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Geometry of doublet and coils
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Number of trim coils
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nb trims []
2 layers with an overlap from each other. Reduces the
Chose 10 trim coils per layer as a balance field error by a factor of about 5 for the same number
Between field error and number of power supplies of power supplies

2 layers with the same current settings for now
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The initial design of the doublet had separate F/D magnets and clamps

All separated FD connected

Pole connected
with clamp

All connected
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Effects of connecting the doublet magnetically
(All with the same current setting)

Bz vs Theta on midplane at R = 3850 mm

—— All separated i
0.6 - —— Pole connected with clamp
i Reduced return yoke height: 700mm to
0.4 300mm
. Reduced weight of doublet: 19 tonnes to 15
8 ool tonnes
-0.2 Reduced power consumption of doublet:
39kW to 35 kW
-0.4
-0.6

50 55 60 65 70 75 80 85
Theta (Degrees)
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Geometry of trim coils

Horizontal bend to perpendicular of
the spiral edge of the pole

18 Trim coils (2 layers)

Pole

Circular arc from the centre of the
machine Main coil

(Design from LhARA, different from FETS-FFA but principle
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Returning on the inside or outside of the pole,
adds or subtracts to the main coil field respectively
Current values remains invariant apart from polarity

Returning on two height layers (Reduces
thickness but increases pole height)

Two layers

4 in 6 out

One layer

Oin10 out
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Opening angle between F and D magnet
Initial lattice | Magnet
design physical size
o TR (Degrees) (Degrees)
= . F 4.5 4.5
—~ 6
2 ! F/D 2.25 3.55
51 H pt
g - | D 2.25 2.5
. . . Between pole N/A 1.92
S P and clamp
) \

0 1 2 3 4 5 6 7 8 9 10
nb trim coils inside
Opening angle between F/D increased to

4 in 6 out produces the smallest opening angle Accommodate thickness of coils

0 in 10 out is the most efficient in terms of

=19 . D pole opening angle increased to keep the constant
current, this is the chosen design

radius part to half of the pole length

S
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4-fold symmetry

» Clamps between doublet 2 and 3 removed due to space constraint
magnetic behavior needs to be studied

« Optimisation work was done on doublet 4 for different working points

« Tracking in a 16-fold symmetry lattice, will still give us an insight on the
tune behaviour

RIS,
e
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Optimisation of current
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Integrated B field

Not enough parameters to make k constant everywhere on the azimuth, Instead make the integrated k
constant.

r Kk = T OBL _ 1
BL = BL, (r—)k'l'l ~ BL dr BL = T'j B d@
0
7 Bz vs Theta at R =3580.2 mm
j 0.4 -
T, !
¢
0.2 T"J B do ,F
E 00
4000,
-
-0.4
T [B do ,
55 60 65 70 75 go J 85 %

Theta (Degrees)

Using where the field crosses zero as a boundary, separate the integral into F and D sections
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Scaling law at different working tune points, F magnet
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Good field region

GFR [m]: (rmin=3.62, Tmax=4.26) GFR [m]: (rmin=3.60, Tmax=4.21) GER [m]: (rin=3.59, Tmax=4.17) GFR [m]: (rin=3.57, Tmax=4.10)
Bnaxtp(fma) [T] = (-1.275, 1.156) Bnaxtp(Tmax) [T] = (1345, 1.428) Brnaxep(Tmax) [T] = (1409, 1.618) Brnaxp(Tmax) [T] = (-1.347, 1.606)
QZ=3-76 BLep(r=4m) [T.m] = (025922, 0.11516) BLgp(r=4m) [T.m] = (-0.28411, 0.14915) BLgp(r=4m) [T.m] = (-0.30987, 0.17678) BLp(r=4m)[T:m]=(-0.32911,0.19514)
k=63515 k=7.0128 k=7.6089 k=85597

