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The electron beam needs to be put in the
storage ring of the APS-U before circulating it.

The magnet that injects
the bunches into the ring .
is called a: Septum magnet &2*°
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Specifications

Length  Septum AL Bend Tilt Angle Half Field Field

Thickness """ Angle Aperture leakage uniformity

178 cm 2 mm 1T 89mrad 93mrad 3 mm <100urad <103

Limitation of the fast corrector is 350 prad

Melike Abliz Septum Magnet Design for MBA

Nov. 11, 2015



On-axis injection line configuration
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The magnet is tilted in yaw, pitch, and roll

Schematic Cross Section of Septum Magnet
at Down Stream (DS)

Ampere-turns = 9603 93 mrad
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Designed Septum Magnets’ Parameters

Field 5 s
m
SNS 0.68 2.44 10
APSpusey 0.74 0.98 5
MAX-IV 0.83 25 2

By Field Bx Field Leakage

Leakage (G-cm)
(G-cm)

1231 1012
700 ---
510 ---

Maximu
m End
Field, By
(G)

32

27

Maximum
End Field, Bx
(G)

20

37

Relations of the field leakage to the injection field and septum thickness:
1) A high field for the injected beam causes high field leakage.
2) A thin septum causes high field leakage .

Achieved with the design

MBA 1.06T 1.78 2 375 771
or 19urad or 39 prad
t t

Requirement is <100 prad

16

14

This is the field that deflects the injected beam for the requited angle of 89 mrad.
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\________________________________________
Septum magnet of SNS view at downstream end

Stored beam

view at upstream end view at downstream end

Injected beam chamber Stored beam chamber

Stored beam chamber
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a) Problems with the magnetic design of
the septum magnet for the APS-U

= High injection field

" Thin septum

= Super ellipsoidal stored
beam chamber

CHALLENGING DESIGN

in order to reduce leakage field

" The tilted magnet in > Complicated Design

yaw, pitch, and roll

b) Multiple iterations required; | will tell
you about a few designs

Melike Abliz Septum Magnet Design for MBA
Nov. 11, 2015



Original Design

View from the stored beam chamber at DS

Stored beam chamber
8 mmx6mm

View from the stored beam chamber at US

Stored beam chamber

m
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Original Design
The required total deflecting angle of the
s e injected beam 89 mrad is achieved
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Original Design
The effect of field leakage on the stored beam was 369 urad

3/Mov/2015 16:16:23

0.0 — : K ——
vl
N
-200.0
——
‘ ! ’ -400.0 By
- B
600.0 / X
m -800.0
= -1000.0
& o 1600 G
-1400.0 /
-1600.0
# coord3.0805504 4 -0.7080366 1.67594544 406203604 6.44908461 8.83731632
Y coord).9311542 I -1.0084997 -1.08727938 -1.1655983 -1.2429857 f -1.3170499
Z coordl24 848313 75.0048061 25.1618485 -24.681009 -74.523822 -124 36658
Component: BY, from buffer: Trajecthry1. Integral = -7379.06440800218 :

__Compnnent_EIK.frombuﬁer.Tra]ecttryLImegral 1551.48744619089 X Y Z
DS Yo Z{em) o us

Septum nose

e Integrated By field inside the stored beam chamber = 7379 G-cm.
e The peak field at the septum nose was 1600 G. UNACCEPTABLE!
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Original Design
Magnetic Flux and Flux Density at DS

21997 G
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Schemes and Skill to the original design

Cut the top pole at US and DS ends and

Scheme 1: made it shorter than the bottom pole.
Changed the material of the stored beam
Scheme 2: &

chamber from steel to Vanadium permendur.

Scheme 3: Introduced a unique shaped air pocket
around the stored beam chamber

. .1y, Created a post processing code that accurately
Technical Skill: reads computed fields and their integrals along

the particle trajectories, and successfully

applied it to the field evaluation of the septum
magnet.
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The effect of field leakage on the stored beam was

SCheme 1 decreased to 114 prad.
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ord3.0752504 -0. 705023 1.66298916 4. 02858005 B.39299059 f 876726544
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¥ coordd 9311542 | -1.0080548 -1.0847595 -1.1620405 -1.2408011 -1.3214508

CZ coordl 24 845113 75.0044965 251607744 -24 BB3062 -74.526952 -124 37085
2]

mponent: -BY, from buffer: Trajec=0ry1 CIntegral = -2271.59327 473402 X Y Z :
DS septum nose b (Cm) US

* Integrated By field inside the stored beam chamber = 2271 G-cm.
 The peak field at the septum nose is decreased to 35 G from 1600 G. STILL NOT ACCEPTABLE!
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The effect of field leakage on the stored beam was

Scheme 2 decreased to 77 prad.

