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Study of field harmonics in electron quad (QleF) and In
lon quad (Q1BpF) to evaluate cross-talk between the two

« Step by step approach
1. Field harmonics in both quads at low fields
Field harmonics in both quads as a function of current

2
3. Field harmonics in both quad as separation changes
4

. Sensitivity of correctors on harmonic reduction
* The goal is that harmonics remain low in both quads

» To develop and optimize a good approach for reducing
harmonics as quickly as possible, first proceed with 2-d
analysis (although different locations gives a 3-d flavor)
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BROOKHRUEN | Bgsic Model to Demonstrate that
spperconducing | Cross-talk in e-quad can be reduced

lon
guad

Electron

-400.0 -300.0 -200.0 -100.0 X 100.0 43200.0

The shape of
the cutout is
not unique

1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4

Cutout in the yoke where other hardware can be inserted Cutout in the yoke where other hardware can be inserted
(with rounded corners for the cutout) (with rounded corners for the cutout)
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Field Harmonics at Low Excitation
in Ton Quad

/
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“kg

MODEL DATA
C:\Users\guptaiCOneDri
ve - Brookhaven Nation
al Laboratory\EIC'Q1B
pF_Q2eF\opera\qiBp
F_Q2eF-apr-a.st
Linear elements

Vector potential
Magnetic fields

Scale factor: 1.0
93110 elements

|
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/ THIS SECTION IS TO DEFINE CONSTANT FOR HAEMONIC CALCULATIONS

EIC IR Meeting

With a reasonable mesh, low field harmonics are close to zero.
Note: b; and b,, are allowed harmonics and they may be real

2 10000.000
3 0.207
4 -0.200
0 -0.141
o -8.188
7 -0.002
g —-0.008
9 0.008
10 1.700
11 0.029
12 0.001
13 0.008
14 -0.1e7
15 -0.011
16 0.000
Ramesh
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DBROOKHRVEN Field Harmonics at Low Excitation
Superconducting in electron Quad

Magnet Division

With a reasonable mesh, low field harmonics are close to zero
bs and b,, are allowed harmonics and they may be real

Length UN\T% mm N NGRMEL {bn]
==L | 2 10000000
gé’ﬂf’c”féﬂﬁéw@af%z 3 0.329
¢ 0.242
g 0.013
) MODEL DATA ) ~ ~
o 6 7.60§
al Laboratory\EIC'\Q1B
gt 7 0.003
inear elements .
gl B -0.014
o G -0.006
Case1of2_ .
S5110 Slmenie 10 -0.770
46919 nodes -
96 regions l l — f:l . |:| f:l E
12 -0.006
120.0 160.0 ! 200.0 240.0 280.0 3200 360.0 4!100 440.0 13 -0.006
14 0.004
/ THIS SECTION IS5 TQ DEFINE CONSTANT FOR HAEMONIC CALCULATIONS ]
/ 15 -0.003
SCONS #RINT 80.0 le 0.000
SCONS #R0 60.0 17 -0.001
SCONS #eRINT 50. 18 0.000
SCONS #eR0 :> 30. 19 0.000
/SCONS #eX0 288.3 20 0.000
SCONS #¥0 0. 21 0.000
SCONS #Y0 0.
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BROOKHEVEN Harmonics as a function of

NATIONAL LABORATORY

Superconducting EXC“'a‘l'ion in e-quad

Magnet Division

Design gradients

* jon-quad (pGrad): 66.2 T/m
= e-quad (eGrad): 8 T/m (?)

Harmonics are reasonably small in a design
optimized as a proof-of-principle design only
(With a‘ CorreCtorl a‘S presented earlier) vy 18(!0 200.0 2200 2400 260.0 280.0 300.0 320.0 340.0 360.0 380.0 4IDOO 420.0 4400

Component: BMOD
0.0 1 ]5 23

Can be reduced in a more optimized design ‘

=CASE CUR(Z) pGrad(T/m) eGrad(T/m b3 b4 b5 bé b7 b8 b%
1 0.007 2.976 —-0.338 0.115 -0.251 0.023 €.800 0.005 -0.025 -0.002
2 0.028 11.504 -1.353 0.115 -0.251 0.023 6.800 0.005 -0.02% -0.002
3 0.055 23.7%6 —-2.707 0.087 -0.261 0.020 6.799 0.004 -0.025 -0.002
4 0.0e% 259,663 -3.383 0.05% -0.278 0.017 6.798 0.004 -0.02% -0.002
3 0.083 35.266 -4 . 0a0l 0.054 -0.310 0.014 6.797 0.004 -0.025 -0.002
4] 0.0%g 40,580 -4.73¢ 0.06l -0.3el 0.007 6.7595 0.003 -0.02% -0.002
7 0.110 45,722 -5.411 0.031 -0.433 -0.010 6.751 0.002 —-0.030 -0.002
B 0.124 50.722 -6.085 -0.011 -0.543 -0.04g 6.788 -0.002 -0.031 -0.002
2] 0.138 35.6830 —-6.756 -0.040 -0.765 -0.137 6.779 -0.00%9 —0.034 -0.003
10 0.151 e0.477 =7.417 0.015 -1.24% —-0.394 6.7a7 -0.02¢ —-0.044 —-0.004
11 0.1&5 65.282 —8.064d 2.5916 -2.711 -0.835 6.740 -0.022 -0.078 -0.001
12 0.17% 70,048 -8.73¢6 25.703 -7.524 -0.772 6.557 0.1e8 -0.177 0.021

April 19, 2021 Cross-talk control between Q1BpF with QleF for 4K Operation EIC IR Meeting -Ramesh 6



BROOKHFVEN

NATIONAL LABORATORY

Superconducting
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Next design phase
 Harmonics along the length in both quads

» Start with 2-d simulation along the length
(faster and helps in developing strategies)

» Then perform 3-d simulation and finer
optimization

 Harmonics in p-quad as a function of excitation

> Next few slides

April 19, 2021 Cross-talk control between Q1BpF with QleF for 4K Operation EIC IR Meeting -Ramesh



BROOKHEVEN | Harmonics as a function of Excitation

NATIONAL LABORATORY

superconducting | jn jon-quad (in an unoptimized design)

Magnet Division

Design gradients
* jon-quad (pGrad): 66.2 T/m
= e-quad (eGrad): 8 T/m (?)

