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Evaluation of RHIC Arc Dipole (80 mm) for EIC
(higher energy and higher temperature)

Basic questions:

Can RHIC magnets operate safely at 275 GeV at elevated temperature?

What is the temperature margin?

How is the field quality (on-axis and off-axis)

The following is an initial evaluation of RHIC 80 mm aperture dipoles.
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Magnet stability (from Silvia Verdu Andrés)

* Which is the preferred margin for stable operation (no
guench)?

« Does the margin depend on the magnet topology?

« What is the maximum current (or field) for which the RHIC
magnets were trained?

* Do we need to train the RHIC magnets to provide the field
values required for EIC?

« How close can training bring the magnets to the simulated
guench temperature?

 Training involves making the magnet quench. There are two
pathways to quench: increase temperature (e.g. by applying
dynamic heat load) or increasing current through coils. Which
method can be used to train the magnets and is there any
limitation? (Note magnets will remain in the RHIC tunnel.)
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RHIC 80 mm ARC Dipole

(performance computed, field quality measured)

Table I
Basic design parameters of RHIC arc dipoles

Coil inner. outer radius 40 mm, 50 mm o B
Yoke inner. outer radius 59.7 mm. 133.4 mm o
Field. current at injection 040 T, 0.57 kA I
Maximum design field. current 346 T.5.09 kA 2 3 4 5 6 7
Computed quench at 4.5° K 8.25kA Current (kA)
Magnetic length at 3.46 Tesla )44 m up amp (and 20 econd i) i RHIC ae dpoles

R. Gupta, et al., Field Quality Control Through the Production Phase of RHIC Arc Dipoles,
Proceedings of the 1995 International Particle Accelerator Conference, Dallas, Texas (1995).
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https://www.bnl.gov/magnets/staff/gupta/Publications/pac95/faq16.pdf

Temperature Margin at
different fields

» Specific evaluation with ROXIE models (today)

A broader evaluation with the basic properties of the
superconductor used in various RHIC magnets (next
presentations)

* These calculations assume perfect magnets and
ignore training quenches, etc. (this could be a
significant issue for insertion magnets unless field or
field gradient reduced)

 Desired higher requirements for sextupole
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ROXIE Model
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Model Calculations
at RHIC Design Field
(250 GeV@3.46 T)
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Validation of the ROXIE Model

Values from the reference paper:

Maximum design field. current 346 T, 5.09 kKA

Computed quench at 4.5° K 825 KkA

N\
MAIN FIELD (T) :3.46 ;}od ﬁ\e“‘

(e€
PEAK FIELD IN CONDUCTOR (T): 4.03 hef

CURRENT IN CONDUCTOR (A&): 5090 327 kA
PERCENTAGE ON THE LOAD LINE :76.17

QUENCHFIELD (T): 5.28 I
D

TEMPERATURE MARGIN TO QUENCH(K) :1.12
PERCENTAGE OF SHORT SAMPLE CURRENT ol.

-R. Gupta, 9/17/20 8



Field in conductor at RHIC design field
@B_=3.46T

Bl (T)
. ;.:i: Magnetic flux density (T)
| 3.604
[ 3.394
- 3.184
= 2.974 4.024
] 2,764 3.814
2.554 3.604
2.344 3.394
g
2.974
[ [yh 2.764
- 1.293 2.554
= 1.083 2.344
— 0.573 2134
| 0.663 1.924
| g-:i: 1.713
L n:usa 1503
1.293
ROXIE 102 1.083
0.873
| | 0.663
i 0.453
0 10 20 30 40 50 ) 0.243
0.033
ROXIE 102
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Computed Quench Margin

rhic arc dipole 20/09/14 10:51

@B_=3.46 T
| =5.09 kA
T=4.5K o

I(A) 10000

L S 1 2 3 4 5 6 8 8
1\‘"’ “))))‘ ~ E[T-,'I
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Computed Quench Temperature Margin

rhic arc dipole 2000914 10:51

@Bo=3.46 T Jsc(A/mm**2)]
| =5.09 kA
T=45K
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Computed Quench Field Margin

18 —

BT) 16

@B_=3.46 T
| =5.09 kA f

T=45K . \

14 —
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Model Calculations
at EIC Design Field
(275 GeV@3.81 T)

