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OVERVIEW

1) Confirmations of the Q2 and M1 magnets

2) Combined model of Q2 with M1 with the same layout in the
storage ring

3) Comparison of the main and multipole fields along the full
trajectory before and after their cross-talk with my
simulation
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INTRODUCTION

Q2 is a quadrupole and L-bend (M1) is a dipole magnet. They were designed by M. Jaski for
the 67pm (V6) lattice of the APS-U. However, they will be installed in the storage ring with a
yaw angle with respect to each other by a limited distance between them.

The purpose of the magnetic simulation of Q2 with yawed M1 together is to determine:

1) Whether the designs of the Q2 and M1 magnets are acceptable from the magnetic cross-
talk point of view

2) Whether magnetic measurement data of the individual magnets will still be applicable
during installation in the storage ring. Impossible to measure the field along the trajectory.
Rely on the cross-talk simulation results to decide the measurement data of these
individual magnets

3) Whether the full trajectory of the electron beam from upstream of Q2 to downstream of M1
matches with the required lattice trajectory
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APS-U SEVEN BEND ACHROMAT
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ENLARGED LATTICE AROUND THE Q2 AND M1
M1 is yawed by 0.894° relative to Q2
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SIMULATION PROCESS:
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REQUIRED TOLERANCE FOR THE
CROSS-TALK:

All the integrated harmonics from the cross-talk

should be less than 0.1% compared to the main
fields

*The simulation differences of the Integrated
main fields should be less than 0.1%
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SIMULATION OF THE SINGLE STRAIGHT M1

A 3D 'view
of M1

X
Length = 209.6 cm o Orange: corrector
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ﬂ Current =353.6 A

Side view e
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Case 1 A3DVIEW OF THE SIMULATED ELECTRON BEAM
[ Straight M1 | TRAJECTORY IN THE SINGLE STRAIGHT M1

e-beam
trajectory

Note: Opera-3D does not
compute the field and its
multipoles along the beam
trajectory; therefore, |
created a separate code for
this.

Computed the field and its multipoles within a 10 mm radius circle centered at the beam

position and integrated them over the beam trajectory.
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Case 1l SIMULATED 2D-ELECTRON BEAM TRAJECTORY

[ Straight M1 | IN THE SINGLE STRAIGHT M1
Vertex (0.9005 cm, -29.6 cm) (X, 2) —
Simulated electron Requirement: 1.395 deg.
aecory it 6 GeV Achieved required angle!
02 ] «—— Good field region
E 0.1 shield to shield _ -
o0 7 (Insertion length) -
O o1
N’ \
< -0.2 ) \‘\ — .
o 7/ Beam exIts
e g2
el / a1l =0.894 deg
Beam enters/ | ~ Magnetcenter  Z(cm)
a=a2-al =-0.5013 deg. - 0.894 deg. = - 1.395 deg.
US beam position: .

(X=-0.927 cm, Y=0, Z=146.72 cm) Argonne &




Case 1 SIMULATION RESULTS OF THE DIPOLE, QUADRUPOLE, AND
B SEXTUPOLE FIELDS ALONG THE ELECTRON BEAM TRAJECTORY
IN THE SINGLE STRAIGHT M1

Main Current = 353.56 A 400 A
0.0 | / | I | ﬂ
| el ]
-1000.0 /\ ] = \\f \[
(&)
= _40.0
Q) Integrated quadrupole =-577 G
_— -2000.0 I"— = }\ g q P
(D n m -80.0
1
~—".3000.0 f{
O X -0.92637 -0.00517 0.30155 0.22986 -0.10706 -0.60310
M J\ J : ] Z -146.68 -88.9066  -31.1079 26.6919 84.4909  142.28879
-4000.0 / Peak field = 6395 G Integral = --576.944 X 7 (cm)
| | | B |
-5000.0 - _ | | | |
Integrated dipole =-487370 G-cm _ 300.0 Integrated sextupole = 734 G/cm
-6000.0 i & 200.0
o
X -0.92637 0.00517 0.30155 0.22986 -0.10706 -0.60310 © 100.0 | |
Z -146.68 -88.9066 -31.1079 26.6919 84.4909  142.28879 | ] JUIK I )
Integral = -487369.5 M 0.0 = v
us X, Z (cm) DS R —
. . . . X -0.92637 -0.00517 0.30155 0.22986 -0.10706 -0.60310
The simulated fields are in the requirement! Z -146.68  -88.9066  -31.1079 26.6919 84.4909  142.28879
Integral = 734.274 X Z (Cm)
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Ciase 2| SIMULATION OF THE SINGLE Q2 MAGNET

A view from the beam direction

Y .
%

: . . 0
m Side view
Dimension isin cm
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CaseZ 5 uLa

ED QUADRUPOLE FIELD ALONG THE

LENGTH OF THE Q2 MAGNET

16/Janf2017 16:06:43

Bl (G/cm)

