (Frass ol § ¥ l'.'

B Schigtier (CERM W Spira (INEFI) g

L Tomihsia (RIKEM | 0. Wyss [CIERH]

i Zirwn-J it D9UFS 1A ﬁ

.



Physics with Megawatt

unique and compelling




A road map with three phases of
EU initiative in neutrino Physi

2006 2009 2014 >2014

CNGS >

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

UA1/NOMAD magnet

R&D targets, horns

cooling, reacceleration

New EU Neutrino Complex?>
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Physics with a MMW proton source
CERN, 25-27 May :

1954 -2004
e

CERN V

f/

“SPL workshop” ?

SPL block diagram (CDR 1)

95 keV 3 MeV 160 MeV 22 GeV
- 10 m >4 75 m > 550m »
40MeV  90MeV 237MeV  383MeV
H RFQ Hchopp. fDTL-CCDTL-SCLAB 0.52 B 0.7 B 0.8 \ dump
Source Front End Normal Conducting Superconducting Debunching _%\
|

LINAC 4

Stretching and

|I |
collimation Myﬂ/x

PS / Isolde e

Linac 4: up-to-date design
Superconducting linac: CDR 1

ng

-

Accumulato
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HIPPI is
s R&D
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Proposed Roadmap

1954 -2004
e

(o= q

f/

Consistent with the content of a talk by L. Maiani at the “Celebration of the Discovery of the
W and Z bosons”. Contribution to a document to be submitted to the December
Council (“CERN Future Projects and Associated R&D”).

Assumptions:

. construction of Linac4 in 2007/10 (with complementary resources, before end of

LHC payment)

. construction of SPL in 2008/15 (after end of LHC payments)

Task Name | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014

2015

LINAC4
Design refinment
Construction
Commissioning
Start operation with PSB
SPL
Design refinment
Construction

Linac4 displacement + commissioning

Start operation as PS Injector

] 12/30

r_Linac 4
approval

CARE04 meetineg 4 Nov 2004. DESY

/\
de

=L LHC
approval upgra

“PhYSiCS at SPL.” L‘/Ol’kShOp, late May 04 in view of Cogne IX Sep 04
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1954 -2004
e

SPL beam characteristics (CDR 1) 4

4-5 GeV
s possible

Ion species H

Kinetic energy 2.2 GeV
Mean current during the pulse 13 mA
Duty cycle 14 %
Mean beam power 4 MW
Pulse repetition rate 50 Hz
Pulse duration 2.8 ms
Bunch frequency (minimum distance between bunches) 352.2 MHz
Duty cycle during the pulse (nb. of bunches/nb. of buckets) 62 (5/8) %
Number of protons per bunch 4.02 103

Normalized rms transverse emittances 0.4 7. mm mrad
Longitudinal rms emittance 0.3 n deg MeV
Bunch length (at accumulator input) 0.5 ns
Energy spread (at accumulator input) 0.5 MeV
Energy jitter during the beam pulse <%0.2 MeV
Energy jitter between pulses <£2 MeV
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SPL beam time structure (CDR 1)

(within pulse)

Fine time structure

1954 -2004
e

c_-va

Vo

114ns.

20 ms

"5
p.bunches buckets

|.ii.

SPL EEAM PULSE
(50 Hz rate) ﬂ

N

1] I(S
Jempty

x (140 + 6 em pty) per turn:

------ % 845 turns
( 5 % 140 x 845 pbunches per pulse)

2.8 ms

20 ms

7

Ul

A ccumulator

2.8 ms

[Neutrino Factory] —
{~ 50 Hz rate

=

23 x 1014 H-/pulse)

ISOLDE [EURISOL]
{~ =0 Hz rate H

l.dto 160 W

LEa)

0.13 [13] x 10'2 H-/pulse)

PS§
(~ 1 Hz rate

. l usto 0B s

8 x 1010 to 5 x 101 H-/pulse)
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Macro time structure
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1954 -2004
e

c_-va

Vo

SPL acceleration systems (CDR 1

Section ell'l“fr‘;y (e)lf:fg“; Nb. of P ;ﬁ;f Nb.of | Nb.of | Nb.of | Length
(MeV) (MeV) cavities (MW) klystrons | tetrodes Quads (m)
LEBT - 0.095 - - - - - 2
W RFQ 0.095 3 1 0.9 1 - - 6
A Chopper line 3 3 3 0.1 - 3 6 3.7
R | DTL 3 40 3 4.1 5 - 111 16.7
M CCDTL 40 90 27 4.8 6 - 28 30.1
SCL 90 160 20 12.6 5 - 21 27.8
- =0.52 160 236 29 1 - 28 9 67
C =0.7 236 383 32 1.9 - 32 16 80
S f=0.8 1 383 1111 52 9.5 13 - 26 166
D p=0.8 II 1111 2235 76 14.6 19 - 19 237
Debunching 2235 2235 4 - 1 - 2 13
Total 245 49.5 50 63 238 649.3
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Accumulator and Compressor

1
. 22.7 ns :

1
11.4 ns l

1
' 5 3em ! Lo
' |pbunches buckle):g ! -
! [
: L x (140 + 6 empty) per turn ‘ )
| ! |
: | x 845 turns 1 no beam o
- (5% 140 x 845 pbunches per pulse) ' Do
1
Lo 2.8 ms ‘ 17.2 ms 2o
: : 20 ms j :
U PR U U U U U U U U U

