irfu

SPP

Gravitation et Antimatiere

saclay | Est-ce que l'accélération de la pesanteur terrestre a la méme valeur, le
méme signe pour la matiere et I'antimatiere ?
Comment le mesurer ? Illustration par un projet d'expérience.
Principe d'équivalence faible
"Si un corps neutre de test est placé en un point de l’espace-temps avec une vitesse initiale, alors sa
trajectoire sera indépendante de sa structure interne et de sa composition.”
< Simultaneité de la chute des corps
< Egalité masse inerte et masse grave
AIST R. Suzuki, T. Ohdaira
CEA/DSM/IRFU o . .
SACM J-M Rey, A. Curtoni, O. Delferrierre, L. Liszkay ETHZ P. Crivelli, U. Gendotti, A. Rubbia
SEDI  J-P. Bard, P. Legou, X. Coppolani RIKEN M. Hassan, A. Mohri, H. Saitoh, Y. Yamazaki
SENAC V. Blideanu CNRS/CERI M.F. Barthe, P. Desgardin
SIS M. Carty, Y. Sauce
SPP B. Mansouli¢, J-P. Pansart, P. Pérez, Y. Sacquin CNRS/LCPME M. Etienne, A. Walcarius
CEA/DSM/IRAMIS C. Corbel CNRS/LMPC V. Valtchey
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Theory and Experiment

/

v=_qg2t (1 ¥ a e v+b e_g)
T
4 » 4 4 J. Scherk, Phys. Lett. B (1979) 265.
Newton Supergravity :

component of
repulsive gravity

—Experimental Constraints : range < 1 pc  Bellucci & Faraboni, Phys. Lett. B 377 (1996) 55.

Indirect limits
K, - K, SN1987a Cyclotron frequency p/p

Direct Tests

Charged antimatter et or p (e.m. shielding)
Neutral antimatter a hard to slow down Ps short lifetime
H cooling limit mK H *cooling limit uK

AEGIS(CERN), AGE(FNAL)

No direct measurement exists

P.Pérez — CPPM - 19/05/08



Using H* (J.Walz & T Hiinsch)

detector cooling pK
« Capture ion HY = cooling few pK t
. : . ! . Laser (t,)
* Ejection of extra e* with laser e TP
* Time of flight gravity [/ ’ h=1/2 g (t;-t)°
Error dominated by temperature of H detector (t,)
. _ - J.Walz & T. Hansch,
Relative Precision on g. General Relativity and Gravitation, 36 (2004) 561.
HY in ion trap Ag/g
510° 0.001
7} h=10cm => At = 143 ms
10 0.006
103 0.02

P.Pérez — CPPM - 19/05/08



How to produce H'

Standard Method
In e* = Ps converter : + et =2 H

High density of Ps ~ 1012 cm? in a few ns
==9F i ]
/e

go]

+ Ps =»> H + e

+ Ps => H" + e

T ol

=> extraction in < 50 ns of +
from positron trap

and defocus towards converter

Note: cross-section o n?

~ 6 keV » If Ps is excited to n=4, all p are
transformed into H for E(p) << I keV

Binding energy Ps(n=3) ~ 0.75 eV ~ Binding E of H

P.Pérez — CPPM - 19/05/08 4



Cross-sections on P,

J. P. Merrison et al., Phys. Rev. Lett. 78, 2728 (1997)

100¢
®  Present Experimental ]
[ 7T Work ]
v s { 15 2
CTMC Hydrogen ______ " _ 10~ cm
“g 1o Formation 7= i
e’ i _..— CTMCPs
= r CC6,6) .~ \/’ Tonisation
. L UBA(3,3
E I ( ) \\:\\\
3 - \\\\
A -~/ RN
e 1E 2 AN
o) : / N\
I ! ‘\\
/ AN
y :
+
ptPs—=H+e
0.1 3 R P . " s
2 5 10 20 50 100

