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Passive Magnetic Shield
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ACC Colls

ACCC 1-8: upto 32 kA.t, 30-92 turns
ACCC9: up to 1 kA.t, 12 turns ACCC-8

ACCC-9 ” i A ACCC-4
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B Field requirements

Beam Source ( -3.5< x <-0.6):
IB| <103 T

Accelerator: (-0.6 <x<0)
IB,|<2x104T

Gap between BS and Neutraliser:

|B,| <3x104T and [ B,dz<2x 104 T.m

Neutraliser:

IB,| <3x10*T and [ B;dz<2x10%*Tm

RID Neutraliser Gap BS
BS / Neutraliser

RID:

|IB,| <5x103T
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Required B Field

5 X1 X X X7 I = 8 >
0.0005
——————— —_—— e — 0-0003
e e 0.0001 :g
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————— -0.0001 p
/ ——————— —_—— e — -0.0003
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a RID Neutralizer Gap Beam Source
111 = XKl X3 X X 4
— 1 T T ] T
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Maximum B

[ B,dx

Design activities by Energopul
ongoing for location of sensors
and control methods
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Neutraliser
Plan View

Leading Edge Elements (LEES) Rear Edge

Thermocouple positions
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Accelerator made up of 4 horizontal segments —

4 groups of 16x5 apertures per segment
1280 apertures in total.

Neutraliser

Leading Edge Elements (LEEs) Rear Edge
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Electrostatic Residual lon Dump

Plan View

-20 kv

el NEC) {0} @) {9} & & &) &) & O} & @ ) & ©

Ground

@ Water calorimetry @ Surface mounted TC

HV Voltage will sweep £5kV to spread power load

Negative lons, Beams and Sources, Padova, 3-7 October 2022 IDM UID: 87N5BR Page 13
© 2020, ITER Organization



Contents

 BTR simulations

Negative lons, Beams and Sources, Padova, 3-7 October 2022 IDM UID: 87N5BR Page 14
© 2020, ITER Organization



BTR Simulations

Beam Tracing and Re-ionization - ray tracing code

File EGt View Tesks Options Data Resuits Plot PDP Help
Ded = »r FX 7R

HORIZONTAL (PLaN) VIEW NON-ZERO Power maps - Soded

Nem Tolal W MaxWim2 Seps Comment FParbcles
1 1092e-007 BES1=+D07 02/ 02 AREATARGETPLANEX=26M AL
§ 2310e-007 52834007 0.025/ 01 NEUTRALZERENTRYPLANEX=17M ALL
7 2175e-007 11214008 0.025/ 0.1 NEUTRALZEREXTPLANEX=51M AL
8 3669e-004 17732+005 0.002/ 01 NEUTRALZER LEADING EDGE OF PANEL 1 ALL
0 14116005 £1675=004 017 0.1 NEUTRALZER: RIGHT WALL OF CHANNEL 1 ALL
12 BOG2E<DD4 177%6+006 00021 01 NEUTRALZER LEADING EDGE OF PANEL2 ALL
13 11586005 3297e=00¢ 017 01 NEUTRALZER LEFTWALL OF CHANNEL 1 ALL
4 14086005 £1585-00¢ 017 01 NEUTRALZER: RIGHT WALL OF CHANNEL 2 ALL
16 BOGTe-0D4 17855-006 0002/ 01 NEUTRALZER LEADING EDGE OF PANEL3 ALL
7 11586005 33035-00¢ 017 01 NEUTRALZER LEFTWALL OF CHANNEL2 ALL
18 14D6e<0D5 41535-00¢ 017 01 NEUTRALIZER: RIGHT WALL OF CHANNEL 3 ALL
20 BO75e-DDS 1763¢+006 00021 0.1 NEUTRALZER LEADING EDGE OF PANEL 4 AL
21 1161e+005 33086004 01/ 0.1 NEUTRALZER LEFT WAL OF CHANNEL3 ALL
22 14028005 41856004 01/ 0.1 NEUTRALZER RIGHT WAL OF CHANNEL 4 ALL
24 313500 15116+005 00021 01 NEUTRALZER LEADING EDGE OF PANEL S AL
25 11628005 33146004 01/ 0.1 NEUTRALZER LEFTWALL OF CHANNEL £ ALL
34 1158e-007 6570e-007 0025/ 01 RIDENTPLANEX=TAM AL
35 1107e+003 443324005 0001/ 0.1 RID:LEADING EDGE OF PANEL 1 ALL
36 2519e+000 4572e+001 0.1/ 0.1 RIDLEFTWALL OF CHANNEL O ALL

41 1302e+006 9108e+005 0.1/ 01 RID:RIGHT WALL OF CHANNEL 2 ALL
= ©-- ¢ 42 9695¢001 1015¢+003 0001/ 01 RID:BACKOFPANEL2 ALl
21 43 24545-003 4517e-05 0.0011 0.1 RID: LEADING EDGE OF PANEL 3 ALL
. R | 44 11356005 87246005 01/ 0.1 RIDLEFTWALLOFCHANNELZ ALL
Assum tIOnS for BTR ru nS Beutralizer Caloriseter 45 1143e-005 7763005 0.1/ 01 RIDRIGHTWALL OF CHANNEL 3 ALL
. 4 8595011 10152+003 DODT/ 01 RIDBACKOFPANEL3 AL
47 2473603 4495¢-005 0.0011 0.1 RID: LEADING EDGE OF PANEL 4 ALL
48 1204-005 9595¢-005 01/ 0.1 RIDLEFTWALLOF CHANNELS ALL

« Effect of field before GG is ignored.

