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BEROOKHFAEN . .
NATIONAL LARBORATORY Overlv|ew of fhe Pr'esen"'a'rlon

Superconducting
Magnet Division

Our Initiatives for future machines:

* A new magnet design for VLHC
— with a possible application to a future RHIC upgrade

» Alternate designs for muon collider and storage ring magnets
* A cost effective magnet R& D program for developing
INnnovative concepts and technologies in a systematic way

Not elaborated in thistalk : Magnet work based on matured technologies
(where most of our resources go)

######
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BROOKHIAEN &= &=
NATIONAL LARORATORY f/%;&;;‘ VLHC f/%;&éﬁ‘
Supercon_dgqtlng \-—c Very Large Hadron Collider \-—c
Magnet Division_______—===——m - - e -

Magnet Technology Workshop

’/ﬂgﬂﬁ Large Hadron Collider Port Jefferson, NY . Dec. 16-18, 1998

‘k\':'-.z__;y Steering Commitee for a Futire Very Large Hadron Collider
‘\T/ p-p collider: 50 Tev + 50 TeV

'Epésmﬂ Statement

The steering committes for a fulure very large hadron colider coordinates efforts in the United States to
achieva a suparconducting proton-proten collider with approdrmatedy 100 Ted' cm and aporasdrmatshy 10
err?zec! luminosity

Thechargefrom VLHC Steering Committee:

M agnet Technology Working Group
.. explore and devel op innovative concepts P. Wanderer (BNL), Organizer,

that will result in significant cost reductions. Foster (FNAL) , R. Scanlan (LBL)
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o ottt VLHC: The Challenge is the Cost

Superconducting
Magnet Division

VLHC can be built with the present technology.
But the cost may be too high.

To change the cost substantially, we have to do things differently.

» Superconducting dipoles are the cost and technology driver and require a
large lead time for magnet R&D.

 Their cost issignificant (~1/4 of the total machine cost).

e Ciritically examine all mgor components and sub-systems. See if some of
them can be eliminated. Alternate “magnet system design” can be spring-
board for bringing additional savings in the overall machine cost.

AL Y
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NATIONAL LABORATORY

Present Magnet Design

Superconducting

and Technology

Magnet Division
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Figure 4.9: The Tevatron ‘warm-iron’ dipole (Tollestrup 1979).
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e All magnets use Nb-Ti
Superconductor

o All designsuse cosine
theta coil geometry

* Thetechnology has
been in use for
decades.

 Thecostisunlikely to
reduce significantly.

RHIC magnet production sets new standar ds based on cost and perfor mance




BROOKHRWEN | High Temperature Superconductors (HTS)

NATIONAL LABORATORY
Superconducting in Accelerator Magnets
Magnet Division

 HTSIin accelerator magnets. An exciting possibility, BNL
IS leading thisinitiative
e Applications: vihc & muon colliders/storage rings

 May alow higher fields, higher operating temperature,
higher heat |oads and less stringent operating conditions

 However, the conventional magnet designs are not well
suited for them (HTSis too brittle for them)

I | 5
s ity
End of a conventional magnet T e e
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HELIUM
CONTAINMENT
SHELL

COLLARS

BUS
WORK

Common Coil Design

(The Basic Concept)

R
%
IRON YOKE ‘/

Simple 2-d geometry with large
bend radius (no complex 3-d ends)

Conductor friendly (suitable for
brittle materials - most are - Nb,;Sn,
HTStapesand HTS cables)

Compact (compared to single
aperture LBL’s D20 magnet, half
theyoke size for two apertures)

Block design (for large Lorentz
forces at high fields)

Efficient and methodical R& D due
to simple & modular design

Minimum requirementson big
expensive tooling and labor

L ower cost magnets expected
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Hﬂﬁﬂﬂ'fgﬁ‘i% Field Lines at 15 T in a
Superconducting Common Coil Magnet Design

Magnet Division

UNITS
Length . mm
Flux density T
Fiald strangth - A m™
Potential ‘Wb m’
Conductivity S m"
Source dansity: A mm™
Fowar W
Force ‘M
Energy J
Mass kg

Aperture #1

PRCELEM DATA
AGHALF1QUAD1.ST:1
Cuadratic alamants
XY symmetry
Vector potantial
Magnetic fields
Static solution
Scale factor= 1.0
28854 elements
78199 nodes

45 regions

Aperture #2

Place of
Mmaximum 1ron Component: (MU-1}MU+1) [ B/Feb/a7 08:56:34 Page 20 |
saturation AL A ol W OPERA-2d

Pre and Posl-Processor 1.6
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BROOKHRVEN Earlier Designs:
Double Dipole, Danby, BNL (1983)

Superconducting
Magnet Division

DOUBLE DIPOLE (1° BORE) A good idea never dies; it getsre-
B:0-7T (4.3°K) (NbTD) Invented in one or other form.

