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ELENA transfer-line optics D. Lunney

ADUC Jan. 2014

Sigma matrix for GBAR
Glenn Vanbavinckhove. TE-ABT-BTP

October 28, 2013

1 Introduction

The data below is computed using the following parameters:

Parameter Unit Value
Horizontal Geometric emittance [95%] | ~.mm.mrad G
Vertical Geometric emittance [95%] | m.mm.mrad 1
L‘fl""":l - 25 = 1“7.1

GHAR 1 2 4x4 sigma matrix and dispersion

X
¢ Special element * Fast switch + Bends
Injection <> Extraction * Bends ASACUSA 2

The 4x4 sigma matrix is caleulated as follows [1]:
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The results for the 4x4 sigma matrix and dispersion for GBAR are:
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G. Vanbavinckhove et al., Proceedings of IPAC2013 (CERN-ACC-2013-0107)
J. Borburgh et al., Proceedings of IPAC2013 (CERN-ACC-2013-0082)
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GBAR antiproton decelerator ®

100 keV p pulse C|C| | drifttube |
300 ns (1.3 m)

41T mm mrad
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Win_meta (beam_str.mta) Win_meta (pspace03.mta)
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ELENA p beam emittance = 4 Tt mm mrad

decelerating beamto 1 keV - 40 m mm mrad

acceptance of the 1-mm diameter, 20-mm long Ps target chamber = 251 mm mrad
decelerator optics > 33-38 % transmission through Ps target

decelerating beam to 6 keV > 16t mm mrad

transverse emittance orientation no problem (good matching with decel)
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H' transport to capture trap ...,

Be* laser cooled ions

et
Tl

Biased linear RF Paul trap\'\
“ Output

end-caps end-caps

proposal

ELENA 6p/p dispersion of 0.25% is still _ *o e
i *
a MAJOR problem for H*capture ’ .o

o)
o

N
(@)

new idea: using a fast-ion beam trap
(EIBT) with resistive cooling

o

0 25 50 75 100
injection energy dispersion (eV)
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Multi-Reflection Time-of-Flight separator

. P. Indelicato, C. Szabo
(Electrostatic lon Beam Trap) P. Dupré, D. Lunney

ISOLTRAP Collaboration
(Wolf et al. UMS, 2013) - irmor 2

detector

EIBT: Zajfman et al. Phys. Rev. A (1997)
HCI: Vallette, Szabo & Indelicato, EPL (2013)
Cooling: Pedersen et al. Phys. Rev. A (2002)
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Slow e* yield Y.

fast e* rate increases with electron energy
fast 2 slow e* : efficiency decreases with incident fast e* energy

L Slow positron yield * Parameter Specification

L-using tungsten target .

of optimal thickness | Energy 10 =2 20 MeV

" (1.5 at 4.3 MeV, as the x 4

present thickness is not Peak Current 300 mA
optimized) *

e Beam Pulse
' Repetition
rate

*
. 24/24 h
worboiobionibin bbbl bbb bbb bl b Ava"ab'“ty 7/7 days

4567 8 91011121314151617181920

2 us

300 Hz

>
()
=
“
<
-—
©
ke
2
>
~
k)
2
>
c
o
—
=
n
o
o
=
o
w

Electron energy (MeV)

08/04/2014 P. Pérez - SPSC CERN



S. Wronka

Accelerator layout R ——

RF oscillator Variable Phase

Pre-amplifier 3
290855GH P e 3d8 attenuator  Shifter

splitter

Klystron
Klystron :
TH2157A TH2157A

and A

and _
solenoid solenoid
Circulator +
7to 10 MW water 7to 10 MW
load+dry
load

RF window Current Electron

transformer window 18-20 Mev

electron % Quadrupole l\
triode gun Triplet Energy measurement
12 kV 7 By dose absorption

Solenoid EDOS system

Water cooling & regulating Water cooling & regulating
system system
~40°C ~40°c
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Version 3

Two accelerating structures one
after another (2 x 18 cavities).
Two RF power inputs

‘ X—AA(I:S)
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S. Wronka
P. Krawczyk

RF oscillator

2.99855 GHz Pre-amplifier
200W-CW

Klystron
TH2157A
and
solenoid
Circulator +

7 to 10 MW Io‘:’:::’w
N, load

Current Electron

transformer  window 9 -1 0 Mev

electron Quadrupole Vacuum \

Triplet valve Energy measurement
By dose absorption

Solenoid EDOS system

triode gun
12 kv

Water cooling & regulating
system
~40°C
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Layout

45° orientation to minimise height and shoot toward ground

Preliminary radiation safety report (R. Froeschl / CERN)
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L. Liszkay

e* / Ps demonstrator at Saclay  v.sacauin

P. Debu

Pulse stretcher
Ps™ laser

Spectrometer Linac  tgrget &
moderator

Converter
test line
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e* / Ps demonstrator at Saclay  rmorensen

B. Vallage

slow et
beam line

N g, S * 43 MeV/200Hz/25us/
Penning r e 120 pA
: e 3 10° slow e*/s
with first W mesh moderator

Penning trap on beam line
(from RIKEN)
First trapping trials

* Secondary beam line
* = moderator developments
> e+/Ps converters

* Ps* laser being prepared at
LKB (Paris)
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e"' trapping P. Dupré

P. Grandemange

electron plasma for cooling

I ]
Magnetic Field B,

—

..t_ii;j"'}"‘"“”"““’)

Potential on axis (V)

elgctrog plasma m—
Hy" +e” plasma me—m—

1

-0.8 . . -0.2 0 0.2 0.4
Z position (m)

0.01

Longitudinal Magnetic Field on axis (T)

with electron plasn'la .
without electron plasma  *

Trapped positrons (arb. unit.)