5 X1 X [ X X7 X =3 g D=y
* Field in a region between coils is set to be uniform
0.0005
* Fields used go from the limit in that region, up to the expected || | F—-————1 - 0.0003
value if only the PMS is present. P .. s.00dh L
« Halo fraction of 15%, with 30 mrad divergence ||/ || ] T 000t
/ _______ —— i — -0.0003
» Core Divergences of 3, 5 and 7 mrads were used. e
. . . . . . n RID Neutralizer Gap Beam Source
Since commissioning phase being considered, lower voltages |
used (500-700kV, H2 only). PR e e ] B
Horizontal misalignment is set to zero for most runs, but was a o s 10 12 1
added for some later runs
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B fields (2)

Coils 37 B fields

S B = 0.0002
R = T S e 0
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RID Calorimetry response for coils 26
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RID Calorimetry response for coils 26

Q 5 RID Water Calorimetry, central panel,
500kV,5mrad
(I I T ITTTTITITITITTTITITITI]
e=@e=Standard e=@e==B =0 e=@=]imitxl Limit x2  e=@e=PMS only
0§o%ogo80oRogoRo 0 500
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(I I T ITTTTITITTITITTITITIT] =
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T
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RID Calorimetry response for coils 26

Q 5 RID Water Calorimetry, central panel,
500kV,5mrad
(T T T T T T T TTITITT]
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(0) @) 080 080 ) 500
400
LTI T T T T T ITT Il =
iaoo
T
ROAALHBHHEALHEHE %% 1 %200
On Central panel, 5MW gives AT ® 100
~40 °C.
Side panels see AT ~20 °C for 0
1.5MW. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Temperature rises will be small Beam Stopping Element
o o e=@==Standard e=@==B=0 e=@==limitxl Limit x2
== Standard e=@e=B=0 e=f==]imit x1 Limit x2
250
250
200
200
3 z
2 150 < 1%0
5 o
2 100 2 100
Q o
2
50 50
0 L . . . . e 0 @ e ™ ™ ™ —
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18
Negative lons, Beams and Sources, Padova, 3-7 October 2022 IDM UID: 87N5BR Page 22

© 2020, ITER Organization



Effect of different coll pairs

Panel 1

RID W/ater Calorimetry, central panel,
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Misalignment Effect

Standard B-field, Central Panel,
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NED Rear TCs

Rear Edge
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NED Rear TCs
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B-field effect and alignment effect

Power Density (kw/m2)
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Neut. Rear Thermal Limit

Power Density (kwW/m2)

Rear Neut. TC, coils 48
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NED LEEs TCs

Leading Edge Elements (LEES)
Designed Maximum
Power Density =
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NED LEEs TCs

Leading Edge Elements (LEES)

Designed Maximum
Power Density =
~10 MW/m2
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NED LEEs TCs Colls 48

LEEs, 3mrad, Coils 48 LEEs 3mrad beam, -2 mrad misalign., coils 48
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The 3 mrad cases shouldn’t cause problems on the LEE, but the 7 mrad will approach the limit, especially if negatively misaligned
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Summary

* The addition of the ITER magnetic field and the ACCCs adds another factor
Into understanding the measurements compared to those to be performed
on MITICA.

* Neutraliser Rear and LEE thermocouples can give information on the
divergence, separate to the ACCC operation, although if there is also
misalignment, this could cause excessive power loads at 500 kV. This
does mean that analysis could be performed at even lower voltages, which
IS advantageous.

* In the -2mrad direction, the misalignment makes any failure of the ACCC
much worse.
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Summary (2)

« Shift of peak locations on RID central panel can show quality of
ACCC operation, however at <500kV, the water calorimetry may see

little to no rise in temperature. Surface thermocouples should still be
of use.

 This shift could also be seen due to horizontal misalignment.
However, once misalignment is determined, this could provide a
good method for monitoring the ACCC.

» Once the voltage oscillation begins on the RID, the water calorimetry
can not be used for this.
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Summary (3)

* Due to the effect of divergence and misalignment, the operation of the
ACCC cannot be distinguished on the Neutraliser thermocouples from just
one set of data. However, since at low voltage, the possibility to vary the
current in coil pairs during several pulses (or even a longer pulse), may
allow the ACCC effect to be seen and separated from the misalignment and

divergence.

Modelling of the expected temperature rises seen by the surface thermocouples on the
RID will also provide useful information on the level of power required in order to see
the heating effect.

Also, modelling of the maximum Beam Energy that can be used without RID voltage
oscillations would be needed so as to not affect the fatigue life of the RID.
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Calorimeter

48 Swirl Tube element pairs: Temperature measurement on each outlet. o
Middle 28 pairs: Temperature measurement at halfway point O
Middle 28 pairs: Temperature measurement halfway along outlet tube ©
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