ASACUSA

12 AD shots |

P. Pérez — CPPM

Proton Energy keV

H.R.J. Walters and C. Starett, Phys. Stat. Sol. C, 1-8 (2007)

—_
™~

Cross Section (units of na,

1.5

107 p

1012 P, at/cm?

[ ( l)) | 10716 ¢ m2
10 || T
Threshold
0.5 | -
H+Ps— H +e"|
O.o i 1 M 1
6.0 6.2 6.4 6.6
Energy (eV)
E (p) =6 keV in Ps frame
10*H
1 HY

— 19/05/08



et Production

Gravity Experiment with H'

P.Pérez and A. Rosowsky, Nucl. Inst. Meth. A 545 (2005) 20-30.

et Collection fast H& H * slow H*

Collector
et ~ MeV

RIKEN test :
1.3 1019 ¢- / 75 ns

R

[ Ps excitation ]

v

(lon Trap

[Moedf iatrcr)]ré'l\'/rap Ps dense @ &
Neutralize
4 Z5 ) % Laser P

SOPHI project:
~ 3 1011 et/s

D SLGEEEEETEEEEE T

©
=
©
)
‘i \‘i’

AIST, CERI & CERN expts:

L. Liszkay et al., preprint DAPNIA-07-125 " 36% e+ =» Ps / 80 meV

P. Pérez — CPPM

— 19/05/08
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Gravity measurement




Project of intense e+ source

Linac

= may 200

- selector

une 2008

< 6m >

http://www-dapnia.cea.fr/Phocea/Vie_des_labos/Ast/ast_technique.php?id_ast=784
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Industrial Linac

E (e-) = 6 MeV (< neutron activation threshold)
v = 220 Hz

I =0.2mA

bunch length 2 - 4 us

Magnetron 1.9 MW peak LINQC
Total electric power 35 kVA

RF frequency 3 GHz Install May 2008
Acceleration length 21 cm

Beam diameter 1 mm , 6 mm at target

Overall dimensions 1 mx 1 m x 0.8 m

P.Pérez — CPPM - 19/05/08



e" production and transport

Yields with I = 0.2 mA

e\W moderator € = 104
> 107 slow et/s

Ne moderator
transport efficiency 55%
> 108 slow et/s

eLarge beam size to be
reduced for trap filling

P.Pérez — CPPM - 19/05/08

200

175

150

125

100

75

25

UL L LI L B A LB B BN R (LN BN BN LB LN L L BN BN N BN BN

GEANT3 S/mu/at/on :

|

forward 3.09 10" e*/s

backward 1.9410 e'/s

I=0.2mA

11 +

35 4 45
Ece’ (MeV)



Installation Hall 126 (Saclay)

Simulation — ==& 2w

for

radiological

safety

P.Pérez — CPPM - 19/05/08



[ 1.400000€-001
L 1.200000€-0g

 4.000000E-002

i» 2.000000E 002
|~ 7.000000E-002
H- 6.00g

(H— 2.000000E-002

i 1.000000E-002

et/e” selector

Being installed now

P.Pérez — CPPM
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Applications des Positons Lents

Défauts matériaux

Graser ou Laser 511 keV

Stockage d'énergie ?

Propulsion (USAF, NASA)

Imagerie Médicale

P.Pérez — CPPM - 19/05/08
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et Production

Gravity Experiment with H'

P.Pérez and A. Rosowsky, Nucl. Inst. Meth. A 545 (2005) 20-30.

et Collection

fast H & H * slow H*

@l LINAC

Collector
et ~ MeV

4

RIKEN test :
.3 1019 e- / 75 ns

R

[Moderator/Trap

et ~meV

SOPHI project:
~ 3 1011 et/s

L. Liszkay et al., preprint DAPNIA-07-125

[ Ps excitation ]

v
Ps dense @

(lon Trap
&
Neutralize

S Laser y

D SLGEEEEETEEEEE T

AIST, CERI & CERN expts:
36% et = Ps / 80 meV

P. Pérez — CPPM
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Gravity measurement
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RIKEN MRT trap
7T ANERVEBEFERREDRE

