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Background and Strategy

 EIC design requires RHIC magnets to operate at higher fields. The plan,
furthermore, is to operate them at higher temperatures as well.

* Even though, most RHIC magnets were designed with a heathy
margin, doing both (higher field & higher temperature) raises concern.

* RHIC magnet calculations were performed on VAX computers using
codes that were developed extensively at BNL. VAXes don’t exist now.

* Two prong approach for performing new analysis, as needed:
a) Make models on the software that are available now — e.g., ROXIE

b)Invest modest resources to transport VAX codes to PC/LINUX, so
that the variety of design and analysis tools that were developed at
BNL earlier can be used again (including input files) to evaluate
performance of RHIC magnets in EIC operating conditions (MoU
with Steve Kahn). This contribution will help EIC project in general.

—

Initial progress is usuaIIy slow as we try to find old drawmgs and old files
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Evaluation of (a) 100 mm Insertion Dipoles
and (b) 80 mm Arc Quadrupoles for EIC

(to operate at higher field and higher temperature)

Questions to be addressed:
Can RHIC (250 GeV) magnets operate safely for EIC (275 GeV)?

What are the field margins and temperature margins?

(We addressed these questions last year for the RHIC 80 mm arc
dipoles with the help of ROXIE models which already existed)

» This MoU covers other RHIC magnets that will be used in EIC

This presentation summarizes the new ROXIE models & analysis for:
» Insertion dipoles with 100 mm coil id
» Arc quadrupoles with 80 mm coil id
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Superconducting Cables used in
RHIC 80 mm & 100 mm Magnets

Specifications Delivered

Table 2-2 . 30-Strand Cable Requirements

12000 o T T T T
Requirement Value
]
DIMENSIONAL AND MECHANICAL
Number of Wires in Cable 30
Cable Mid-Thickness (0.04590+0.00025 in.) 1.166=0.006 mm 10000 - )
Cable Width (0.383+0.001 in.) 9.73+0.03 mm
Cable Keystone Angle 1.24£0.1 deg g I H 1
Cable Lay Direction Left w
Cable Lay Pitch (2.9£0.2 in.) 74=5 mm 8000 .
Wire Twist Pitch in Cable (1.9£0.2 twists/in.) 0.75£0.08 twists/cm =00 |esescemssecceccmcsocecocscscccssccssscasssssnnaes
ELECTRICAL
Cable Minimum Critical Currentat 5.0 T. 4.2 K 7524 A @ [
Cable Maximum R (295 K) 0.00268 Q/m 8000 it bucecdvuiluuuutiunalany,
Cable Minimum RRR 38 10 30 50 70 90 110 130
CabelD
Cable used (8475 A on average) was Figure 6. Cable short sample 1, (5T, 4.2 K) results. The mean

value is 8475 A, std. dev. = +163 A (1.9%). The dashed line

| ~10% better than specified (7524 A) h the specificaion minimuan.
» Useful help for EIC '
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RHIC 100 mm dipole

ELECTRICAL BUS SLOT

Coil ID 100 mm

Coi1l OD 120 mm oG

Number of turns per pole 40 Losomo | B
Magnetic length 3.6m | NG

Iron mner diameter 139.4 mm ) \ W8 TS
Iron outer diameter 310 mm wae B & g
Shell thickness 6.35 mm NN )

Operating temperature 46K | W evnisss
Design current 5.0 kA o
Design field 35T pyn—_— - e
Quench current 74 kA I \w ot

u
i \ e
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RHIC 100 mm dipole design

* The design of RHIC 100 mm insertion dipole is like
the RHIC 80 mm dipoles.

* 100 mm dipole has a bit higher transfer function and
lower peak field (both good), giving a bit higher
guench field (however, only a few percent) at about
the same quench current.