Harmonics become large due to uneven
saturation (not surprising)

"7-140.0 -100. . -20. 200 400 600 80.0 100.0

Needs to be controlled, as mentioned ponent 810D

F_Q2eF-aprb-a-x288_3-many-ep.BNS I:!| =] q1BpF_Q2eF-apr14-a-x288_3-many-ep.BNS 3 = q1BpF_Q2eF-apri4-a-x288_3-many-pe BNS E1 |
|pCASE CUR (&) pGrad(T/m) eGrad(T/m b3 b4 b5 bé b7 b8 b&

1 0.007 2.5976 -0.338 0.175 -0.223 -0.148 -8.178 -0.003 -0.008 0.008
2 0.028 11.504 -1.353 0.109 -0.251 -0.162 -8.154 -0.006 -0.009% 0.008
3 0.055 23.75¢6 -2.707 -0.637 -0.575 -0.285 -8.155 -0.020 -0.014 0.006
4 0.069 29.663 -3.383 -4.636 -2.357 -0.931 -7.852 -0.058 -0.043 -0.005
5 0.083 35.266 -4.060 -15.613 -7.185 -2.674 -6.44¢6 -0.324 -0.127 -0.035
© 0.09¢6 40.5590 -4.736 -27.259 -12.116 -4.511 -4.582 -0.652 -0.2438 -0.075
7 0.110 45.722 -5.411 -35.685% -15.346 -5.780 -3.182 -0.913 -0.340 -0.106
8 0.124 50.722 -6.085 -41.345 -17.298 -6.561 -2.380 -1.076 -0.390 -0.123
5 0.138 55.630 -6.756 -44.765 -185.33% -6.5659 -2.006 -1.1¢60 -0.405 -0.12%
10 0.151 00.477 -7.417 -46.472 -18.698 -7.119 -1.921 -1.184 -0.408% -0.129
11 0.1€5 65.282 -5.064 -46.5%55 -18.637 —? 054 -2.015 -1.173 -0.357 -0.125
12 0.179 70.04¢ -8.736 -4e.818 -18.347 -6.981 -2.223 -1.143 -0.380 -0.119
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BROOKHIVMEN. | Non-uniform Saturation in Ion Quad

Superconductin . . .
e el (expect large saturation induced harmonics)

F_Q2eF-apr5-a-x288_3-many-epBNS ‘ B q1BpF_Q2eF-apri4-ax288_3-many-ep.BNS £ [=
BASE CUR(R) pGrad(T/m) eGrad(T/m b3 b5
.007 2.976 -0.338 0.175 -0.22° -0.148
28 11.904 -1.353 0.10%9 -0.25] -0.162
.055 23.7%¢ -2.707 -0.637 -0.57¢ -0.285
.0e% 29.663 -3.383 -4.63¢6 2.3 -0.831
83 35.266 -4.060 -15.613

.0%¢ . -4.736 -27.259

2110 5. 5.411 -35.
.124 6.085 -41.
.156 44,
.417  -de.
.0ed4  -4d6.
.73  -de.
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MODEL DATA
C\Users\gupta\OneDri
ve - Brookhaven Nation
al Laboratory\EIC\Q1B
pF_Q2eF'operalq1Bp
F_Q2eF-apr5-a.st
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 2 of 2
Scale factor: 2.4

93110 elements
L\ \._w_za 4€§91 E!_nod es
96 regions
Qis !FF‘

“480.0 -300.0 -200.0 -100.0 0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 T9Apr2021 16.0107 Page 14
X [mm]
Component: BMOD
3.19574E-06 3.693720141 7.387437087 O pe ra
—:—
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BROOKHRVEN Modified Yoke to Force a More

NATIONAL LABORATORY

Superconducting Uniform Saturation in Ion Quad

Magnet Division

Important region for
reducing saturation
Induced harmonics
IS yoke close to coll

=400 0 -300.0 -200.0 -100.0 0.0 100.0 200.0 300.0 400.0 500.0 600._

Component: BMOD
5 15774E-06 3 4487‘11314 689741747

W
=

-100.0 0.0

Q2eF\opera\q1BpF_QJe
F-apr14-a-x288_3-save.s
t

Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 10f12
Scale factor: 0.1
113369 elements
57019 nodes

93 regions

1
400.0

-300.0 -200.0 200.0 300.0 500.0

600.0 700.0 [19/Apr/2021 15:50:07 Page 7_|

X ) I —
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BROOKHANEN. Field Contour in a yoke design with a
superconducting | Mope Uniform Saturation in Ton Quad

Magnet Divisio

UNITS
Length smm
Flux density T
Field strength : Am~*
Fotential Wb m!
Conductivity S m?*
Source density: A mm?
Power W
Force N
Energy oJ
Mass ~kg

MODEL DATA
C\Users\gupta\OneDriv
e - Brookhaven National
Laboratory\EICVQ 1B pF_
Q2eF\opera\q1BpF_Q2e
F-apr14-a-x288_3-save s
t

Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 11 0of 12
Scale factor: 2.4
113369 elements
57019 nodes