7000.0 | - t ™ | |
6000.0 7Integrated / \ Thedsimullat?pl |i3t'eg'ratﬁd
Quacrupole } \ ?euaui;lépmoere]tlle s nine
5000.0 =13.2228 T | q |
4000.0
3000.0 } Maximum local \
j quadrupole \
2000.0 / 73.76 T/ m \
1000.0 J ¥
-29.73 -17.95 -6.15 5.65 17.45 29.25

Component: B1 from table file_, Integral = 132228.012820003

Z (cm)
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Case 1 SMULATION RESULTS OF THE MAIN AND HARMONIC INTEGRATED FIELDS
CSWAOREMI ] ;.. ciirren - 353,56 A OF THE Q2 AND STRAIGHT M1

b0 bl b2 b3 b4 b5 b6 b7 b8 b9 unit
-487369 | -577 734 -35 470 262 315 38 6 -32 cgs
Along the beam | 487043 | -502 832
trajectory
10000 10.3 -17.1 0.9 9.8 5.2 6.3 -0.8 -0.2 0.5
b0 bl b2 b3 b4 b5 b6 b7 b8 b9 unit
Along astraight | -487354 | -279 676 -119 290 38 273 14 36 -7 cgs
line at gap center | 10000 5.7 -13.8 2.4 -5.9 -0.8 -5.6 -0.3 -0.7 0.1
(measurable) 10000 53 | -16.2 2.8 -6 0.8 5.1 0.2 0.8 0.1
Black numbers: from M. Abliz :
Case 2 Red numbers: from M. Jaski 1 N€ numbers are in agreement
Q2 Current = 161.4 A - -
b0 bl b2 b3 b4 b5 b6 b7 b8 b9 unit
In 10 mm radius 0 132228 | 0O 4 0 78 | 0 0 0 54 | cgs
from the gap
center 0 10000 | O 0.3 0 59 | 0 0 0 41 |
(measurable) 0 10000 0 0 0 -6.3 0 0 0 -4.3
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REQUIRED AND CONFIRMED RESULTS OF THE

Q2 AND STRAIGHT M1
Casel IS
Total Length Total Angle Peak Field Integrated By field
Required | 209.6 cm 1.395 deg. -6360 G 487270 G-cm
Modeling Results (M. Abliz) 209.6cm | 1.3953deg. | -6395G 487369 G-cm
(Main current = 353.56 A)

Case 2 [IQ2(Giadripoie)s

Total Length Total Quadrupole field
Required 22.5 cm 132000 G
Modeling Results (M. Abliz) 22.5cm 132228 G
(Current=161.4A)
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CROSS-TALK STARTS FROM HERE....

MODELING Q2 AND M1 TOGETHER




LAYOUT OF THE Q2 WITH YAWED M1 TOGETHER

M1 gap center at DS:
|—' 5Cm . X4=-2.9975cm, Y,=0, Z,=225.8 cm

__ 20 ’
] 22.5 /2 + 5 + 209.6 cos(0.894) (cm) l

| w_

a =-0.894 deg.

1w Applied vertex point:
1 (0.9005cm, -29.6¢cm) (X, z)
1 for the conformed M1 layout

M1 gap center at US:
X,=0.2728 cm, Y,=0, Z,=16.25 cm

| —&0

Starting point of electron beam trajectory in M1: AX = Xd ) XU: -3.27/03 cm
Z (cm) = (22.5 /2 + 5/2 )(cm) = 13.75 cm A =24- Z,=209.6 cm Opera

Origin of the coordinate is located at center of the Q2 magnet
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Cases| SIMULATION OF A YAWED M1

(COORDINATE TRANSFORMATION)

M1 top half Y
(all other parts are hidden)

———————

center point between Q2 and M1
X=Y=0, Z=13.75 cm from the

. . o L4 1
original co-ordinate -

g

M1
upstream

Q2 coils

Units arein cm Coordinate origin
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Required position of M1

~.9.00 m
0.894 N

Plotted from M. Borland
Excel V6 lattice file with
SO01A:M1 Magnet Position drifts.

0.005 .
R ' \\\ffDBmm
-0.005 3.5 5 /./ 5.5 6
./.
-0.01

Magnet center

—Beam Path

——\Vertex Point

-0.025

-0.03
0035 Minimum Good / : Q3 begin
-0.04 Field Region

z(m Required beam position: -3.278 cm, z= 210 cm (X, Z)
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Case 3 TRAJECTORY OF THE ELECTRON BEAM
IN THE YAWED M1

~ =10 mm
00 £ s Minimum good
0.5 \:\\\‘\ : : g
S field region
-1.0 ShH: " ~ S
—~ 15 /)Ie/dl‘\\\ \\‘(// | —
| Sy "~ S Simulated
3 2.5 \\ S = e_b.eam
a0 ~J~_ / trajectory
X a5 From my simulation j V4 e-beam
-3.2731cm, 225.6cm - trajectory
-4.0
Yl x2)

20.0 40.060.0 80.0 100.0 140.0 180.0 220.0 260.0

Z (cm) DS

Achieved required beam position!
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Case S | ELECTRON TRAJECTORIES IN THE YAWED M1