* However, 100 mm insertion dipoles did not go
through a large numbers of iterations as the 80 mm
arc dipoles did. In fact, the first prototype became the
spare and rest went into machine.

af ),
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Measured Quench Performance
of 100 mm Dipoles

Measurements m B
14 ; £=" £ gg_g ..:'::;
show that RHIC M Initial Quench Current | . >§fé§f
! T %U.E"C’Li'&‘:;g
100 mMmm dipoles 12 T m Maximum Quench Current | Nominal RHIC i: § Efiiuz‘j
Operating I RS PR
e o | £ 5 g g .QEJEB g
have sufficient g 07 Current RN e )
. = Y : g ifgie
“mechanical” g s ' INEE L 1l
. b | EIC(275 GeV) A - LF L
margln fOf EIC T B+ I/ 2 | ;ﬁgigfm
. o F grﬂ{;gg
operation at 2755 , | | sl
GeV (even though -
they required

U .
several quenches) 3, 4000 5000 6000 7000
Current (A)

Figure 42 Quench performance of 24 large aperture (100 mm) dipoles, tested at 4.5 K
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Comparison of 80 mm Vs 100 mm Dipoles

Measurements » _
show that RHIC M Initial Quench Current |
100 mm dipoles 12 T m Maximum Quench Currenti Ng:nr::guc 100 m m
have sufficient § "] o et
“mechanical” g 81 : 1 (275 GeV)
margin for EIC g o7 IA/
operation at 275 2 41 i
GeV (even though , |
80 mm they required o
3000 4000 5000 6000 7000

several quenches)

Current (A)
35 .
W Initial Quench Current Figure 42 Quench performance of 24 large aperture (100 mm) dipoles, tested at 4.5 K
30+ Nominal RHIC W Plateau Quench Current
O ti -
257 gfl?e::(g \ I
27 I EIC(275 GeV)

Number of Magnets

4000 5000 6000 7000
Current (A)

Figure 3 Quench performance of 51 arc dipoles, tested at 4.5 K. The average plateau quench
current of these 51 magnets was 7101 A; the field at this average quench current is
452 T.
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Field & Field Quality in RHIC 100 mm dipoles
I(A) & B(T) measured; peak fields computed

DRZ102 body  Bpk/Bo (desired: low integral harmonics at 5 kA)
RHIC 100 mm Dipole 1.129 12 — IntH2(5kA)
I(A) Bo(T)  Bpk(T)  TF(T/KA) 10+ |
51.08  0.04 0.04  0.749 5 Int-b4(5kA)
20111 015 = 017  0.744 — 87 | = 0= Bodyb2(2kaA)
401.22  0.30 0.34 0.745 E 6 ~ + — Body-b4(2A)
661.69  0.49 0.56 0.746 - 4
100L.60 075 084  0.746 n.'-":n —
1451.25  1.08 1.22 0.746 @ 2 o A P
2001.11  1.49 1.69 0.746 p- 0 I ==
2600.96  1.94 2.19 0.745 o 2 b 7
3000.74  2.23 2.52 0.743 o O-<~p~-" 7\
3600.41  2.65 2.99 0.736 4 N oy — A _ o
4000.38  2.91 3.29 0.728 6 - B
4600.12  3.28 3.71 0.714 8 : | |
5000.08  3.52 3.97 0.703
5599.99  3.85 4.35 0.687 100 102 104 106 108
59099.93 406 459  0.677 Magnet Sequence Number
6399.87  4.27 4.82 0.668 .
6599.91  4.38 4.9 0.663 Figure 3. Plot showing b, and b, by magnet.
6999.58  4.58 5.17 0.654

Field quality optlmlzatlon through the productlon
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:I —~ - 0 L L
Average Field errors ~10 (up to 80% of the coil radius)
Note: Geometric Field Errors on the X-axis of RHIC DRZ magnets (108-125)
80% of coil Coil X-section was not changed between 15t prototype and final production magnet
radius. not AFlexible & Experimental Design Approach Allowed Right Pre-stress & Right Harmonics
st 2 ’3 Estimated Integral Mean in Final Set
just 2/3. At Intermediatle Energy (Warm-cold correlation used in estimating)
0.0005 Harmonics at 3kA (mostly geometric)

At 80%, you 0'0004 Reference radius is 31 mm (Coil 50 mm)
are close to . b1 -0.28 al -0.03
) di 0.0003 b2 -0.26 a2 -3.36
Inner radius 0.0002 b3 -0.07 a3 0.03
of beam o 00001 b4 0.15 a4 0.48
tube. This “\; 00666 b5 0.00 a5 0.04

