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ANAC objectivesj

This WP regroups important topics regarding novelThis WP regroups important topics regarding novel 
accelerator concepts in three different fields: high 
luminosity colliders, technologies required by neutrino 
f iliti d l l t t h ifacilities and plasma wave accelerator techniques: 

a new collision scheme characterized by an innovative correction 
of higher order optics aberrations combined with large angle 
beam crossing holds the promise of increasing the luminosity farbeam crossing holds the promise of increasing the luminosity far 
beyond the current achieved state-of-the-art in colliders
the planned instrumentation for the world’s first non-scaling 
FFAG (Fixed Field Alternate Gradient) (EMMA STFC) shallFFAG (Fixed Field Alternate Gradient) (EMMA, STFC) shall 
allow a better knowledge of the beam dynamics, with possible 
application to neutrino facilities and medicine. The accelerator 
neutrino community network is closely linked to the muon cooling 
f ilit MICE d t thi t ifacility MICE and to this topic
the measurement of ultra-short electron beams is instrumental to 
the assessment of laser plasma acceleration
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Tasks
Task 11.1. ANAC Coordination and Communication                   
(Coordinator M. Biagini, LNF - INFN)

Coordination and scheduling of the WP tasks 
Monitoring the work, informing the project management and participants 
within the JRA
WP budget follow-upWP budget follow up

Task 11.2. Design of Interaction Regions for high luminosity colliders     
(Coordinator C. Milardi, LNF - INFN)

Feasibility study of a new IR based on the Crab Waist concept for the 
upgraded KLOE experiment at DAΦNEupgraded KLOE experiment at DAΦNE.
Study the possible integration of the Crab Waist collision scheme into the 
LHC collider upgrade

Task 11.3. Upgrade of the EMMA FFAG Ring                                
(C di t T R Ed k STFC)(Coordinator T.R. Edgecock, STFC)

Design, build and test the external diagnostics systems for EMMA
Commission EMMA using the diagnostics and perform the necessary 
experiments to evaluate non-scaling optics for a variety of applications.p g p y pp

Task 11.4. Instrumentations for novel accelerators                      
(Coordinator V. Malka, LOA - CNRS)

Design, build and test of detectors for emittance measurements of electron 
beams delivered by laser plasma accelerators
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Existing infrastructures usedg

DAΦNE + t i INFN F tiDAΦNE e+e- storage ring, INFN, Frascati 
National Laboratories, Italy
LHC llid CERN S it l dLHC collider, CERN, Switzerland
EMMA FFAG Ring, STFC, Daresbury 
L b t i UKLaboratories, UK
SPARC Lab, INFN, Frascati National 
L b t i It lLaboratories, Italy
LOA, CNRS, France
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Statistics
12.1 Coordination and 

communication,  153,700.00  € , 12.4 Instrumentation for plasma 
wave acceleration 707 300 €

Budget by Task

3% 11% BINP

Budget by participant

5%

12.2 crab waist,  1,160,800 € 
37%

wave acceleration,  707,300 € , 
23%

3% 11%

19%
34%

BINP
CERN
CNRS

12.3 FFAG (EMMA), 1,100,600 33%

CNRS
INFN
STFC12.3 FFAG (EMMA),  1,100,600 

€ , 35%

3 years duration 
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Deliverables & Milestones
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Detailed budget for Task
1

2

3

44

Total costs: 3 117 keuro EU funding: 935 keuro
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Total costs: 3.117 keuro,   EU funding: 935 keuro



Task 11.2: Large Piwinski Angle and 
Crab-Waist collision scheme

Coordinator C. Milardi, LNF - INFN
Feasibility study of a new collision scheme for storage-ring colliders 
h i d b L Pi i ki A l l β* d C b W i (LPA &characterized by Large Piwinski Angle, low β* and Crab Waist (LPA & 

CW).
LPA & CW should provide a luminosity improvements far beyond the 
current state of the art without any significant increase in beamcurrent state-of-the-art, without any significant increase in beam 
currents and without reducing the bunch length
Tests are presently in progress at the INFN National Frascati 
Laboratory’s Φ-Factory DAΦNELaboratory s Φ Factory DAΦNE
Task 2 is aimed at studying the LPA & CW implementation at:

DAΦNE collider upgrade in view of the KLOE2 experiment data-taking
Possible upgrade for one of the LHC interaction regionPossible upgrade for one of the LHC interaction region

Task Partners:
BINP, Russia
CERN SwitzerlandCERN, Switzerland
CNRS, France
INFN, Italy
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Large Piwinski Angle, Crab-Waist
1) Head-on,
Short bunches

2) Large crossing angle, 
long bunches

Overlap region

(1) and (2) have same 
Luminosity, but (2) has longer 

bunches and smaller σx
σx

σzbunches and smaller σx

σz
σx

Large Piwinski angle:

Φ = tg(θ)σz/σx
Crab off

y waist can be moved
along z with a 

All ti l i b th b
g

sextupole
on both sides of IP 

at proper phase

All particles in both beams 
collide at the minimum βy

region (waist)
ith a net l minosit gain
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LPA & CW at DAΦNE
DAΦNE original configuration:
Lpeak ~ 1.6 1032 cm-2 s-1 (Apr 2007) maximum e+ e-

p
luminosity achievable due to:

βy
∗ saturation, βy

∗ ≥ σz to avoid the hourglass 
effect
Long range beam beam interactions (24

E(c.m.= 1020 MeV (Φ)

IP

Long-range beam-beam interactions (24 
encounters in each of the two IRs) causing 
lifetimes reduction, limiting maximum currents 
and consequently Lpeak and Lint.

Lring= 97  m
hharmonic= 120

Collider upgrade for new collision scheme:Present rings layout pg
new IR
new Ring Cross Region replacing former IR2
new injection kickers 

Present rings layout

new bellows
transverse and longitudinal feedback upgrade
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DAΦNE achievements (Dec. 2008)

New collision scheme works and CW sextupoles 
effective in controlling transverse beam blow up

Operation restarted on Dec. 2007

effective in controlling transverse beam blow-up 
and increasing luminosity:

Lpeak = 1.6 cm-2s-1 , ∫ Lday = 10. pb-1 (KLOE 2003)
Lpeak = 3.6 cm-2s-1 , ∫ Lday = 12.8 pb-1 (NOW)

In this context is reasonable to plan a further 
upgrade in view of the KLOE2 experiment runupgrade in view of  the KLOE2 experiment run

Luminosity vs beam 
currents
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Luminosity, crab sextupoles ON/OFF
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Crab waist in LHC ?Crab waist in LHC ?

One example:
K. Ohmi (KEK)

CARE HHHOne example: CARE-HHH
mini-workshop
28 August ‘08

φ = 3.5 in LPA option 
βy squeezed to σx/φ=2.1cm (extreme!)βy squeezed to σx/φ 2.1cm (extreme!)

→ L increases (14/2 1)1/2=2 6 times→ L increases (14/2.1)1/2=2.6 times
→ ξy decreases and ξx is small for LPA

→ “crab waist has a chance to work!”
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Crab-waist collisions (K. Ohmi,KEK)
V ti l f th h th b h i t llVertical focus moves through the beam horizontally
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Another use of “crab-waist”: push beam halo 
away from opposing beam at LR collisionsaway from opposing beam at LR collisions

K Oh iK. Ohmi
(KEK)
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Detailed by work
INFN:
New Interaction Region design for the KLOE2 experiment:

• Optics designp g
• Coupling correction & ring acceptance
• Background
• Beam dynamic• Beam dynamic

One postdoc for 3 years + travels

CERN:
Evaluate the LPA & CW implementation for one of the LHC 

Interaction Region:Interaction Region:
• LHC flat beam and large-Piwinski angle scenarios 

with IR layouts and magnet parameters 
• Crab waist for primary and parasitic collisions• Crab waist for primary and parasitic collisions
• Crab waist for collimators 

O f ll f 2 5 t l i it t t CERN
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Detailed by work (2)
BINP:
Studies for the DAΦNE upgrade:

• Beam-beam simulation
• Dynamic aperture computation and optimization
• Intra beam scattering and Touschek lifetime calculations

CNRS:

Computing resources  + travels

Contribution to the DAΦNE upgrade:
• Luminosity monitor design
• Beam measurements• Beam measurements 

One post-doc for 1 year
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Task 11.3: Non scaling FFAG
Coordinator T R Edgecock STFCCoordinator T.R. Edgecock, STFC

