





What 'to do w'th S'OW 6 Red :ASACUSALFLAIR

Blue:FLAIR

1. Atomic physics of Antimatter
H Formation (also put formation)

CPT symmetry test via H vs H ( put vs pu-). gravity

2. Atomic physics of “heavy electron”
[onization by heavy electron
exchange collision between p and e™: pA* formation
(nuclear surface structure: pAt Aanihilation)

3. Non-neutral plasma physicCs

¢. Antimatter chemistry: H,. H'. H,. etc.
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What to do with slow et

. Atomic collisions with et
H Formation
[onization and Ps formation in ef-atom collisions
Ps-surtace interaction
Cooling of highly-charged ions

2. et-e” plasma

3. “Half-" matter chemistry: Ps (efe’).Pst, Ps™, Pg,



CPT symmetry test

tOne possible measure: Planck mass

M, =+/hc/G ~10°GeV /c* —> Force the Nature to say

tlisten to a whisper of the Nature

(m, /M ;)m ~10"GeV /c*

“tHigh precision measurements at low energy

Experimental value (Hz) Ov,,,/V VinVerol/V
Vi | 2,466,061,413,187,103 (46) | 1.7x104 1x10-1
Vs | 1,420,405,751.768 (1) 7.0x1013 | (3.5%+0.9)x10*®




2.Trapping. cooling. and
manipulation of ps

B AD RFGD  MRT
p: 2.6GeV—5,3Me\V/—=100keV—10keV—=0. 1eV(—=10"% V)

:6x107 3x107  9x10° 1.65x10° 1.2x10°

S |

Kinetic energy decrease : ~10(13) orders of magnitude
Accumulation efficiency: —4%

ct: traditional degrader foil scCheme :

E.3MeV — [0keV —  sub eV
Accumulation efficiency: (0.1%
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REQD:5.3Me\V=20. IMeV

Kicker for stochastic cooling
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RFQD-MRT-Extraction beamline
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MRT (Multi-Ring-Trap)
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MRT: cooling below 10keV

I |

El. (nj. O s .
El. Trimming \_/—
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Cooling \ — j
N

Synchrotron cooling of e”
Sympathetic cooling of p
£ shots stacking: &million p



Cooling of ps : realtime meas.
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Behavior of p cloud

Trapped ps vs electron
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Behavior of p cloud

Extracted ps vs electron
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Extraction beamline for gas

colliston

e |
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Distribution beamline of p bean

DC & Pulsed Ultraslow p Beam
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Comparison among different
schemes

Degrader Foil: 103-104/AD shot
MUSASHI (present): 1.2x10°/AD shot (3-¢ shots for p comp.)
ELENA(expected): 1.3x107/AD shot (cooling., transport?)

XIf Ap/p is reduced to 107% at AD and 1072 at RFQD

|

30M from AD = T7.EM/AD shot from MUSASHI
cf. 13M/AD shot from ELENA



3.Trapping of et under UHV cond.

Slow et—
from Z2Na

e~ trap

The same principle as ps

ets from %Na are continuous
= High density electron
plasma (10'"/cm3)

Vrm' (V)

Oshima et al.. PRL93(04)195001
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Trapping efficiencies in UHV

1 07

¢ Field lonizaticn
(Estrada et al.. PELE4L. 559)
1 0% Resistive Cooling
® (Haarsma et al.. PRLTS. 506)
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¢. Synthesis of cold H atoms
& manipulation

d.1 Nested trap scheme

ATHENA: Amoretti et al.. Nature ¢19(2002)456
ATRAP:  Gabrielse, et al.., PRLS9(2002) 213401

Very hot ! (several thousands K)

[h Rydberg states (n>>1) —New scheme
Cannot trap



¢. Synthesis of cold H atoms

4.2 A possible =2 AN

solution: Cusp “{i‘w&ﬂ}

trap }))’
7

Automatic cooling of et

Cold p and et in the same region
Magnetic bottle for neutral particles



H fraction to be trapped
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TraJectortes of 0 ZbSmeV H(lS)

oosf HS(1. n |
¥ LS(1.1) S -

_ 0.06] ’>\ > ——

£ 0.061 /}( ?)‘E)\/ 13)~

“ 0.0z | \ —
M‘ E — ol 1) :

0 ¢ A ~_ .

0 0.2 0.4 0.6 0.5 1
2(m)

Spin polarized H beam focused and intensified



5 magnetiCc moment measurement

Cusp Trap

"H counts

RF frequency

Microwave Sextupole I Det.
Cavity Lens

Production of ground state H
[ntensity-enhanced Spin-polarized H beam

u, determination ppm or better
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Magneti(Cc & elecCtric fields
configurations in the MRT
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B«T) V(V)

Magnhetic & Electric fields
configurations in the MRT
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Ht synthesis in the cusp trap?

H+et+et > H + et (Interaction time of ~10sec)

| Antillato/
gravity

' e /macold

S oo g
‘ H ions in an
laser pulse lon trap
for scintillator

photodetachment

J.Walz, et al.., General relativity and gravitation 36(2004)561



Cusp Magnet + Cold Bore




Collision of neutral molecular
beams with trapped p

E cloud
>
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% X-ray Glassgrs Spectrometer
Si (Li) I $ %
Visible light

Helmholz coil E i i i

SKimmer e, s
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Study of nuclear surface
structure of unstable nuclei
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Our plan at FLAIR
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5.Summary

Trapping and manipulation of et, p. unstable nuclei,
highly charged (ons

p: 105/AD shot B
monoenergetic ultraslow p beam of 10-500eV

efficient accumulation of e+ in UHV condition

collision dynamics with “heavy”™ electron
spin-polarized "H beam and CPT symmetry test

pRI production and surface structure of unstable
huclei
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