Faraday Cup &
Phosphor Screen

il

Superconducting Solenoid

W(100)
MRT

| [ [ [ [ (| [ [ [ [ [ (][]

) () [ () (] (s () (] () ) ) (N [ ition
| >
Requiremer g . )
e Position Adjuster —

-«  fore Beam (ExB) .
v Detector ton

Concept of the new accumulation
Collisional dumping with trapped electrons : GAS FREE

No Colisional Energy Loss Collisional Energy loss
with Elctron Plasma

<E/dL{eV/cm) = o fem) / E(eV) (a=~1.5x10" f T, <E)

H i . E|: ¢ Injection Ene:
Required Condition: AE- Rospaived Ermngy Lans (-850
Eac< (AE/2) + (e ngl /AE)  pe o PiscmaDoncty




-1250 [
-1500 |
-1750 |

2000 L——

Fast extraction from trap

T. Hassan, A. Mohri, P. Péerez, H. Saitoh, Y. Yamazaki

RIKEN MRT Test of fast ejection with electrons (Nov ‘05)
Apply fast deformation of potential well
Limitation due to speed of switch —> Buncher (<10 ns)

0 T V™ PV PR LA e

YOI

-0.1
-0.2
— -0.3
-0.4
-0.5 :

-0.6

-0.7

-10 -8 -6 -4 2 0 100 200 300 400 500 600 700 800 900
Electrode number Time (ns)
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et Production

Gravity Experiment with H'

P.Pérez and A. Rosowsky, Nucl. Inst. Meth. A 545 (2005) 20-30.

et Collection ! fast H& H *

slow H*

@l LINAC

Collector
et ~ MeV

4

RIKEN test :
1.3 1019 ¢- / 75 ns

: [Ps excitation]
i E v

Moderator/Trap @
—> [ ot ~ meV Ps dense

SOPHI project:
~ 3 1011 et/s

(lon Trap
&
Neutralize

S Laser y

AIST, CERI & CERN expts:
L. Liszkay et al., preprint DAPNIA-07-125 | 36% e+ = Ps / 80 meV

P. Pérez — CPPM
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~ @ keV

~ 2keV

P.Pérez — CPPM - 19/05/08
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Spin-on solution

Porous S10, as converter

e T

Matrix
et

Si substrate Thermal
degradation of
porogen
Matrix
nanopore
Samples prepared by:
M. Etienne, A Walcarius CNRS/LCPME Nancy Iinplant
V. Valtchev CNRS/LMPC Mulhouse Profile
J-P. Boilot Ecole Polytechnique
Depth
L. Liszkay CEA/Saclay
P.Pérez — CPPM — 19/05/08 18



Materials: porous layers made by the sol-gel method

Silicon . .
alkoxide hydrolysis condensation
OR OH
4 A—Si d
R— S‘."\ oR '-,_\)H
“on OH
N T o
- - 3 L
_ Jz: = |
© - TN F By

Figure 4. Schematic description of the sol—gel synthesis of transparent silica matrices.

micelles cubic 2D hexagonal cubic
D @ =~
® S

Lamellar

» deposition by spin coating (300-500 nm thickness)

» removal of porogen by heating in air at 400 °C

* pure SiO, structure (amorphous walls)

silicon: TEQOS,
(tetraethoxysilane)

porogen: polymer or surfactant
(removed by solvent or heating)

silanol (Si-OH) groups

micropores

P.Pérez — CPPM - 19/05/08

19



Slow e¢™ beams

A]gsg: TSblikué?”GOhd , E.T.H Zurich (A. Rubbia, U. Gendotti)
(R. Suzuki, T. ara) IRFU Saclay (P. Crivelli, L. Liszkay)