RF (h=146)

PROTON ACCUMULATOR
Tppy=3.316 ps
(1168 periods @ 352.2 MHz)

Charge exchange
injection
845 turns

(1168 periods @ 352.2 MHz)

1 ns rms 22.7 ns
(on target) ? ’

T .

| 0

! 140 bunches | gg X

| I ]

[ | Iy

BUNCH ' 32ps X

ROTATION ] 20 ms N

RF (h=146) S ( ________ g
BUNCH COMPRESSOR

Ty = 3.316 pis

Fast injection
(1 turn)

1954 -2004
e

(o= q

7~

+ =
DEBUNCHER KICKER
= 20
T=2.2 GeV I,(total) = 0.5 ns 33 s 2Oms
I, =13 mA (during the pulse) i
IBunch= 22 mA

3.85 x 10® protons/ubunch
1, (total) = 44 ps
&%,,=0.6 um r.m.s

CARE04 meetineg 4 Nov 2004. DESY

TARGET

Y

H+
140 bunches
1.62 x 102 protons/bunch

/,(rms) = 1 ns (on target)

Parameter Value | Unit
Mean beam 4 MW
power
Kinetic energy 2.2 GeV
Repetiton rate 50 Hz
Pulse duration 3.3 us
Number of | 140
bunches
Pulse intensity 2.27 | p/pulse

x10"
Bunch spacing 22.7 ns
(Bunch frequency) | (44) | (MHz)
Bunch length (c) 1 ns
Relative 5x107
momentum spread
(o)
Norm. horizontal | 50 um.rad
emittance (o)
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Layout (CDR 1)
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1954 -2004
—

SPL on the CERN A

Znd generation ¥
Radioactive Jon Beam §

Neutrino beam
to Frejus tunnel |
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Physics with a MMW proton source 7
CERN, 25-27 May A
“SPL workshop” ? ........ not in the intentions
more in practice
as 4MW SPL CDR I exists,

no MMW RCS is as advancec
“SPL workshop ............ ina way, as a general approach
E, no higher than necessary

just as high max/proton
as many p as possible ... MMW !!!!

Max means here max number of v parents
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The HARP experim

o

&
Pz (Gev/e)

ce

0.8
PparpiGev/c) 0.6 8

Total Acceptan

Forward :

Spectr'ome'reuii
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Typical 30 GeV RCS
MMW, in principle
A 30 GeV, 8 Hz Synchrotron as Possible Replacement for

CERN PS

[ }1;4 Main Ring Size :
‘,__A‘-'l- 4 e |

.

'-'-u =

30 Gev Main Riﬁj;\' X

5 “‘""E Gollimator

rx

ot _"_‘F Achlromat_ | / '
L] | | !
+ Booster 2.2 GeV /50 Hz | |
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C.R. Prior

@ 180 MeV H™ Linac with
2.5 MeV fast beam chopper

@ Achromatic arc with high
normalised dispersion

@ Momentum ramping for
Injection painting

@ bunch compression

>

MW Proton Drivers using Rapid Cycling Synchrotrons

V. Palladino Univ & INFN Napoli. Italy BENE 04 Summary
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The 2 options that have emerged for v’s )\
NB: beam + detector configurations

n
0 : order ons
* | Neutrino Factory |l STOrage ring .....v, & v, oriersox
e | manipulate & (& u accelerator complex' ) new lab ?
I | accelerate needs Large Magnetic Detector
, |y parents ! (SuperMINOS, Li-Arin B)
e o
2 | BetaBeam ﬁ StOl‘age I‘lng ... pure v,
100-1000 Ktons
m (& EU accelerator ¢complex) ie new lab
S

need Very Large Detector (water C, Li-Ar)
the same as p-decay detectors

Conventional beam 7T decay channel ... v, (011% V)

not compelling ..... but for free with NuFact, same detector as Betabeam

NB : 7 u 3 possible, in all cases, for CP, T & CPT studies
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The Kkey to novel neutrino beams

the re- acceleration of the neutrino parent !!!

V FluX ~ (Nparent / LZ) yparentz basic kinematics

v Rate = vy, > /L°
v-os¢c Rate = E 3sin?(L/E)/ /L?

v/parent grows very rapidly with E

parent
NB 1) not necessarily with Eproton Noarent 1!
2) low E has independent merits  no matter effects
ie no fake CP V
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1954 -2004
e

-- Neutrino Factory -- CERN layout oy

7~
! . | =
fﬂﬂt A possible H' linac 2 GeV, 4 MW Accumulator
rin unc
layout of a mﬁnpmasur a
neutrino factory Magnetic
horn capture
Target B
lnizafog 10%p/s &

Recirculating
Linacs 2 = 50 GaV
Phase rotation

Linsc > 26ev 1.2 104 u/s =1.2 10*! p/yr

,+" vhbeam to far detector WRONG SIGN MUON

=
0.9 10*! p/yr —~
+

@ Decay ring — 50 GeV “+ — € Ve Vu z
% = 2000 m circumference =
£
2 20 -
§ 310 Ve/ yr,f oscillates V, <> Vu
f 31020 V“/'yr interacts giving 1~
E
&