93 regions

7Y _140.0 -100.0 -20. 200 400 600 80.0 100.0 140.0 180.0 220.0 260.0 TOApIT2021 16:0627 Page 19

X [mm]
Component: BMOD
3.58692E-03 3.450502193 6.89741747

Important region for reducing saturation
induced harmonics is the yoke close to coil

April 19, 2021 Cross-talk control between Q1BpF with QleF for 4K Operation EIC IR Meeting




BROOKHEVEN Field Distribution at the Low Field

NATIONAL LABORATORY

Superconducting and at the Design (High) Field

Magnet Divisio

Note: The field distribution
around ion quad may look
very different but if mu is
high, it woudn’t matter

-60.0 -20.0 200 400 600 800 1000 140.0 180.0 220.0
X

6.89741747

3. 2E-03 3.450502193
—:—

-200.0 -100.0 0.0 100.0 200.0 300.C

X [mm]
Component: BMOD
0 668115475

7.50755E-08 0.334057775
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[ ] [ ] [ ] [ ]
_DKHEMEN ' Harmonics as a Function of Excitation
5 sonductin H H " H "
o onducting | jn q Magnetically "Symmetrized” Yoke
c tD ola
=3l Electron quad
=
(O  =|qlBpF_Q2eF-apri4-ax283_3-save-ep.BNS £ IE q1BpF_Q2eF-apri4-a-x288_3-save-pe BNS _.il
A2 1 eCASE CUR(A) pGrad(T/m) eGrad(T/m b3 b4 b5 b6 b7 b8 b9
& 2 1 0.007 2.976 -0.378 0.329 -0.242 0.013 7.606 0.003 -0.014 -0.006
phas 3 2 0.028 11.903 -1.511 0.329 -0.242 0.013 7.606 0.003 -0.014 -0.006
Q. 4 3 0.055 23.790 -3.022 0.276 -0.261 0.007 7.604 0.002 -0.014 -0.006
o 5 4 0.069 25.642 -3.777 0.265 -0.298 0.005 7.604 0.002 -0.014 -0.006
< 5 0.083 35.218 -4.532 0.249 -0.360 0.000 7.602 0.001 -0.014 -0.006
(= 7 6 0.096 40.533 -5.286 0.217 -0.465 -0.018 7.599 -0.002 -0.015 -0.006
— 8 7 0.110 45.673 -6.039 0.183 -0.623 -0.056 7.595 -0.008 -0.016 -0.006
.- - C 8 0.124 50.681 -6.790 0.194 -0.872 -0.137 7.594 -0.018 -0.019 -0.006
1 9 0.138 55.597 -7.536 0.232 -1.302 -0.320 7.595 -0.038 -0.028 -0.006
11 10 0.151 60.455 -8.271 0.356 -1.981 -0.684 7.607 -0.065 -0.045 -0.006
12 11 0.165 65.272 -8.998 0.573 -2.748 -1.199 7.613 -0.084 -0.071 -0.006
13 | 12 0.179 70.055 -9.727 4.695 -4.096 -1.611 7.574 -0.040 -0.119 0.000

lon quad (design 66.2 T/m)

qlBpF 02eF-aprid-a-x288 3-save-ep BNS L] [= q1BpF_Q2eF-apri4-ax288_3-save-pe.BNS E] ‘

1 |pCASE CUR (&) pGrad(T/m) eGrad(T/m b3 b4 b5 b7 b bo

Note: Change in harmonics small in both ion quad and

electron quad (starting design

2 1 0.007 2.97¢ -0.378 0.207 -0.200 -0.141 -B8.188 -0.002 -0.008 0.008
3 2 0.028 11.903 -1.511 0.141 -0.208% -0.154 -8.210 -0.004 -0.008 0.008
4 3 0.055 23.780 -3.022 0.265 -0.1585 -0.114 -8.38% 0.003 -0.0086 0.00%
3 4 0.069 29.642 =3.777 0.553 -0.295 0.004 =9.077 0.032 -0.005 0.010
6 5 0.083 35.21%8 -4 .532 0.259 -1.293 0.071 =-5.807 0.0599 -0.015 0.010
! € 0.0%96 40.533 -5.286 0.422 -2.397 0.182 -10.403 0.169 -0.025 0.005
= 7 0.110 45.873 -6.035 1.181 -3.067 0.30% -10.782 0.216 -0.028 0.000
£ = 0.124 50.681 —-6.7580 1.85% -3.388 0.408 -11.087 0.24¢ -0.02¢6 -0.002
1 9 0.138 55.597 -7.536 2.51¢ -3.470 0.487 -11.319 0.262 -0.021 -0.003
11 10 0.151 60.455 -8.271 3.169 -3.377 0.547 -11.4¢l 0.275 -0.01e¢ -0.003
12 11 0.165 65.272 -8.958 3.793 =-3.177 0.587 -11.541 0.254 -0.008% -0.002
April 19, 13 12 0.179 70.055 =-9.727 4.349 -2.920 0.640 -11.578 0.290 -0.002 -0.002

- oo



srooknrwen | Recap - Yoke Optimization

NATIONAL LABORATORY

Superconducting for. ion_quad @"near endn
b3

Magnet Division
b4 b5 b6 b7 b8

175 -0.223 -0.1458 -8.178 -0.003 -0.008
.10%9 -0.251 -0.1e2 -8.184 -0.00¢ -0.009
. 637 -0.575 -0.285 -8.159 -0.020 -0.014
.636 -2.357 -0.831 -7.882 -0.088 -0.043
.613 -7.185 -2.674 -6.446 -0.324 -0.127
.259 -12.11¢ -4.511 -4.582 -0.652 -0.248
L6589 -15.34¢ -3.780 -3.1%2 -0.913 -0.340
.345 -17.298 -6.561 -2.380 -1.076 -0.380
.765 -18.335 -6.965 -2.00¢ -1.1e0 -0.409
472 -18.6%8 -7.118 -1.921 -1.1584 -0.409
.95% -18.637 -7.054 -2.015 -1.173 -0.3597
.818 -18.347 -6.5981 -2.223 -1.143 -0.380

