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ANTIHYDROGEN

1 - CPT theorem, base of the Standard Model:

Hydrogen

Antihydrogen

Hydrogen

Robert Bluhm, V. Alan Kostelecky,

MPQ, Garching web page and Neil Russell,

2 - Relativity (1 Equivalence Principle

BN g

G.Chardin,

()
&)

CLC - PSAS 08



P violation:

Antihydrogen: + motivation

CP violation:

HYDROGEN (1S-2S):
fundamental: 14 significant digits,
QED, Lamb Shift, cosmological variation of
fundamental constants, proton form factor!
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rapped Atomic Hydrogen”, Claudio
L. Cesar, Dale G. Fried, Thomas C.
Killian, Adam D. Polcyn, Jon C.
Sandberg, Ite A. Yu, Thomas J.
Greytak, and Daniel Kleppner, John M.
Doyle, PRL 77, 255 (1996)

“Measurement of the Hydrogen 1S-2S
Transition Frequency by Phase
Coherent Comparison with a
Microwave Cesium Fountain Clock”,
M. Niering, R. Holzwarth, J. Reichert,
P. Pokasov, Th. Udem, M. Weitz, and
T. W. Hansch, P. Lemonde, G.
Santarelli, M. Abgrall, P. Laurent, C.
Salomon and A. Clairon, PRL 77,
5496(2000)



TABLE 1. Direct tests of CPT via particle-antiparticle comparisons
[Particle Data Group - with updates] (from Fujiwara et al. PBAROS8)

P p mass 2x 107 2x10°
e e"g-2 2 x107°

Uyt g-2 0.7 x 10

PP g/m 0.9 x 1010

p p mag.mom. |3 x 103

KoKomass  [10718"7?
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@ Atomic Phys. Lab, RIKEN (Japan)
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Antiproton Accumulation +

Mhxing;mifh Pamirons H ATHENA apparatus

L = e

Positron Accumulator

Antiproton Mixing
Capture Trap ~ Detector Trap L L | -

Si micro-strip

s Moxing-i-the-nestect rop—

Mixing Trap |1 — s
" L 125
ﬁ T=15 Kelvin E -‘?‘}}\sTFrﬂmrﬁ //-""

.) )D))))w—vmvat g.u:r} U \? - * * -’

o 7T : p /

e = O\ AN
Si readout maodule Csl crystal
APD .
i I I | | |
] 2 4 & | LK 12
l? . 1'? cm Lerigih (cm)

M. Amoretti et al (ATHENA COLLABORATION) NIM A 518 (2004) 679
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Positron (e+) Accumulator:

Penning Trap and Buffer Gas

Cheesscake coils
( 200 G)

Small solenad
| ok

Famday Cup
Dietector
) , iretractable)
Main solenoid magnet (1.5 kG)
L | |
Gas Inlsl "
— o oEC
107 el 'y = 107 mibar E‘.- 107" b ] magnat
Chas Clutls

Y

6 mCi Na-22 source
T=55K,
solid Ne moderator

»
Source (0.545 MeV) “r
Elacirie B
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V] i

End presaure 1 . 10" " mbar
(with gas off)

Cryopump

Imaslastic
Collision
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Number of stacks
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Antihydrogen detector
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Amoretti et al.,(ATHENA coll.)Nature 419 (2002) 456
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Beyond the golden events

Further analysis using all the informations present in the data and the Montecarlo code

1. Vertex radial distribution 2. Full shape of the opening angle distribution
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Controle da Formacao de Antihidrogénio
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A Pulsed Source on Cold Antihydrogen !

CLC - PSAS 08




Direcionalidade dos antihidrogénios

o Cold mixing
.....1&'-1}. 15K

| Tt 15K)
| T2 3B 1000K)
15K, | =50mm

b

MNurniber of vertices [ ark, units]

L -4..5.-2.-.0...2.”-4 E
Axial Position (2] [em]

FIG. 3 Comparison of the axial distribution from cold mix-
ing with a number of calculated distributions. Standard e™
plasma parameters and E = B rotation were uwsed except for

the dot-dashed curve where [+ = 60 mm. Homogeneous for-
mation in the plasma was assumed.
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Trap electrode R
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Colaboracao ALPHA
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/drio T 4-' Field
/ hys Lett. B 41, 011001
. on of antiproton clouds for antihydrogen
) pmg Accepted, Phys. Rev. Lett. (2008)
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w | Field Configuration - capturing pbars
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Field Configuration - trapping

— ALPHA calculated
—— combined
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FIG. 2: Magnetic eld from the octupole and solenoid coils.
The vectors on the left represent the directions of the axially-
invariant eld from these coils. The surface is created by
following the eld lines from a radially centered circular locus;

the lines shown within the surface are eld lines.
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production of Hbar in trapping field
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in 2008: detector
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High-resolution Spectroscopy

A(“Dﬂppfer =k-V
Z-colgrzeoggudgdrig oagrdns: Dogglze-frzz

[ - /

Gaussian Laser / 2 photons _ | _
Time-of-Flight ~ Fourier Transform of

A(R) o e~ W @wIZ) oy the observation time ...

but ... with momenta exchange!
Q Also... 2nd-order Doppler Effect

ulrea-cold aroms: minimizz Rzlarivisric
2nd. Dooolze & Timz-of-Flignr
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Spectroscopy Objectives
image e resemblance of HI?
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Phys. Rev. Lett. T™9%8_>53 (1996)
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And ... talking about H trap:

- Trapping, Cooling
- Spectroscopy Hbar X H
- good H reference (?)

H trap (MIT) versus H beam (Hdnsch & Biraben)
=== no more H trap in the world ===

CLC - PSAS 08



o
g
o

O

<
g

Q)

O

\,
O
x4

C

O
4—
V)

laser cooling:
e

Shimmer

Cooling atoms for trapping

H onto I-He

Rupersonic Morzle
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Entrada de
gds

Aparato experimental para a co-deposigdo de um gds nobre e dtomos

r) [0S fw—) “i‘_S (?> OJ r] -+ ] de cromo ablacionados a laser
atorns @270 mc/ 1T
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Laser for He H

7/ \ IF-UFRJ

Useful numbers for thermal sample:

_ \2kT/M

8wy, f = 8w, = 10M T
[,..fatom = 4w (z) \
8wy (1K, wo = 10um) ~ 8wz(1K) ~ 10°rad /s
instr 55 Yo dv(1K) 1.3x107" F

fudr

 OV(1K) =~ 160M kHz =

<" v SN

4% 10712 = would improve electron-positron mass \
MIT Laser (10 n comparison by 4 orders of magnituw

in ALPHA:

- Geometric Overlap: ~ 4x10-6

- Probex~10/s x 8 ps ~ 8x10%/ atom.pass  ¢ocl: » 2 opdzrs of magnitudz
- atom cross each ~ 0.25 s =>

need 3200 s ~ 1 h interaction for full excitation
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Microwave
Induced Decay

E1

m_—1 Spontaneous
Emission

——10%/m
Trap Line

F_1 %L:+f(f+y’) |

antihydrogen experiments at CERN. This technique should also be applicable to

other trapped, high magnetic moment, Rydberg atoms.
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Conclusion and Perspectives

ATHENA

—_

—_

First cold antihidrogen atoms

Positrons control, image techniques, beam, protonium
formation!
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