B:=10T 1.8°K or Nb,Sn .
Danby: A person ahead of histime.

STANDARD END
(SADDLE)

Common coil design issimilar to
double dipole design, except that at
no place cable bendsin atight radius.
A “conductor friendly” geometry is

6.5"

(16.5 cm)
"~ pace T cas important since al high field
w superconductors (HTS, Nb,Sn, etc.)
are brittle.
N
~wEei . =% Otherfeatures of common coil
Fig. 3 High—field double dipcjl:s_design with two coil return options. da gn: mOdul arity’ and eaw_to_
| fabricate structure, etc.
;llll B
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BROOKHRVEN :
NATIONAL LABORATORY How Does a Common Coil Magnet Look?

Superconducting
Magnet Division

R& D Magnet Design A ~15T Field Quality Magnetic Design

Insert RHIC: 35T
Modules| | coil 66T
7.\ _ 7 LHC 84T
. (forces go as B2)
15T isbased on
\§ the best available
@\ & Nb,Sn conductor

Inter nal available today:
Collar Modulg | Support 3 = 2200 A/mn?2
Module c
(12T,4.3K).
Goal: J_= 3000
A/mm?:

e 10§
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NATIONAL LABORATORY

Superconducting

Field Quality in a 15 T Common Coil Design

Magnet Division
. . . 4 Curent dependence in the units of 10* |
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BROOKHMAVEN. | A Common Coil Magnet System for VLHC
Superconducting May eliminate the need of a High Energy Booster (HEB)

Magnet Division

Inject hereat low field and -
YImml 4000 _ ) . '
= accelerateto medium field |5

Super conductor

A 4-in-1
magnet for
az2-in-1

machine

Transfer here at medium field
and accelerateto high field

T ——— |ron yoke
‘ Conductor dominated aperture et
J4”|l Good at high field (1.5-15T)
lron domlnated aperture o
Good at low field (O 1-1.5T) §

K " ximm
Compact size

-200 0
~ High Field Aperture

Address AP issues. Compare notes with
the studies on the Low Field Option.

o0 T \ , 30| 2 50 60
wesa TIME \ | o Field Aperture

I 01 el
g
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ORODKNAWEN, | Possibility of Removing the Second Largest

Superconducting Machine (HEB) from the vihc complex

Magnet Division

Beam
Backstop

Beam Injection
and Scrapers

0 100 200. 300 400 500
Time (sec)

Interaction
Backstop y oI Figure 4.1.2.4-1. The suggested slow, alternating ramp scenario of the HEB.

Points

0y R W ot et e - In the proposed system, the High Energy
I Pims | Deenneeded. | /g Booster (HEB) - the entire machine complex -
" will not be needed. Significant saving in the
cost of construction and operation.
== | « Many consider that HEB, in some ways was
Fleure 41114 Sehemai layout o SSC. quite challenging machine: superconductor
(2.5 u instead of 6 u filaments), bipolar
magnets, etc.
.g',', &
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MATIONAL LABORATORY Superconducting Super Collider
Cost Estimate Summary

Superconducting

Magnet Division Project Component Costsin$M
1.1 Accelerator Systems 1322
1.1.1 Management and Support 37
. . 1.1.2 Llnac 45
SSC: 20+20 TeV,; 113 LE 52
1.1.4 MB . . 137
. 1.1.5 HEB 190
VLHC: 50+50 TeV 1.1.6 Collider 777
1.1.7 Test Beams 14
1.1.8 Global Systems 70