200 400 600 800 1000

S Note: A big difference in

17E-03 3.694579395
change in harmonics
b3 b4 b5 b6 b7 b8
0.207 -0.200 -0.141 -8.188 -0.002 -0.008
0.141 -0.209 -0.154 -8.210 -0.004 -0.008
0.265 -0.15% -0.114 -8.35% 0.003 -0.006
0.553 -0.2585 0.004 -5%.077 0.032 -0.005
0.25¢9 -1.253 0.071 -5.807 0.09% -0.015
0.422 -2.3%97 0.182 -=-10.403 0.185% -0.025
1.181 -3.0&87 0.30% -10.7%92 0.21¢ -0.028
1.885% -3.388 0.408 -=11.0497 0.246 -0.0286
2.5186 -3.470 0.487 -11.31% 0.262 -0.021
3.165 -3.377 0.547 -11.461 0.275 -0.01lg
7 L I e [ eewUE 37930 -3.177 0.597 -11.541  0.284 —0.009
4,346 -2.520 0.¢d40 -11.578 0.2%0 -0.002

Component: BMOD
‘3.5%92E703 3.4505|02193 6.89741747‘
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NATIONA

superc. between e-quad and ion quad (no corrector)

Maghnetorvrorom

BROC  Far Side with the Maximum Separation

UNITS
Length omm
Fluxdensity T
Field strength : Am"
Potential ‘Wb m'
Conductivity S m
Source density: A mm?*
Power W

NO corrector

Force °N
Energy oJ
Mass “kg

MODEL DATA
C:\Users\gupta\OneDriv
e - Brookhaven National
Laboratory\EIC\Q1BpF _
Q2eF\opera\qiBpF_Q2e
F-apr14-a-x312_5-s1.st
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 11 of 12
Scale factor: 2.4
115673 elements
58181 nodes
92 regions

YT 160.0 1800 2000 2200 2400 2600 280.0 3000 3200 3400 3600 3800 4000 4200 4400 4600

19/Apr/2021 22:41:51 Page 7
X [mm]

e - Brooknaven Natonal
Laboratory\EICVQ 1B pF_
Q2eF\opera\q1BpF_Q2e
F-apri4-a-x312_5-s1.st
Linear elements

XY symmetry

Vector potential
Magnetic fields

Static solution

Case 11 of 12

Scale factor: 2.4

115673 elements

58181 nodes

92 regions

-400.0 -300.0 -200.0 -100.0 0.0 100.0 200.0 300.0

400.0 500.0 [19/4pri2021 22:36:22 Page 3 |

X [mm]
Opera

April 19, 2021 Cross-talk control between Q1BpF with QleF for 4K Operation EIC IR Meeting -Ramesh 15




NATIONA

Far Side with the Maximum Separation

between e-quad and ion quad (no corrector)

Field in iron ring around
the electron quad is
already low (should
provide enough shielding)

@~design

N

160.0 180.0 2000 2200 2400 2600 280.0 300.0 320.0 3400 360.0 380.0 400.0 4200 4400  460.0

Component: BMOD

3.18793E-05 3.000641078

‘ = -

1A AV rnl. o

-400.0 -300.0 -200.0 -100.0 0.0 100.0 200.0 300.0 400.0

Component: BMOD

1.14834E-05 3.447739759

April 19, 2021 Cross-talk control between Q1BpF with QleF for 4K Operation

6.895468034

EIC IR Meeting

X [mm]
6.001250276

F-apri4-a-x312_5-s1.s
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 11 of 12
Scale factor: 2.4
115673 elements
58181 nodes

92 regions

500.0 19/Apri2021 22:38.46 Page 4

X [mm]

-Ramesh 16




BRI Far Side with the Maximum Separation
sur: between e-quad and ion quad (no corrector)

e-quad: very little change despite no correction

|q1BpF_Q2eF-apri4-ax312_5-s1-ep. BNS E3 ‘Eq1EIpF_C!ZeF-aer-a-xE12_5-51-pe.BN8 _J|

1 eCASE CUR(Z) pGrad(T/m) eGrad(T/m b3 bd b5 bt b7 b8 b

2 1 0.06% 29.850 -3.770 —-0.050 -0.17% 0.012 7.577 -0.012 -0.037 0.013

3 2 0.007 2.87¢ -0.377 -0.055 -0.178 0.01z2 7.577 -0.012 -0.037 0.013

4 3 0.028 11.903 -1.508 -0.055 -0.178 g.012 7.577 -0.012 -0.037 0.013

5 4 0.055 23.783 -3.01e —-0.054 -0.178 0.012 7.577 -0.012 -0.037 0.013

o 5 0.083 35.233 -4.524 -0.037 -0.183 0.013 7.577 -0.012 -0.037 0.013

7 6 0.0%6 40.54¢6 -5.278 -0.014 -0.18% 0.015 7.576 -0.012 -0.037 0.013

8 7 0.110 45.683 -6.032 0.022 -0.1%¢ 0.018 7.575 -0.012 -0.037 0.013

E 8 0.124 50.683 -6.78¢6 0.073 -0.206 0.023 7.572 -0.012 -0.037 0.013
1 9 0.138 55.583 -7.541 0.179 -0.230 0.035 7.568 -0.010 -0.037 0.013
11 10 0.151 €l.416 -08.25%¢ 0.444 —-0.252 0.06%9 7.554 -0.006 -0.038 0.013
12 11 0.165 65.202 -9.052 1.155 -0.417 0.1e7 7.5068 0.006 -0.042 0.015
13 .12 0.179 £659.5949 -9.815 3.882 -0.817 0.553 T.28% 0.055 -0.050 0.021