GFR [m]: (£min=3.57, Tmax=4.21) GFR [m]: (£ir=3.60, Tna=4.21) GFR [m]: (£in=358, tmax=4.15) GFR [m]: (£in=3.56, Tmax=4.06)
Bunaxep(Tmss) [T] = (-1.406, 1.463) Bunaxep{fmss) [T] = (-1.415, 1.286) Buuaxe(mee) [T] = (-1.352, 1431) Bunaxep(fmas) [T] = (-1.244, 1.336)
Qz=3.46 BLep(r=4m) [T.m] = (031147, 0.16005) BLgp(r=4m) [T.m] = (030019, 0.13363) BLep(r=4m) [T.m] = (0.30773, 0.16104) BLep(r=4m) [T.m] = (-0.33078, 0.17575)
k=6.0874 k=6.9841 k=7.7165 k=8.6172

GFR [m]: (rin=3.56, tmax=4.16) GFR [m]: (rmin=3.54, tmax=4.07) GFR [m]: (in=3.55, tmax=4.08) GFR [m]: (£in=3.57, tmax=4.08)
Brmaxt(fma) [T] = (-1.231, 1.229) Binaxen(Tmax) [T] = (1131, 1.091) Bunaxe(Tmax) [T] = (12374, 1.266) Bunaxe(Tmax) [T] = (-1.353, 1470)
QZ=3-26 BLep(r=4m) [T.m] = (-0.29205, 0.14357) BLep(r=4m) [T.m] = (-0.30371, 0.14398) BLgp(r=4m) [T.m] = (-0.32208, 0.16255) BLp(r=4m) [T.m] = (-0.34431, 0.18507)
k=62301 k=6.9705 k=7.6143 k=8.7076

GFR [m]: (tmin=357, tmax=4.16) GFR [m]: (rmin=3.55, fmax=4.09) GFR [m]: (£min=3.55, Tmax=4.07) GFR [m]: (tmin=3.54, Imax=4.02)
Bunaxe0(Tmax) [T] = (-1.222, 0.972) Brnaxen(fmax) [T] = (-1.194, 1.142) B (fmax) [T] = (-1.236, 1.168) Brnaxp(Tmax) [T] = (-1.213, 1.157)
QZ=3-06 BLep(r=4m) [T.m] = (-0.29126, 0.11261) BLp(r=4m) [T.m] = (-0.31016, 0.14585) BLep(r=4m) [T.m] = (-0.32833, 0.15242) BLep(r=4m) [T.m] = (-0.35179, 0.16488)
k=62013 k=69122 k=7.5978 k=87484

Qx=3.76

s ounc JB Lagrange 1

fechs
Faciliti

Central tune point [3.39,3.41] and the four working tune points at the
Corners of this table was investigated
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Field quality and k value
after currents optimised
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Wasn't interpolating fine enough the the previous code,
Which leads to a systematic growing trend.

RIS,
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Spiral angle

Using the angle of the centre of moment 6.,,, on the longitudinal
gradient G of the field along a constant radius

Ocom = %, where G = a;gz , the gradient of the field with respect to theta.

Field profile at r=3580 mm dBcom

dr

= tan(z)

0.3

o
1
(<]

0.2+ ' Introduce spiral angles for

r 0.05
0.1 1

entrance F
between F and D
exit D

Bz (T)
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Gradient of Bz (T/degrees)
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RIS,
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spiral angle [deg]

30.2
30.1

29.9
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29.4
29.3
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Spiral angle
Target +/- 0.2 degrees
entranca F
FD
axit D
3.6 3.7 3.8 3.9 4 4.1
r[m]
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Variation in cell tune

(3.41, 3.39) case

0.0015
0.001 i
0.0005

= -0.0005
3
0.001

-0.0015

} - Average cell unes: (0.2186, 0.1962)
0.002 I harnzontal
verical ———

2 4 6 8 10 12 14 16 18
Ekin [MeV]

-0.0025

Target cell tune variation: +/- 0.000625

S
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Power estimation

Current setting in doublet Power consumption by doublet
1400
+ F + + F +
50001 . p + D
_ 1200 -
E
= +
- +
S 4000 - _ 1000
Q_ +
E +
< —
> = 800 +
S 3000 - * 4
£ ‘ £ 600 - +
— -
£ :
g + | +
$ 2000 - 400
=] + ' +
© -
+ 4
N ‘ 200 - N +
1000 - '
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Trim coil number Trim coil number

Main coil F: 11695 Ampere turn, 1060W Two layers of trim coils have same current

: I settings but different lengths
Main coil D: 10517 Ampere turn, 780W Showing here the layer with longer length.