@ RN b6 0.32 a6 -0.24
means that T -0.0001 b7 0.00 a7 0.01
almost entire -0.000 b8 -0.08 a8 0.05

hvsical . b9 0.00 a9 0.00
phy yorta or off-a b10 0.12 a10 -0.02
aperture has ) — — b11 0.03 a11 -0.01
-0.0005 +—————— e b12 0.16 12 0.06
become a -80 -60 -40 -20 20 40 60 80 b13 0.03 :13 0.03
good field Percentage of Coil Radius b1a 0.10 214 0.02
aperture. *Raw Data Provided by Animesh Jain at BNL
*Field errors are 104[to 80% of the aperture at midplane.*
(Extrapol{ation used in going from 34 mm to 40 mm; reliability decreases)
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New Modelling and
Analysis with ROXIE
for evaluating the use

of RHIC Magnets in EIC

100 mm Dipole and 80 mm Arc Quad for EICE}



ROXIE Model of
RHIC 100 mm dipole

rhic 10 cm dipole for EIC 250 GeV:3.87 T, 5.0 K, 4.5 kA 21/03119 09:57

20 40 60 80 100 120 140 161

rhic 10 cm dipole for EIC 250 GeV: 3.87 T, 5.0 K, 4.5kA 21/03/19 09:57

ik,
e

0.

.003
ROXIE 102



Model Calculations
for RHIC 100 mm
Insertion Dipole at
RHIC Design Field
(250 GeV@3.5 T)




Summary of the ROXIE Model

MAIN FIELD (T):3.5

PEAK FIELD IN CONDUCTOR (T): 4.01
CURRENT IN CONDUCTOR (A): 5000
PERCENTAGE ON THE LOAD LINE :75.39
QUENCHFIELD (T): 5.3Z2

TEMPERATURE MARGIN TO QUENCH(K) :1.16
PERCENTAGE OF SHORT SAMPLE CURRENT: 60.3

|100 mm Dipole and 80 mm Arc Quad for EICRESCIVIo) & - YAy - !



Field in conductor at RHIC design field
@B,=3.5T PeakField=4T

Magnetic flux density (T)

rhic 10 cm dipole for EIC 250 GeV: 3.87 T, 5.0 K, 4.5 kA 21/03/19 09:57 % W
4,031 @ @ /
B| = P
3.611 NS :
- 4.031 3.401 i I‘.Il-'
— 3.190 1
- 3.611 2.980 |
— o 2.770
e 7 2860
2% 2.349
- 2.770 2
2.560 2139 | | 1 |
2.349 1.929 L L
o 10 20 30
2.139 e 1.719
1.929 1.508
1.719 oy
] 1.288
s " 1088
= 1.298 v 4 - :
o 1088 B 0.878 A i
— R o 0.667 %
. 0% i 0.457 - £
0.457 0.247 g '
- 0.037 . R
ROXIE 1 ROXIE 102 @ @
| 1 | 1 | &
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C O m p u te d rhic 10 cm dipole for EIC 250 GeV: 3.87 T, 5.0 K, 4.5 kA 21/03/19 09:57
Quench o
Margin -
in w0 |-
2 _—y
J.(A/mm*)

@B_=3.5T 3
| = 5.0 kA wo |-
T=45K -

o IIIIIIIIIIIIIIII[IIIIIlllllllllllllllllllll

0 1 2 3 4 § 8 7 8 @
B(T)

100 mm Dipole and 80 mm Arc Quad for EICERESCIV]o) ¢ R-Y0y X R



rhic 10 cm dipole for EIC 250 GeV:3.87 T, 5.0 K, 4.5 kA 21/03/19 09:57

Computed o
Quench e
Margin

in I(A)

@B, =3.5T
| =5.0 kA =
T=4.5K

1 2 3 4 5 8 7 8 )
B(T)

