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GSI Experiments
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GSI Experiments
Coincidence e+ e- Pairs

Sharp Sum Energy Lines
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GSI Experiments



The ATLAS Uranium Upgrade

• ECR Source for High Charge State Uranium
• Lo-β Linacs – Novel Resonator Designs
• Injecting into Existing ATLAS
• ATLAS Positron Experiment (APEX)

– Large Solid Angle and Efficiency
– Excellent e+ e- Separation ( 1 in 105 )
– High Resolution in Energy and Angle for e+ e-

– Heavy Ion Scattering Measurement
– High Data Rate (10pnA U)

ATLAS Upgrade and APEX



RB, DG and JS go to see Dave Hendrie

An Early Concept 



The APEX Proposal
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Final APEX Concept

Final APEX Concept



APEX Responsibilities

• Argonne – ATLAS, Project Management, Silicon Arrays
• ANL/Chicago – Trigger Electronics
• Florida State – Rotating Target Wheel
• MSU – Heavy Ion Array, Silicon Preamps, Electronics, Coils
• Princeton – Solenoid and Vacuum Vessel
• U Washington – Silicon Cooling, Monitors
• Yale – Annihilation Radiation Detector

Responsibilities



Design

Design



Construction

Construction



The Real Thing

APEX Rises



Silicon Array

Highly Segmented Silicon
Efficient for 100 keV< E < 1 MeV

Excellent Energy Res <10keV
Excellent Timing < 1ns

1 mm Thick Si
Cool to LN2 Temperature

In 10-6 Torr Vacuum
Custom Preamps
FERA Readout

Silicon Array



Delicate Adjustment

Silicon Array



A Handsome (& Young) Crew

Aluminum Foil



Heavy Ion Array & e/Gamma Stops 

Inside APEX



Performance with Sources

Source Data



Tiger Teams !!

Tiger Teams



First Uranium Beam - Sept 3rd 1992



First Positron Spectrum

First Positron Spectrum



Summary of GSI Coincidence Results

GSI Results



APEX Data Taking

Blowing Out Shroud!
Power Failures!

APEX Data



APEX Singles and Coincidence Data

APEX Data – No Peaks



Upper Limits on Line Cross Section

Published Limits



An Acid Test

IPC in 206Pb+206Pb



OXPOS

• GSI and US Experimental Groups Meet at 
Wadham College, Oxford in 1996

• Cordial and Detailed Discussions
(+ Good Food and Wine)

• Concluding Statement

“… the statistical significance of the original 
observations was over estimated …..”

OXPOS



APEX Publications
Anomalous Positrons from Heavy Ion Collisions Past Results and Future Plans
Nucl. Instr. and Meth. B43, 29 (1989)

Nuclear Spectroscopy with Si PIN Diode Detectors at Room Temperature
Nucl. Instr. Meth. A299, 201 (1990)

Positron-Electron Pairs in Heavy Ion Reactions:  Status of the APEX Collaboration
Proceedings of Seventh Winter Workshop on Nuclear Dynamics, Key West, Florida

A Fast Low Noise Silicon Detector for Electron Spectroscopy up to 1 MeV
Nucl. Instr. and Meth.

APEX Heavy Ion Counters
Nucl. Instrum. Methods A348, 252-255 (1994)

A Large Solid-Angle Array for Heavy Ions from APEX 
Nucl. Instrum. Methods A350, 491-502 (1994)

The ATLAS Positron Experiment - APEX 
Proceedings of the 10th Winter Workshop on Nuclear Dynamics, Snowbird, UT

Recent Results from APEX
Proceedings of the Conference on Physics from Large g-Ray Detector Arrays 
Berkeley, CA, 

Positron Production in Heavy Ion Collisions:  Current Status of the Problem-II
5th International Conference on Nucleus-Nucleus Collisions, Taormina, Italy

Electronics for the Si Detectors in APEX
Electronics for Future Colliders, Montvale, NJ, May 10-11, 1994

Search for Narrow Sum-Energy Lines in Electron-Positron Pair Emission from Heavy-
Ion Collisions near the Coulomb Barrier
Phys.Rev.Letters 75,2658-2661 (1995)

A New Look at Positron Production from Heavy Ion Collisions: Results from APEX
IV International Symposium on Weak and Electromagnetic Interactions in Nuclei, 
Osaka, Japan

A Solenoidal Spectrometer for Positron-Electron Pairs Produced in Heavy-Ion 
Collisions
Nucl.Instruments and Methods, A370,539-557 (1996)

The Positron Peak Puzzle - Recent Results from APEX
XXIV Mazurian Lakes School of Physics, Piaski, Poland 1995

Recent Results from APEX
Proceedings of 12th Winter Workshop on Nuclear Dynamics, Snowbird UT 1996

Reply to Comment on APEX
Phys.Rev.Letters 77,2839 (1996)

Search for Monoenergetic Positron Emission from Heavy-Ion Collisions at Coulomb 
Barrier 
Energies
Phys.Rev.Letters 78,618-621 (1997)

The Positron Peak Problem: Results from APEX
International Conference on Nuclear Structure at the Turn of the Century,Crete, 
Greece

Internal Pair Conversion in Heavy Nuclei
Phys.Rev. C55,R2755 (1997)

Positron Electron Angular Correlations in Internal Pair Conversion
Phys.Rev. C57,R2794 (1998)

Positron Electron Pairs Produced in Heavy Ion Collisions
Phys.Rev. C60, 064601(1999)

APEX Publications



THE END !! ??

The End (1999)



Afterword

• APEX and the ATLAS Uranium Upgrade were 
amazing technical – and political – tours de force 

• The product of what we do is often the process itself
• To push back the frontiers we have to take chances –

sometimes we make mistakes
• We have to keep asking the hard questions 

Afterword
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