34 KW per doublet, 550kW for all the doublets (assuming all doublets are the same)
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k-value []

k-value []
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6.2

6.19
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[3.06,3.76] , target k=6.35 +/ 0.04

Facilities Council

ke
kpy
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39 4 4.1 4.2

r [m)]

[3.06,3.06], target k=6.20 +/ 0.04
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+/-
3.06376] opiral angle, target 30.0 +/- 0.2 [3.76.3.76]
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Variation in cell tune, target +/- 0.000625

{3.06, 3.76) case

Average cell unes: (0.1939, 0.1686)
harizontal
vartical ——
6 8 10 12 14 16 18 20
Ekin [MeV]
(3.08, 3.08) case
§ ..'\'.‘ .-'-
- W w S
|

Average cell lunes: (0.1874, 0.1428)
harizontal
vertical ——

8 10 12 14 18
Ekin [MeV]

18 20

Aq (]

Aq (]

0.002
0.0015
0.001
0.0005
0

-0.0005

-0.001

0.004
0.003
0.002
0.001

-0.0M

-0.002 | |

-0.003
-0.004
-0.005
-0.008

(3.76, 3.76) case

0.0015}
-0.002 |
-0.0025

Average cell tunes: (0.2438, 0.2134)
horizontal
vertical ——

2

6 8 10 12 14
Ekin [MeV]

(3.76, 3.06) case

16

Average cell unes: (0.2315, 0.1446)
honzomal
vertical ——

] 8 10 12 14
Ekin [MeV]

16

20



Imperial College science and
Facilities Council

London

Using tune as target function for optimisation

(3.41, 3.39) case

0.0008
0.0006 N .

0.0004 |
0.0002

Aq ]
=

-0.0002

-0.0004

} Average cell unes: (0.2179, 0.1953)
0.0006 horzantal
varlcal ———

3 4 5 6 7 8 9 10 11 12
Ekin [MeV]
Cell tune variation closer to the target of +/- 0.000625, violates scaling law (next slide)

-0.0008
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Using tune as target function for optimisation
8.4 :F 30.6 entrancs F
F
8.2 o 0.4 axit O
8
— 302
7.8 F
F 7.6 > |
2 74 =4
[ [
1]
_E: 7.2 ® 29.8
7 & o8
6.8
29.4
6.6
6436 37 38 39 4 41 292 3% a7 38 39 4 41
r [m] r[m]

Significantly deviates from the scaling law, could have a big impact on the dynamic
aperture that needs to be studied
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Conclusion

« Variation in horizontal tune close to the target requirement

* Increasing trend in the vertical tune can be flattened by optimizing the clamps
and/or pole shape. The amplitude of oscillation will be similar to that of the
horizontal tune and fulfill the specification.

« Variation in vertical tune can also be flattened by using the tune as the target when
optimising the currents. A Careful dynamic aperture study will be required at all
energies

23
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Extra slides
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The initial design of the doublet had separate F/D magnets and clamps

All separate

Surface contours: B
2.608935E+00

2.000000E+00

— 1.500000E+00

— 1.000000E+00

— 5.000000E-01

[ 1.245353E-03
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Several other designs were explored with the same current settings
Pole connected with clamps

— 1.000000E+00

— S5.000000E-01
- i
[ 8.671652E-04 %

Surface contours: B
2.636031E4+00 X

2.500000E+00

2.000000E+00 7’
/

/
/

- 1.500000E400 ——_ "
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FD connected

Surface contours: B
2.637383E4+00

2.500000E+00

2,000000E+00

|
|
—
a
[
(=
[=1
=1
[=1
m
-+
=
(=1

— 1.000000E+00

— 5.000000E-01

I’
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Instead connect everything together with iron
All together

Surface contours: B
Z2.640394E+00

2.500000E+00

2.000000E+00

— 1.500000E+00

— 1.000000E+00

— 5.000000E-01

2.066056E-03
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By reducing the yoke height further, we can
See the flux returning between F and D
Pole making it more current efficient.
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Saturation level and Bz field profiles on midplane

Surface contours: B

Pole reaching 2.6T 2.627938E+00
Short D magnet, flat top never reached
Bz field at different radii