-
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Neutrino Factory: CERN Scheme

( ..A.pu-nﬂﬂ:llu B How 23 Gwv, 420W
iy
II.IE‘I.‘I.tI!':IJ'.'I.ﬂ
fn.ﬂl'.n-rjr o Mot
=T
3l
-
E -
! hhhhhhhh -
-— [
i e 4o oenr delaeslor u —> eVu Ve
B — ev, Vv,
Disappearance  Appearance Appearance ... Wrong Charge Signature
v, ~edeficit v, v, 7>e excess V.V, T excess '
v, —u deficit vV, —»T excess v >t excess Silver ¢

CAREO04 meetir Magnetic detector



The matrix of neutrino transition probability—| ==

P ~=1-.... P.,= P,.=
-4 Re J_ 3sin’A;
- 4 Re J_>sin’A,,

+ 8J sinA,SinA,;sinA,

Y~ il
BetaBeam, NuFact 7 Lsilver
Pue = Puu= = cesee P MT=
-4 ... -4 Re J BsinA,
-4... -4 Re J, Psin’A;
-(8J \ + 8J sinA ,sinA,,sinA
i
SuperBeam, NuFact
P .=..... P,=.... P_=I-.....

e meeieanow 200 pesy 1 € NEUtrino. JEactary does them all !



Cervera et al

D e t e C tO r LARGE MAGNZ TIC DETECTOR

Iron

e Iron calorimeter e

» Magnetized

Exploded view

— Charge discrimination of structure

— B=1T
e R=10m,L=20m
 Fiducial mass =40 kT

Superconducting coil

Dimension: radius 10 m, length 20 m
Mass: 40 kt iron, 500 t scintillator

Also: L Arg detector: magnetized ICARUS

Wrong sign muons, electrons, taus and NC evts *->
Bueno et al

Events for 1 year

Baseline vy CC ve CC vy signal (sin20,,=0.01)
732 Km 3.5x107 59x107 1.1x105  CF vesianal
3500 Km 1.2x106 2.4x10% 1.0x10° =40
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Oscillation parameters can be 56

CXTPGCTefj usfing . Simulated distributions for a 10kt LAr detector
energy distributions at L = 7400 km from a 30 GeV nu-factory with

102! 1" decays.

a) right-sign muons =
] _ o
b) wrong-sign muons 250 £ o0 [ B
R 2000 B FElectrons [ Right sign u
c) electrons/positrons 1750 | 800 | §
0,0 1500 £ B
d) positive t-leptons 1250 F 600 | 5
e) negative T -leptons L, 00 | S
= 500 ' \
f) no leptons C s b 20 g
g 00 10203040 00””10”II20“”30”_4-'-4-0§
E,,, (GeV) E,, (GeV) |2
X2 (u' stored and p stored)P= 5 | =
Q)
400 |Wrongsign . .. 1000 No lepton ?
N M S
wl  F i | S
Note: v, — v_ is specially important 250 A | 600 | S
(Ambiguity resolution & Unitarity Wb e 400 | S
- FEv " L S
test): Gomez-Cadenas et al. 1$ o 200 | N



Old and new european underground laboratories

e A
L7 Fla NS ~

¥ Longyearbyen
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“<0 Cost Savings L,

* Not practical to do a bottom-up costing of our
new designh so we scaled from FS2

— we have done well with the major cost items, but savings on
the lesser items are not yet exploited

— these are hardware-only costs (no ED&I, burden, escalation,
contingency)

All No PD No PD & Tgt.
($M)  (3M) ($M)

FS2 1832 1641 1538
FS2a-scaled (%) 67 63 60
MNovember 3, 2004 BENE talk - Z1sman
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] Why These Choices? e

* Areas selected could markedly reduce facility cost

— RF bunching and phase rotation section shorter than induction linac
version, and uses less expensive components

soriginal version took 25% of total cost
ohew scheme keeps both p and p* simultaneously

— RLAs were major cost (23%) of Study II design

olarge aperture FFAG magnets accommodate energy swing without
need for separate arcs

- avoids large-aperture splitter-recombiner magnets

— increased acceptance downstream should allow reduction in cooling
requirements (20% of facility cost)

* Note that replacement systems are not free!

MNovember 3, 2004 BENE talk - £i1sman
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BENE and EURISOL o)

approval of BENE and HIPPI
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
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EURISOL Overall Baseline Layout

Ganil? CERN? LNL?

1954 -2004
e

(o= q

B : 7 Low-energy areas
a45 10 (<100 A keV)
8 4
3 11
|
12
Schematic Iayout of the EURISOL FACILITY =
Antrophysics
14 axparimantal anaa
{<4.3 A MaV)
1. Driver linaar accelerator 10. Changn-galsctor
2. 3x 100-KW solld targets 11. Suparconduciing RFQs 15
3. 1 to MW Hget tanget 12 Suparconducting linac
4. lon sourcas 13. Stripper 16 | < >
S. Pre-separators 14.  Charge-state selactor Medium-energy
P— experimental area
6. Beam switchyard 15. Superconducting linac 17 (<22 A MaV)
7. RFQcooler 16 Shipper
8. High-resolution mess sepanator 17.  Charge-sitats salecior
9, Charge-bresder 18. Supmrcanductg linee 18 Higl
Boparirnenbal seex
(100 A MaV Up to 8n=-132]
l < 3
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EURSOL