Buncher tube
X XI T X \ 4 4 Pb cold head
Drift tube 3 N . Drift tube 4 N
Drift tubes 1,2 \ ; *
= T
Vacuum pipe Gap 2 l T
Turbopump
. pumps %
©
5
Sou;:;r:‘%?;rator Q—
lon pump N a 22 ()
| -
@
S
CNRS-CERI, Orléans §
o -
(L. Liszkay, M-F. Barthe) O

N. Alberola et al., Nucl. Instr. Meth. A 560 (2006) 524.

P.Pérez — CPPM - 19/05/08 20



CERN slow e¢" beam

400 Mbq ?2Na e* source
Tungsten moderator

& chamber

Secondary electron

tagging system
o TOVF lead collimator +

B o
& 714 gamma detector

! ¥

Coils for positron transportation
(quasi-uniform longitudinal field of 70 Gauss)

P.Pérez — CPPM — 19/05/08 21



Measure of conversion efficiency e* = Ps (3 y fraction)

600

with oPs

ulk
g
MW 1

500

400

300; i Mm

\ I i i lm‘
e uhilh|

without oPs "
I w

vacuum 200_5

Y
1-25 keV ‘v\/ 44* I "

‘«‘VH""‘“MWWMM L

¢ -1005... ———r—r
b

0 I160I - I26OI - I360I i I460I i 500
measures at CNRS/CERI, Orléans, France Energy (keV)

L. Liszkay preprint DAPNIA-07-125
SLOPOS-11 Workshop, Orléans 9-13/07/2007, to be published in Appl. Surf. Sci.

result: ~ 36 % 3 y annihilation fraction - emitted oPs

P.Pérez — CPPM - 19/05/08 22



Porous layer with 2 nm pores ( CTAB )

0.4 [ Trrr+ 1 rrr 111 ] 03}k .\\ i
o —O— glass substrate ] - ./ °
s o —a— CTAB/ITEOS 0.10 . g | LN
X \ — / \
@3l o — @ CTAB/TEOS 0.22 ] =t ]
g - . N
D2k, - Tl o ]
< L
c CTAB
% ‘\A ° 3.08 keV positron energy
At A\ * ] e~ "o1 oz o3 o4
PO ) | Porogen filling (molar ratio)
> \A;A\.\’ ] | Orleans0610_anal/gPorogC
A X N | _
0.0 | Q000006 o/O\@&Qﬁ:’rizg;Hziigia_ @
RN ST ST TR N T TR RN TN ST SN TR SN SN [N ST S S S N S S T . | >< >< Q_
0 5 10 15 20 2 2 o 2 =
Positron energy (KeV) riciyer a) = a) 3
™ (&) N
e low porogen content: closed pores L :
pOrog P oPs emission highest at 2D hex symmetry
* high porogen content: oPs emission but no evidence for direct structure
Into vacuum dependence
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Porous layer with 6 nm diam. pores ( F 127 )

o
~

LN BN B B B B RN B B S S N B S R |

—O— glass substrate
[ —A— F127/TEOS 0.004 ]
- sve00 —o— F127/TEOS 0.016 4

i

w

A ]
A
A

3-annihiation rafio
N

—
>
/

L A (N .\.

@) A @

[ AA e oo ]

[ %OOOQ 000 Q\QTQ:Q;Q:QLQ:Qjﬁ,\E&;;O_
PR T T Y PUR SR N SR S T T | PR

o
o

PR TR 1

0o 5 10 15 20 25
Positron energy (keV)

 constant 3 gamma annihilation
fraction at high porogen content
—> open pore system, saturated
oPs production

P.Pérez — CPPM - 19/05/08

 low porogen content: annihilation in the
pores

* high porogen content: highly
interconnected pore system
- 0Ps emission into vacuum

0.4 : , .
1%.3:— 00— o ]
E L
2
©
D21 ]
=]
s I

AF i

i F 127
3 keV positron energy

oL oy o

0.00 0.01 0.02 0.03

F 127 molar fraction

24



Comparison of the 3 gamma annihilation fraction

P. Pérez — CPPM

I I I

(a)

