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ECFA/01/213
13 September 2001
ECFA EUROPEAN COMMITTEE FOR FUTURE ACCELERATORS

REPORT OF THE WORKING GROUP
ON THE FUTURE OF ACCELERATOR-BASED PARTICLE PHYSICSIN EUROPE

The Working Group makes the following recommendations:

For the long-term:

a co-ordinated collaborative R&D effort to determine the feasibility and
practical design of a neutrino factory based on a high-intensity muon storage
rng;

a co-ordinated world-wide R&D effort should be made to assess the feasibility and estimate the cost of a 3-5 TeV e'e

linear collider (CLIC), a very large hadron collider (VLHC) and a muon collider; in particular, R&D for CLIC is well
advanced and should be vigorously pursued.

The central role of CERN in Europe must continue and will be essential as the fulcrum of the long-term future of
particle physics. The Working Group considers it essential that, through CERN, Europe should be able to play a key
rolein the exploration of the multi-TeV horizon that will open in the post-LHC era.
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Proton Driver:

HARP:

Target:

Horn;

Cooling:
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Design and model work on SPL

Measurement of pion production (energy, angle etc. as
function of proton energy and target material

Measurements at Grenoble (injection of mercury beams into
high field magnet, 17 T). Test with ISOLDE beam (energy 1.4
GeV, similar energy density asin proton driver)

Measurements of vibrations, fatigue, irradiation in ISOLDE
beam

Computer ssmulations with PATH and ICOOL

Refurbish RF power amplifier for MICE (may need external
funding). Measurement of scintillation fiber detectors.
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RF cavities

Tests at (40 and) 80 MHz with strong solenoidal fields
Detectors

Test of scintillating fibers
Muon Linac:

Computer simulations

Recirculating Linear Accelerators (RLAS):
Computer ssmulations

Decay Ring:

Computer simulations
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Other Possible Scenarios:

FFAGs (Fixed Field Alternating Gradient) machines with
large acceptances to accel erate muons (with or without
cooling)

Betabeams (decay of e.g. ®He or ¥8Nein aring to produce
neutrino beams)
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NOTE:

What | have shown now looks like that we do not need you!

All these activities could certainly be executed in principle by CERN people, but
we are not expertsin all fields and we have by far not enough people. In the
“good old days’ (last three years) we had 14 FTES/year and 1.3MCHF (last
year), thisyear’s “budget” is officially at zero and we have 3 FTEs.

The American Neutrino Factory and Muon Collider Collaboration had an order
of magnitude more means (5 to 9.2 M$ from DOE and NSF + support from the
labs + from different other sources) and there are still lots of open questions.

Experimental work is also urgently needed.
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European collaboration for a Neutrino Factory based
on input from the NFWG steering group

Proton Driver Scenario l;

SPL

H- source development (along-term development based on the ECR design), the 350
MHZz test place, a CCDTL prototype at high power and the chopper pulser. High
priority is also given to beam dynamics studies and to studies of linac accelerating
structures. At alower priority are the tests of a high power amplitude and phase
modulator and some preliminary developments of low level electronics for pulsed SC
cavities.

Accumulator and compressor Rings
Writing up, cost estimate...

Proton Driver Scenarioll;

Fast cycling synchrotrons
Lattice for 30 GeV RCSin ISR tunndl:
(high gamma-t ~35-40, Momentum compaction |alphal|<0.01)
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Target for pion production

The EURISOL collaboration plans to set up a collaboration on a high power Uranium
target for the production of intense Radioactive lon Beams beams. CERN and other
European neutrino physics laboratories should participate in two EU networks for
which the plans will be discussed in the next EURISOL steering committee meeting.
One is for developing high power molten metal proton to neutron converters and one
is for defining safety, radioactivity handling, layout, support laboratories and cost of
the target station.

Study of target and collection for Neutrino Super beams
Pion collection

Complete the design and evaluation of the four horn pion collection system. A key
parameter is the free space to leave for the dump of the primary beam.
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M uon collection and acceler ation:

Start the design of a single RLA from 2 to 50GeV. Key issues : design an
Injection system and spreaders. Maximize the momentum acceptance for
Isochronous arcs. 1sochronous versus non-isochronous ?

RLASs with isochronous horizontal arcs at 200 MHz.

Comments: In the 350 MHz scheme, the longitudinal acceptance of the whole
complex is limited to 0.1 eV.s. It is of paramount importance to increase
muon longitudinal acceptance well above 0.1 eV.s. For comparison, pion
longitudinal emittance is larger than 1 eV.s. The RF power consumption
should be highlighted as clearly asfor linear colliders.

These comments apply to the front end as well.
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Scenario I
Phase rotation and cooling

-optimization of the decay channel

-phase rotation system at 88M HZ-optimization with field map
-alternative phase rotation system (double bend)

-cooling at 88 MHz-study of (equilibrium) emittance

-cooling at 88 MHz-acceptance

-quadrupolar cooling channel-theory and simulations
-refinement of the design after results of 88M HzRF tests
-matching to the recirculators

-simulation of a cooling experiment at 200MHz
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Scenario ll:
FFAGswithout or with cooling

(@) Ring Cooler:

Works well on paper. Should work in FFAGs too. Main problem: Injection/extraction.
Japanese are on the way to solve it for FFAGs (?). If they succeed (and they have to,
otherwise their Nufact scenario drowns), the cooling ring may become aviable
aternative to other schemes.

(b) Isochronous (non-scaling) FFAG lattices for muon acceleration. The interest of
such lattices isfor alternativesto RLAs that allow for more turnsin onering. This
again isthe basic idea of the Japanese Nufact, but they go for scaling, hence non-
Isochronous, FFAGs which limits on to low-frequency RF systems (10-20 MHz). The
Isochronous ring would allow higher RF frequencies, thus higher gradients.
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Decay ring
Study of decay ring with larger acceptances for FFAG scenario.

Cost estimates for different machine layoutsor at least
subsystemsto provide guidance to the designers.

Study of Beta beams
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preliminary list
R

SPL : IPHI | acceleration to 120 Mev CEA Saclay, INFN Legnaro
Recirculator and accumulator: RraL

Target: Isolde, BNL, EPFL Lausanne, Grenoble, PSI

Horn: uni Crakow, discussions with France (Orsay?)

Phase rotation and cooling: MICE MICE (40 Ingtitutes signed the LOI)

Host Lab: RAL

Beam: RAL & PS|

H2 absorbers: MUCOOL (US, Japan, Oxford)
RF cavities: US, RF power CERN/RAL/FNAL
RLA, Storage ring: FNAL, Frascati
FFAG (apan, RAL)

HARP (24 Institutes) TPG= Legnaro-Gva

Spectrometer detectors read-out, software
European ingtitutions: TOF=Milano-Padova

open issues:
spectrometer solenoids (Saclay?/Frascati?)
focus solenoids (RAL/Oxford? ...)
more modern RF power, LiH absorbers......
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preliminary list

SPL. : INFN Legnaro, CEA Saclay
Recirculator and accumulator: raL

Target: BNL, EPFL Lansanne, Grenoble
HCI]T]E-: Ui Crakow, discussions with France

Phase rotation and cooling:

INFN Frascati,

RAL

Mucool collaboration (IIT chicago, Fermilab, BNL, etc.. )

KEK, Uni Osaka

Consortium of European uaversities {EnNuFact incl Uni. Geneva)

PSI

RIA and Storage ring: Fermilab, INFN frascati
HARP (24 mstitutes)

MUSCAT (10 nstitutes)
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