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HPS Target History

• The tracker measured x-y equally well. (We assumed a bigger magnet)

• The beam spot was circular and smaller (10 microns) to take advantage of this

• In proposal, it was said we would melt the target (>1000 °C) in 7 ms at 450 nA.
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HPS: A proposal to Search for Massive Photons at Jefferson Laboratory 
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Figure 4.3.4.1: A rendering of the tracker showing the layout of the silicon planes inside a cutaway of the 
carbon fiber support box and the vacuum chamber.  The target assembly is just upstream of the first silicon 
layer. 

The solid angle subtended by the dead zone limits the acceptance for low mass A’ decays, which 
have very small opening angles between decay daughters.  For this reason, a great deal of 
attention has been paid to the optimization of this region of the detector, where careful 
simulation of the backgrounds has been used to determine the occupancies and radiation doses 
that limit coverage there. 

In particular, three effects have been considered in setting the size of the dead zone. The first is 
the potential for an accident with the primary beam that would acutely damage or destroy a 
sensor.  The second is the radiation dose from scattered primary beam and radiative secondaries 
that will render the sensors inoperable over time.  The last is the density of hits associated with 
this radiation field that results in an unacceptable rate of pattern recognition failures.  All of 
these issues are most severe in the first layer, which thereby determines the angular acceptance 
of the entire detector for prompt decays. 

2010 proposal

2011 proposal

                   HPS Test Run: A proposal to Search for Massive Photons at Jefferson Laboratory 
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Figure 2.3.5.2: A rendering of the tracker showing the support plate and module mounting brackets. 

Each base plate will be movable via a pair of remotely-controlled vertical stages at the front 
and back ends of the tracking volume. These allow the tracker to be opened up during beam 
setup and allow tuning of the dead zone in response to background conditions. 

2.3.6  Vacuum Chamber 
The tracker for the test run is designed to fit within the existing vacuum chamber for the Hall B 
TPE chicane as described in Section 2.2.  A new flange will be fabricated for the front of the 
vacuum chamber to accommodate a connection to the beampipe as well as a pair of smaller 
flanges on either side of the entering beam with patch panels for cables and cooling as shown 
in Figure 2.3.6.1.  These flanges can accommodate a total of eight 50-pin, vacuum rated, D-
connectors to carry power, control and data signals, and high voltage to and from the detector 
as well as cooling for the detector and power for the positioning stages.  Removal of a short 
section of upstream beampipe and the front flange allows for easy insertion and extraction of 
the target and the tracker. 
 

 
 
Figure 2.3.6.1: A rendering of the tracker installed inside the existing vacuum chamber from the Hall B TPE 
analyzing magnet.  The new upstream flanges that accommodate connections through the wall of the vacuum 
chamber are shown at the left. 

• To use PS magnet/chamber and existing sensors, tracker measures y better than x.

• Beam spot can be larger in x: designed at 20 𝜇m x 250 𝜇m to avoid destroying target.

These designs assumed heat loss only by radiation!!



Conduction is Critical
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HPS tungsten target 4 microns thick:
beam 600 nA, circular spot ! = 122 4m,
1 sec exposure with conductive and radiative cooling.
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Toy Calculation for Target
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• 50 nA beam strikes target, 4 microns thick.  

• Power is applied to a plane inside the target silicon 300 microns wide.  (320 microns X 4 microns)

• Assume heat must flow through target perpendicular to that surface. In reality, it spreads radially 
outward, but gives an idea what the drops are.

• Collisional energy loss in silicon for electrons dE/dx = 1.6 MeV cm2 / g

• Power = 19.25 (g/cm3)·.0004 cm · 1.6 MeV cm2/g · 50×10-9 A  / 1.6×10-19 C = 616 𝜇W

• 𝚫T/l =  (6.2×10-4 W)/(173 W/m-°K)/(2·0.0003 m·0.000004 m) = 1.5 °K / mm

• Temperature rise is very small, generally agrees with Clive’s simulation.

𝚫T/l



Toy Calculation for Silicon
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• 5 nA beam grazes silicon edge, 320 microns thick.  Since this is ~3X thicker than our target, should raise FSD 
counter rates by ~30%.

• Power is applied to a surface along the edge of the silicon 300 microns wide.  (320 microns X 300 microns)

• Assume heat must flow through silicon perpendicular to that surface. In reality, it spreads radially outward, but 
gives an idea what the drops are.

• Collisional energy loss in silicon for electrons dE/dx = 2.1 MeV cm2 / g

• Power = 2.33 (g/cm3)·.032 cm · 2.1 MeV cm2/g · 5×10-9 A  / 1.6×10-19 C = 784 𝜇W

• 𝚫T/l =  (7.8×10-4 W)/(149 W/m-°K)/(0.0003 m · 0.00032 m) = 0.054 °K / mm

• Temperature rise is negligible.

𝚫T/l



Conclusion

• No danger of acute mechanical damage from beam strike.  (Also no danger of melting 
the target with any beam that could be generated in Hall B).

• Significant beam dwelling continuously on silicon will lead to extreme radiation 
damage with unpredictable results, so it is best avoided.

• Full beam dwelling on silicon can also contribute to thermal runaway, so again… best 
avoided.

• FSD is still important, but there is little hazard of a beam accident destroying an 
entire sensor.
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Silicon Stopping Power
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Tungsten Stopping Power
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