Non-scaling FFAGs under study for:g y
muon acceleration in a Neutrino Factory
proton & ion acceleration for cancer therapy
muon production for μSR
spallation neutron production and ADSR

So far, only scaling FFAGs built
EMMA → proof of principle ns-FFAG

b i b ilt t D b L b tbeing built at Daresbury Laboratory
electron acceleration from 10-20 MeV
uses ALICE (energy recovery linac prototype) as injectoruses ALICE (energy recovery linac prototype) as injector
diagnostics are very important
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EMMA Complex Layout



EMMA Ring



EMMA Girder

EMMA 
cell Statuscell Status

All components designed

Construction of most well advancedConstruction of most well advanced
e.g. an EMMA cell gets a royal visitor

(Duke of Kent)



Diagnostics Line



EMMA schedule



Within ANAC
External diagnostics design, construction and testing. 
The requirements for the diagnostics will come from tracking 
studies performed by CNRS-Grenoble and STFC at the Daresburystudies performed by CNRS-Grenoble and STFC at the Daresbury 
Laboratory. 
The design, construction and testing of the devices will be 
undertaken by staff in STFC. The installation in the beam-lines will y
also be done by STFC staff
Commissioning and experimental running. Commissioning of 
EMMA using diagnostics will be undertaken by staff from STFC

d CNRS Th i t l t ith th d iand CNRS. The experimental measurements with these devices 
required to determine the applicability of non-scaling optics for the 
applications being studied will also be made by staff at STFC and 
CNRSCNRS
Task Partners:

CNRS, France
STFC UKSTFC, UK

B d t f t ti f “di ti ” b li
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Task 11.4: Emittance measurements of laser-
plasma acceleratorplasma accelerator

Coordinator V. Malka, CNRS

The development of ultra short electron beams with low emittance, 
using RF or laser based accelerators, is crucial for the development 
of a two stage laser plasma accelerator, which should permit to 

d t bl th l ti d f th l t breduce notably the relative energy spread of the electron beam
The need of new instrumentation to diagnose parameters of the 
electron beam produced is extremely important. An experimental 
methodology is needed to investigate these parameters such asmethodology is needed to investigate these parameters, such as 
emittance or relative energy spread, since they are not today 
produced with a very high shot to shot reproducibility as those 
produced using RF cavity based accelerators. p g y
It is proposed to study the different approaches for measuring 
emittance of these electron beam delivered by laser plasmas 
accelerators. These emittances are expected to be in the mm.mrad 
rangerange. 
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Experimental set up at LOA
Injection beam
130 mJ, 30 fs 
φfwhm= 28×23 µm

Laser plasma acceleration demonstrated (CARE)

φfwhm  28 23 µm
I ~ 4×1017 W/cm2

Pump beam
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670 mJ, 30 fs, 
φfwhm= 21×18 µm
I ~ 4×1018 W/cm2 CARE collaboration meeting CERN 2-4 December 2008



CARE collaboration meeting CERN 2-4 December 2008
1% energy spread beams measured

g
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Within ANAC
Different approaches for measuring the beam emittance have been pp g
suggested or tested in the past
To avoid errors induced by shot to shot fluctuations in the emittance 
measurement INFN will develop a single shot emittance 

t ifi t h i t d th Thimeasurement or a specific technique to reduce those errors. This 
diagnostics will be tested at the SPARC Lab in Frascati, where a low 
emittance RF gun is available 
The selected technique will be then tested and used at LOA where aThe selected technique will be then tested and used at LOA where a 
laser plasma accelerator will be developed for this purpose

Task Partners:Task Partners:
CNRS, France
INFN, Italy

LOA: budget used to hire one Post doc for two years
INFN: budget used to hire one Post doc for two years
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Conclusions
ANAC WP collects innovative ideas in very different 
fieldsfields
Novel methods have been proposed for colliders, muon 
and laser-plasma accelerationand laser plasma acceleration
5 existing infrastructures will be used 
Very small budget spread over 5 participant Institutionsy g p p p
Profit from collaboration with non-EU partners:
“The Panel agrees that both these institutes (BINP,...) 
are making unique and high-value contributions to this 
proposal, and thus their participation is well-justified.”
(EuCARD evaluation summary report)(EuCARD evaluation summary report)

We are small but we will have BIG results !
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