DS View Bottom pole US View

length = 166 cm

length = 178 cm \
S Vanadium Permendur

200
15.0
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100
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S
00
> 50
-15.0 *
X coord3. 0752504 -0.7050021 1.66393854 403103534 6.39720958 f 8. 76327239
¥ cc\c\rd[] 9311542 -1, 0080553 -1 0848403 -1 1621873 12408817 -1 3212939
Z coordl24. 8488113 75, 0044974 25 1608196 -24 6B2945 T4.526751 1 -124 37056
1

Compenent: . from buffer: Tr Jl: oryi. Integral = 1549 63410760755
DS X, Y, Z{cm) US

* Integrated By field inside the stored beam chamber = 1549 G-cm.
 The peak field at the septum nose is decreased to 17 G from 1600 G. ACCEPTABLE!
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The effect of field leakage on the stored beam was
decreased to 19 prad.

DS-View Enlarged DS View US View
length = 166 cm =

Scheme 3

length = 178 cm

&fMow/Z015 12:37:37
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* Integrated By field inside the stored beam chamber = 375 G-cm.
* The peak field at the septum nose is decreased to 10 G from 1600 G. ACCEPTABLE!
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DS view with an optimized width x height
of 2.25 mm x 15 mm of the air pocket

SBC is

A thin triangular cut of 350 ,83inx,y,
um at DS to have a septum
thickness of 1.44 mm.

1.44 mm
the SBC
.608, -0.944,92.4

Melike Abliz Septum Magnet Design for MBA .
‘ inx,vy,z
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Optimization of width and height of the air pocket
with Opera-3D U Heidm)

4 1000
By mtegral (G-cm)

4500

1100 0.10

Width(cm)

1000 -
Bx_mtegral (G-cm)

900

0.10 0.15 0.20
Width (¢m)

Red point: 2.25 mm /width; 15 mm/ height

0.25

The horizontal and vertical deflecting angles at red point are 19 prad and 39 urad.
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3D-optimization of the air pocket’s width
Height of the air pocket = 15mm

Absolute Deflection Angle of the Stored Beam (urad)
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«—— Deflecting angle of the stored beam due to Bx field
44— Deflecting angle of the stored beam due to By field

—8— Deflecting angle of the injection beam due to By field——»

Selected width

1 2 3 4 5 6 7 8
Width of the Air Pocket (mm)

80

60

40

20

(peIw wieag pajoafuy 2y Jo S[SUY UOOS[IA(T IN[0SqY

The field leakage (deflecting angle of the stored beam) of By shows
minimum around 2 mm width of the air pocket. The deflecting
angle of the injected beam is optimized to 89 mrad at each
different width of the air pocket.

Melike Abliz

Septum Magnet Design for MBA
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Optimized yoke dimensions; 33 turns coil
Air pocket’s width x height = 2.25 mm x 15 mm

Smmx8 mm
conductor

317 um
Tolerance
76 um
G10 :508 um Water cooling
3 layers half lap fiberglass : 1.067 mm ID=6.096 mMm
‘ Melike Abliz Septum Magnet Design for MBA
o_' Nov. 11, 2015 2



Achieved required magnet efficiency with the design

20x10°

15

O 10
>
m

Number of turns
(3 layered pancake
coil)

33

Melike Abliz
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Magnet Efficiency = 98.45 %

291A

® Cal. data (Opera-3D)

fitting
I I I —H
0 100 200 300 400 500
I(A)
R (mQ) I(A) V (V) P (kW) Current density Coil
(A/cm~2) temperature

()
59 291 17 4.9 876 32

Septum Magnet Design for MBA
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2B/Aug/2015 13:45:02
X
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The required -89 mrad angle achieved from
the trajectory of the injected beam

28/Aug/2015 13:15:04
X
1.0

0.5

0.0 —
05
1.0

15
al

20 /
4

-30
1200 -100.0 -80.0 60.0 40.0 -20.0 0.0 200 40.0 60.0 80.0 100.0 120.0 a2
z

Total deflecting angle is : -a2 — a1l =-89.086 mrad.
i : : pera
Vertex position (2.9497, 0.0125) in (x, z) in cm.

