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ANAC objectives

This WP regroups important topics regarding novel
accelerator concepts in three different fields:
, technologies required by neutrino

facilities and plasma wave accelerator techniques:

» the planned instrumentation for the world’s first non-scaling
FFAG (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
facility 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-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 DA®NE.

» Study the possible integration of the Crab Waist collision scheme into the
LHC collider upgrade

Task 11.3. Upgrade of the EMMA FFAG Ring
(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.

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 used

« DAONE e*e storage ring, INFN, Frascati
National Laboratories, Italy

- LHC collider, CERN, Switzerland

- EMMA FFAG Ring, STFC, Daresbury
Laboratories, UK

- SPARC Lab, INFN, Frascati National
Laboratories, Italy
- LOA, CNRS, France
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Statistics

12.1 Coordination and Budget by Task

communication, 153,700.00 €,
5%

12.4 Instrumentation for plasma
wave acceleration, 707,300 €,

23%
/— 12.2 crab waist, 1,160,800 €

37%

12.3 FFAG (EMMA), 1,100,600
€,35%

Budget by participant
S 11%
34%
19%

Work package number

Start date or starting event:

Work Package title

Activity type

Participant id

Person-months per
beneficiary

EuCARD Kick-off Meeting, CERN, Dec. 5th 2008




Deliverables & Milestones

Deliverables | Description/title Delivery
of tasks month
AMNAT web-site linked to the technical and administrative
1111 M36
databaszes
1121 DAEME IR design for the upgraded KLOE detectar M2
11272 Study of an IR design for LHT upgrade le]a]
1131 Results frum the operation of EMMA Using the new N3G
diagnostics
11.4.1 Preliminary electron beam gmittance measurement report M 36

Mile- | task | Descriptionftitle MNature | Delivery | Comment

stone meonth
1111 111 | 1 annual ANAT review meeting h12
11.1.2 1 11.1] 2" annual ANAC review meeting f1 24
11.1.3 ] 11.1] 39 annual ANATZ review meeting E]s
11.14 | 11.1 | Final ANAC review meeting W48

DAPMNE beam parameters
1121 112 definition far KL OE M12 | Preparatory for IR study
Compatibility of newy IK scheme

1122 112 and LHC

11311 113 Hequirements for electron heam

diagnostics

1132 1113 C_Dnstru;tinn of the electron beam

diagnostics completed

1133l 1113 Commissioning of EMUMA,

completed

1141] 114 Elgctrun beam emittance meter
finished

M1E8 | Preparatory for IR study

M2

PRI I RO ISR el e]le] (]

0

Alignment and pre test
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eneficiary short hame | Person- [ Personnel Personnel Sub- Consumable Travel Material and Total Total Total costs |EC requested
all costs in €) Months | direct costs | indirect costs |contracting | and prototype direct |travel indirect| direct indirect (direct funding’
cost direct costs costs costs costs costs +indirect)

INP 1 2,080 790 0 5,000 1,900 7,080 2,650 9,770 2,931

ERM 1 5,200 3,720 0 8,000 4,800 14,200 8,520 22,720 5,816

NES 1 5,200 3,120 0 5,000 3,000 10,200 6,120 16,320 4,896

NEN 4 20,800 12480 0 4,970 16,000 12,582 41,770 25,062 66,832 20,050

TFC 1 7,000 7,360 0 10,000 0 17,000 7,350 24,350 7,305
otals: 8 41,280 27.460 0 4,970 44,000 22,282 90,250 49,742 139,992 41,998
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cost direct costs costs costs costs costs +indirect) funding'

BINP 14 29,120 11,066 0 30,000 9,000 14 820 68,120 25 886 94,006 28,202
CEEN 31 192,200 115,320 0 9,000 5,400 201,200 120,720 321,920 96,576
CNRES 9 46,800 28,080 1] 8,000 4 800 54,800 32,880 87,680 26,304
INFM 78 405,600 243,360 0 9,320 2,610 414,950 248,970 663,920 199,176
Totals: 132 673,720 397,826 0 30,000 35,350 30,630 739,070 428,456 1,167,526 350,258
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direct costs

CNRS ] 26,000 15,600 0 15,000 9,000 41,000 24,600 65,600 19,680

STFC 45 315,000 330,750 0 384,000 13,000 0 712,000 330,750 1,042,750 312,825
Totals: 50 341,000 346,350 0 384,000 258 000 9000 753,000 355,350 1,108,350 332,505
Beneficiary short hame | Person- Personnel Personnel Sub- Consumable and | Travel | Material and |Total direct Toal Total costs EC