Design Situay

* Total budget is 33293300 (9161900 from EU)
e Start date: 1 January 2005
* Objective: TDR for end of 2008

* Objective: TDR enabling the Nuclear physics
and Neutrino physics communities to take a
decision about a future facility

* 2009: Fix site and apply for EU construction
project
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Eurisol Design Study Tasks oA

*  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)
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. Physiss and Instrumentation (R. Page, U. Liverpool)

10. Beam Intensity Calculations (K.H. Schmidt, GSI)

11. Beta-Beam Aspects (M. Benedikt, CERN) BENE WPASc
12. Co-ordination and Layout (Not yet allocated)

~tMEuros
out of ~ 10
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CERN: B-beam baseline scenario':3

Nuclear
Physics
SPL

ISOL target
& lon source
ECR
Cyclotrons,
linac or FFAG
Rapid
cycling
synchrotron
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Decay
Ring

V.,V

1954 -2004
e

EU pride

V,V

Decay ring
Brho = 1500 Tm
B=5T

L, =2500 m

SHe—iLie v
Average £, =1.937 MeV

eNe—>'sFee'v
Average £, =1.86 MeV
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1954 -2004
e

(o= q

Beta Beam (P. Zucchelli: Phys. Lett. B532:166, 2002) 77\

V. Lindroos et al., see http:/beta-beam.web.ch/beta-beam
EURISOL o .
__________ Exasting at CERN
'-r "'-‘ /_\
DECAY
[N
SPL
B=3T
[sol target L =2500m

|

& lon source

New RO

l.inac

‘u --------- -t \Hhhﬂﬂf/

e 1[|50L target to produce HeE’: 100 pA, = 2.9 10 ion decays/straight session/year. = T/, |

e el e e e
T e e e e o e e E Ew E Em E Em Ew B Em Ew o Ew oEm o WP

_]”H

e 2 |S0L targets to produce Nela: 100 A, = 1.2 ion decays/straight sessionfyear. = 14 .

e The 4 targets could run in parallel, but the decay ring optics requires:

v(Ne™) = 1.67 - v(He").

A Mezzatio, "Bata Beans™, Villars, Seplamber 24 2004, g
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Target values for the decay ring

SHelium?* 8Neon!"" (single target)
— In Decay ring: 1.0x10'#1ions — Indecay ring: 4.5x10!2 ions
— Energy: 139 GeV/u — Energy: 55 GeV/u
— Rel. gamma: 150 — Rel. gamma: 60
— Rigidity: 1500 Tm — Rigidity: 335 Tm

* The neutrino beam at the experiment should have the “time
stamp” of the circulating beam in the decay ring.

e The beam has to be concentrated to as few and as short bunches as
possible to maximize the number of ions/nanosecond.
(background suppression), aim for a duty factor of 10
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Intensities

Stage

6He

ISNC (single target)

From ECR source:

2.0x10'3 ions per second

0.8x10'! ions per second

Storage ring:

1.0x10'2 ions per bunch

4.1x10'% ions per bunch

Fast cycling synch:

1.0x10'2? ion per bunch

4.1x10'9 ion per bunch

PS after acceleration:

1.0x10'3 ions per batch

5.2x10'! ions per batch

SPS after acceleration:

0.9x10'3 ions per batch

4.9x10'! ions per batch

Decay ring:

<Ms in four 10 ns
~].Qﬂ§ bunch

—

9.1x10'2 ions in four 10 ns

long bunch —~

Only B-decay losses accounted for, add efficiency losses (50%)

CARE04 meetineg 4 Nov 2004. DESY
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Decay losses

* Losses during acceleration are being studied:

— Full FLUKA simulations in progress for all stages (M.
Magistris and M. Silari, Parameters of radiological
interest for a beta-beam decay ring, TIS-2003-017-RP-
TN)

— Preliminary results:
* Can be managed in low energy part
* PS will be heavily activated
— New fast cycling PS?
« SPS OK!
« Full FLUKA simulations of decay ring losses:

— Tritium and Sodium production surrounding rock well below national limits

— Reasonable requirements of concreting of tunnel walls to enable decommissioning
of the tunnel and fixation of Tritium and Sodium
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Multiple beta beam regimes A

Low energy ....... Yion = 1-10  E few 10 MeV (c. volpe)
neutrino reactions
nuclear (astro-)physics,
solar , supernovae

Medium energy .... v;,, <100 E, few 100 MeV M. Mezzetto)
massive low density detector
baseline very large !!!!

High energy ......... Vion=J00 EVe GeV & multi GeV (p. Hernandez & al.)
denser, smaller, farther detectors
same as NuFact?
NB Main issues are technical !!!
may well be an evolutive process (M. Lindroos)
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FREJUS EOL SUMNMARY Astroparticle Obs;

A. De Bellefon, J. Bouchez, L.Mosca et al. N d‘
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Present Laboratory
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Few 100 MeV
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Vilater If_,f Elr:HI-iw Detector
optimized for:

« Light attenuation length limit
« PMT pressure limit
Cost (built-in staging)

B 60x60x60m2x:
! Total Vol: 650 kton

"L Fid. Vol: 440 kton (20xSuperk)

_ # of 20" PMTs: 56,000

ECFA/BENE, May. 2004 separation I # of B" PMTs: 14,800




Detectors ..... again UNO/HyperK

but also

100 kton liquid Argon TPC detector

llllllllllllllll

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




CERN-SPL-based Neutrino SUPERBEAM [ ossaom
Same detectors as Superbeam !