1

1

1

0.3 |gmome, |
E ‘.. Pluronic F-127

02 o 0.016molar ratio
[ L .
:gO.'] _ .‘.o..
%O i ..-..._._. PPN ‘.
I5 - ——t——t——+—
23[ (b)
=t CTAB
D2 0.22 molar ratio

- )

AL e
e ®e
g)O - !'.'.'."""‘-0-0-0-0
(4] "%_ ] 1 1 1 | ]

0.3F 0o, ()

0.2 i . Silicalite-|

L 0_.
01l e
OO -_ ........_.__._.__.__._".

|

0 5 10 15 20 25
Positron beam energy (keV)

— 19/05/08

similar max. 3 gamma
fraction
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Measure conversion efficiency e = Ps (lifetime)

M - 1 keV positron beam energy T
) « start I 10000} 1142 ns
o 1000i /CAO .22 layer _ lifetime
=1 - S ‘%0 3 ool :
= 3 G, _
2 100 % W :
(1-5 keV) y/ © _
10 F0016Iayer
BGO BGO |BGO N
0 200 400 600 800
Time (ns)
I —
T mumetal shield
. . . photomultipli
L. Liszkay, P. Crivelli (Saclay) |
U. Gendotti (ETHZ) |
BGO |
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Positronium reemission yield from mesostructured silica films

L.Liszkay et al., Appl. Phys. Lett. 92 (2008) 063114

3y

3y annihilation yield Y

Mean e’ implantation depth (10'7 g/cmz)

- 525 1592 3047 4827 6899

04F

Nancy 0.1 CTACK- TEOS/gIass - @ Nancy 0.22
n layers |CTACI-TEOS/glass ®

- O n=1 1
W O n=2 i
e

£

i.(. .? | O%o%@@e%%g |

5 10 15 20 25 042 044 046 048 050

Positron energy (keV)  Low e-e" pair momentum fraction S,,

%6109“9“‘0

.-
o
~

—
W

o
N

o
-
|
1

o
o

o

3y annihilation yield Y

3y

vacuum o-Ps reemission yield 3y annihilation yield Y,

@
w

0.1

0.0}
05L

0.4f

01F

0.0F

Mean e" implantation depth (107 g/cm®)
40 121 232 368 525 703

@ N

o
B

e A .'\0.0- Mq

0.2 }

02’ ®
.—‘——.» — . : P

Q0 10 20

0.3F

0.2}

S . EkeV)
[ rors Q_
CTACI-TEOS/glass + —— AN ..
O Nancy 0.1 B CL . 4 -]
A Nancy 0.1 calc (lifetime) O
@® Nancy0.22
j24
(b) £
o &)
0.
o
——Nancy 0.1
—@— Saclay 0.22
1 2 3 g
Positron energy (keV)
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Measure conversion efficiency e™ = Ps (time of flight)

A
o | | vacuum eco
G e’ .S%
(1-5 keV)

<«

Lead collimator to detect <« PMT
the 3y annihilations in
front of the shit

< Start I

sample

<« PMT

oPs energy assuming 15 mm flight (eV)

0513 0128 0057 0032 0021 0014 00
1500 I I I I I I

Porous SiO,
F 0.016

——0.5keVe" energy
——1 keVe" energy -
——2keV e energy .
——3keVe' energy
——4 keVe" energy

1000 H

500

0 50 100 150 200 250 |
oPs flight time (ns)
L. Liszkay (Saclay)

P. Crivelli, U. Gendotti (ETHZ)

R. Suzuki, T. Ohdaira (AIST Tsukuba)

P.Pérez — CPPM - 19/05/08
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Time of flight: open and closed pore system