{all costs in €) Months | direct costs |indirect costs |contracting [ prototype direct | direct travel costs indirect (direct requested

cost costs costs  |indirect costs costs +indiract) funding’
CNES 35 162,000 105,200 0 66,400 10,000 45,840 258,400 155,040 413,440 124,032
INF M 28 145,600 87,360 0 32,000 2,000 20,400 178,600 107,760 287,360 86,208
Totals: 63 327,600 196,560 0 98,400 12,000 66,240 435,000 262,800 700,800 210,240
0 0 euro ding: Y euro
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Task 11.2: Large Piwinski Angle and
Crab-Waist collision scheme

Feasibility study of a new collision scheme for storage-ring colliders
characterized by Large Piwinski Angle, low * 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 beam
currents and without reducing the bunch length

Tests are presently in progress at the INFN National Frascati
Laboratory’s ®-Factory DAONE
Task 2 is aimed at studying the LPA & CW implementation at:

» DAONE collider upgrade in view of the KLOEZ2 experiment data-taking

> Pneccihla iinnrada far nna nf tha | HC intarartinn raninn
Vd 1 VOVINIV uvuluu\l IVIE Vi VUl LIV Lol I\ ItV AauiLivii |\Jslull

Task Partners:
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Large Piwinski Angle, Crab-Waist

1) Head-on, Overlap region 2) Large crossing angle,
Short bunches long bunches

T (1) and (2) have same /' A
Luminosity, but (2) has longer
(fx N bunches and smaller o,

<« O0,»

Large Piwinski angle:
D = tg(6)o,/o,

Crab off

y waist can be moved

along z with a _ : .
sextupole i All particles in both beams

on both sides of IP | : — collide at the minimum By
" region (waist)

at proper phase : : ) :
with a net luminosity gain

“Crab Waist” Crab on 9




LPA & CW at DADNE

« DAG®NE original configuration:
Lyeax ~ 1.6 10°2 cm2s7" (Apr 2007) maximum
luminosity achievable due to:
> B¥* saturation, By* 2 o, to avoid the hourglass
e

{ Em=1020 MeV () 4« fect

L. =97 m . » Long-range beam-beam interactions (24
encounters in each of the two IRs) causing
lifetimes reduction, limiting maximum currents
and consequently L., and L.

rng—

=120

hharmonic

Collider upgrade for new collision scheme:
> new IR
» new Ring Cross Region replacing former IR2
» new injection kickers
» new bellows
» transverse and longitudinal feedback upgrade




DA®NE achievements (Dec. 2008)

Operation restarted on Dec. 2007

+ New collision scheme works and CW sextupoles
effective in controlling transverse beam blow-up
and increasing luminosity:

SIDDHARTA Luminosity
1204 | [1108)]

file Au2ilatadumi20081 202 dat RUNNING

In this context is reasonable to plan a further
upgrade in view of the KLOEZ2 experiment run

35000

Luminosity vs beam
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I 'i__ll'*' &

CRAB Optics
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Luminosity, crab sextupoles ON/OFF
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Crab waist in LHC ?

K. Ohmi (KEK)
One example: CARE-HHH

mini-workshop
28 August ‘08

¢ = 3.5 in LPA option
B, squeezed to o,/¢=2.1cm (extreme!)

— L increases (14/2.1)1?=2.6 times
— G, decreases and ¢, is small for LPA

— “crab waist has a chance to work!”
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Crab-waist collisions (K. Ohmi,KEK)
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Detailed by work

INFN:
»New Interaction Region design for the KLOE?2 experiment:
» Optics design
» Coupling correction & ring acceptance
« Background
« Beam dynamic

One postdoc for 3 years + travels

CERN:

»Evaluate the LPA & CW implementation for one of the LHC
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 collimators

One fellow for 2.5 years + travels + invite experts to CERN
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Detailed by work (2)

BINP:
» Studies for the DA@NE upgrade:
« Beam-beam simulation
« Dynamic aperture computation and optimization
* Intra beam scattering and Touschek lifetime calculations

O\ [ 8K

» Contribution to the DA®NE upgrade:
» Luminosity monitor design
« Beam measurements
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Task 11.3: Non scaling FFAG

« Non-scaling FFAGs under study for:
» muon acceleration in a Neutrino Factory
» proton & ion acceleration for cancer therapy
» muon production for uSR
» spallation neutron production and ADSR
- S0 far, only scaling FFAGs built
- EMMA — proof of principle ns-FFAG
» being built at Daresbury Laboratory
» electron acceleration from 10-20 MeV
» uses ALICE (energy recovery linac prototype) as injector
» diagnostics are very important

EuCARD Kick-off Meeting, CERN, Dec. 5th 2008
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EMMA Complex Lay
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EMMA Ring
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EMMA Girder

F Magnet Location for diagnostics

D Magnet

Status
All components designhed

Construction of most well advanced

e.g. an EMMA cell gets a royal visitor
(Duke of Kent)




