
- H+    =    p e+e+ 

- Sympathetic cooling  
with Be+  ! 10 !K 

- Photodetachment of e+ 

- Time of flight 
 

J.Walz & T. Hänsch,  
General Relativity and Gravitation, 36 (2004) 561. 
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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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Parameter% Specification%
Energy" 10 ! 20 MeV"
Peak current" 300 mA"
Beam Pulse 
length" 2 !s"

Repetition 
rate" 300 Hz"

Availability" 24/24 h  
7/7 days"
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Concrete shielding 
X rays 
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enhance Ps interaction time with laser " target in “tube” geometry "
during its lifetime Ps passes about 10 times in the laser beam"

SiN transmission @ 5 keV ~ 100%, Ps fraction into vacuum of 15% (from 22%).  
Ps lifetime is not reduced (no pick-off effect). "
Losses: positron missing the target.  "

Aperture 3x3 mm2"
Length 60 mm, internal walls coated with SiO2 "

e+ 5 keV"

Porous silica"
Laser 
(500W) "

SiN 30 nm window 3x3 mm2"
oP
s"

Number of detected Ps (2S) annihilations compatible with expected 0.4%"
de-excitation probability per collision via Stark mixing (2S!2P!1S) "
using calculated cross sections for this process:   J. Mitroy, I. A. Ivanov, PRA 65, 012506 (2002)"
"

P. Crivelli (ETHZ) ,D. Cooke (ETHZ), A. Antognini (ETHZ), K. Kirch (ETHZ/PSI), A. Rubbia (ETHZ),   
J. Alnis (MPQ), T. W. Haensch (MPQ), B. Brown (Marquette University)"
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> 10 000 laser cooled Be+ / HD+ ions 
100 neV, T ~ mK  

few mm 

T 
÷ 3 109 

313 nm laser (1/2 ready) 

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

in the linear capture trap   (Paul trap, r0 = 3.5 mm, ! = 13 MHz) 

Second step 

Transfer and ground state cooling  
                of a Be+/H+ ion pair in the precision trap 
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tests with H2
+ / H+ REMPI source 

joint ANR and DFG grant  
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L. Hilico et al., (2014)  
arXiv:1402.1695 [physics.atom-ph] 



$=%*$%&*$>" ?@"?A-3B")"C?C8"8DEF"" $f"

E',*(4(.)%/'2&% ;H%\.+8%
PH%;*?@(7/3]2+,'%

?-340705:"(-.O"O-3O.-32".("e.0:B"
I37(7"`0(!"8.V%W3V]"9.(3-"C-V%W3V"



$=%*$%&*$>" ?@"?A-3B")"C?C8"8DEF"" &*"

E',*(4(.)%/'2&% ;H%\.+8%
PH%;*?@(7/3]2+,'%

?-340705:"(-.O"(37(32".("e.0:B"
(37(7"`0(!"8.V%W3V]"9.(3-"C-V%W3V"

i5OO93-"
45590:,"

i3O93Q5:"
5X"i"93/397"

C023R.:2"
7O34(-5745O1"
q"45590:,"

70:,93" G0U32"

90:3.-" B0,B.,"

8.V"4-17(.97"5R(.0:32"

=BA`-%*2&/1',%/'2&%*.)4/'1*9.)T%%
%%%%%%%%%%%*..+()0%.8%U2:F",:T%%
%%%%%%%%%%%/'2)4&.'/%.8%(.)4%M,/5,,)%/'2&4%%
=BA^-%*..+()0%.8%K=

:%%5(/?%",:FKG:%@(b%%
=BAa-%/'2)4&.'/%/.%UR$_%



$=%*$%&*$>" ?@"?A-3B")"C?C8"8DEF"" &$"

D,+.*(/J%4,+,*/.'%

c0-7("70GP9.Q5:7"!5OQG073"20G3:705:7"
`0(!"3UO3-0G3:(.9"45:7(-.0:(7""
!"#">*"KG"
J"#"&*"4G"]"E23(34(5-"#"&*"4G"
C!.O3-"EG0:"#"$"GG]"EG.U"#"M"GG"
! :332"$>*"O-52P432"HV"X5-"r,%,"#"$_"
$*"QG37"9377"(!.:"0:"O-5O57.9"

!H%G18.1'%,/%2+H!"R1'H%E?J4H%dH%U%ae%Q=BAeS%=afA%



$=%*$%&*$>" ?@"?A-3B")"C?C8"8DEF"" &&"

H 8',,%82++%7,/,*9.)%
%

H+ 

>*"4G"

EH%G,M1%%%%6$Pg%
;2*+2J%

i3(34Q5:" E3sP0-3G3:("
Itc"O-340705:" $>*"K7"
S::0!09@"/3-(3U"
O-340705:"" &"GG"

W.4Y,-5P:2"-3b34Q5:" 3/3:("(5O595,1"



S-,5:"m75RP(.:3"'f>_"]">_+"
?0(4!"5X"7(-0O"L"H**"G04-5:7"
u".:2"v"7(-0O7"",3:3Q4"GP9QO93U0:,"

"

$=%*$%&*$>" ?@"?A-3B")"C?C8"8DEF"" &="

C(*'.C,024%7,/,*/.'% GH%"2),'h,,T%EH%U'(>,++(%
;H%#1),T%"H%D2++20,%

45
:/
3-
705

:"
="
G
G
"

.G
O9
0o
4.
Q5

:"
$&

^"
KG

"

G04-5G37!"

7(-0O7"

$"YN%4G"

H*YN%4G"

(37("G52P93"

H"
4G

"
H"
4G

"

>*"4G"

=BA`-%*.)4/'1*9.)%.8%f%&+2),4%/,4/%
M,)*?%/,4/4%5(/?%*.4@(*%'2J4%
=BA^-%*.)4/'1*9.)%.8%81++%7,/,*/.'%
=BAa-%*.@@(44(.)()0%



$=%*$%&*$>" ?@"?A-3B")"C?C8"8DEF"" &H"



$=%*$%&*$>" ?@"?A-3B")"C?C8"8DEF"" &>"

RIR_#%

<H%U?.(4),/%
PH%"19)%%I2J.1/%


