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A SMALL DECELERATION RING FOR EXTRA LOW ENERGY ANTIPROTONS (ELENA)

H., Herr

CERN, Geneva, Switzerland
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ELENA is a small decelerator which:

a) slows the AD antiprotons to 100 keV
b) cools them via integrated electron cooling
c) delivers the p‘s to the various experiments via electrostatic beam lines

d) allows optional for an additional experimental zone

input acceptance of electron cooling ELENA can be
ELENA matches guarantees for located within the
the AD emittance high quality beam present AD hall
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General Motivations:

In the antimatter regime
presently established predictions (SM — GR) are experimentally not verified

The SM-extensions™ govern a large set of emerging effects
relevant for low-energy antimatter physics experiments

e.g.: the baryon — antibaryon asymmetry in the Universe is NOT understood

standard explanation: alternate explanation:

CP violation CPT violation

violation of baryon number violation of baryon number
thermodynamic non-equilibrium thermodynamic equilibrium

New phenomena and new interactions might most likely be only observed at:
a) high energies: as at the LHC } that both is what CERN stands
b) extreme precisions: as at the AD and is famous for in the world

One should investigate such fundamental phenomena and interactions
in the few places where we have the chance to do so very precisely
and for the antimatter research it is only and uniquely CERN

* see e.g. invited talk by Russell at the LEAP-05 conference



Makoto Kobayashi, 2008 Nobel laureate ‘m

| think the probability of discovering
the CPT violation is tiny ... (1/c)

but the impact of such a discovery is o©

1 :
— x oo =7!  worth doing
00

Ryu Hayano



Klaus Jungmann at the workshop “New Opportunities in the Physics Landscape at CERN*

Antiproton Decelerator (AD) @ CERN

« Started operation July 6, 2000

Antiproton capture, deceleration,
cooling

* Pulsed extraction

- « Many Experiments
P(p) = 100 MeV/e - ASACUSA

(E() =5 MeV) — ATRAP
— — ALPHA
spill - <5-107 every 90 s - AEGIS
spull length 90 - 300 ns — Free Fall
— PAX
— ACE
ASACUSA

* Request for more and

better antiproton beams

To speed up progress

— To boost accuracy

—> ELENA




K_: Motivation to build ELENA

ELENA

* Most of AD experiments need antiprotons of 3 keV to 5 keV Kkinetic energy,
while AD produces them at 5.3 MeV.

» Further deceleration is done with degrading foils where particles lose energy and
straggle

* Only 0.3% of antiprotons are captured into trap

SA

=

S

Foil | Foil 2 Foil 3
— >
Energy
Annihilated in foil Energy Range
Captured
13 June 2013 Pavel Belochitskii
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ELENA TDR:

Introduction

ELENA overview
ELENA lattice

Beam Dynamics
Magnets
Radiofrequency system
Beam cooling system
Vacuum

H- and proton source
10 ELENA injection, extraction and transfer lines
11.Experimental areas
12.Controls

13.Beam diagnostics
14.Power converters
15.B-Train system

16. Safety

17.0Other services
18.Operation

19.Civil Engineering
20.Cost, manpower, planning
21.Annex (parameter list)
22.References
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Review

Present the ELENA project to specialists
with experience in the field such
that they can get a comprehensive overview.

The committee members will express their opinion on our plans,
the feasibility of the project
(technical issues, but as well planning and cost),
possible issues and showstoppers, we may have overlooked,
and provide advice for improvements and possible further studies.
A list with specific questions should be provided from our side.

The proposed preliminary program comprises 15 presentations.
Two full days should be foreseen for presentations
and closed sessions of the committee.

Date: 2"d half of September 2013.