A ,

H* linae 2 GeV, 4 MW Accumulator
ring
300 MeV v " Neutrinos

Magnetic
horn capture

P

small contamination

Target
romv, (no K at2 GeV!)

ML
L T
T T

Near Decay tunnel

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)
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CC Rates

= ""F g 45 F
= 4500 = -
= - —_—=PL o = 4 —_—SPL Vi
= 4000 - - = = _
-g = —_—SPL v, o 35 —_—FPL
3500 - . = 8 _
- — Beta v_ (He ¥ - 1 —Tt He™
3000 B 18 = -
= Beta v (MNe ) 25 E Beta v (MNe ™)
2500 | T E
2000 [ 2 E
1500 1.5
1000 | L=
so0 | g‘; 0.5
D 1 1 I 1 1 | | 1 1 I Ll L] Ll I 1 D : LI Ll Ll I Ll Ll Ll I 1
L] 0.2 0.4 0.6 o.g 1 L] 0.2 0.4 .6 0.g 1
E, (GeW) E, (GaV)
Fluxes & 130 km < I, = CC ate (no osc) = ML = Years Integrated events
.ua.-’.l.l.lga.-’-!'.f." (Se) events/ktonfyr L=V (440 kton = 10 years)
| SPL Super Beam
L 4.78 - 10" 0.27 417 0.32 2 36698
= 3.33 - 10! 0.25 5.6 0,30 8 23320
| Beta Beam
T (= Gl 1.97 . 101 024 4.5 0258 10 19709
L (v = 1000} 1.88 . 10 0.36 329 043 10 144783
1. KMezzratio, "Bata Beams™, Villars, Sepltember 24 2004 10
dmi, =T-107° e¥?, s =1°, dop =7/2 sign{Am?) = +1
Beta Beam SPL-5B
BH e 18 3\ Vi 7,
(v =600 (7= 100y (2yrs) (8yrs)
CiL events (no osc, no cut) 19710 144784 F0EUE  LEEE0
Cizcillated at the Chooz limit G 5304 1441 1182
Cizcillated 1 118 2 34
4 oscillated -12 54 =27 16
Beam background 0 0 140 101
Detector backgrounds 1 a7 ar 50
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d-oacillated events indicates the difference between the oscillated events computed with
4 = 907 and with 4 = (.
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P-P. v—v  at NuFacti&))
A% A% ¢ Q ‘f 7&’\
Agp= 5P, v/v asymmetry Betabeam
vV vV
vVi—*V. Superbeam

‘)
A}x= —» <« asymmetry ... VooV, at NuFact?

ve+Vv, Betabeam +
Superbeam

Agpr  both asymmetries Betabeam +

Superbeam

All of great interest!
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aav LU Neutrino Complex

Haseroth
Lindroos

Muon Complex

Jp— L.

=
;
!
By
——— .'_'
ATy eS|
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o e
AR
- 3 = 13 il

Zmid gunur.lnu B N
Radioactive Ion Beam % Sl
Facility e et
EURISOL) A g e e i

Water C
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Nuclear and Particle
Expimntal Facility

——

me Neutrino to =
pS  Kamiokande ;

50 GeV Synchrotron
(0.75 MW)

- J-PARC = Japan Proton Accelerator Research Complex
CAREO4 meeting 4 Nov 2004 DES ' ' V. Palladino Univ & INFN Napoli. Italy BENE 04 Summary
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Physics Reach: the third mixing angle fﬁy

4.0

CHOOZ
excluded

3.0

2.0

.......................

1-0 | IIIIIIIi 1 IIIIIIIi IIIIIIIi
10 10 10 10" 10 1

3.7
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L- bl

Super Beam & beta Beam

5 80 u i 1 — Beta Beam standard
T s g ISPL ....... Beta E}eadm gptlmlzed
& B0 ; &G A ggt EJE imE|I7[ed
: p '. \ — ﬁB + S L Stﬂndﬂrd
: .S REE sssssss (3B + SPL Optimized
70 : -his B ptimize
E ‘-r::u:ntimisat\cn
E‘D B "". [
L . .y.
50 - ’ \
B E '¢‘ .
C N \
40 | \'- \‘n
s " ;:‘:"“;"‘h- H"“'-
- ?\;\_\h h"-:.". ! -
30 I AT sy B T EH Tttt niiis
20 & Py |.-. i ?T-I# T iee
- LOMmpin
10 F
- N SN A A O AN 1 e R ;
0
1057 157 102
sin{1h,)
] . M. Mezzett
3o discovery potential curves Villars SPSC ¢
ECFA/BENE meeting — Hambure - 3™ november 2004 Antotne Cazes M
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Physics Reach: CPV | \Cﬂ

3 sigma sensitivity of warious options

~80 —
ey ] B
Lal] [ — Superbeam anly
E.. —— Beta-beam only
T B Betabeam
60 + superbeam
- — MUFACT
40
B ﬂ
20 )
e
0 EEEEEEENIEEEEE FEEEE AN RN NN NN NS AN RN NN

0 1 2 3 4 5 6 7 8 O 10
044 (deg.)

