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First reported at UK positron Source meeting this September



Conversion Target

LLNL, SLAC,
Liverpool
collaboration

carry out design
studies of the
conversion target

_— Adiabatic
Matching Device

__—Positron beam pipe/
NC rf cavity

Target wheel

for the polarised Motor

positron source.
BINP, Daresbury

Vacuum
feedthrough

and Rutherford

have recently
joined.

*Developing water-cooled rotating wheel design.
*0.4 radiation length titanium alloy rim.

*Radius approximately 1 m.

sTarget rotates at 1000 rpm.

~ Target Wheel Design

We erected Model,

Two options under consideration for the AMD

- s Option1: DC Superconductor
* Coil upstream of the target
* Target sees a full 5T field

* Spinning metal in magnetic field, we
have reinvented the magnetic brake

e Option 2: Pulsed Flux Concentrator
* Magnet downstream of target
= Lower field at target
* Target being hit with a kick at 5Hz

* Can a pulsed magnet be designed
and built?

Eddy Current Simulations
Simulations by LLNL indicate:

1m radius solid Ti disc in 6T field
of AMD works really well as a
magnetic brake (~2MW power loss)

Change to rim design then 14kW
power loss — ‘comfortable’

Simulations to be calibrated to
SLAC rotating disc experiment.

Pulsed AMD design conservatively
assumed at present (lower field on
target but less positrons captured)

More details of target design in:

|. Bailey et al, Development Of A
Paositron Production Target For The
ILC Positron Source, EPAC 06

using FlexPDE Solutions®©



First, one can make simple quantitative estimation of losses as the following.
In moving metal the electric field is £ = vx B ;v stands for velocity_

so the Pointing vector flooding into metal comesto S = (Vx B)x H
j~0 E~5x10° A/m?

Taking into account, that the area swept by coil per second comes to 2' = (2Rd
amount of energy flooded into metal per second comes to

P=SX=Q°R*duu,H"
where R stands for the radial displacement of coil (~radius of rim), d-is coil diameter,
Q) stands for angular speed, u,—magnetic permeability of vacuum

When angular speed increased, the Pointing vector deflects from inside direction.
The estimations can be given by considerations of magnetic pressure. Really, the
pressure of magnetic field is simply field density, so

Pressure ~ p. fg

coming to the force Fz=B-H:-0-d

where ¢ stands for the skin-deptho =1/ouw, €2 and power arrives to

P=F-v=B-H-§-d-Q-R=B-H-d-R\/Q/ouy,

At intermediate speeds between quadratic and square root, ~linear



MODEL

Maxwell’s equations

- B - - - 8D - - - - S -
VXE:_%—t; VxH=j+%—t; V-B=0; V:-D=p; B=puuH; D=cgeE
: T N
4-potential as usual B =V x 4; Ez—a——Vgo V-4=0;, =0
t
. 1 -y - o4 0% -
Equation modeled A — 4 |=—j —o—+¢e6y—5A Last term omitted
y777n ot ot
o4 . .
~o - -0(VV)4 V=(-£2y,02x,0)
Forces Power
F=[GxBar P=[GxByvar pzFv
- v

o = 7238.10° 1/ohm/m Radius ~0.5m, thickness ~1.4cm



Box has
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] ] Counterclockwise
Rim diameter~1m rotation
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3D coil AMD: Grid#1 p2 Nodes=98047 Cell 7 RMS Em= 5.5e-3
omegal= 200.0000 Fx_int= 14.40 Fy_int=-3462.213 Fz_int=-1049.276 loss= .3 power= -34621




Rim/Disc Target with AMD 13:4¢
- FlexPDE

Scale =E8

3D coil AMD: 71 p2 Nodes=26295 Cells=18973 RM : 5 i rid#1 p2 Node 0 Se-5
omegal 0 0 Fx_int=-4.679825 Fy_int=-3 9 Fz_| 41234.7 power= -53629 1049.276 loss= 203683.3 power=-34621'

Curly current flow dragged by moving metal.
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3D coil AMD: Grid#] p2 Nodes=98047 Cells=71887 RMS Err= 5 Se-

S
-2
omega0= 200.0000 Fx_int= 14.40523 Fy_int=-3462.213 Fz_int=-1049.276 loss= 2036833 power=-34