ELENA Project Structure
4 Steeting committee N\

C. Carli, Project Leader
S. Maury, Deputy Project Leader
T. Eriksson, Deputy Project Leader

P. Belochitskii  T. Eriksson ~ G. Tranquille ~ H. Breuker  S. Pasinelli W. Oelert  E Butin W. Bartmann
(Machine (Integration, (E-cooler (User (Software (External (Integration, (Beam
Physics&  Commissioning & interface definition & institutions production, Transfer)

K Parameters) & Operation)  Diagnostics) & Safety) Integration)  Contact) Validation) /

i AD C lidati
Beam physics and Performance) [ onsofidation J

T. Eriksson
Committee:
G. Tranquille, P. Belochitskii ) { Technical Cootrdinator: J
F. Butin

Integration and Installation
Committee: (_)[ Installation and planning:}

E Butin, T. Eriksson ) N. Gilbert

A

Work Packages




ELENA main parameters
(to be confirmed by TDR)

Momentum range, MeV/c 100 - 13.7
Energy range, MeV 53-0.1
Circumference, m 30.4
Intensity of injected beam 3 x 107
Intensity of ejected beam 1.8 x 107

Number of extracted bunches

Emittances (h/v) at 100 keV, t-mm

Ap/p before extraction (bunched be

Bunch length at 100 keV, m / ns

Required (dynamic) vacuum, Torr




Electron Cooling

Hardware

Based on S-LSR (Kyoto) design

To be constructed by Toshiba as
the S-LSR cooler

Interaction (drift) increase to 1.07 m
New gun & collector design
Lower electron energy

Larger expansion and lower magnetic

field in interaction regions :

Status

Electron cooler as contribution by
University of Tokyo

Discussions on technical details and

organization ongoing with University
Tokyo and Toshiba
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Sketch of the S-I.SR Electron Cooler



Meeting 9t May 2013 with the representatives of Toshiba Corporation for
the procurement of the ELENA electron cooler

Various technical design issues, scheduling, and preliminary discussions
toward preparing a cost estimation for the electron cooler were
unofficially discussed. Some issues remain for further discussion.

Toshiba has built 4 electron coolers: TARN Il
KEK electron target
NIRS
Kyoto (s-LSR)



L 7 Electron cooler

ELENA

ELECTRON
COOLER

VVs Vs
BMH SOLENOID

DHV BPM
|

I
101 209 126 400 |

SOLENOID

-

L 400 126 209 10

BPM

503 | 4284

593

Cooling length I, m ~0.8
Beam cooled at momentum, MeV/c 35 & 13.7
Electron beam current 1,, mA 5&2
Cathode voltage at 35 MeV/c and 13.7 MeV/c, V 355 & 55
Nominal/maximal magnetic field in solenoid, G 100/500
Electron beam radius at 35 MeV/c and 13.7 MeV/c, mm 25

13 June 2013 Pavel Belochitskii
COO0OL13
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AD Low Energy Antiproton Facilities

ELENA will be
installed in the

7 other half of the hall

o
A=Y

= ———— |

— AD experiments in the AD hall (half of hall with experiments shown)



Main Integr

4 \

Fit ELENA ring and
experimental areas in here !

~
Xy

VO




O New Building

ELENA

The new building Is multipurpose:

- Short storage for existing and future experiments
- Magnetic horn test bench

- AD and ELENA kickers

- Workshop for the experiments

This will give space for ELENA machine and
for existing/new antiproton experiments.
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Lattice and Layout

56569.58
SECTION 01
SECTION 04

1/

5569.58

10535,16

Integration and mechanical design started



Repetition rate

AD cycle is about 100 sec now

ELENA cycle is expected about
25 sec, well fitting in AD cycle

Momentum . .
A pIGevi] Basic AD Deceleration Cycle A
357 A
momentum S
(MeV/c) A injection
Stochastic cooling /
6.6 s. Tune jump 100 T
Electron cooling
1 pbar injection 16 s.
= Bunch rotation Rebunching elect.ron
T;O:hastw cooling Bkcin ciriing Fast Extraction cooling
18s. electron
cooling ejection
3 5 - l /
0.3 4
0.I i ] 3 . 7 T K
12 3s 54 72 100 time [sec] >
RF ON: = — [ | —— - .
RF h= 6 1 1 3 1 time
Beam bunched for deceleration (RF ON), debunched for cooling 28/08/00 FP

27/11/02 Rev.