Figure 7 : 99%CL 0 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(Am2)=-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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European MWatt complex: O

. Viz
combination of linac+rings  In ShY"ef‘QY
wit

gl

\I/ o
I8 Neutri
"“. to Frejus tunnel J§°
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LHC upgrade and MMW

?ylprelimi

Linac developments (6/20):
nary comparison of drivers at CERN

1954 -2004
e

c_-va

Vg

INTEREST FOR
Present Replacement -
accelerator accelerator Improvement L.H( v physics RIB bevond IPhvsics with
upgrade bevond NG5S ISOLDE k and p
S0 MeV - o -
Linac2 Linacd :I":: Il?_u 1) f O {if alone) 0 {if alone) 0 (if alone)
2.2 GeV ROSs= 1.4 — 2.2 GeV e -
for HEP 0 —» 250 KW 0 (if alone) | 0 (if alone)
o . . o I
: 2.2 GeVimMW a4 — 2.2 Ged oy
PrsB r : .
G s . (super-beam, B- {too short beam 0 (if alone)
RCS 0.01 — 4 MW beam, v factory) pulse)
2.2 GeV/IS0Hz | 1.4 2.2 GeV ‘ *I' : " " 0 (if alone)
THET e . super-beam, - £ -
SPL 0.01 — 4 MW beam, v factory)
SO PS*4F for | 20 — S0 Ged e
.l = .
HEP Intensity x 2 LLUEEL T Y
s
= 26— 50 Ged =
.. 7 \.‘:.:..-:c.g { - b=t
> Hz R( 1 — 4 MW (v factory) 0
SPS 1 I{\ H{ .45 —} 1 TeVy _— " 0 .
] Lhe ST Intensity x 2
*with brightness x2 ** need new injector(s)
R.G. 2M11/2004
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A MMW proton driver is the key issue, worldwide !!!!!!

CONCLUSIONS —

« It seems likely that a new intense proton source will be
proposed for construction at FNAL in near future

* Similar in scope to the Main Injector Project (cost/schedule)
* A 8 GeV Synchrotron or a Superconducting Linac appear
to be both technically possible. However the SCRF linac

strunElv Ercfcrrcd if it can be made affordable
* The FNAL management has requested that the 8 GeV linac
design be developed including cost & schedule information
* A Technical Design will be developed (charge to Bill Foster)
* The Physics Case needs to be developed (charge to Steve
Geer) and of course the goal of this workshop
* These will make it possible to submit a Proton Driver
project to the DOE for approval and funding

B. Kephart

Fermilab
Technical Division

21




WP3 TARGET

C
\

1954 -2004
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ERN

mﬁ“ Bringing it all Together

We wish to perform a proof-of-principle test which will include:

e A high-power intense proton beam (16 to 32 TP per pulse)
o A high (= 15T) solenoidal field
« A high (= 10m/s) velocity Hg jet

o A ~lcm diameter Hg jet
Experimental goals include:
Studies of lem diameter jet entering a 15T solenoid magnet

L]
« Studies of the Hg jet dispersal provoked by an intense pulse of a proton
beam in a high solenoidal field
o Studies of the influence of entry angle on jet performance
e Confirm Neutrino factory/Muon Collider Targetry concept
BROOKHFEAUVEN
MATIONAL LABORATORY Hareld G Kirk
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CERN
L

,ﬁ_ﬂ Proposal to Isolde and nToF Committee

CERN-INTC-2006-033
INTC-I-04%
26 April 2004
Participating Institutions
A Froposal to
the ISOLDE and Nentron Time-of-Flight Experiments 1) RAI

Committes EJ CERN

Studies of a Target System for 3) KEK
a 4-MW, 24-GeV Proton Beam 4) BNL
5) ORNL

l. Reger 1. |L"|'|I'I':_|.||:':'. Brono®, Chrls J. Densham?, Paal V. Drumm®, {-'J ]]]..Illﬁct{n-”l l_l]'li'\_CI‘\l'[}

T. Robert, Bdgeeeck!, Tony A. Gabrlel®, John R. Haines*, Helmot Hesercth?
Yoshinorl Havabe?, Steven 1. Kahn®, Jacques Lettev?, Changeao Lu®, Hans Ludewlg®,
Harold C. Kitk®, Kirk T. MzDonald®, Robert B. Palmer®, Yarems Prykarpatskyy®,
Micholas Simos®, Roman V. Samulyak®, Peter H. Thiebsrger®, Koji Yoshimurs!