lon-quad: very little change

q1BpF_Q2eF-apri4-a-x312_5-s1-ep.BNS & Hq1BpF_QEEF—apr14ra—x312_5rs1—pe.BNS x| |

1 PCRESE CUR(A) pGrad(T/m) eGrad(T/m b3 b4 b5 bé b7 b8 bo

2 1 0.069 29.650 -3.770 0.986 -0.120 0.084 -%.04¢6 0.04z2 -0.003 0.012
3 2 0.007 .976 -0.377 0.228 -0.197 -0.139 -8.187 -0.002 —-0.008 0.008
- 3 0.028 11.%03 -1.508 0.185 -0.203 -0.148 -8.208 -0.003 -0.008 0.008
5 4 0.055 23.7493 -3.01e 0.406 -0.112 -0.089 -8.389 0.006 -0.005 0.009
6 S 0.083 35.233 -4.524 0.944 -1.0186 0.1%0 -9.760 0.113 -0.011 0.012
7 o 0.0%6 40.54¢6 -5.278 0.826 -2.273 0.242 -10.375 0.179 -0.023 0.006
g8 7 0.110 45.683 -6.032 1.258 -3.120 0.2%8 -10.78%9 0.215 -0.02% 0.000
: B 0.124 50.683 -6.786 1.554 -3.635 0.317 -11.127 0.232 -0.032 -0.005
10 G 0.138 55.583 -7.541 1.624 -3.943 0.307 -11.387 0.234 -0.033 -0.007
11 10 0.151 60.416 -8.25%¢6 1.647 -4.085 0.273 -11.56% 0.233 -0.032 -0.00%
12 11 0.1e5 ©5.202 -5%.052 1.607 -4.120 0.232 -11.68% 0.228 -0.030 -0.010
13 12 0.179 69.9449 -9.815 1.512 -4 _.086 0.1%0 -11.7e62 0.221 -0.028 -0.011
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NATIONAL LABORATO#

Far Side with the Maximum Separation
between e-quad and ion quad

Superconducting
Magnet Division

« Since thereis alittle change in e-quad harmonics
without corrector, no corrector IS needed

 But how about if we energize the full-strength
corrector? That will examine the sensitivity. Low
harmonics in both cases means low sensitivity

« Remember that this is a different type of
corrector. They are not used to correct the field
errors. They are used to control the iron
saturation. If “mu” remains somewhat high, it
would provide shielding irrespective of anything.

April 19, 2021 Cross-talk control between Q1BpF with QleF for 4K Operation EIC IR Meeting -Ramesh 18



BROl  Far Side with the Maximum Separation

NATIONA

suwert between e-quad and ion quad (full corrector)
R ~

Length L mm
Flux density T
Field strength - Am"
Potential Wb m*
Conductivity S m?'
Source density: A mm*
Power w

Full-strength

correctors
(Note: low field

C:\Users\gupta\OneDriv
& - Brookhaven National
Laboratory\EIC\Q 1BpF _
Q2eF\opera\q1BpF_Q2e
F-apri4-a-x312_5-n1.st
Linear elements

XY symmetry —
Vector potential
Magnetic fields
Static solution
Case 11 of 12
Scale factor: 2.4
115673 elements
58181 nodes

92 regions

in yoke around b
R0 [VETe)

Y'Y 1600 180.0  200.0 2200 2400 260.0 2800 3200 3400 360.0 380.0 4000 4200 4400 4600

. B -
omponen 0
pera g

6.49854E-04 2.998710591 5996771327
——— I
e - Brookhaven National

Laboratory\EICVQ1BpF_
Q2eF\opera\q1BpF_Q2e

- F-aprid-a-312 5.1 st
P~
eS I g n Linear elements

XY symmetry
Vector potential
Magnetic fields
Static solution
Case 11 0of 12
Scale factor: 2.4
115673 elements
58181 nodes

92 regions

i
100.0 200.0 300.0 400.0 500.0 |1g;_,|\pr;2021 23:13:59 Page 12 |
X [mm]

,
Al

-100.0

0.0

-400.0 -300.0 -200.0

Component: BMOD
1.15208E-05 3.4463|00725 6.892589929
|

Opera

My v, Vet T UIDTLAIN LUIILI VI DTLVWCCT T \YLDMI WIL \YZLCTr 1Vl <IN\ vpCiauvl i I I viccuily “iI\arricoll 1




BRO.  Far Side with the Maximum Separation

NATIONA

supert between e-quad and ion quad (full corrector)

Magne\. T VIJOTOUTL

e-quad: very little change despite full-strength corrector

=| q1BpF_Q2eF-apr14-a-x312_5-n1-ep.BNS 1 ‘E q1BpF_02eF-apri4-a-x312_5-n1-pe BNS _.l|