31/8/07 Rev

Pavel Belochitskii



Momentum s
3.57 T (E(P) =5MeV)
spill : ~3 107 every ~100s
spill length ~ 100 ns
Electron cooling
20 4 pbar injection 5.5 s,
Bunch rotation Rebunching
Stochastic cooling s ol s Fast Extraction
17.8 s.
. 11.4 s.
:ﬁ:. Actual Duration .] Design Duration |
12(10) 35(33) 54(52) 71(58) 85(60) time [sec]
RF ON: - — I I -
RF h = 6 1 1 3 1
Beam bunched for deceleration (RF ON), debunched for cooling 28/08/00 FP

04/10/02 Rev.



5.3 MeV
antiprotons/
~ 100 sec

~4 keV

antiprotons/
~ 100 sec

&® ] x10°

ATRAP's very best value:
1.3x10°

2.99 x 107 antiprotons lost
-  efficiency 3 x 103



4 bunches, each: 1.3 m /300 ns:
and 0.450 x 107 p’s

1.8 x 10’ p’s to one experiment



0.450 x 107 p’s
to four different experiments

Experiment IV

four experiments served
simultaneously

24 hours/day

Experiment Il ‘

Experiment | ‘

R




0.450 x 107 p’s
to four different experiments

Experiment IV

four experiments served
simultaneously

24 hours/day

Experiment Il ‘

Experiment | ‘

R




There is a clear consensus among the AD experiments
that further large improvements
can only be achieved using a cooled antiproton beam from ELENA
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Klaus Jungmann at the workshop “New Opportunities in the Physics Landscape at CERN*

rogram needs more particles

—> ELENA well motivated

» Productive and Prosperous Future Ahead



Press release s
“These are flré% g;:%ﬁ%g&%ﬂ@ ﬂ%lmﬁtter research“ 4’ i‘)

said CERN Director neralrolf Heuer,
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n

&°at CERIQW

research pr%@ \M




Planning

TDR(first draft) June 2013
New building construction 05/2013 — 04/2014
Infrastructure installation 05/2014 — 12/2014
Kicker generator relocation 12/2014 — 05/2015
ELENA installation (w. AD Physics) 05/2015 — 05/2016
ELENA commissioning (w. AD physics) 06/2016 — 12/2016
Ejection line replacement 01/2017 — 06/2017
Commissioning (w. physics) 06/2017 — 12/2017

= 2 short years of AD physics:

— 2014: late start after LS1 ~ July/August
— 2015: late start after kicker installation ~ June



ELENA Project - General Reference Planning

18] Task Name
2013 2014 2015 2016 2017
0 040506070809(1011/12010203040506070809(10(11/12/010203 040506070809 10111 21010203 040506070809(1011/12010203 040506070809/10/11)1
1 General milestones
7 AD shutdowns e —| [——————] —— |
12 Exparimental physics
39 annexed bullding 393
40 Construction [
7 & Annexed bldg delivery & 25/04
48 Installation equipment in annexed bldg AR R
53 Mowe kicker platform RAEEERARRRREERATARRRERA
58 |[EH Dismantling kickers platform and accessories 01/12 @ 12/12
549 Migration kicker equipment to annexed bldg 15/12 g2 1601
s0 |E Electrical works [cabinet, racks, cabling, connectors) 12/01 Q3/04
51 |[EH Kickers commissioning 06/04 |81 15/05
62 |EH Beam back to AD experimental areas & 0106
] Elena machine installation
67 Survey marking (incl. Ghar and H- source) 19/01 3 23/01
[ Install surrounding concrete shielding 26/00 g 30/01
70 H- source
78 Magnet installation 01/04 006
89 |[FH | WVacuum system + ejection towards Ghar 01,09 1401
ER Connection AD-ring to ELENA m 07/03
ERn Commissicning ELENA
92 |F Cammissioning ELENA [H-} {100 kel -> 5.3 Mev) 01/04 83— 01/07
94 [E] Commissioning ELENA (p-} |a few %) 01/06 294, = 3
95 Redevelopment TL towards experiments
56 |[EH @ Installation TL 0112 gz 1705
57 | Commissioning ELENA - Experiments 18/05 87 == 17/08
| 98 Installation Ghar
%9 'E Installation Ghar experiment 0V ) 30/06
100 | Connection Ghar-Elena 01/07 =1001/08
Tm Commissicning Gbar 01/08 1@k 3011
Last pdf saved : 030513 12:11 Page 1de MNicolas GILBERT - ENMEFIIN