Temperature: 4.5 K




Summary of Calculations
for 275 GeV @4.5 K

MATN FIELD (T) 4 e i it e it e et et e ms e sesmssanenssnesesns -3.841283
BLOCK NUMBER . . ittt it i ittt sttt s s ssnssssssnsessssnsens 16
PEAK FIELD IN CONDUCTOR 128 (T) e i i e seeenenns 4.4723
CURRENT IN CONDUCTOR 128 (A) o« i it i et e e eanannenas —5600.0000
LOWEST FIELD IN CONDUCTOR 125 (T) .o ieuimioenennenn. 2.6075
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ... ueeeenennn —1833.8841
COPPER CURRENT DENSITY (A/MM2) .. iiieeennrnsnannnnas -818.6983
PERCENTAGE ON THE LOAD LINE ....¢cieui i ennnnnnsanns 84.2163
QUENCHETIELD (T) « v v i e it ettt e e tsessssseanssnnsneens 5.3105
TEMPERATURE MARGIN TO QUENCH (K) ... iiiiininnnennn. 6.75?4-
PERCENTAGE OF SHORT SAMPLE CURRENT .........c.c.0c0..... 72.8420

oy,
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Field in conductor at EIC design field

|BI (T)

4.472
4.239
4.007
3.775
3.542
3.310
3.077
2.845
2613
2.380
2.148
1.915
1.683
1.451
1.218
0.986
0.753
0.521
0.289
0.056

ROXIE 102

@B =3.8T
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Computed Quench Margin

riic arc dipole 3.8 T, 4.5 K 2000916 17:23

14000

@B_=3.8T e
1=5.6 kA o

T=45K

0 1 2 3 4 5 6 7 8 8
B(T)
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Computed Quench Temperature Margin

riic arc dipole 3.8 T, 4.5 K 2000916 17:23

@B _=3.8T .

| =5.6 kA _
T=45K l

1500 —

1000 —

(] II|IIII|IIII|IIII|IIII|IIII|IIII|I 1 1 Y A I

1 2 3 4 5 6 7 8 8 10
T(K)
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Computed Quench Field Margin

rhic arc dipole 3.8 T, 4.5 K 20/00/16 17:23
m |
18 :—
@B =3.8T _
BT 16
| = 5.6 kA “E

T=4.5K al
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Model Calculations
at EIC Design Field
(275 GeV@3.81 T)

Temperature: o K




Summary of Calculations
for 275 GeV @5 K

MATN FIELD (T) & ettt it et a s s ms e ssssssenssnssnnnnenss -3.841283
BLOCK NUMBER . . ittt ittt ittt s s s s s snsasnsnsnsssnsnssas 16
PEAK FIELD IN CONDUCTOR 128 (T) & uiieiiineeeeeeennn 4.4723
CURRENT IN CONDUCTOR 128 (A) ot i ittt e ee s eenanneas —5600.0000
LOWEST FIELD IN CONDUCTOR 125 (T) . cvieuinoenennnnn 2.6075
SUPERCONDUCTOR CURRENT DENSITY (A/MM2) ...iuieeeennn —1833.8841
COPPER CURRENT DENSITY (A/MM2) .. it ieteeennoannanas —818.6983
PERCENTAGE ON THE LOAD LINE ....v i s nnnnnsanss 93.8675
QUENCHETIELD (T) & v ie it ettt e e e ensseseanssannnneeas 4.7645
TEMPERATURE MARGIN TO QUENCH (K) ... e ieinennnnnnnn 0.25?4_
PERCENTAGE OF SHORT SAMPLE CURRENT .........c..0.0..... 88.7707
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Field in conductor at EIC design field

|BI (T)

4.472
4.239
4.007
3.775
3.542
3.310
3.077
2.845
2613
2.380
2.148
1.915
1.683
1.451
1.218
0.986
0.753
0.521
0.289
0.056

ROXIE 102

@B =3.8T
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Computed Quench Margin

rhic arc dipole for EIC: 3.8 T, 5.0 K, 5.6 KA 2000917 16:54

14000

@B =3.8T -

I(A)

| = 5.6 kA - |
T=5K

0 1 2 3 4 5 b 7 B 8

B(T)
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Computed Quench Temperature Margin

rhic arc dipole for EIC: 3.8 T, 5.0 K, 5.6 KA 2000917 16:54

@Bo=3'8 T Jsc(A/mm**2)
| =5.6 kA =l
T=5K =T

1500 —

1000 —

1 2 3 4 5 b T B 8 10
T(K)
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Computed Quench Field Margin

rhic arc dipole for EIC: 3.8 T, 5.0 K, 5.6 kA 20/09/17 16:54
m -
18
@B_=3.8T x
BT) 16
| = 5.6 kA "
T=5K s
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Summary

e Initial evaluation of RHIC 80 mm arc dipole made
for operating it at 3.8 T for 275 GeV proton.

 In addition to higher field, the impact of higher
temperature on superconducting coils is of
significant interest. Impact is evaluated.

* Beside arc quadrupole, arc dipole is the most
reliable magnet in the RHIC lattice. Situation may
be worse for other magnets for the same lattice.

* Initial evaluation point to difficult decisions ahead
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