1 eCASE CUR(R) pGrad(T/m) eGrad(T/m b3 b4 b5 be b7 bé b
2 1 0.06%9 25,647 -3.768 -0.113 -0.208 0.006 7.576 -0.013 -0.037 0.013
3 2 0.007 2.976 -0.377 -0.0890 -0.18%& 0.00% 7.577 -0.013 -0.037 0.013
4 3 0.028 11.5%03 -1.507 -0.0%0 -0.1%¢ 0.009 7.577 -0.013 -0.037 0.013
5 4 0.055 23.7%2 -3.014 -0.082 -0.15886 0.008 7.577 -0.013 -0.037 0.013
6 5 0.083 35.225 -4.521 -0.130 -0.220 0.004 7.575 -0.013 -0.037 0.013
7 4] 0.0%6 40.533 -5.274 -0.148 -0.237 0.000 7.574 -0.013 -0.037 0.013
B 7 0.110 45.664 -6.027 -0.172 -0.257 -0.008 7.572 -0.014 -0.037 0.013
c B 0.124 50.656 -6.780 -0.21¢ -0.288 -0.022 7.568 -0.015 -0.038 0.012
1 ] 0.138 55.54¢ -7.532 -0.288 -0.332 -0.043 7.563 -0.017 -0.038 0.012
11 10 0.151 60.369 -8.283 -0.386 -0.381 -0.07% 7.554 -0.01¢% —0.040 0.012
12 11 0.165 ©5.143 -5.032 -0.53¢6 -0.481 -0.154 7.538 -0.023 -0.043 0.011
13 12 0.179 6%.8860 -9.774 -0.815 -0.652 -0.343 7.495% -0.02¢% -0.050 0.008

| _ Means: works well whether
lon-quad: very little change

|q‘lBpF_OEeF-apr14-a-x312_5-n‘l-ep.BNS | = q1BpF_Q2eF-apri4-a-x312_5-n1-pe.BNS E3 |

correctors are present or not

1 PCASE CUR(Z) pGrad(T/m) eGrad(T/m b3 b4 b5 bé b7 b8 b9

2 1 0.065 259,647 -3.768 0.818 -0.187 0.053 -9.058 0.038 -0.004 0.011
3 2 0.007 2.976 -0.377 0.215 -0.199% -0.140 -B.187 -0.002 -0.008 0.008
4 3 0.028 11.%03 -1.507 0.167 -0.205 -0.150 -8.208 -0.004 -0.008 0.008
5 4 0.055 23.792 -3.014 0.355 -0.128 —-0.097 -B8.393 0.005 -0.00& 0.009
(5] 5 0.083 35.225 -4.521 0.524 -1.1%92 0.117 -9.788 0.105 -0.013 0.011
7 & 0.0%6 40.533 -5.274 0.296 -2.485 0.153 -10.411 0.l1l66 -0.027 0.005
8 7 0.110 45.664 -6.027 0.620 -3.359 0.197 -10.833 0.200 —-0.035 -0.002
: a8 0.124 50.656 -6.780 0.773 -3.911 0.203 -11.178 0.214 -0.038 -0.007
1 G 0.138 55.546 -7.532 0.e97 -4.247 0.182 -11.444 0.214 -0.040 -0.010
11 10 0.151 ©0.369 -8.283 0.586 -4.418 0.138 -11.631 0.211 -0.039 -0.012
12 11 0.165 ©5.143 -8.032 0.427 -4 .478 0.085% -11.754 0.205 -0.037 —0.013 mesh 20



BROOKHFEAEN Recap - There is sufficient shielding

NATIONAL LABORATORY

Superconducting irrespective of the strength of corrector
Maanet Division______

/m b3 b4 b5 b6 b7 b8

-0.050 -0.179  0.012  7.577 -0.012 -0.037

NO curren ~0.055 -0.178 0.012  7.577 -0.012 -0.037

. ‘ ~0.055 -0.178 0.012  7.577 -0.012 -0.037
IN correctoc -0.054 -0.178 0.012  7.577 -0.012 -0.037
-0.037 -0.183  0.013  7.577 -0.012 -0.037

-0.014 -0.189  0.015  7.576 -0.012 -0.037

0.022 -0.196  0.018  7.575 -0.012 —-0.037
0.073 -0.206  0.023  7.572 -0.012 -0.037
0.179 -0.230  0.035  7.568 -0.010 —-0.037
0.444 —-0.292  0.069  7.554 -0.006 —0.038
1.155 -0.417 0.167  7.509  0.006 -0.042
3.892  -0.617 0.553  7.289  0.055 -0.050

hi 220.0 240.0 260.0 280.0 300.0 320.0 340.0 360.0 380.0 400.0 420.0 440.0 460.0 48 - - -
0 1.7 T .. Note: A big difference in the appearance
. ,?5 [ 17‘

of iron magnetization but remains below
1.7 T, providing sufficient shielding

m b3 b4 b5 b6 b7 b8
-0.113 -0.208 0.006 2916 -0.013 -0.037
-0.090 -0.196 0.009 977 -0.013 -0.037
-0.090 -0.196 0.009 =577 -0.013 -0.037
0
0

Max current
in corrector

-0.092 -0.198 .008 317 -0.013 -0.037
-0.130 -0.220 .004 .575 -0.013 -0.037
-0.148 —0:237 0.000 .574 -0.013 -0.037
=0.172 -0.257 -0.008 .572 -0.014 -0.037
-0.216 -0.288 -0.022 .569 -0.015 -0.038
-0.288 -0.332 -0.043 .563 -0.017 -0.038
-0.386 -0.391 -0.079 .554 -0.019 -0.040
-0.536 -0.481 -0.154 .538 -0.023 -0.043
-0.815 -0.652 -0.343 .499 -0.029 -0.050

NN NN NN NN NNa9

2200 2400 260.0 280.0 3000 3200 3400 360.0 380.0 4000 4200 4400 460.0 48

Component: B
0.0 0.?5
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BROOKHEVEN | e-quad and ion quad halfway through

NATIONAL LABORATORY

superconducting | the magnet (corrector strength 70%)

Magnet Division

Field in iron ring around the
electron quad is low (should
provide enough shielding)

