
AEgIS: a beam of H to test gravity
_

Tests of gravity require very 
cold trapped H or a pulsed 
cold beam of H

–

Experimental goal: g measurement 
with 1% accuracy on antihydrogen 

(first direct measurement on antimatter)

a) production of a pulsed cold beam of 
antihydrogen (T~0.1K)

b) measurement of the beam deflection with a 
Moiré deflectometer

G ~ 100nV/m on p
_

-
Michael Doser /CERN   on behalf of the AEgIS collaboration

–
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Step i) antihydrogen formation

• cold antiprotons (T~0.1K)
• production of Rydberg positronium
• production of antihydrogen atoms

Charge exchange reaction
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Step ii) beam formation
Stark acceleration of Rydberg antihydrogen (electric dipole)
[deceleration of H: E. Vliegen & F. Merkt, J. Phys. B 39 (2006) L241 - ETH Physical Chemistry]

Step iii) trajectory measurement

• Mach-Zehnder interferometer

• detection of vertical impact coordinate
  with a high-resolution detector (silicon
  microstrip or similar) 



Step i) antihydrogen production

1) positron accumulation

2) antiproton accumulation

3) positronium formation

4) positronium excitation

5) antihydrogen formation

Step ii) antihydrogen beam
Step iii) trajectory measurement



Layout of the zone
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Layout of the zone

Antiproton trapping
in 5 T magnet



Layout of the zone

Positron accumulation
and transfer



Layout of the zone

Antihydrogen
(1 T magnet)



Layout of the zone

Trajectory measurement
(Moiré deflectometer)



1) positron accumulation

2) antiproton accumulation

3) positronium formation

4) positronium excitation

5) antihydrogen formation

Step i) antihydrogen production



• 22Na source: ~ 50 mC
• Moderation through solid neon
• Accumulation in trap 
• Buffer gas cooling
• 3 108 e+ in few minutes
• B= 0.15 -0.2 T

“Surko type” positron accumulator: 

Step i) antihydrogen production



3 parts: RGM(incl. source); ABPS; Accumulator

RGM(& source):  22Na source (25 mCi)
         order for a 2nd stronger source (75mCi) is in the pipeline (2013)

ABPS: installed and operational at AD

Accumulator: under test; will arrive at AD in April 2012

Step i) antihydrogen production

COMPLETION REPORT 
 

CERN Purchase Order CA 1510630 
APBS Electrode Structure Assembly (P/N APBS-ESA-1) for APBS-2 positron trapping 

system 
 

Submitted by First Point Scientific, Inc. 
January 12, 2011 

 

The item under the subject Purchase Order has been completed, including successful 
testing.  This assembly will be retained at First Point Scientific, Inc. pending assembly 

with other components purchased under separate purchase orders. 
 
The assembly includes: 

 
1. Assembled trap electrode structure including the vacuum flange with gas and 

electrical feedthroughs prior to installation in the APBS vacuum chamber (Figure 1) 
2. Eight-channel high voltage power supply HVA-8, and Four-Phase quadrature 

oscillator PHA-4, together with custom coaxial cable (Figure 2). 

 
 

 
 

 

Figure 1. Assembled trap electrode structure. 
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Transfer of positrons

design requirement: >0.1T over whole beam line

constructed and ready for installation in April

AD

Step i) antihydrogen production
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→R. Brusa’s talk
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Harmonic  
Generator 

n=1 ! n=3 
205 nm 
Transition saturation  
energy: ~2 !J 

n=3 ! Rydberg 
1650-1700 nm 
Transition saturation  
energy: ~0.2 mJ 

Nd:YAG 
1064 nm 

650 mJ, 5 ns 

4th  

2nd  

1st  

OPG 

OPG + OPA SUM 

OPA 

894 nm 

1650-1700 nm 

266 nm 

532 nm 

1064 nm 

Laser source and harmonic generator:  
Tender will start within December 2010 (?) 
Expected arrive in March - April 2011 Goal of the apparatus: 

About 10 times the 
saturation energy 

Rydberg excitation via a simultaneous two step incoherent process: 
1 → 3 → Rydberg (wavelengths: 205 nm and 1650 - 1700 nm)

Main effects of level broadening: 
1 → 3:            Doppler effect (~0.04 nm) due to velocity distribution of Ps
3 → Rydberg: Motional Stark effect (make a quasi-contiuum from n=17, each 
                     level is broadened to many nm) due to Ps movement in a strong B field

Step i) antihydrogen production



OPA

OPG

Step i) antihydrogen production



1) positron accumulation

2) antiproton accumulation

3) positronium formation

4) positronium excitation

5) antihydrogen formation

Step i) antihydrogen production



• Charge exchange reaction:

• Principle demonstrated by ATRAP  (Cs* → Ps* → H*)
[C. H. Storry et al., Phys. Rev. Lett. 93 (2004) 263401]

• Advantages:
– Large cross-section:
– Narrow and well-defined H n-state 
     distribution
– H production from ultracold p
→  ultracold H

_

_

_

_

_
At  T(p) = 100mK,
n(Ps) = 35
⇒
 v(H) ≈ 45 m/s


 T(H) ≈ 120mK

_

_

→

_

σ ≈ a0n
4

- pulsed production of H
_

• cold antiprotons (T~0.1K)
• production of Rydberg positronium
• production of antihydrogen atoms

Step i) antihydrogen production
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Step ii) beam formation
Step ii) beam formation



• Classical counterpart of the Mach-Zehnder interferometer

– Decoherence effects reduced
– “Self-focusing” effect – beam collimation uncritical

• Replace the third grating and detector by position-sensitive detector


 ⇒   Transmission increases by ~ factor 3

• Has been successfully used for a gravity measurement
with ordinary matter,  σ(g)/g = 2×10-4 

Fringe phase and phase shift
identical to Mach-Zehnder
interferometer

v =600 m/s
v =250 m/s

δ = ―gt²
a

[M. K. Oberthaler et al., Phys. Rev. A 54 (1996) 3165]

• with 105 H at 100mK,  σ(g)/g = 1% (expected) [A. Kellerbauer et al., Phys. Rev. A 54 (1996) 3165]
_

Step iii) trajectory measurement
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Step iii) trajectory measurement
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; detector tests



!"#"$%&'&()*+$!,*'-$

!"#$%&'&(&))*#

!"#"$./)&0*+$!,*'-$

+"#,%-./*0123#4"#5-678-%.*/73#
9"#:&.;&%-3#<"#4-00-%7/&3#
="#>-'-;-%&))*#

12!34+$5/67/'8/9(+$
./9:*)-$

?"#,&))&%@-A&%3#B"#C-%%*/6#

;$&<$5/67/'8/9(+$
./9:*)-$

$"#D%EA/*63#!"#,"#F@&%;G-)&%#

;$&<$=-&)+$#9*)>/$

$"#HI(I)&0#

!"#"$16'*)&+$!,*'-$

J"#K-.;&))*3#="#K*-)(*3#
9"#K7/.7)-L3#<"#J&%%-6A;#
!"#9*-88-%0G*3#J"#!7*-3#
J"#$%&)M3#!"#=-0&%(7L3#
+"#:%&MM*3#J"#4*))-#

!"?+$1&@>&A+$?B@@6*$

?"#="#D&)7'3#="#H"#9/*/&/173#
4"#?"#!-;'&&'#

=*8&9*,&69/$C6:D$
E&F&)+$G9@*-+$#9*)>/$

5"#K-@-%&;3#+"#K78N-%-;#

!"#"$2*7&0*HI9/),&+$
!,*'-$

<"#="#D%A.-3#5"#+*#H7;73##
9"#J&%%-%*3#="#!-%*-MM*3#
9"#H&@@*-#

!"#"$2*06*H%9/@>6*+$!,*'-$

9"#D7/78*3#5"#+-..-3#
?"#J7/;-/-3#K"#<*00-%(*3#
?"#<7;7/(*3#?"#>&/7/*#

EJ/>K$I/>K)6>*'$;+$
29*(B/+$EJ/>K$?/LB8'6>$

,"#KG)7A@-3#4"#$&;%OP&13#
!"#QN-P&1#

;$&<$%/9(/)$H$;$&<$G@'&+$
"&9A*-$

?"#9)*67%7'-3#R"#$"#S-/.&/3#
F"#<TG/&3#S"#=-/(-1&%3#
D"#=;A6A#

EM?"+$./)/0*+$
NA6,J/9'*)7$

R"#D%&8&%3#9"#DA%6G-%;3#
!"#+7.&%3#?"#+A(-%&'3#
:"#U*.&)3#="#S-*(&%3#J"#S-A63#
+"#$&%*/*#

MI5$OB96>K+$NA6,J/9'*)7$

="#+"#S76-/3#J"#!&%1;#

;$&<$OB96>K+$NA6,J/9'*)7$

V"#?))17W&%3#K"#?8.)&%3#
K"#K-/-)*3#K"#<&6&/WA.3#
R"#<70G&;3#R"#=;7%&X#

, T. Kaltenbacher

the collaboration...

L. Joergensen