1.2 Magnet Systems 2326

M

(1990 Estimatesin US$) 1’22 MEB Magnet Procucton 209
1.2.
1.2

3 Collider Magnet Production 2037

4 SSCL Test Facilities 47
2.0 Conventional construction ' 1285
2.1 Accelerator Facilities 777
2.2 Experimental Areas ' 155
2.3 Site and Infrastructure 135
. 2.4 Campus 67
ThlS table haS been USEd to 2.5 Design & Construction Mgmt. 151
Obta”'] rough estimates in 1990 3.0 Project Management & Support 59
USS in deriving cost savings Contingency —921
from various proposals Construction Project Subtotal 5913
4.0 R&D and Pre-Operations 1082
5.0 Experimental Systems 842
R&D; Pre-Operations and Expt'! Systems Subtotal 1942
Total Project Costs 7837
[ 1 |
'r“ ] |£"'
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NN ARORATONy Common Coil Magnet System

Superconducting

Sperconductin (Estimated cost savings by eliminating HEB)

SSC: 20+20 TeV; Cost Distribution of Major Systems
VLHC: 50+50 TeV (Reference SSC Cost: 1990 US $7,837 million)

Based on 1990 cost in US$

2 TeV HEB Cost in SSC (derived):
$700-800 million

Other Accl.
& Facilities
23.3%

Main
Collider
56.7%

Estimated for 5 TeV (5-50 TeV vlhc): Experi-

~$1,500 million (in 1990 USY) ments
10.7%

N\

A part of this saving (say ~20-30%) may be HEB

used towards two extra apertures, etc. in

. ) : . 9.3%
main tunnel. Estimated savings ~ $1 billion.
Cost savings in equivalent 20xx $? (Derived based on certain assumptions)
i‘q,llll y
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NATIONAL LABORATORY

Superconducting
Magnet Division

Persistent Current-induced Harmonics
(may be a problem in Nb;Sn magnets, if done nothing)

Nb,;Sn superconductor, with the technology under use now, is expected to generate persistent current-
Induced harmonics which are a factor of 10-100 wor se than those measured in Nb-Ti magnets.

In addition, a snap-back problem is observed when the acceleration starts (ramp-up) after injection at

steady state (constant field).

M easured sextupole harmonic
in aNb-Ti magnet

M easured sextupole harmonic
in a Nb3Sn magnet

"4 b, va. CURRENT 0 |
T T T L] v -7 1 T T T T [ § .
X . " j 9 L B L ‘
; ¢ Somm dipole 5 D20, Somm
x . .
2 x " DC"}O? - J— <~ o o . D’FNQ
R o~ - - -t T S0R0000000000g —
£ & %(::\do - E TR ' 5 Wosld RQCon
g ‘& ’ 9 g Q¥ g x T %. * . ,-"" ) '\l'o"... ) AO 'J% . ’3!
E s qo9® L LLELYLELEY SPY PEy w5 % (® €700
b o o . oo} -~
3 -] . . |
;‘i S ’&x/ . . <] //
o \/) & 'A? : o st
—2 B " . w—
— x N h- T . ] | | |
[ o - ’ T 0 100 2000 3000 w0 o s
[ ° g 7 ' Current 1(A)
: l . | l T (?Fw 6.. Measured sextupole at low field .
- - s . a - 1 1 1 1 1 \4
40 N 2000 4000 . 5000 T Sn ap b aCk irection of arrow 1xj1d|’ca(es up or d'o'wn cu'rr.en/ |
* CURRENT (Amps) ~6 S . T . N

The iron dominated aperture in a common coil magnet system overcomes
“*+  the major problem associated with magnets using Nb3Sn superconductor.
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DT OHHOUEN | Advantages of Common Coil Magnet System

Superconducting with 4 Apertures (2-in-1 Accelerator)
Magnet Division

: As compared to single aperture D20,

~150 instead of usual 8-20. 4 apertures in less than half the yoke.

May eliminate the need of the second

largest ring. Sgnificant savinginthe  * Possible Reduction in

cost of VLHC accelerator complex. High Field Aperture
_ _ Beam istransferred, not injected
e Good Field Quality - no wait, no snap-back.
(throughout) Minimum field seen by high field

apertureis~1.5T and not ~0.5T.
Low Field: Iron Dominated

High Field: Conductor Dominated. The basic machine criteria are changed!

Can high field aperture be reduced?

Good field quality frominjection to Reduction in high field aperture =>
highest field with a single power supply.  reduction in conductor & magnet cost.