Diagnostics Line

Screen x 3 Spectrometer Extracted momentum
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EMMA schedule

=]

Task Name Start Finish 2005 | 2006 | 2007 | 2008 | 2009 [2010 [20
atlazlazaalatlazlaaladlatlazloaladlailaz[aaloalat]az[aaad]at]az[oa]ad]al

—

EMMA Project Plan Fri 01/04/05 Thu 30/09/10

—
Conception Fri 01/04/05 Fri 301205
Feasibility Phase Maon 02/01/06 Fri 30/03/07
Project approval notified Fri 01/12/06 Fri 01/12/06 ’ 01m2
Design Review 1 Thu 04/01/07 Thu 04/01/07 |
Design Review 2 Mon 26/02/07 ‘Wed 28/02/07 |
Funding available Mon 02/04/07 Mon 02/04/07

\_[F

Design Mon 02/04/07 Mon 16/02/09
Design review 3 Man 10M12/07 Tue 1112107
Procurament Mon 30/04/07 Tue 28/04/09

A1l

|
‘ 30/04
]

I
]

o| | =l 3 o | W] R =

All major components on site Thu 30/04/09 Thu 30/04/09

Infrastructure upgrade Wed 23/07/08 Fri 21/11/08

Particle testing of vacuum chambers and off line assembly Fri03/10/08 Tue 30/06/09
of modules

ALICE Shutdown Sat 25/10/08 Sat 22/11/08
ALICE Shutdown Mon 15/06/09 Wed 30/09/09
Installation in the ALICE Accelerator Hall Man 05/01/09 Mon 31/08/09
Test systems in the ALICE Accelerator Hall Mon 02/03/09 Fri 30/10/09
Injection line and ring complete Fri 30M10/09 Fri 30/10/09
Phase 1 Diagnosiics Beamline Complete Mon 01/12/08 Fri 13/11/08
Commission with electrons stage 1 Man 02M11/09 Mon 30/11/08
Alice Shutdown Mon 07/12/09 Sun 03/01/10
Commission with electrons stage 2 Mon 04/0110 Wed 31/03/10
Alice Shutdown Tue 06/04/10 Sun 02/05/10
Commission with electrons stage 3 Mon 03/05M10 Thu 28/07M10
Alice Shutdown Mon 020810 Sat 28/08/M10
Commission with electrons stage 4 Mon 30/08M10 Thu 30/08M10

[

BEEE BEE |& SN (@

A

G G G

EMMA beam studies complete Thu 30/09M10 Thu 30/09/10

Splil LRR IR NN RN R R AN R RN TNNNNIRRRY) Summaw ' ' E):ternal MiIBSTOHE ’
Progress I Froject Summary —' Deadling &

Project: EMMA Summary Program V3
Date: Tue 21/10/08




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 Daresbury
Laboratory.

The design, construction and testing of the devices will be
undertaken by staff in STFC. The installation in the beam-lines will
also be done by STFC staff

Commissioning and experimental running. Commissioning of
EMMA using diagnostics will be undertaken by staff from STFC
and CNRS. The experimental measurements with these devices
required to determine the applicability of non-scaling optics for the

?\;?\ﬂ_l?icqations being studied will also be made by staff at STFC and

Task Partners:
» CNRS, France
> STFC, UK

Budget for construction of “diagnostics” beamline
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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
reduce 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 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.

It is proposed to study the

of these electron beam delivered by laser plasmas
accelerators. These emittances are expected to be in the mm.mrad
range.
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Experimental set up at LOA

Laser plasma acceleration demonstrateds(CARE) Injection beam
: 130 mJ, 30 fs
Orwhm= 28%23 um
| ~ 4%1017 W/cm?

Pump beam
670 mJ, 30 fs,

Opwim= 2118 pm m— B
| ~ 4%x1018 W/cm? CARE collaboration meeting CERN 2-4 December 2008




1% energy spread beams measured

CARE collaboration meeting CERN 2-4 December 2008
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Within ANAC

Different approaches for measuring the beam emittance have been
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
measurement or a specific technique to reduce those errors. This
diagnostics will be tested at the In Frascati, where a low
emittance RF gun is available

The selected technique will be then tested and used at LOA where a
laser plasma accelerator will be developed for this purpose

LOA:
INFN:
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Conclusions

- ANAC WP collects innovative ideas in very different
fields

« Novel methods have been proposed for colliders, muon
and laser-plasma acceleration

« 5 existing infrastructures will be used
- Very small budget spread over 5 participant Institutions
« Profit from collaboration with non-EU partners:

(BINP,...)

(EuCARD evaluation summary report)

We are smar but we will have BIG results !
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