=3
049,276 loss= 2036833 power= -34621




— Status

CPUtime 1:58
Grid 1
Modes 26295
Cells 18973
Unknowns 78885
Mermi(i 135326
RMS Errar 4.564e-5
Max Errar 2.963e-4
--DOME--
_Mesh

In Plat Window:

Double-click to maximize

Right-click far menu

In Status Window:
Clickto select font

density line inside rim along direction ¢
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Rim/Disc Target with AMD
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3D coil AMD: Grid#1 p2 Nodes=28721 Cells=20484 RMS Err= 7.1e-5
Integral= 1.952168e-3
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Losses in a rim, kW radius=0.5 m, B~6T

Losses, kW

A alf width=0"005 m




Full width of rim=2xwidth/2, omega=200 r(0=0.5 m, Titanium thickness=1.Jcm, field~6T




Fcltd alursg sbufted axts
Rim/Disc Target with AMD 19:50:47 9/2/06
L TR iy toacl s FlexPDE 5.0.3 .
Ficld along shifted axis Rim/Disc Target with AMD
from (x0,-0.01, -L/d) 62
to {x0,-0.01, L'4)

b Bey

c: Bez

Field along shilted axis

3D coil AMD: Grid#] p2 Nodes=98047 Cells=7T1887 RMS Em= 3.3¢-3
omegal= 200.0000 Fx_int= 1440523 Fy_int=-3462.213 Fz_in=-1049.276 Joss= 2036833

i
z

3D coil AMD: Grid#] p2 Nodes=98047 Cells=71887 RMS En= 5.5¢-5
omega0= 2000000 Fx_int= 1440523 Fy int=-3462.213 Fz_int=-1049.276 loss= 2036833 power=-34621'
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3D coil AMD: Grid#1 p2 Nodes=98047 Cells=71887 RMS Emr= 5.5e-5
omega0= 200.0000 Fx int= 14.40523 Fy int=-3462.213 Fz int=-1049.276 loss= 203683.3 power=-34621'
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3D coil AMD: Grid#l p2 Nodes=49252 Cells=35658 RMS En=5.e-5
omegall= 200.0000 Integral(a)= 1.652194e-3 Integral(b)= 0.013170 Integral(c)= 0.050985




Situation is somewhat better for equal fields from two opposing sides (tested), but
there is no focusing fields here

Shift of center of gamma beam to the direction of rotation is also some helping
procedure



Rim/Disc Target with AMD
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3D coil AMD: Grid#1 26058 Cells=18524
omegal= 400.0000 F 107 Fy_int=-7016,575 Fz_ 3 loss1= 1889300, i S 2 BMS Emr= 1.4e-4
6.5 Fz_int=-22131.78 lossl= 1889300, power=-1404

Seale = E9
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016,

Fz_int I 8 . power= - omegal= 400,00 % 3 T Fy_i 016, Fz_int
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3D coil AMD: Grid#1 p2 Nodes=26058 Cells=18524 RMS Emr= 1.4e-4 3D coil AMD: Grid#1 p2 Nodes=26058 Cells=18524 RMS Err= 1.4e-4
loss1= 1889300. loss2= 5.431009¢+7 loss3= 4.961092e+7 power=-1404934. Integral(a)= 4.556828e-4 Integ omegal0= 400.0000 Integral(a)= 7.807719e-4 Integral(b)= 8.883915¢-3 Integral(c)= 3.145310e-3




CONCLUSIONS

Fields induced in rim have significant values. Typical integral ~ 1Txcm of transverse field

This value does not depend on width of rim practically, just changes the power
deposition.

(HR)=pc/300 for 10 MeV particle ~3Txcm - Angular spread~ 0.3-1 rad for the beam
Power remains significant ~100-200 kW (~270 HP motor required to spin the rim)

F_or)ces are F~0.3-0.4Tons opposing spin, F~0.2 Tons expelling from coil (for narrow
rim

Pulsed feeding indicate worsen situation for long time pulsing. Investigated ~20msec
and 30 nsec pulses, For very short pulses motion does not influence much.

Situation for ordinary positron source target (spinning cross) complicated by pulsed hit by magnetic
force ~0.2 T each time when metal passing the coil.

Not stationary field distribution kicking different bunches in a train to different angles

Pulsed torque required special attention (hydraulic muff)

We are planning to continue investigate this model, exact dimensions required for comparison however