Spokespersons: H.G. Kirk, K.T. McDonald

Loval Cottact: H. Hosepoth

Proposal submitted April 26. 2004

NATIONAL LARORATORY Hareld G, kark
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CERN
L

The Experimental Footprint

e Caplimg
= Assanhily

NATIONAL LABORATORY

CARE04 meetineg 4 Nov 2004. DESY
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Mercury Tube Suhaszansh iy
- B4 : = Flexible
Coupling
T T T J P
T | u| | fi E <]
Ll L] ! 1! r o
analdl | | ' . |

k¥ I p PR
Huban sl ""\_

ST =T ;
T 5 %ﬁ' Fo ]
HI | i W\l
Jumal ) | ] -1\_.-_1:_ f
_ . — ‘ - |

Harold G. kark
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WP4 COLLECTION \/_1

Pion momentum 2N/

vFact SB

| m* momentum | 2 10° pot
SEJD_— = LY A
~MARS
3000 —
zsuu_— | At the exit of the target |
2000—

1500
1000
500
% o0z 04 o5 o8 1 ERINTIR
T[+
p (2.2G6eV)
— —p»  # 1+(no cut)/p.o.t = 0.24 (FLUKA & MAR.
ECFA/BENE Workshop DESY A. Cazes thesis

g = 15mm‘ L = 2'3}'"1 =300mm ’resentation by J.E Campagne
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Solenoid style of collection NL

Magnetic flux conservation: B x (nR?) = cte m—

§a2oTh 1.25T ‘ : ‘ .

A )
The charge separation

Tt & T —l is done by RF during the
phase rotation.

) ( ) C )

shielding dump
matching solenoids |

mercury aump windeow
i i 2
RF linac B« [PT]

superconductive solenoids
resisTive solenoid

liquid target
Proton beam

t Angular momentum conservation

decay solenoids

[ ~225MeV/e

0 2
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4 meters D 2
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Horn style of collection

000000000

| Fixed momentum focalisation
(600 or 800)* MeV/c

* E, =26

OMeV or 300MeV ;

—| The wrong sign pions ;”u?j
~ | are eliminated locally | .+

Bd)(rl) o< lcur/r
I,,.~ (300 +600)kA

Fmin liIMited by Target size\

2-3 Novemt TE/” NmiFart-KNat+te-13R .
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40cm
20cm

4cm

'BENE
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The 1st Horn  had
successfully passed a
65000 double nominal
pulses test early may 04.

—

..........

/BENE Wor (2 107 dnuble-pulses ind yer .. 4

rresentation by J.o e pagee
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WPSa MUFRONT

MICE

= Layout

1954 -2004
—

Coupling Coils 1+2

Specirometer Maiching Focus Focus || Matching || Spectrometer

solenoid 1 coils L1+1.2 coils 3 || coils 2,1+2.2 solenoid 2
ﬁ
w m l _'_!_1' L j M l
[ o
L @ EEP

: H[lll i EEr-
Fy '\ 4

= = =, r'y

e
Eeam PID gy -
TOF § RF mﬁﬂ‘ fkﬁmuw 2
Cherenkov TDownsiream
TOF 1 particle ID:
Diffi 142 i L Cherenlov
e Liquid Hydrogen ahsorbers 12,3 Calorimeter
Incoming muon beam Trackers 1 & 2
measuremnent of emittance in and out
MICE: The Intemational Muan Ulisse Bravar CARE/BENE 04 1

lonization Cooling Expenment University of Oxford
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MICE at RAL

Site Proposed for <
MICE Plant
S I
i .-'5'4.;’ = — =
' ﬁ;f}"’ " = . _‘}i' . o i A
: Propose zﬁ’-::'..::ul[|1ul;‘ ) KHEH&OHULI‘[W“W for \"; b : ({4!
coolifig plant rodn & Tulcas, |
- f w \ e .'1'I.. [._1[1.-11.“._ ronie
Y d i or servige 2
;" ¥ .|'|,'I Illl il-\- ."T'-\. - X
Pr - sité fol J'lIL -'ll B £
roposed 5114 ol I ._"I  —t 4
controls & Ci=l][['l3-|,'|,: : e "'r$ by s
room i O Fa T g ;
(presently the cable JI?\—' . " e
store and under ghe i 4 -
1515 control roodn ). #
— R
| - (
MICE. The Intemational Muon Ulisse Bravar GARE/BENE 04 2

lonization Cooling Experimeant
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University of Z=ford
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I B
Proposed =itd [nﬂl !
confrols & cé
aam
{presently the cable
store and under ghe
1515 contral roadn ).

........

Propasae

e 1}£-f|.l|'|1’l{.‘

Site Proposed for
MICE Plant

Hall has been emptied and preparation

LS  Hole in the ISIS vault torhost the experiment begun.
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CERN
\ -

a8 ) == _LOR _ -
* & e LT TN %— 10.4 M
34 M
EARTH FILLED . n ‘o
L gy g | " |0 B
Y7 } i
@ P ""_ i e S | I|IIII||||I:
HEEE . ZLOPE | E
i —_ ’_-;:’Tim i } =
= N _|| ||||| ] =
CRANE LIMITS—
, 2 7

j ISIS INJECTOR ‘

MICE: The Intemational Muon Ulisse Bravar CARE/BEME 04 4
Innization Conlinn Fynenmeant [ -
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WPSb MUEND

Fixed Field Alternating Gradient Synchrotrons
for muons, and more

Introduction

[ .
\
F. Méot

CEA DAPNIA/SACM
& CERN AB/ABP

AN ASH dysyI AN

Fig

Heard at ICFA-HB2004 : one of the most active fields in accelarator physics and technology.

Only 5 FFAG machines operated :
- 3 electron machines by the MURA Lab.,
50's

| st

3rd
4th
Sth

6th
7th
8th
9th

FFAG.
- many applications investigated, e.g. proton
driver, hadrontherapy.