#####
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BROOKHFAEN

NATIONAL LAHORATORY

Magnet Aperture: MT and AP Issues

Superconducting
Magnet Division

Main magnet aperture has an appreciable impact on the machine cost. The minimum
requirements are governed by the following two issues:

M agnet Technology | ssues

The conventional cosine theta magnets are hard to build below certain aperture as the bend
radius and the end geometry would limit the magnet performance. In the common coil design,
the magnet aperture and magnet ends are completely de-coupled. The situation is even better
than that in the conventional block designs as not only that the ends are 2-d but the bend radius
Is much larger, asit is determined by the spacing between the two apertures rather than the
aperture itself. This means that the magnet technology will not limit the dipole aperture.

Accelerator Physics | ssues

The proposed common coil system should have afavorable impact. The aperture is generally
decided by the injection conditions. In the proposed system, the beam is transferred (not
injected) in asingle turn, on the fly, and the transfer takes place at a higher field. The magnets
continue to ramp-up during beam transfer and thus the “ snap-back” problem is bypassed. There
Isasgignificant difference at the injection from the conventional injection case. This and other

= THn &
d Ramesh Gupta, BNL AP Seminar, March 23, 2000



BROOKHAVEN | A Combined Function Common Coil
Superconducting Magnet System for Lower Cost VLHC

Magnet Division

In a conventional superconducting magnet design, the right side of the coil return on the left
side. In acommon coil magnet, coil from one aperture return to the other aperture instead.

High Ener gy Booster
* A combined magnet design is [
possible as the coils on the right
and left sides are different. 2000

» Therefore, combined function
magnets are possible for both - ! > Main Rin
low and high field apertures, | g
« Note: Only the layouts of the -
higher energy and lower energy i)
machines are same. The
“Lattice” of the two rings could s .
A 4-in-1
magnet for
e az-in-1
machine

F I | F]
LA
19149 Ramesh Gupta, BNL AP Seminar, March 23, 2000



BROOKHAUEN | A Combined Function Magnet Option
Superconducting (Estimated cost savings for VLHC)

Magnet Division

Collider Ring Magnet Cost Distribution Total:

SSC Project Cost Distribution

- Other Magnets
(Reference SSC Cost: 1990 US $7,837 million)

8% $2,037 million

Main
Quadrupoles
10%

Experimental
Systems
11%

AP Challenge:

Retaining the
benefits of the
Synchrotron
Damping in
theHigh Field
Magnet vihc
option.

Accelerator
Systems
17%

R&D and Pre-
Operations
14%

Magnet Systems
29%

Main Dipoles
82%

Contingency
12%

ntional

Construction

Project Mgmt. &

Su;)(iort 16%
SSC (20 TeV) Main Quads: ~$200 million; VLHC (50 TeV)
Main Quads: ~$400 million (x2 not 2.5).
Additional savings from tunnel, interconnect, etc.
Estimated potential savings: ~$0.3-0.5 hillion (1990 US$).
iﬁ'llll i 20/49 Cost S(lVith in equivalen‘r 20xx $7 Ramesh Gupta, BNL AP Seminar, March 23, 2000




NNTTONAT ABCRA Ty A Possible Low-cost
Superconducting Magnet Manufacturing Process

Magnet Division

Reduce steps and bring more
automation in magnet manufacturing

Current procedure: make cable from
Nb-Ti wires=> insulate cable => wind
coilsfrom cable => cure coils=> make
collared coil assembly

Possible procedure: Cabling to call
module, all in one automated step -
Insulate the cable as it comes out of
cabling machine and wind it directly
on to a bobbin (module)

Ramesh Gupta, BNL AP Seminar, March 23, 2000



BROOKHRVEN Recap on Cost Saving
Superconducting Possibilities in VLHC

Magnet Division

A multi-pronged approach:

* Lower cost magnets expected from a simpler geometry.
* Possihilities of applying new construction techniques in reducing magnet manufacturing costs.

* Possihilities of reducing aperture due to more favorable injection scenario in the proposed
common coil magnet system design.

* Possibility of removing the high energy booster (the second largest machine) in the proposed
system.

* Possibility of removing main quadrupoles (the second most expansive magnet order) in the
proposed combined function magnet design.

Need to examine the viability of these proposals further; need to continue
the process of exploring more new ideas and re-examine old ones (they may
be attractive now due to advances in technology, etc.); need to keep focus
on the bigger picture...