100 mm Dipole and 80 mm Arc Quad for EICERESCIV o)« RE:Yy X .V
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Computed Quench Temperature Margin

rhic 10 cm dipole for EIC 250 GeV:3.87 T, 5.0 K, 4.5 kA 21/03/19 09:57

4000

3500

Jsc(A/mm**2)[”
3000

@B_=3.5T
1=5.0 kA

1500

T=4.5K

1000

1 2 3 4 5 8 7 8 9 10

o, ~
80 mm Arc Quad for EICEE S CIVI Yoy X B k-




Computed Quench Field Margin

rhic 10 cm dipole for EIC 250 GeV: 3.87 T, 5.0 K, 4.5 kA 21/03/19 09:57

18
B(T) 18
14

12

@B =3.5T i
1=5.0 kA 8
T=45K :

234567893101112131415161718

Illlllll]IIIIIIIIIIIIIIIIIIIIIIIIIII

lllllllllllllIlllllllllllllllllll

1 2 3 4 5 8 7 8 9 10
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Model Calculations
for 100 mm Dipole at
EIC Design Field
(275 GeV@3.87 T)

Temperature 4.5 K




Summary of Calculations
for 275 GeV @4.5 K

MAIN FIELD (T) o« et eueee e e e e e e e ee e ee e eeae e -3.870249
BLOCK NUMBER. . .t v s e et e e e e e e ee e e ee e eeeeeens 20
PEAK FIELD IN CONDUCTOR 160 (T) evuvusrennnnnnn. 4.4517
CURRENT IN CONDUCTOR 160 (B) «uvunerennsnnennnnnnn. 5675.0000
LOWEST FIELD IN CONDUCTOR 158 (T) .uuurvnennnnnn.. 2.9332
SUPERCONDUCTOR CURRENT DENSITY (BA/MM2) ............. 1858.4451
COPPER CURRENT DENSITY (B/MM2) ....uiiunirrnennannnn. 829.6630
PERCENTAGE ON THE LOBD LINE . .'vununnrnnsnnennnnnnn. 54.6013
QUENCHETELD (T) & e vt e e te e teeeeeeeeeeeeeaaeenennnn, 5.2620
TEMPERATURE MARGIN TO QUENCH (K) vvueunrnnennnnnnn. 0.7386
PERCENTAGE OF SHORT SEMPLE CURRENT . ................ 73.5645

u
i \ e
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Field in conductor at EIC design field

rhic 10 cm dipole for EIC 275 GeV: 3.87 T, 4.5 K, 5.675 kA 21/0319 09:53

100 mm dipole _ ... '

@B,=3.87T —e
| =5.675 kA e

T=45K i

2.163
1.933
1.702
1.471
1.241
1.010
0.780
- 0.549
0.318
0.088

HOXIEIUE

ANEEER

100 mm Dipole and 80 mm Arc Quad for EICEESCIV o)« R:YoypX s
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Computed Quench Margin

rhic 10 cm dipole for EIC 275 GeV:3.87 T, 4.5 K, 5.675 kA 21/03/19 09:53

14000

100 mm dipole 18058

I(A)

@B _=3.87T -
| =5.675 kA

T=45K

IllIlllllllllll]lllllll]llll

0 1 2 3 4 5 8 7 8 @
B(T)

100 mm Dipole and 80 mm Arc Quad for EICEE S CIV o) = FR- Yoy X B X
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Computed Quench Temperature Margin

rhic 10 cm dipole for EIC 275 GeV: 3.87 T, 45 K, 5.675 kA 21/03/19 09:53

4000

100 mm dipole |
@B_=3.87T T
| =5.675 kA G,
T=4.5K =

18500 —

1000 —

100 mm Dlpole and 80 mm Arc Quad for q[e -R. Gupta,
B — 000 g



Computed Quench Field Margin

m L

100 mm dipole =
BT 18 —

@B, =3.87 T ]
| =5.675 kA f

T=45K ok

8 L 123456 788101112131413161718]

1 2 3 4 ] 8 7 8 g 10

100 mm Dlpole and 80 mm Arc Quad for Jq[e -R. Gupta, 4/7/21 - 25
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Model Calculations for 100mm

Insertion Dipole at EIC Design
Field (275 GeV@3.87 T)