Accumulation time (s)
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et spectrometer beamline  :tste

D. Brook-Roberge

Results obtained with ETHZ beam reproduced
Now preparing for GBAR specific studies

Mesoporous SiO, film

Vacuum o-Ps component (%)

200 400 600 800 1000 4 6

Time (ns) Positron energy (keV)

Re-moderator

Examples:
— remoderator for beam E spread
— SiN window / reaction chamber

mirror Deflection plates Deflection plates
1 2
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PS formaﬁon P. Crivelli

L. Liszkay

1mmx1mmx2cm
Si with mesoporous SiO, coating

P. Crivelli, WAG2013

e+ 5keV

Test on ETHZ beam line
Transmission @ 5 keV ~ 100% 30 nm x 3 x 3 mm? !
Ps formation efficiency as for ! /

bare SiO, '\/’\. - —

Same Ps lifetime distribution Aperture 3x3 mm?
Porous silica  Length 60 mm, internal walls coated with Si02

SIN window
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[—) + PS(nPsl lPs ) — H(nH' lH) + e (3'b0dy)

4
3S 320ns 3P 10.4ns 3D 31ns
3 T

H(ny, ly) + Ps(npg, lps ) — HY + e~ (4-body)

1.2ps | 2P3.2

43

T T T T T

20 % Ps(2p)

100 % Ps(1s)
138 1's :
142ns 125ps - 40 % Ps(3d)

P. Comini and P-A. Hervieux, J. Phys.:
Conf. Ser. 443, 012007 (2013)

P. Comini, P-A. Hervieux and F. — é - '1'0' — '115' -
Biraben, LEAP 2013 Impact energy (keV)
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«H

Ps excitation laser

Pulsed YAG 236 mJ CW Ti:Sa 460 mW @
Doubled YAG 6W | ; *

/

l

g/
e

"/ ),
t I»‘.’ 'o »

08/04/2014 P. Pérez - SPSC CERN 22




H* cooling

DETECTIO
\\
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TWO COOIing Steps F. Scll:r:iiclii:-(l)(aler

First step Capture and sympathetic Doppler cooling by laser cooled Be* ions

in the linear capture trap (Paul trap, ry = 3.5 mm, Q = 13 MHz)

> 10 000 laser cooled Be™ ions

100 neV, T ~ mK
Second step

Transfer and ground state cooling
of a Be*/H* ion pair in the precision trap

tests with H,* / H* REMPI source
joint ANR and DFG grant
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H* cooling simulations L. Hilico

9/1 mass ratio : bad mechanical coupling
9/2 mass ratio : much better mechanical coupling

mss - Idea : try an intermediate ion 9/3 /1

C. B. Zhang, D. Oenberg, B. Roth, M. A. Wilson, and S. Schiller,
Phys. Rev. A 76, 012719 (2007).
L. Hilico et al., IUMPCS 2014
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L. Hilico et al., (2014)
arXiv:1402.1695 [physics.atom-ph]
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Precision trap S. Wolf

F. Schmidt-Kaler

Precision trap being prepared at Mainz
Laser table ready for tests with Ca*/Be*, later Sr*/Be*

08/04/2014 P. Pérez - SPSC CERN



. Phys. J. C74 (2014) 2731

No shaper
<73 9%, o A

RMS 4.366
UDFLW 0.1576E+05

19VFLW 0.000

- Acc: 1.7%

Pl BRI EFETETE ST St § B - VRS SUETETE SR A | PR EFETETE BEETE SRS SR S S A |

0 11 1 1 ! i1 - S - —
-20 -18 -16 -14 -12 -0 -5 -6 -4 -2 0 -8 -6 -14 -1z -0 -5 -6 -4 -2

RECONSTRUCTED GRAVITY ACCELERATION PLATE RECONSTRUCTED GRAVITY ACCELERATION PLATE

First simulations =2 optimise dimensions
with experimental constraints

h =50 um

H =20 cm, Rdetector =20 cm

Shaper Rmin =1 mm, Rmax =7 mm

- need 150 produced H* for Ag/g=1%
10 times less than in proposal

events needed
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MicroMegas detector P cries ¥ Crivell

Argon Isobutane (95% , 5%)
Pitch of strip ~ 400 microns

3mm

X and Y strips give track
position directly

amplification conversion

128 um

Genetic multiplexing of strips
S. Procureur et al, NIM A 729 (2013) 888

d

Annihilation Particle
Microstrip Modules

/
/ 4
/gw‘/"vga 7 K . = .test module
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MoU signatures coming to CERN

nsea University

Physigue quantigue et applications
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