Status of external Contributions

Univ. Tokyo and MPQ-MPI: (MoU signed)
- 2 MCHF (possibly electron cooler)
- 7 FTE (identified, electrostatic transfer lines and devices)
Cockcroft Institute & Univ’s and Swansea University :(MoU signed)
- Costing of the order of 500 kGBP has been applied by U Liverpool,

- A proposal has been submitted for work : this would cover 2 Postdocs, some PhD students and
equipment; the overall funding requested is about 1 M€; a decision is expected until June.

Denmark: (MoU signed)
- Applied successfully for the money for bends and quadrupoles, possibly funding for a postdoc
IKP-FZ Julich

- Work has started and will be again discussed tomorrow afternoon: substantial development work is
required to make such a source operational for ELENA commissioning. Many interfaces to be clarified
(vacuum with differential pumping, design of lines, integration, infrastructure ...).

Univ. Brescia: 50 kEuros (MoU signed)

RIKEN (new since last ADUC) (MoU signed)
- Compensation solenoids for electron cooler
- Manpower (student)

TRIUMF: Help for design of electrostatic transfer lines (MoU signed)

Hemholtz Institute Mainz: Construction of supports

Manne-Siegmann: Help with ELENA commissioning

Berkeley: DOE does not (yet) support — MoU not signed, but discussion not yet abandoned!

CEA-IRFU Saclay-SIGMAPHI: only prototypes are interesting for them — did not sign MoU, but still
discussions



Conclusion

With the ELENA Project,
antiproton physics will continue for the next ~ 20 years and
opens the door to a new physics era.

To ensure along life to ELENA physics
all upstream machines will be consolidated (AD, TA, PS).

The new multipurpose building gives space for

ELENA machine and for new antiproton experiments in the future
(construction started)

... the community is happy waiting for physics with antiprotons from
ELENA ....... in 2017 !



GENEVA, SWITZERLAND
Mail address: Dr. Stephan Maury

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE

CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
gv'j;tlzilrllaﬁgNEVE 23 LABORATOIRE EUROPEEN POUR LA PHYSIQUE DES PARTICULES

Téléfax/fax:  +41 22 766 8252 EUROPEEN LABORATORY FOR PARTICLE PHYSICS

Téléphone/Telephone:
Direct:  +41 22 767 2569
Central/Exchange: +41 22 767 6111
E-mail : stephan.maury@cern.ch
Programme
A/To: Professor Dr. Rolf Heuer
De/From: Christian Carli, Stephan Maury and Walter Oelert
Copie/Copy: S. Myers, S. Bertolucci, J. Gillies, M. Brice

Concerne/Subject: ELENA Ground-Breaking Ceremony, 17 of June 2013 ’
ELENA Ground-Breaking Ceremony 17 June, 2013 \.—
Timing ELENA

Building 393(North entrance of the 193 building, 854 or 93)
11:00 — 11:10Arrivals of guests on site

11:10 Welcome address — Christian Carli, Stephan Maury

11:15 Rolf Heuer, CERN Director-General starts digging with a mini-shovel. Photograph.

11:20 Christian Carli and Stephan Maury, ELENA Project Leaders start digging with a mini-shovel. Photograph.
11:25 The DG unveils the official commemorative plaque:

" This plaque was unveiled on 17 June, 2013
by Prof. Dr. Rolf Heuer, Director General of CERN,
to commemorate the ground breaking for the extension of the Antiproton Hall
for the construction of the ELENA (Extra Low ENergy Antiproton) Ring.”

11:35 Speech - Walter Oelert
11:40 Photograph with R. Heuer, ELENA core.
11:50 Family photograph.

12:00 Christian Carli and Stephan Maury invite the guests for an aperitif


mailto:stephan.maury@cern.ch

Thank you

ELENA

Extra Low ENergy Antiprotons
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