2200 2400 260.0 280.0 300.0 320.0 340.0 360.0 3800 400.0 420.0

4400 4600 48

1.7

MODEL DATA
C-\Users\gupta\OneDriv
€ - Brookhaven National
Laboratory\EIC\Q1BpF _
Q2eF\opera\q1BpF_Q2e
F-apr14-a-x300-s2 st

Scale factor: 2.4
115785 elements
58237 nodes

92 regions

240.0 260.0 280.0 300.0 320.0 340.0 360.0 380.0 400.0 4200 440.0  460.0 480.0 500.0
X [mm]

20/Apri2021 2
| |

Opera
amesh 22




NATIONAL LABORATORY

Superconducting
Magnet Division

Electron quad

=| q1BpF_Q2eF-apri4-ax300-s2-ep.BNS [ |E q1BpF_Q2eF-apri4-a-x300-s2-pe BNS _.l|

e-quad and ion quad halfway through
the magnet (corrector strength 70%)

(92)
©
qo]
g 1  eCASE CUR(AR) pGrad(T/m) eGrad(T/m b3 b4 b5 bé b7 b8 by
2 1 0.069 29.6486 -3.768 -0.05¢ -0.20¢ 0.010 7.5717 -0.013 -0.037 0.013
E 3 2 0.007 2.976 -0.377 -0.052 -0.19%9 0.011 7.577 -0.013 -0.037 0.013
o 4 3 0.028 11.5%03 -1.507 -0.052 -0.199 0.011 7.571 -0.013 -0.037 0.013
e 5 4 0.055 23.752 -3.014 -0.051 -0.200 0.011 7.577 -0.013 -0.037 0.013
e 6 5 0.083 35.225 -4.521 -0.057 -0.219 0.009 7.576 -0.013 -0.037 0.013
: 7 6 0.0%6 40.53¢6 -5.275 -0.030 -0.233 0.008 7.575 -0.013 -0.037 0.013
C_G 8 gl 0.110 45.673 -6.028 -0.040 -0.24¢ 0.005 7.574 -0.013 -0.037 0.013
E £ 8 0.124 50.673 -6.782 -0.027 -0.261 -0.001 7.573 -0.013 -0.037 0.013
D 1 9 0.138 55.576 -7.535 -0.005 -0.280 -0.007 7.571 -0.013 -0.037 0.013
o 11 10 0.151 60.41¢ -8.289 0.044 -0.305 -0.015 7.567 -0.013 -0.038 0.013
o 12 11 0.165 63.209 -5.042 0.263 -0.354 -0.015 7.557 -0.010 -0.039 0.013
(= 13 12 0.179 69.5968 -5.7995 1.853 -0.583 0.057 7.506 0.01% -0.048 0.015
@)
=
CSU §1BpF_02eF-aprid4-ax300-52-ep.BNS & [=f q1BpF_QZ2eF-apr14-a-x300-s2-pe BNS B3 |
(- 1 PCRASE CUR (L) pGrad(T/m) eGrad(T/m b3 b4 b5 bé b7 b b9|
"N 2 1 0.069 2%.64¢6 -3.768 0.772 -0.20% 0.044 -5.0el 0.037 -0.004 0.011
% 3 2 0.007 2.97¢ -0.377 0.220 -0.19% -0.140 -3.187 -0.002 -0.008 0.008
(- - 3 0.028 11.5%03 -1.507 0.16e7 -0.205 -0.150 -8.209 -0.004 -0.008 0.008
(qv] 5 4 0.055 23.7%2 -3.014 0.342 -0.134 -0.100 -3.3594 0.005 -0.00& 0.00%
- e 5 0.083 35.225 -4.521 0.511 -1.200 0.113 -5.789 0.104 -0.014 0.011
U 7 € 0.0%9¢ 40.53¢ -5.275 0.436 -2.430 0.174 -10.403 0.165 -0.02¢ 0.005
" B 7 0.110 45.873 -6.028 0.941 -3.234 0.2458 -10.812 0.207 -0.032 -0.001
40_';) B 0.124 50.873 -6.782 1.337 -3.701 0.287 -11.143 0.227 -0.034 -0.005
o 9 0.138 53.57¢6 -7.535 1.553 -3.941 0.302 -11.392 0.233 -0.033 -0.008
Z 1 10 0.151 60.41¢ -8.289 1.763 -4.00%9 0.287 -11.562 0.236 -0.031 -0.00%
2 11 0.165 65.209 -5%.042 1.937 -3.566 0.287 -11.669 0.236 -0.027 -0.00%
April 19, 2(3 12 0.179 69.568 -9.799 2.075 -3.850 0.275 -11.72% 0.233 -0.023 -0.00%9



erooxnruen | €-quad and ion quad halfway through

NATIONAL LABORATORY

Superconducting the magnet with thicker iron ring

ranetbvsiei—  around e-quad (No corrector) |-

Field in iron ring around the
electron quad is ~2T. We may
NOT have enough shielding,

but shouldn’t be terrible either ;O%w
%

a
0 200 400 600 800 1000 140.0 180.0 340.0 380.0
X [mm]
Component: B
pO 1‘0 20‘
I

MODEL DATA
q1BpF_Q2eF-aprid-a-
¥300-n1-00.5T
Linear elements
XY symmetry
Vector potential
Magnetic fields
Static solution
Case 12 of 12
Scale factor 2 6
115669 elements
58179 nodes
92 regions

“Ho 200 400 600 800 1000 140.0 180.0 2200 [20/Apri2021 11:28:08 Page 12 |

X [mm]
Opera
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BROOKHEUEN ©€-quad and ion quad halfway throug

