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Target Designs
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Upstream Pump
1450 l/s

Beam-Right Pump 
2700 l/s for H2

Beam-Left Pump 
2700 l/s for H2

Downstream Pump
1450 l/s

5 Turbo pumps around the target:

Both 2700 l/s turbo pumps are backed 
by a 1900l/s turbo pump and then fed 
into a multi-stage roots pump.



Target Parameters
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• Target cell: 75 mm x 75 mm x 40 mm,

• Thin end walls: 63mm dia. by 7.5m thick polyimide foils,

•  "Windowless" ---Beam enter and  exits via 2 mm holes on 
the center of Kapton foils,

• Target Material: High-purity hydrogen gas (>99.99%),

• Target Length: 40 mm,

• Target Pressure: 0.63 mBar,

• Target Temperature: Regulated at 20K,

• Vacuum Vessel Pressure: 6.8 x 10-4 mBar.



Summary Reported at ERR
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• During ERR, we reported that the LabView 
control program started to communicate with 
the target and the refrigerator functioned well.

• Therefore, as we continue to tune the LabView 
program and learn the operation, the target 
commissioning run was gradually started.

Summary, 05/09/2025

Committee Comment: 
Use 99.99999 % Pure H2 (99.9999 % is marginally acceptable).Pumping scheme for initial test at ESB

(to compare test results at EEL in 2015)
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Performing Test with a “known” Scheme 
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All tests were performed with this pumping scheme, until July, when we 
realized that no matter how we conducted the runs, we couldn’t repeat the 
performance for a few sets of test obtained at EEL bldg. in 2016. 

For the first few weeks, although all pumps were behaved correctly, we still 
got cold block everyday. After exhausting the gas purity concerns, target 
group helped us found an internal leak (due to rust/acid/mechanical 
motion) on a gas panel pressure gauge. We bypassed it and ordered a new 
one (long lead time, but we have it now) and continue the test.

The 2nd pumping scheme, based on stretched memory, was tested.

The system was running continuously for weeks with different conditions, 
and we collected a lot of data, but none of them matched the original test 
at EEL.

Initial test pumping scheme at ESB

2nd test pumping scheme at ESB
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Testing PRad-II Target
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The screenshots of the LabView control 
program with temperature chart are 
shown on the left, while with pressure 
and flow charts are on the right.

The target was cooling down quickly 
(upper left) and temperature was stable 
as gas flow changed (lower left).

The large temperature noise (upper right) 
was fixed by fine tuning the LabView 
control program (lower right).
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Test Results and Findings
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Some results of test runs at different conditions are 
plotted here.

The test results shown all turbo pumps were 
functioning as expected, low power consumption at 
full speed with small helium flows; and the chamber 
pressure was low as expected.

The cell pressure were too low, ~ 2 orders of 
magnitude less than the data in published target 
paper. Those results indicated that the gas leaked out 
through hole(s) much bigger than 2mm.

P_cell, P_ch, P_fill and Flow Rate at ~50K P_cell, P_ch and P_cell/P_ch at 300K

P_cell, P_ch and P_cell/P_ch at 15K
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Cell Inspection, Issues and Solutions
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James, Phillip and Tsuneo inspected the target cell and solid target foils. 

• Both target cell windows were found teared.

• Carbon foil was also damaged. The cause of it cannot be explained with 
fast or slow evacuation of target, since both sides of carbon foil were at 
the same vacuum space. Therefore, no pressure differential cross the 
carbon foil could be generated with pumping. The damage might be 
caused by physical touching (impossible because it's inside the thermal 
shield box) or deterioration due to time, moisture or radiation damage.

• New windows were installed. This time the 2mm holes were cut with laser.

• Carbon and Al foils were ordered, and will be installed after helium and 
H2 tests in Hall-B.
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Inspection Report



Re-Installation after Fixing Windows
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Target stand was modified (see picture on the right) while 
waiting for fixing the broken windows.
Target Group made a pair of new windows and mounted 
them on target cell. After several surveys, the target is back 
in the chamber and installed on the Modified Stand.
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Pumping Schemes for ESB and Hall-B
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In early Aug., Target Group issued a Criteria for testing PRad-II target, based on testing PRad-I target in EEL and Hall-B in 
2016. This document will serve as the standard for us to compare the test results for ESB and Hall-B. The pumping schemes 
and results for helium and H2 tests are clearly listed.
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PRad-II Target Team
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• JLAB:       Phillip Dobrenz (30%),
  Tsuneo Kageya (20%),
  Xiangdong Wei (40%), 
  Pablo Rojas (DSG, as needed),
  (Target Group).

• UMass:     Andrew Schick (<50%).

• Duke:      Yining Liu is onboard,
             Yi Yu will start in 3 weeks.

• JLAB: Phillip Dobrenz,
  Tsuneo Kageya,
  Xiangdong Wei,
  Donald Williams,
  Pablo Rojas (DSG, as needed),
  (Target Group).

• UMass: Andrew Schick.

• MSU: Bhesha Devkota.

Now (09/12/2025)                      Then (03/03/2025)
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Our team is ready to run the final test at ESB, after re-installating the target.



Updated Schedule
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PRad-I Pumping Configuration in Hall-B

13

"Standard Pumping configuration" used for PRad-I run in 2016.
Target Group located a 500 m3/hr roots pump station which will be used for PRad-II run.
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Spare Components
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Target Group located a 500 m3/hr roots pump station which 
will be available for us to use after the current run. 
Denny found an old 500 m3/hr roots pump station stored in 
Hall-B (see in the upper picture on the right), which we can 
use either in parallel or as a spare (need to be tested first).

The backup turbo pump, HiPace2800-IT purchased 
by Duke University, has arrived and will be tested before 
Hall-B installation.
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“Storing” Backup Turbo Pump
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HiPace2800-IT  "stored" on the target 
chamber with a modified flange.

3-turbo configuration alone
    => ~1/3 chamber pressure reduction
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Adding a Metal Bellows Pump
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According to James Brock's suggestion yesterday, based on 
his latest test, a Matel Bellows Pump (available from target 
group) can be added behind A803H multi-stage pump to 
improve the pumping speed ratio.
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Pumping Speed Ratio with/without bellows pump



Summary
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• The target performs well except low cell pressure.
• New windows were installed.
• Target cryostat is installed on Modified Stand.

• Performance test with 2015 EEL settings will start next week.

• The target can be moved to Hall-B as soon as 10/24/2025.

• Available options (combinable) to improve the chamber vacuum & target 
reliability.
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