Melike Abliz Septum Magnet Design for MBA
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Technical Skill: By field along the trajectory of the injected
beam successfully computed

26/Aug/2015 13:38:19
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-2.8571525
-5.253E-03
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__ Component BY from buffer: Trafectory1, Integral =-1.78167450551298E+06 1

US X, Y, Z (cm) DS
The required total horizontal deflecting angle of
the injected beam of 89 mrad is confirmed.
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Technical Skill: By field along the trajectory of the injected
beam successfully computed

26/Aug/2015 10:54:34
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A
|
:
Component. BX, from buffer: Trajectory1, Integral = 173.520293719183
US X, Y, Z(cm) DS

Total vertical deflecting angle of the injected
beam is 8 purad which is 0.009% of the total
horizontal deflecting angle.
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Technical Skill: Bz field along the trajectory of the injected
beam successfully computed

26/Aug/2015 13:15:45

2000.0
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Component BZ, from buffer: Trajeketory?, Integral = -48.8095281963102 1

Us X, Y, Z(cm) DS

More than 2000 G of Bz field reverses its signs at the
core edges due to the flux return.

Melike Abliz Septum Magnet Design for MBA
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Field uniformities of the integrated Bx and By fields along
the length of the magnet within the requirement
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Normalized multipoles of the injection field are small
enough compared to the dipole fields with the design

By field components

N [l o

w

(o) ~ (e)] Ul
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=
o

Melike Abliz

Fitting Coefficients G*(cm)—"*1

-1.7817e+6
-177.81
177.32
1586.9
8967.8
-2.4046e+5
-4.6253e+5
9.2028e+6
1.2799e+7
-1.0836e+008
-1.2982e+008

Septum Magnet Design for MBA

10000*(b,/b,) *x" where X
=0.2 cm

10000
0.1996
-0.0399
-0.0712
-0.0805
0.4311
0.1652
-0.6609
0.1839
0.31139
0.0746
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Integrated Bx and By fields in the vicinity of the stored beam
trajectory +/- 3.5 mm in X
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The integrated field multipoles in the stored beam chamber

Melike Abliz

are small enough compared to the dipole fields
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Conclusion

A septum magnet was designed for APS-U with the required parameters.
Three unique schemes fixed the excessive field leakage inside stored beam chamber.

All the dimensions of the design were optimized to get a magnet efficiency more than
98% and lower the field leakage to a minimum level.

The program that | created traced the trajectory and read the fields of Bx, By, and Bz
along the trajectory successfully.

The angle and position in x of the injected beam matched with the stored beam’s
angle and position in x with a precision of 0 prad and 2 um at the DS end.

The calculated field multipoles in the stored beam chamber showed about 20%
normal and skew quadrupole compared to normal and skew dipole fields. This is due
to the rotation of 93 mrad of the magnet in XY-plane. We can do nothing about these
quadrupole fields inside the stored beam chamber.

Finally, we found the way to decrease the effect of field leakage to 19 purad from 369
purad with such a high injection field of 1.06 T and a very thin septum of 2 mm.

Melike Abliz Septum Magnet Design for MBA
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Thank You!
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Flux Density Around Stored Beam Chamber
With the Three Schemes

Length 1om
Magn Flior Density: gauss
Magnetic Fied  : Aim
Magn Vector Pot < Whim
(Cument Density  : Alcm®
(Conductivity ~ :Sim

Prezsire Pz

MODEL DATA
|C:\Uzers\mablz\ Deskiop MBA ppt_prez
lentations_MBAASD_s=minar_Nov_11_s
\eptum_magnet\20_with_air_pockst st
Lingar eements
Y symmetry
IVeztor patential
Magnetic fieks
|Static: solution
(Beale factor: 1.0

Component: B

10830.56321
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BH-Curves

3
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\
Leakage field inside the stored beam chamber
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