Temperature: S K

100 mm Dipole and 80 mm Arc Quad for EICRE S CIV] o) - ¥y o RIS



Summary of Calculations
for 275 GeV @5 K

MAIN FIELD (T) & e e uneeeeeeee e e eeeeeeeeeeaaeennn -3.870249
BLOCK NUMBER . . ... it it et e et et eeascaeeaeeceeneeeas 20
PEAE FIELD IN CONDUCTOE 160 (T) .. uiroemeeenennas 4.4517
CUERRENT IN CONDUCTOR 160 (A) ...t eeeeeenneneas 5675.0000
LOWEST FIELD IN CONDUCTOR 158 (T) .u v ouemoecenennas 2.9332
SUPERCONDUCTOE CUERRENT DENSITY (A/MM2) .. ... unn... 158558.4451
COPPER CURERENT DENSITY (B/MMZ2) ...t e eeieeennnnn 829.6630
PERCENTAGE ON THE LOAD LINE ... .. i e e e e e e emmns 94,3118
QUENCHFEIELD (T) v i it it i e e e et et e e e e e ee e meameneneans 4.7202
TEMPERATURE MARGIN TO QUENCH (K) «vvuuvrnnnnnnnnnnn. 0.2386 <umm

PERCENTAGE OF SHORT SAMPLE CURRENT .......ccoeenonnn.. 69.6123

u
i \ e
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Field in conductor at EIC design field

rhic 10 cm dipole for EIC 275 GeV: 3.87 T, 45 K, 5.675 kA 21/03/19 09:53

B,=3.87T .,
B, =4.46T _.. '

4.008
3777
3.547
3.316
3.086
2.855
2.624
2.384
2.163
1.933
1.702
1.471
1.241
1.010
0.780
- 0.549
0.318
0.088

HOXIEIUE
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ay» 0 e



Computed Quench Margin

rhic 10 cm dipole for EIC 275 GeV: 3.87 T, 5.0 K, 5.675 kA 21/03/19 09:26

14000 —

100 mm dipole . —
@B_=3.87T ;

| = 5.675 kA :
T=5.0K

100 mm Dlpole and 80 mm Arc Quad for J[e -R. Gupta, 4/7/21 - 29
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Computed Quench Temperature Margin

rhic 10 cm dipole for EIC 275 GeV:3.87 T, 5.0 K, 5.675 kA 21/0319 09:26

4000

3500 —

100 mm dipole e
@B,=3.87T T
| = 5.675 kA el
T=5.0K Gl =

1500 —

\V § - S TK)
100 mm Dipole and 80 mm Arc Quad for EICEE S CIV o)« Ry ¥k a0 ler, : ;



Computed Quench Field Marain

100 mm dipole
@B_=3.87T

| =5.675 kA
T=5.0K

|100 mm Dipole and 80 mm Arc Quad for El
ay» 0 ao

rhic 10 cm dipole for EIC 275 GeV: 3.87 T, 5.0 K, 5,675 kA

B(T)

21/03/19 09:26

m —

18 —

123456789101112131415161

-R. Gupta, 4/7/21
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Evaluation of
RHIC 80 mm Arc Quadrupoles

for EIC
(higher gradient, higher temperature)

100 mm Dipole and 80 mm Arc Quad for EICEESCIV 1R Yu 0N R Y)
e —— 00 0 g



RHIC 80 mm ARC Quaderupole

(performance computed, field quality measured)

QRBOO5-0012 Magnetic Saturation

8

“B?” Series RHIC Arc Quadrupoles® i
(PAC 1993) o

P. Thompson,M. Anerella,G. Ganetis,M. Garber,A. Ghosh

A. Greene, R.Gupta,A. Jain,S.A. Kahn,G. Morgan,A. Morgillo
1. Muratore,A. Prodell,M. Rehak,W. Sampson,P. Wanderer,E. Willen