X /I SSo : .
0ofn| — > Starting positions at US:
05 %“?:\\\ N Center (Orange)
1.0 *ﬂ\\ =N + 0.2728 cm outboard (Green)
15 SN -0.2728 cm inboard (Pink)
~~ 20 A\\*\ \A‘\
& 25 ‘~\\\"~\\ Integrated By (dipole) field along
2 5 : : ‘\.;\J : the trajectory:
X s Good field region Y, -487482 G-cm (center-Orange)
.o IS +/- 0.2728 cm In L -487538 G-cm (outboard-Green)
\\ . -487298 G-cm (inboard-Pink)
45
~
200 400 600 800 1000 140.0 180.0 2200 260.0 Fleld unlformlty .
US Z (cm) DS ’
ABYy integral — 5 x 104

Achieved required field uniformity |2 By integral (center)
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SIMULATION OF Q2 WITH YAWED M1
Both magnets are powered

e-beam
trajectory

e-beam goes into M1
straight from Q2

-0t Electron beam
| (main) = 353.56 A trajectory
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Case4 ELECTRONBEAM TRAJECTORY WITH
POWERED Q02 AND M1

0.0
05 [+ ‘ ‘ \[\\x
0. ~
. o || Q2 magnet center T~
o 0,0,0 ‘\
| (X,Y, 2) f .
-1.5 .
e e-beam ful \\\ M1 Shield End
' trajectory \\
fg 25 i i i i ~J
O a0 Simulated e-beam position at the end of the steel: AN
- -3.2731cm, 0, 225.8cm (X, YV, 2) h
X a5 Required beam position: TM&
-3.278cm, 0, 226 cm (X, Y, 2) \
-4.0 Differences= 0.1% <
45 | | | | | | | | | \
-20.0 20.0 B50.0 100.0 140.0 180.0 220.0 260.0
Z (cm)
Far US of Q2 Far DS of M1
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Case3&4 QUADRUPOLE FIELD ALONG
THE FULL TRAJECTORY

7000.0 f/r_\\ll

6000.0

000 6 Q2 with powered M1:
~ Integrated B1 =131,496 G
E 4000.0
O
(5 30000 - - Yawed M1 only:
= Integrated B1 =-512 G
~—  2000.0
m

1000.0 j k

0.0

X coord 0.0 -0.0185749 -0.5052942 -1.3910731 -2.530358 -3.8384825
Y coord 0.0 0.0 0.0 0.0 0.0 0.0
Z coord24.853333 29.9266456 84.7042875 139.477057 194.24518 249.009549

Component: B1 from table file., Integral = 131496.334100636
_ _ _ _Component: B1 from table file., Integral = -511.988875539547

US X, Y, Z (cm) DS

Opera

EETERE-RTTT
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Case 3& 4 DIPOLE FIELD ALONG THE FULL
ELECTRON TRAJECTORY

0.0 \ /

-500.0

-1000.0

-1500.0 J
-2000.0

2500.0 }ﬁ\ J _ |
3000.0 ’ Q2 W!th pn\,/\,/prp M1
l

BO (G)

-3500.0 f\

-4000.0 =

-4500.0 - - - Yawed M1 only:
5000.0 Integrated BO =-487,451 G-cm

-5500.0

-6000.0 L J

Xcoord 0.0 -0.0185749 -0.5052942 -1.3910731 -2.530358 -3.8384825
Y coord 0.0 0.0 0.0 0.0 0.0 0.0

Z coord24.853333 29.9266456 84.7042875 139.477057 194.24518 249.009549
Component: BO from table file., Integral = -487452.402511888

Component: BO from table file., Integral = -487451.292486551 X Y Z ( ) D S

L
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INTEGRATED MULTIPOLE FIELDS ALONG THE
FULL TRAJECTORY

Before cross-talk b0 b1l b2 b3 b4 b5 b6 b7 b8 b9 unit
Case 2 + Case 3 -487451 131716 764 -30 475 169 307 35 6 -78 cgs
After cross-talk b0 b1l b2 b3 b4 b5 b6 b7 b8 b9 unit

Case 4 -487452 131496 751 -28 487 224 307 45 -7 -64 Ccgs

Differences between Case 4 and Case 2 + Case3

b0 bl b2 b3 b4 b5 b6 b7 b8 b9 unit

cross-talk 1 -220 | -13 -2 12 55 0 10 -13 -14 | cgs
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CONCLUSIONS

1) The designs of the Q2 and M1 magnets are acceptable from the cross-talk
simulation results

2) The full trajectory meets the required lattice trajectory

3) The maximum effect to the multipoles caused by the cross-talk was only 0.045%
which is much smaller than the limitation of < 0.1%

4) For all cases of the cross-talk simulation, the multipole fields were computed
within a 10 mm radius circle centered at beam trajectory along the length

5) The integrated quadrupole field of the Q2 magnet dropped by 220 G out of
131,716 G ( 0.1%) from the M1

6) The integrated M1 dipole field only increased by 1 G - cm out of 487451 G-cm
(< 0.1%) from the Q2 magnet

7) We'll rely on this cross-talk simulation results to decide the individual
measurement data of Q2 and M1 magnets will be applicable during installation

In the storage ring
THANK YOU!
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