Porous SiO,
| F-127 0.016 molar ratio|
300 L d=15 mmdistance |
2 1 ——0.5keV e" energy]
© +
= —— 1.0 keV e’ energy;
open pore system = ——20keVe" energy
EOO i ——3.0keV e" energy]
c ——4.0keV e’ energy, 0.4
T —O— glass substrate
o —A-F127/TECS0004 |
L . 03[ eeee @ FI27TECS0016 ]
! . 1 A b ¥ ¥ [ l® ]
0 100 200 300 A
Time (nS) /f0016ad15Energy % : .
=D.2 .
£ IAA °
C A \
c 4 \ ]
T T T T T Q] 1 3 “A\ .‘\ ]
Porous SiO, 9 7 ‘\A '\. )}
) F-127 0.004 molar ratio ] . " e I
I d=15mmdistance o000 ARA L 4 o000 9 g
20 ——05keVe' energy | o el i
L ——1.0keV e" energy | 0 5 10 15 20 25
2 ——2.0keV e” energy 1 Positron energy (ke
closed pore system %  30keve energy oy (keV)
EOO i l ~ 4.0keVe energy |
| Mottt itintahes | (TOF meas. from R. Suzuki, AIST, Tsukuba)
0 100 200 300
Tlme (ns) /f0004d15Energy
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Time of flight: F 127 and CTACI — templated layers

CTACI grown layer

F 127 grown layer

I Porous SiO9 [ Porous SiO,
=2 ] F-127 0.016 molar ratio | = | CTAB 0.22 _
S0l d=15 mm distance ] 300 d=15 mm distance _
o | ——05keVe energy | g i ——05keVe
i‘; —1.0keVe' energy 1 < ——1.0keVe'
@ ——20keVe' energy | é ——2.0keV e:
300 - ——30keVe" energy 2001} 3.0keV ©
[ I
- 1 — 40keve' energy | - T 40keVe

i e : nlay ol

0 1 il 0 A 1 ] WA LSS
0 100 200 300 0 100 200 300
/f0016ad15Energy Tlme (ns) /c022d15Energy

*«0.5-1keV:~1eV oPs energy

3 -4 keV: ~100 meV oPs energy

* no complete oPs thermalization

* 3 — 4 keV: ~ same emission efficiency
* nearly independent from pore size

(TOF meas. from R. Suzuki, AIST, Tsukuba)
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Determination of the oPs energy by TOF: Monte-Carlo calculations

0.16

0.14}

0.12

0.10}

0.08[

0.06

:llj'"|""|'"'|""|""|""|""|"":
N Monte-Carlo simulation ]
o using isotropic monoenergetic oPs
3 C0.22 sample ;
'F0.004 3keV ;
2 keV ]
i PY .
F0.030 sample ]
[ 4keV ]
- Fo.o1m ]
B 4 keV e
O4'|....|....|....|....|....|....|....|....'
110 120 130 140 150 160 170 180 190

Peak position (ch)

MC model using the GEANT 4 program package
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T T T T T T

[ C0.22 sample, 3keVe" energy i

o measurement
L — MC simulation ]
. (0.086 eV oPs energy)

150 200
Time (ns)

100

0 50 250
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et Production

Gravity Experiment with H'

P.Pérez and A. Rosowsky, Nucl. Inst. Meth. A 545 (2005) 20-30.

et Collection ! fast H& H *

slow H*

@l LINAC

Collector
et ~ MeV

4

RIKEN test :
1.3 1019 ¢- / 75 ns

: [Ps excitation]
i E v

Moderator/Trap @
—> [ ot ~ meV Ps dense

SOPHI project:
~ 3 1011 et/s

(lon Trap
&
Neutralize

S Laser y

AIST, CERI & CERN expts:
L. Liszkay et al., preprint DAPNIA-07-125 | 36% e+ = Ps / 80 meV

P. Pérez — CPPM
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Fabrication du faisceau de p

1013 p/min (24 GeV )+ Cu -
= ~ 107 p/min (g ~10°)

RF pour décélérer avec
refroidissement stochastique

et electron cooling = 5 MeV

Feuilles W (¢ ~10-3)