RHIC Project
Brookhaven National Laboratory, Upton, NY 11973 o

Transfer—measured

The RHIC magnet system -2

M. Anerella, J. Cottingham, J. Cozzolino, P. Dahl, Y. Elisman,
J. Escallier, H. Foelsche, G. Ganetis, M. Garber, A. Ghosh, C. Goodzeit, -4
A. Greene, R. Gupta, M. Harrison, J. Herrera, A. Jain, S. Kahn, E. Kelly,
E. Killian, M. Lindner, W. Louie, A. Marone, G. Morgan, A. Morgillo,
S. Mulhall, J. Muratore, S. Plate, A. Prodell, M. Rehak, E. Rohrer, W. Sampson, -8
J. Schmalzle, W. Schneider, R. Shutt, G. Sintchak, J. Skaritka, R. Thomas,
P. Thompson, P. Wanderer*, E. Willen

Tronsfer —Gouss/(cm—Amp)

Brookhaven National Laboratory, Upion, NY 11973, USA

b5 measured .-~

-8 c. -
Table 8 Selected parameters of the arc quadrupole magnet. -10 ‘E-S’mwmaéd 4
Parameter Value _12F..."."l....I,_.;,L_.;J.l....l..,.l....l....
- - 0 1000 2000 3000 4000 6000 7000 8000
Gradient (@ top energy (T/m) 71 Corrent (omps).
Current @ top energy (A) 4720
Gradient (@ quench (T/m) 107

Magnetic length (m) 1.11 RHIC: ZSOGEV, 71 T/m @~4.7kA

Cold mass length (m) 1.305 EIC: 275 GeV, 78.1 T/m @~5.2 kA
Inductance (mH) 2

-R. Gupta, 4/7/21 - 33



Quench Performance of RHIC 80 mm
Quadrupoles (measured in 91 magnets)

RHIC 80 mm arc g 50

quadrupoles
have a large
qguench and
“mechanical”
margin for EIC
275 GeV
operation

Number of Magn

7000

70
B Initial Quench Current
"Norminal RHIC B Plateau Quench Current
Operating :
~ Current ™ .
a0 + [
i | EIC (275 GeV)
30 T E /
20 + E I
10 - |
0 +—+—+—+—+—+—+ I ettt
5000 6000
Current (A)

8000

The RHIC magnet system

ampson,
omas,

eeeee

l:m‘-':l

J. Cozzoling
1§

lier, H. Foelsche, G. Gane

‘Brookhaven National Laboratory, Upton, NY 11973, USA

J. Muratore, S. Plate, A. Prodell, M. Rehak, E. Rohrer, W.
P. Thompson, P. Wanderer*, E. Willen

J. Schmalzle, W. Schneider, R. Shutt, G. Sintchak, J. Skaritka, R. T

Anerella, J. Cottingham,

. m B = =

M
J. Esca

S. Mulhal

Higher performance than the design due to a
better cable and good design and construction

. 34



ROXIE Model of RHIC 80 mm Quad (1)




ROXIE Model of RHIC 80 mm Quad (2)

rhic arc quad for EIC 250 GeV: 71 T/m, 4.5 K, 4.72 kA 21/03/19 10:1  rhic arc quad for EIC 250 GeV: 71 T/m, 45 K, 4.72 kA 21/03/1
|Btot| (T) |Btot]| (T)
2.361
2.361 [
= .
2.237 2.112
= =i
2.112 1.988
[ | [
1.988 1.864
B - L,
1.864 —
| 1.740 o 1615
= 1.615 1.491
[ 1' % 1.367
4 1.242
1.367 1.118
1.242 0.994
1.118 = 0.870
= 0.994 == 0.745
0.870 0.621
= ==
== 0.745 == 0.497
0.621 - 0.372
EE 0.248
0.497 =
= 0.124
0.372 |
= 0.
- 0.248
- 0.124 ROXIE 102
0.
ROXIE 102

100 mm Dipole and 80 mm Arc Quad fo q[e -R. Gupta, 4/7/21 - 36
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Computed quench field
and temperatures margins

for

RHIC 80 mm quadrupoles

100 mm Dipole and 80 mm Arc Quad for EICEESCIV o)« Yo yyX I Y/
ay» 0 e



RHIC 80 mm ARC Quaderupole

QRBO0O5-0012 Magnetic Saturation

B Initial Quench Current 6 b B
60 +

Nominal RHIC B Plateau Quench Current L i
27 Ogs::r;g\ o [ emsfermmeosured sz |- E
5 _ —Tronster—Calculated ; IE
s 407 °r - S
Y i ‘;‘\
N -2 -3 - @
8 30 S
E -4 | |
=3 ~
Z 20 + -
-6 — C
el
. -