1.00 - — 3550 mm 2.000000E+00
- 3697 mm
— 3993 mm
0.50 - il L 1,500000E400
0.25 -
E
@ 0.00 - L 1,000000E+00
-0.25
—-0.50 4 L 5 000000E-01
-0.75 l [ 150
v ' ' ' . 3.460917E-04
30 35 40 45 50 55 60

Generalised theta (Degrees)
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Ring tune of central scenario (Assuming 16 fold symmetry)

3.200 T=—— —
3075 1
3.150 - e
3.125 -
S 3.100 A

3.075 A
3.050 A 4™ Ord Res

—— 39 0rdRes

d

3.0254 — 2n Ord Res

—— Optimising integrated B field

——— QOptimising tune
3-000 L T L L Ll L

3.400 3.425 3.450 3.475 3.500 3.525 3.550 3975
Qx

3.600

31



Imperial College science and
Facilities Council

London

Power estimation [3.06, 3.06]

Current setting in doublet

+ F +
D
= 3000 - .
2
L
+
¥ 2500 1
£
L +
n
S 2000 A +
E
E +
£
= 1500 A +
c
E +
5 +
Q
1000 -
1 2 3 4 5 6 7 8 9

Trim coil number

Main coil F: 12794 Ampere turn, 1260W
Main coil D: 7964 Ampere turn, 447W

Power (W)

Power consumption by doublet

+ F +
D
500 -
+
400
+
+
300
+
200 - *
+
+

.
100 -

1 2 3 4 5 6 7 8 9

Trim coil number

Two layers of trim coils have same current
settings but different lengths
Showing here the layer with longer length.

16 kW per doublet, 256 kW for all the doublets (assuming all doublets are the same)
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Power estimation [3.76, 3.06]

Current setting in doublet

Power consumption by doublet

2000
60001 . e .
D
1750 1 D
=
£ 5000
2 1500 A
@
]
£ 1250 A
£ 4000 - _
e =
S = 1000 -
8 N g
£ 3000 - &
= . 750 -
£ + 4
€ +
c
[ + A
£ 2000 - : 500 +
-
(& " +
+ 250 -
+
1000 - '
T T T T T T T T o L T T T T T T T T
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

Trim coil number Trim coil number

Two layers of trim coils have same current
settings but different lengths
Showing here the layer with longer length.

Main coil F: 8522 Ampere turn, 560W
Main coil D: 8299 Ampere turn, 486W

40 kW per doublet, 640 kW for all the doublets (assuming all doublets are the same)
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Power estimation [3.06, 3.76]
Current setting in doublet Power consumption by doublet
40009 + F + + F +
D 7001 . p
—~ 3500
=
5 600 -
= +
& 3000
Q 00 -
= N 5 +
< —
~ 2500 - =
=5 + = 400 A +
(]
hut =
E 2000 . o +
5 N 300 -
£ + ; +
£ 1500 - * N
: * | 200 - +
c ‘ +
3 +
] T +
1000 N ‘ t 100 - +
5004 0
2 4 6 8 10 2 4 6 8 10
Trim coil number Trim coil number

: — Two layers of trim coils have same current
Main coil F: 10020 Ampere turn, 774W settings but different lengths

Main coil D: 8246 Ampere turn, 480W Showing here the layer with longer length.

17.5 kKW per doublet, 280 kW for all the doublets (assuming all doublets are the same)
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Power estimation [3.76, 3.76]

Current setting in doublet Power consumption by doublet
2000
+ F + F
60004 * D 1750 - - Db
€
2 N 1500 A - +
@ 5000 -
[49]
o
= + 1250 A
< S
© 4000 - 2 *
5 N o 1000 -
£ 3
= o .
= 3000 + 750 -
£ ,
[ T +
£ ! 500 -
3 2000 + *
‘ - +
. 250 .
+ .
+ * +
1000 0
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Trim coil number Trim coil number

Two layers of trim coils have same current
settings but different lengths
Showing here the layer with longer length.

Main coil F: 10703Ampere turn, 884W
Main coil D: 11175 Ampere turn, 881W

47 kKW per doublet, 752kW for all the doublets (assuming all doublets are the same)
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