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We present results from a recent collimator 
irradiation experiment conducted in the Advanced 
Photon Source (APS) storage ring. This 
experiment is the third in a series of studies to 
examine the effects of high-intensity electron 
beams on potential collimator material for the 
APS-Upgrade (APS-U). The intent here is to 
determine if a fan-out kicker can sufficiently 
reduce e-beam power density to protect horizontal 
collimators planned for installation in the APS-U 
storage-ring. The fan-out kicker (FOK) spreads 
the bunched-beam vertically allowing it to grow in 
transverse dimensions prior to striking the 
collimator. In the present experiment, one of the 
two collimator test pieces is fabricated from 
oxygen-free copper; the other from 6061-T6 
aluminum. As in past studies, diagnostics include 
turn-by-turn BPMs, a diagnostic image system, 
fast beam loss monitors, a pin-hole camera, and a 
current monitor. Post-irradiation analyses employ 
microscopy and metallurgy. To avoid confusion 
from multiple strikes, only three beam aborts are 
carried out on each of the collimator pieces; two 
with the FOK on and the other with it off. 
Observed hydrodynamic behavior will be 
compared with coupled codes.

 Previous whole-beam-loss experiments 
carried out in 2019 and 2020 in the APS SR 
studied effects in aluminum and titanium 
collimator test pieces [1–3]. 

 No steps were taken to mitigate damage 
caused by the high intensity electron beam 
during these earlier studies.

 Significant damage was observed (in Al 
below from Jan. 2020 experiment)

IRRADIATION STUDIES AT THE ADVANCED PHOTON 
SOURCE

TUP028

J. Dooling, M. Borland, W. Berg, J. Calvey, L. Emery, A. Grannan, K. Harkay, Y. Lee, R. R. Lindberg, G. Navrotski, V. Sajaev, N. Sereno, J. Stevens, Y.P. Sun, K. P. Wootton,
Argonne National Laboratory, Lemont, IL, USA
D. Lee, S. M. Riedel University of California Santa Cruz, Santa Cruz, California
N. M. Cook, RadiaSoft LLC, Boulder, Colorado

 Initial simulations with elegant[4,5] and MARS[6] indicated high 
temperatures and damage during unplanned beam loss

 Modeling with elegant suggested a vertically deflecting pulsed 
magnet could sweep the beam as well as increase its cross 
section potentially protecting horizontal collimators from damage
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• A third whole-beam-abort experiment was conducted
• A vertical FOK could be utilized to protect horizontal 

collimators planned for the APS-U SR. 
• Tests carried out on both aluminum and copper targets. 
• For aluminum, FOK voltage = 2 kV sufficient to protect
• For copper, a 3 kV kick not enough to prevent damage 
• For both targets, damage was reduced as FOK voltage 

was increased.
• Data collected will provide useful information for 

benchmarking coupled-code simulation efforts to model 
the effects of whole-beam loss events
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Collimator surface analysis with Keyence VR 3200 
microscope.  80-cm radius was machined onto both 
collimator test pieces in the horizontal plane
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fiducial rulings.  
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Sequential frames from smart phone recording of 
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