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Gabriel Niculescu (JMU)

Outline:
Charge
Results
Quo Vadis? (aka … GN’s currency reference)

HCPS Report
(aka “Homework #2”)
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Define basic HCPS geometry
Simulate it (G4, fluka) concentrating on:

Prompt Radiation
Activation*
Photon beam Spot Size & intensity
Power Deposition, Cooling, heat transp., temperature 
(in the central region)

Beam: E = 11.5 GeV electrons, I = 2.6 uA, (30kW)
1x1 mm raster

Charge
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GN’s JMU setup: Same as last time...
Two versions of the magnet:

Small bore (16x34 mm), 1000 mm long (field map BW)
Larger bore (32x50 mm), 970 mm long (ditto)
Both with a single central slit
W Powder shielding + Borated Poly (i.e. just like HW#1)
Radiator in/outside magnetic field

JMU simulation setup
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Close-up view
JMU simulation setup
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Side view. Radiator outside
JMU simulation setup
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Side view. Radiator in field.
JMU simulation setup
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It does work!

JMU simulation setup
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Results not dissimilar to HW#1.

Radiation Level Results

at 3 m from center
Pavel Igor Gabriel
DINREG/GEANT3 MCNP6 GEANT4

Dose Rates [rem/h] n g total n g total n g total
3m Fe 146 0.44 146.4 12.5 0.13 12.63 123.2 0.56 123.8
3m Fe+PolyB 0.8 2.8 3.6 0.284 0.56 0.844
1.5m W 13 0.06 13.1 4.5 0.03 4.53 6.34 0.33 6.67
1.5m W+PolyB 2.7 0.003 2.7 1.76 1.28 3.04

30 +10 Shielding: 5.58 rem/h
1.5 W+Poly (from last time): 3.04 rem/h
40+10, 30+20: still processing...

Activation simulation not pursued at this time. Same mats. 
as before so no surprises expected.
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Beam Spot. Intensity.
Photon beam at 3 m from center (3.4 m  from radiator).
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Beam Spot. Intensity.
Photon energy distribution. Beam intensity.
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To collect power deposition in the central piece of the HCPS:
Modify “standard” G4 code to have smaller step size in CP. 
100 um vs 700 um
~eV range IR cutoff
YES, it does take awhile to run!!
Collect eDep data in a 0.5x0.5x5 mm mesh in the CP.

Analyze G4 output to get the power (density) deposited...

Power Deposition
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... and get things like this. 
Power Deposition

Integrate all this power deposition. We get 27.001 kW! (10% radiator)

Built-in check:
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More detailed look(s)
XY Power Deposition for a 5 
mm z slice.
This particular one is the 
radiator itself*

Power Deposition
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More detailed look(s)
Peak: ~0.7kW @ z=-18 cm
+ 166 more slides like this!

Power Deposition
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More detailed look(s)
YZ distributions for slices in X
...for 64 total slices.

Power Deposition
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Use the power deposition data to do a heat-
flow/cooling calculations
Calculation of coolant flow (BW)
2D heat transport for z-slices of the CP region (GN)

Heat Flow. Cooling.
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Manageable H20 
flow and ΔT.

typical pressure
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Heat Flow. Cooling.

Input the PD data into a heat-
flow simulator.
Assume various pipe config* 
Record equilibrium temp.

NOTE: this is for the smaller 
bore magnet.

time

576.4 C

Assume H2O @ 80 C. 

Heat “source”
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Quo Vadis?
Two magnet options explored. Also two diff. pos. for the 
radiator. Several shielding thicknesses.
With enough W + PolyB the HCPS behaves (rad.-wise) as the 
1.5m W sphere from last time.
Beam spot small, suitable for WACS (other exp.) work.
Power deposition in CP mapped in great detail.
Heat flow/coolant flow calculations/simulations carried out.
CP temperature stabilizes at an acceptable value.

Finish simulation of shielding options & rad. position. Fluka.
Heat calculation for larger bore magnet.

THANK YOU!