10 + -8 b5 meosurﬁg - L

b5mlt_~'mb‘ié'a""
0 e . W
5000 6000 7000 8000 VR T AT T T P T T O
0 1000 2000 3000 4000 5000 6000 7000 8000
Current (A) Current {omps)

An oversight realized this morning:

* Program assumes a linear transfer function in quench field calculations

* Since there is a significant change in transfer function due to iron saturation
between the design field to quench field (thanks to a very large margin and a
significant contribution from iron), some of the calculations may be off

* The calculation will be performed again which will minimize this extrapolation

As such the 80 mm quad is of the least concern because of the most margin ...

\\W' X e
100 mm Dlpole and 80 mm Arc Quad for EICHS Gupta, 4/7/21 - 38 Etlectron lon Collider.— eRRI(
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Field in conductor at RHIC design gradient
@Gradient=71T/m Peak Field=3.4T

rhic arc quad for EIC 250 GeV: 71 T/m, 45 K, 4.72 kKA 21/03/19  rhic arc quad for EIC 250 GeV: 71 T/m, 4.5 K, 4.72 kA 21/03/19

Magnetic flux density (T
Bl (T) ag ty (T)

3.415

= 3.2a0 3.415
1,064 3.240
- 2o
— I 2.889
] 2.538 2.714
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Computed Quench Margin

rhic arc quad for EIC 250 GeV: 71 T/im, 45 K, 4.72 kA 21/0319 10:11
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Computed Quench Field Margin

rhic arc quad for EIC 250 GeV: 71 T/im, 4.5 K, 4.72 kA 21/03/19 10:11
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Computed Quench Temperature Margin

rhic arc quad for EIC 250 GeV: 71 T/im, 45 K, 4.72 KA 21/03/19 10:11

4000

3500 —

Gradient o |-
=71 T/m
| =4.72 kA
T=45K

. & 3 m e
C3 — kO L P LR O

2500 —

2000 —

—x Gl = LN O~ DO WD

1500 —

1000 —

100 mm Dlpole and 80 mm Arc Quad for J[e -R. Gupta, 4/7/21 - 42
B — 000 g



Summary of Calculations
for 250 GeV @4.5 K

MAGNET STEENGTH (T/(m"(n-1)) ..o i e e -71.0053
BLOCK NUMBER .....i st eennnsnacesnsasssssnanssnnesas 2
PEAK FIELD IN CONDUCTOR 16 (T) oo e e e e e e e 3.4144
CURRENT IN CONDUCTOR 16 (A) ..o i e e eee e enn s 47200000
LOWEST FIELD IN CONDUCTOR 11 (T) ee e e e e e e e e e e e 1.425¢6
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ............. 1545.7023
COPPER CURRENT DENSITY (B/MM2) .. ...t ieeaennnn- c90.0457
PERCENTAGE ON THE LOAD LINE ... ... i e i e e a 67.69259
QUENCHETELD (T) & i s i e et et e e e e mmememammamnaane e 5.0440
TEMPERATURE MARGIN TO QUENCH (K} ... e enn 1.45%06
PEECENTAGE OF SHORT SAMPLE CUREENT ......ccovounon.... 51.60622
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Model Calculations
at EIC Design Field
(275 GeV@3.81 T)

Temperature: 4.5 K




Field in conductor at RHIC design gradient
@Gradient=78.1T/m Peak Field=3.4T

rhic arc quad for EIC 275 GeV: 78.1 T/m, 4.5 K, 5.22 kA 21/03/19 - rhic arc quad for EIC 275 GeV: 78.1 T/m, 4.5 K, 5.22 kA 21/03/119
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Summary of Calculations
for 275 GeV @4.5 K

