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Schematic overview

Work in 2012 on apparatus

Results of measurements with antiprotons and positrons

R&D
        proton source, Ps formation studies

Outlook for 2013 and 2014

Topics

Tuesday, January 15, 2013



grating 1 grating 2

position-sensitive
detector

L Latomic
beam

Ps

laser
  excitation

antiproton
  trap

positronium
  converter

e+

Ps

Ps*
Ps*

H*

H*
H beamH*

accelerating
  electric field

Schematic overview

Physics goals: measurement of the gravitational interaction between
matter and antimatter, H spectroscopy, ...

_

Schematic overview
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Layout of the zone

Zone layout

4m
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Central apparatus design

p from AD
_

positron accumulator

5T magnet 1T magnet
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Zone layout early 2011 Zone layout late 2012
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Layout of electrodes and dilution refrigerator

1 T region

positron electrode stack

dilution refrigerator

Positronium target

Antihydrogen decay regiontransfer electrodes

antiproton electrode stack

positron radial
transfer electrode

1T magnet traps: conceptual design
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1T magnet traps: the reality
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Central antihydrogen detector (@ 4K)

FPGA

hit pattern (0,1)
vs. time [200 MHz]
(deadtime-free readout)
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Positron system

Completed and commissioned in October
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Conclusion 

M o d e r a t i o n - Tr a n s p o r t 
efficiency ~ 2.5 10-2 

Spot dimension  4-5 mm 

Spot dimension  1-2 mm 

Trapping-dumping  efficiency ~ 0.14 

Permanent diagnostic systems tested and calibrated 

e+ 

Dump intensity 7-8 106 

Lifetime ~30 s 

Fill time ~120 s Transport efficiency 
~80-90 %  

Improvements for increasing the accumulator dump intensity (aim 108) 
Improvements for optimization of the beam transport and diagnostic in 5 T 
region 

Ongoing work to increase the rates and efficiencies

Positron accumulator testing 

CsI + photo diodes scintillators  

Accumulator characterization 
(positron lifetime and dump intensity) 

First evidence of positron storing in the 
accumulator 

October 

Number of stored e+ and lifetime 
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Ps excitation laser system

Transported to CERN and installed in October
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Assembly

Assembly completed end of November; immediate pump-
down and cool-down (10 days) during which commissioning 

with antiprotons and positrons could take place 
Tuesday, January 15, 2013



Beam in 2012: first run (May/June)
Commissioning run of 5T magnet: trapping, debugging, ...
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Beam in 2012: second run (November/December)
Commissioning run of full apparatus: trapping, cooling, 
manipulations, positron transfers, detector tests, ...
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Beam in 2012: second run (November/December)
Commissioning run of full apparatus: trapping, cooling, 
manipulations, positron transfers, detector tests, ...

stacking of AD shots

further tests carried out: trapping vs. B-field, transfers, calibrations, 
measurements of the antiproton energy distributions before/during/after
cooling, mixing of antiprotons with positrons, vacuum tests, internal 
diagnostics, ...

Tuesday, January 15, 2013



Beam in 2012: second run (November/December)
Commissioning run of full apparatus: trapping, cooling, 
manipulations, positron transfers, detector tests, ...

positron transfers from
accumulator through 
transfer section and 5T
magnet into 1T magnet

time of transfer [ns]

extraction pulse
from accumulator

scintillator pulse
from positron 
annihilation in 1T

antiproton annihilations
in 1T magnet as seen by
the scintillating fiber
tracker around the H
formation region

_
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Beam in 2012: both runs
Parasitic tests:

Silicon detectors (strip, pixel) MCP emulsions

explore/validate different  
candidate technologies for 
the (downstream) 
antihydrogen detector by
annihilating (low energy) 
antiprotons in the detectors
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Silicon detectors (MIMOTERA, pixel detector, strip detector)

+ !  CNM-55 - 3D pixel sensor bump bonded to FE-I4 R/O chip, 
designed for the ATLAS Insertable B layer upgrade 

3D layout: three dimensional view of a typical pixel structure. The 
internal box drawed with a dotted line represents a typical cell that 
consists of two n-columns readout around six ohmic p-columns  

!  the n+ columns, (red), are the readout electrodes or junction 
electrodes, while the p+ columns (blue) are the ohmic electrodes or 
bias electrodes.    

!  The substrate could be a silicon n-type or p-type doped 

                   

+ Installation of the detector in the six cross chamber 

3D pixel detector mounted on the flange 

CNM-55-3D pixel sensor bump-
bonded to FE-I4 R/O chip 
designed for the ATLAS 

Insertable B layer upgrade

p
_

MIMOTERA

Andreas Knecht AEgIS Collaboration Meeting, Dec 17-19 2012

Silicon Detectors

27
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Silicon Detectors
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Emulsion: annihilation in emulsion & in thin foils of different composition

Base (glass or plastic)
(several 100 μm)
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First demonstration of the moiré deflectometer technique with antiprotons!

Test of moiré deflectometer with antiprotons
vertex-to-vertex autocorrelation

first look at data in zone b)
353 vertices in ~ 1 cm2
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p + Ps     H + e+
__

anti-
protons

positrons

ongoing work: Proton source
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protons

p + Ps     H + e
_

positrons

under construction; to be installed in spring 2013

ongoing work: Proton source
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ongoing work: Positronium test station

ready for installation
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Outlook for 2013/2014

next months: 
          • continue testing/commissioning apparatus with electrons, positrons
          • commission laser system
          • install positronium test station

spring:
          • install minor improvements to diagnostics
          • install Hydrogen detector
          • install proton source

remainder of year:
          • work toward formation and characterization of Ps, Ps*, hydrogen
          • validate Ps characteristics (test station & in 1T magnet)
          • Ps spectroscopy (test station)
          • design work on downstream interface (beyond 1T magnet)
          • R&D work on downstream antihydrogen detector
          • R&D work on cooling of antiprotons

goal for summer 2014: be in a position to form antihydrogen beam
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Conclusion and outlook

Installation of apparatus largely completed and commissioned with 
antiprotons

Beam times were extremely valuable in understanding apparatus

We have had a very busy year 2012, and 2013 / 2014 will not be much 
easier, requiring a sustained effort with the now-existing infrastructure.
   
   request: essentially uninterrupted access to cryogens (lHe), power
   & cooling water

Parasitic measurements were very successful - essential information 
obtained to design optimal deflectometer+detector layout
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