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Dipole Breathing
oscillations of a one-dimensional
Bose-Einstein condensate

Bose-Einstein condensate:
momentum distribution of
ultracold bosonic atoms

< B

D.M. Harber et al,
Phys. Rev. A
to be published

generate laser light Vacuum chamber

for atom cooling, surrounded by
trapping and optical elements
manipulation and magnetic coils







First e-cooling demonstration - 07/15/05

Pbar beam: 63.5¢10
Barrier-bucket bunched.
Bunch length 1.7-us
Tr. emittance (95%,n) kept at 4-pi mm-mrad
Electron beam current: 200 mA
| Traces are 15 min apart

Dist. function (arb. units)

-0.001 0 0.001

Fract. momentum spread
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events / 0.5 MeV/c?
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Kent D. Paschke
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+ WEIGHTED AVERAGE 0.006 +/- 0.014

xl
RB9S (1991 Mev/c) 0.15
RB9S (1948 MeV/c) 0.88
MZ92 (1919 MeV/c) 0.01
1592 (1911 MeV/c) 1.93

TS92 (1896 MeV/c) 0.006

RK94 (1835 MeV/c) 0.007
RT095 (1771 MeV/c) 0.01
GS89 (1695 MeV/c) 0.00
RT095 (1658 MeV/¢c) 3.88
RTo95 (1653 MeV/c) 0.15
HF92 (1642 MeV/c) 0.48
wD88 (1546 MeV/c) 0.71
8.22

(Confidence Level = 0.77)

N PP PP
0.4 06 08
direct CP violation test:
10,) =1o(1+0Pcoso,) 1(8,) =1,(1+0Pcoso )

P=P

A= (a+a)/(o0—a) =0.006 +- 0.014
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see talk by
Pavel Belochitskii



Motivation

to make and study Cold Antihydrogen

e CPT 1nvariance

high precision

Spectroscopy

* gravitation

matter - antimatter

CPT invariance
fundamental feature
of local relativistic
quantum field theories

gravitational force

between matter and antimatter
1s essentially unknown

even 1n the sign



Standard model of physics

G — fairly well understood G — experimentally not known,
not studied

apple anti-apple anti-apple

earth anti-earth



Hydrogen

Antihydrogen




hydrogen 1s—2s spectroscopy

cold (5-7 K) H atomic beam
two photon excitation

velocity measurement
— correct 2. order doppler shift

laser photon density variation
— correct stark shift

2s 2p
(t~0.125s) (1~ 1.4 ns)
243 nm
243 nm

Is

relative accuracy
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M. Fischer et al., eprint physics/0311128

laser
- spectroscopy R

fequency
measurements
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Status of CPT 1nvariance 1in

leptonic
and
antihydrogen 1s-2s hadronic
unlikely natural .
dream linewidth M 2@1rap systems
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difterent CPT tests:

CPT test measurement

accuracy accuracy

K,K, 2x1078 2 x 1073

e 2x 1012 2x 107

particle — antiparticle systems
O

pPp 9x 101 9x 101



Teilchen Falle
(Harvard)

Positionsdetektor
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project:
make cold particles of opposite charge to interact

potential valley W

for + charge

potential mountain
for — charge

impossible to trap
positive und negative charge
within the same Penning-trap
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the way to high precision H? spectroscopy

cold trapped positrons

cold trapped antiprotons

overlap of p and e* .
combine p and e* for production of H°
maximize production rates

produce ‘cold* H°

study trapping mechanisms

ground state HO

trap neutral HO
laser cooling

1s-2s spectroscopy

J/
J/
J/
J/



110 mCi

22Na source
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tracking of
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electrical field (E) [V/cm]

the electric field (E) 1onizes
the antithydrogen atom

10 000 —

E=(3.21x 108 vicm)/n*
1000

100 -
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=55
0.1 I O U A A A B

20 40 60 80 100 120 140 160 180 200 220 240
main quantum number n




H production and detection
(Phys. Rev. Lett. 89 (2002) 233401 , 213401)
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more deeply bound states
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velocity measurement

V / Volts
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velocity measurement

potential distribution in the trap
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velocity measurement

potential distribution in the trap
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velocity measurement

H detection probability

accepted for publication PRL
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fraction of antihdrogen trapped

o o
o =

H trapping efficiency || <5 % (4.2 K, AB=1T)
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FIG. 1: Schematic of laser-controlled H production.
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detected H

detected p

 (a) two-fiber detection

time (ms)

ionized H
(average background signal
rate 1s 2.2 / 40 ms)
a— | . I. ||
(b) - calibrated

_detection well depth signal
antiproton calibration !
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desirable range

vertical height e =
kET/2 = mgh © 1km : 1lm 1mm
— | ——— | |
i
1
1
1
1
1
1
1
1
temperature 1K 1mK 1K
I I I I S I I I
: [
1
1
1
1
1
: L '
vertical velocity: L :
: 100m/s 10m/s : 1m/s 0.1m/s
102\/krT/m | I/ : | |
T | |

current antiproton e recoil limit 1.3 mK
temperature 4.2K : :
e Doppler limit 2.4 mK

5 ................... H atoms in a trap 8 mK
using pulsed Lyman-«
1S—2P I.D. Setija et al. PRL 70 (1993) 2257

laser cooling
cw Lyman-a source:
K.S.E. Eikema, J. Walz, and T.W. Hansch
PRL 83 (1999) 3828, 86 (2001) 5679