Antiproton Decelerator Cycle
= 510%p on production target
«  510°p per bunch (200 ns)
* Deceleration in 3 steps

(35— 20 =03 =01 G eVic)
+ Stochastic and electron cooling
= Fast extraction of 3-107p (0.2 ps)
= aplp~103
= Cycle time ~ 1min

= PHYSICS Startup April 15339

A R R R R R R PR AR R R R R

ntihydrogen,

ATHENA

Antihydrogen

RFQD(ASACUSA) (¢ ~10°1)

—=> 10 KeV => stockage dans
piege de Penning => éjection

P.Pérez — CPPM - 19/05/08
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CERN Antiproton Decelerator (AD)

P.Pérez — CPPM - 19/05/08
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Letter of Intent to the CERN-SPSC-2007-038

A new path to measure antimatter free fall

P. Pérez, L. Liszkay, B. Mansouli¢, J.M.Rey
DAPNIA, CEA-Saclay, France

A. Mohri, Y. Yamazaki* §)
Atomic Physics Laboratory, RIKEN, Wako 351-01, Japan 9 8
& <
N. Kuroda, H.A. Torii, €L
Institute of Physics, University of Tokyo, Komaba, 153-8902 Tokyo, Japan e o)
Submitted 30-nov-8007 15-jan-2008: encouraged to submit a proposal with ASACUSA

Proposal AEGIS (gravitation with H*) accepted by SPSC 15-jan-2008
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Summary

Converter shaping tests

Fast et beam

Slow et beam (W moderator)
Neon moderator

Trapping (wo buffer gaz)

Depending on available money,

June 2008
June 2008
Dec 2008
2009
2009

duplicate/improve or move slow e* source to CERN experiment(s) ?

Propose H* experiment in ASACUSA framework (Nov. 2008)

P.Pérez — CPPM - 19/05/08
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Backups

P.Pérez — CPPM

— 19/05/08
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Utilisation de H (proposition AEGIS)

La taille transverse du g
faisceau de H neutres est position-sensitive
de I'ordre de plusieurs cm Y

grafing 1 grating 2

En utilisant des grilles fils
horizontaux =

distribution sensible a g
tout en acceptant une
grande taille de faisceau

Mesure du temps de vol
entre les grilles
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Fabrication de H* dans AEGIS

Temps de préparation p et e : ~ 100-200 s (= Icycle)

«100 - 1000 H / (cycle I’AEGIS)

» mesure de la vitesse de H par temps de vol

N % <MM~5 10% Ps* 4 10 K par excitation laser (60 mJ / 5 ns)
LN
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Vue d’ensemble AEGIS

Position sensitive

silicon strip detector

Antihydrogen beam

e . _
> pe

Y
L

“L
F

Antiproton = || 2 4

-_'_,r'"-

trap — » ™ Ls

Positronium
converter

Decay of the Rydberg atoms before arriving at the first grating

Positron trap ) .
Ls 30 cm (distance antihydrogen source-first grating)

Grating distance L 40 cm
Grating size: 20 x 20 cm?
Grating period: a=80 um

Grating transparency: 30%
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A.P. Mills, UC Riverside
C. BEC of positronium

BEC critical temperature

Porous silica matrix

10'8 Ps/cm?

Tc = 15 K x [density/10"8 cm-3]2/2 I\
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1 ns Pulse of 107 e* 5 um diameter \ — ‘7&
=4 x 102 e*/cm?2

cavity 100 nm thick
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Traveling wave annihilation laser 4.p. iils, UC Riverside
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*A photon traveling through a gas of Ps at rest with density »n gathers more
photons into its mode because of stimulated annihilation.

*Initially, the number M of photons in the laser mode grows exponentially with x.,
the distance traveled:

M =exp{nox}.

*The Ps has to have very slow velocities so that the Doppler shift of the annihilation
photons is less than the line width vic < AEE =a?/2=1011,
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