NATIONAL LABORATORY

Superconducting the magnet with thicker iron ring

e around e-quad (No corrector B
Electron quad

8 q1BpF_Q2eF-apr14-ax300-n1-ep.BNS | B q1BpF_02eF-apri4-ax300-n1-pe.BNS 3| [ q1BpF_Q2eF-harm-apri4-ax300-n1-00.comi &d| = q1BpF_Q2eF-apri

1 |eCASE CUR(R) pGrad(T/m) eGrad(T/m b3 b4 b5 be b7 b8 b9
2 1 0.069 28.851 -3.770 -0.045 -0.178 n.o01z2 T7.577 -0.012 -0.037 0.013
3 2 0.007 2.976 -0.377 -0.0586 -0.177 0.011 T7.577 -0.012 -0.037 0.013
4 3 0.028 11.503 -1.508 -0.057 -0.17¢ 0.011 T7.577 -0.012 -0.037 0.013
5 4 0.055 23.793 -3.018¢ -0.0586 -0.17¢ 0.011 T7.577 -0.012 -0.037 0.013
4] S 0.083 35.238 —-4.,.524 -0.030 -0.183 0.013 T7.577 -0.012 -0.037 0.013
7 4 0.0%96 40.558 -5.278 0.005 -0.1%4 0.017 T7.576 -0.012 -0.037 0.013
B 7 0.110 45.705 -6.032 0.058 -0.207 0.021 7.574 -0.012 -0.037 0.013
8 0.124 50.721 -6.787 0.148 -0.228 0.031 7.571 -0.011 -0.037 0.013
10 5 0.138 55.643 -7.542 0.368 -0.287 0.057 7.561 -0.008 -0.038 0.013
11 10 0.151 60.503 -0.25%8 0.9%11 -0.427 n.132 7.532 0.002 -0.041 0.014
12 11 0.165 65.3169 -%.058 2.675 -0.683 0.3%4 7.404 0.034 -0.050 0.01%
0.17% T0.098 -%9.832 9.213 -1.041 1.278 ©.885 0.147 -0.068 0.033

13 12

lon quad (design 66.2 T/m)

§1BpF_Q2eF-apri4-ax300-n1-pe BNS &1 B q1BpF_Q2eF-apri4-a-x300-n1-00-ep.BNS &1 [= q1BpF_Q2eF-apri4-a-x300-n1-00-pe BNS E3
1 pCASE CUR(Z) pGrad(T/m) eGrad(T/m b3 b4 b5 b6 b7 b8 b9

Change in harmonics are moderate. Maybe

we can make it work with a few iteration.

2 1 0.069 29.651 -3.770 1.018 -0.108 0.080 -9.044 0.042 -0.00z2 0.01z2
3 2 0.007 2.97¢ -0.377 0.228 -0.197 -0.139 -8.187 -0.00z2 -0.008 0.008
4 3 0.028 11.903 -1.508 0.186 -0.202 -0.148 -3.208 -0.003 -0.008 0.008
5 4 0.055 23.793 -3.01¢ 0.40% -0.111 -0.088 -5.389 0.00& -0.005 0.00%
6 5 0.083 35.238 -4.524 1.181 -0.507 0.235 -5.743 0.118 -0.00% 0.01z2
7 6 0.05%6 40.558 -5.278 1.380 -2.044 0.337 -10.337 0.1%2 -0.018 0.008
8 7 0.110 45.705 -6.032 2.114 -2.768 0.445 -10.727 0.238 -0.021 0.003
W 8 0.124 50.721 -6.787 2.820 -3.144 0.520 -11.038 0.265 -0.021 0.000
(D) 8 0.138 55.643 -7.542 3.369 -3.287 0.573 -11.271 0.278 -0.018 -0.002
ts 1 10 0.151 60.503 -8.298 3.805 -3.280 0.e04 -11.425 0.28¢6 -0.014 -0.002
=z 11 0.165 65.315 -5.058 4.373 -3.133 0.623 -11.518 0.250 -0.00% -0.002
3 12 0.179 70.098 -5.832 4.730 -2.956 0.632 -11.570 0.250 -0.004 -0.002
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OIMpEN, 5
Superconducting ummar'y

Magnet Division

» A novel technique is being developed to reduced cross-talk
between two quads in a single yoke, placed in tight space. Iron
saturation is controlled with proper cutouts and small colls.

» It is based on controlling the yoke saturation (experience from
RHIC magnets - now standard around the world), where we
reduced saturation from 40+ unit of sextupole to just a few units.

» Even though the solutions are not yet fully optimized, the
harmonics remain small both in electron quad and proton quad at
different level of excitation and at different axial locations (based
on 2-d) analysis.

» The corrector strength doesn’t have to be controlled too well.

» Next step: verification with the 3-d modelling but all signs are
promising.

April 19, 2021 Cross-talk control between Q1BpF with QleF for 4K Operation EIC IR Meeting -Ramesh 26



e Harmonic Analysis

Magnet Division

/ file for computing harmonics in protion and electron guads of EIC IR

/

L ]
I O n —q u ad /Enter filename (without .ST)
/

$ STRING filename 'glBpF Q2eF-aprl4-a-z300-nl-00'
j;Center of electron

éCONS #eX0 300.0

j NUMBEER. CF CASES

éCONS #CASR 12

COMI glBpF Q2ef-ep.comi CONT

/
)
/
$ COMI glBpF QZef-pe.comi CONT

Y80 200 400 600 800 100.0 140.0

/ THIS SECTION IS TO DEFINE CONSTANT FOR HARMC
/

SCONS #RINT 80.0
SCONS #RO 60.0
SCONS #eRINT 50.
SCONS #eR0 30.
/SCONS #eX0 288.3
SCONS #X0 0.
SCONS #Y0 0. /

/

{ .

180.0 220.0 260.0 300.0 340.0 380.0
X [mm]
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