2nd FFAG workshop (July 2000}

KEK
CERN
FFAGOO (Oct. 2000) KEK
FFAGO2 (Feb. 2002) IKEK
FFAG workshop (Sept. 2002} LBL
FFAGO3 (July 2003) KEK
FFAG workshap (Sept. 2003) BNL
FFAG workshop (Mar. 2004) TRIUMF
FFAG04 (Oct. 2004) KEK

FFAG99 (Dec. 1999)

New concepts, new technologies reactivate the interest in the method.
“The rebirth of the FFAG", M. Craddock, CERN Courrier, July 2004,

V. Palladino Univ & INFN Napoli. Italy BENE 04 Summary
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Conclusion (back to the 50°s !) : an e-model of a non-scaling muon FFAG =
z

“Since no non-scaling FFAG has ever been built, there is interest in building a small model which would accelerate =
electrons and demonstrate our understanding of non-scaling FFAG design. “ [Review of Current FFAG Lattice -f
Studies in North America, JS Berg et als, 2004] =1

Main tasks : demonstrate (fast) Xing of resonances. Demonstrate near-crest fast acceleration. f

Energy Mel 1010 20 _,5

number of turns 5to 11 =

circumference m 17 b3

lattice FDF =

tune variation <0.5

number of cells 45

cell length m 0.38 ) o

RF drift length em 10 —H = =

F magnets. T'i.:IE:I lalh::z FI:I: r reeld :_||:-'.I:!r'_ i

- length F/D i 5710 - LAF I':Irlw:::":m-l-.'" ekl it I:';m _I TII'.T-I'I'H e

- field F/D G 375107 C, 0Ely "J?.“ P L g 350

- gradient F/D Tim  6/-5 b I ' T

- apertures em  1.241.8 ok s

. 0es -

alignement tolerancas ans o

gradient tolerances i o

length variation rel. 21077 e B

RF frequency GHz 3 (45 ] By

peak RF voltage kV =80 G4l B

h 171 B - Ll

RF power kW <15 Rk R R

max. | (beam loading) mA 100
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Technical progress is remarkable in all sectors A

A full NuFact & Superbeam Design Study is ready & necessary

DRIVER. .......... Consolidate SC Linac studies
Enhance RCS effort

TARGET ........ Target experiment ready
needs men and resources

COLLECTOR... LAL effort should be saved

MUFRONT... MICE
MUEND ... e-FFAG model
As it is for Betabeam (WP5c¢)

How to bridge to FP7? Jan 07? Can ESGARD help?
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2004 may have brought us ,,j

a Betabeam Design Study
a construction window 2010-20?
‘ budget & personnel ?
recognition of MMW driver?

Will know only if we keep initiative in 2005
& beyond

2004 did not bring us
‘ a NuFact & SuperBeam Design Study

earliest possible start 2007
can ESGARD help?
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BENE Wee'(, CERN 14-16 Mar

1954 -2004
\/

! CERN

BENEOS with CAREOS in

—_JanD5 Feb05 MarQ5 Aprl5 Manl5 Jun(s Julls Augls Sepls Ocths Movl5 DecOs
1 1 La Thuile 1 1 1 1 LPO5 1 1 i 1 1
2 2 La Thuile 2 2 2 2 LPO5 2 2 2 2HARPCM,: 2
3 3 La Thuile 3 3 3 3 LPOS 3 3 3 3 HARPCM 3
d 4 La Thuile i 4 4 LP05 i 4 4 4 HARPCM 4
5 5 A La Thuile i 5 5 5 5 5 5 g
L5} & & B WANDS & g & &3 i L
T 7 7 7 OWANDS 7 7 7 il ) T
& E: 2 WANDS A B g a a B
] ! 9 WANDS g g 2] g a

10 10 MICE 10 WANDS 10 10 10 0 10
11 11 MICE 11 11 11
12 12 MICE 12 12 12
13 13 13 13 13
14 14 USMC 14 14 MICE? 14
15 15 USMC 15 15 MICE? 15
16 16 USMC 18 16 MICE? 18
17 RALBETA 17 USMC Fi 17 MICE? 17
18 RALBETA 18 18 18 1B
18 19 12 Moriond EW 19 14 18
20 20 210 Moriond EW 20 20 20
ey | 21 21 s | 21
22 22 Venice 22 22 22
23 23 Venice 3 23 23
24 24 Venice 24 24 24
25 25 Venice 25 25 25
25 26 26 EPS HEP 2B 26 265
¥ 27 La Thuile e el ¥ ey
28 28 La Thuile 28 b 28 2B
20 ] 29 28
30 a0 30
31 3 I

uFact05 Int. Workshop June 21-26, LNF

. “School June 12-20
AYINNOS Int, Workshop at Frejus, 7=-9 APTI .ot 1 BENE 04 Summars




Interim BENE Report late 2005

ddddddddd

General Document along NuFact05 Prodeedings

(progress on) Definition of Proton Driver Strategy
LHC upgrade .... SC Linac/RC Synchro

BENE, Eurisol, Eurotrans, FixedTarget
EMCOG

SPSC, SPC ..... ESGARD, ECFA ....

Advance on World Wide Design Study(US/EU/J)
Application to EU programs .... NEST
veeee 132

On going R&D projects HARP, MUSCAT, HIPPI
LALhorns
TT2a, MICE, eFFAG
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The end
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