MAGNET STRENGTH (T/(m~(n-1)) .. e i eieeannnn -78.1545
BLOCK NUMBEER ..ttt i ittt e i e it e st s e s s m s nsmnnnnos 2
PEAK FIELD IN CONDUCTOR T 0 3.7571
CURRENT IN CONDUCTOR 16 (A) . e e e ememamannn 5220.0000
LOWEST FIELD IN CONDUCTOR 11 (T) v e e e e e e e e e e e e 1.56822
SUPERCONDUCTOR CUREENT DENSITY (A/MM2) ............. 1705.4420
COPPER CURRENT DENSITY (B/MM2) ... .o eieaenannns 763.1437
PERCENTAGE ON THE LOAD LINE ... ..t i it s e amennna 74.6873
QUENCHETELD (T) v v e v i e e e e s mmmmmmm e emnasnsen oo 5.0305
TEMPERATURE MARGIN TO QUENCH (K) ... oo e eenn 1.1821_
PERCENTAGE OF SHORT SAMPLE CURRENT ......ccicecuunnn o0.358599
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Field in conductor at EIC design field

rhic arc quad for EIC 275 GeV: 78.1 T/m, 4.5 K, 5.22 kA 21/03/19 10:06
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Computed Temperature Margin

rhic arc quad for EIC 275 GeV: 78.1 T/m, 4.5 K, 522 kA 21/03/19 10:06
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Computed Qu

rhic arc quad for EIC 275 GeV: 78.1 T/m, 4.5 K, 522 kA

12000

I(A)

Gradient -
=78.1T/m o
| =5.2 kA
T=4.5K

ench Margin

21/03/19 10:06

0 1 2 3 4 ] 6 7 8

100 mm Dipole and 80 mm Arc Quad fo EIC
ay» 0 e

B(T)

-R. Gupta, 4/7/21 - 49



Computed Quench Field Margin

rhic arc quad for EIC 275 GeV: 78.1 T/m, 4.5 K, 5.22 kA 21/03/19 10:06
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Model Calculations
at EIC Design Field
(275 GeV@3.81 T)

Temperature: 5 K




Summary of Calculations
for 275 GeV @5 K

L L -3.841283
BLOCE NUMBER . ... s it ittt ittt e st e mssessnannannsnnsa 2
PEAK FIELD IN CONDUCTOR 1 3.7571
CURRENT IN CONDUCTOR 16 (A) .o neenennnnnnnnnas 5220.0000
LOWEST FIELD IN CONDUCTOR O 1 1.5822
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ............. 1709.4420
COPPER CURRENT DENSITY (BA/MMZ2) .. ..o ieaennnnn 763.1437
PERCENTAGE ON THE LOAD LINE ... .o i e e e e e ewens £63.3229
QUENCHETIELD (T) v is s s sssssnnsannssncenssnssnsnnsss 4.5081
TEMPERATURE MARGIN TC QUENCH (E) ... ineinennnan D.EBEI-
PEERCENTAGE OF SHORT SAMPLE CUERRENT .......¢c.uuouona.. T72.6244
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Computed Quench Margin

rhic arc quad for EIC 275 GeV: 78.1 T/m, 5.0 K, 5.22 kA 21/03/19 09:15
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Computed Temperature Margin

rhic arc quad for EIC 275 GeV: 78.1 T/im, 5.0 K, 522 kA 21/0319 09:15
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Computed Quench Field Margin

rhic arc quad for EIC 275 GeV: 78.1 T/m, 5.0 K, 5.22 kA 21/03/19 09:15
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Summary

* Initial evaluation of RHIC 100 mm insertion dipoles and
RHIC 80 mm arc quadrupoles made for operating them with
more demanding parameters as need for EIC design.

* In addition to higher fields (or field gradients), the impact
of higher temperature on superconducting coils is of
significant interest. This impact has been evaluated.

« Arc quadrupole are the most reliable magnets with the
highest margin in any cable magnets.

 Situation is worse for insertion region magnets where the
margins are lower, and performance is not so robust due to
limited R&D performed during the RHIC magnet program.

\ﬁ M(\\ .M_\M;, N . .
100 mm Dipole and 80 mm Arc Quad for EICHR:S Gupta, 4/7/21 - 56 Electron lom Collider.— eRHIC
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