VLHC cost reduction may also come from other advances. cheaper tunneling,

development in superconductor technol ogy, etc.
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RN Performance of the First magnet
Superconducting Based on the Common Coil Design

Magnet Division

The first common coil magnet
was built and tested at LBL

-

| \
FErererr ‘m

A 6 T magnet using
low grade (free) Nb,Sn

——, RD2

\\\\\\\\\\\\\ /
(Nuts not shown)
SST Clamp Bor/
/ P—AICu Cover Plate
Pressure Point
[~—AICu Island
SSSSSSSSSSSSSS e | Nb3Sn Double Pancake
”;IW”/ 777777 Racetrack Coil
AICu Side Rail
1 cm Square Bore
SST Bore Plate
A,
o lll 1 &
L B

RD-2 Quench History (ro-2-01: High preload run)
(RD-2-02 and RD-2-03 are low horizontal and low vertical preload runs)
RD-2-04: bigger beam hole and coil re-assembly
Strand X 30
10
- 94 " Cable Short
S g eelces i Xn @A ApAS snor
c 7 oo O & RD-2-01
g 6 - O O Ramp Rate Studies
S 54 X Temperature Excursion
@)
= 4 / O . ® RD-2-02
= 3 Ramp rate studies” o A RD-2-03
o 7 0.714 TKkA
RD-2-04
> 1- *
O I I I I 1
0 5 10 15 20 25
Quench Number

1. The magnet reached plateau performance right away (plateau
seems to be on the cable short sample, not wire short sample).

2. Didn’t degrade for alow horizontal pre-load (must for this design).
3. Didn’t degrade for alow vertical pre-load (highly desirable).
4. Didn’t degrade for abigger hole (real magnets).
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BROOKHEVEN
VATIONAL LR On To A High Field Common Coil Magnet

Superconducting
Magnet Division

Now under construction at LBL: Thefirst step towards high field common coil

~14 T common coil design with the Magnet: test outer coils with minimum gap.
best available Nb,Sn conductor today.

Bss~12.3T

The magnet reached the short sample
field (~12.3 T) with only afew quenches.

Ly

rereenre ‘m

{,éﬂllll Iy BERKELEY LAB
24/49 .
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BROOKHRVEN
NATIONAL LABORATORY COI‘I’\I‘I'\OH COiI Woruk at BNL- Phqse I

Superconducting
Magnet Division

4CM BEAM TUBE =m=\ mpmn’ Ghog,-] a a| -
Charge: R & — oz e
i - 10,80 0B 00 D D0 0— B 0— 8- 10,10,
Eg‘r:?nﬁ';dcgﬁﬂ . s 6609606666
magnet with NbTi s =
r : @ 0 ' .
PUrpose ~ ] EIEECIEIEICHENICENE]
Vaidate “ Common ST RoDs - R R g o 1 1 - 1 e 1
Coil Design” and —
provideasmpleand 1 "[________ l :
efficient background [ :1 .. :: H
field test facility for ~ 'f” |° ?y,nv X
HTS coils 10 R S v
‘ I o i\
Resources: . ] — i Y
,-9',? | g by
1 P ——
None (almost) = et
e S R R P s s
i i i ' | . L] T i
LA
J"é,,llll & . Figure 4. The training behaviour of the main winding of the

common coil magnet. Ramesh Gupta, BNL AP Seminar, March 23, 2000



NATIONAL LABORATORY Common COiI Wor.k at BNL- Phase II

Superconducting
Magnet Division

Charge: The Team:
Continue Innovative Magnet Research M. Anerella
Design Field: 125 T J. Cozzolino
Conductor: Nb,Sn (HTS in future magnets) J. Escallier
Technology: React and Wind G. Ganetis
Chalenges.
. A. Ghosh
High Field: A Good Engineering Design is Critica
o R. Gupta
Resources: Limited .
. |
Strendths M. Harrison
Demonstrated skills in designing and building cost &. Morgan
effective high quality magnets B. Parker
History in carrying out innovative magnet research
that defines the field W. Sampson
= P. Wanderer

E B0 n
g
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BROOKHAVEN Summary of Common Coil Magnet

NATIONAL LAHORATORY

Superconducting WOf'k at Various National Labs

Magnet Division

Common Coil Magnet Design at Fermilab

T |

’

1
[
4
%
%
N

1

II

BNL
Invented it.

Phase 1. Built and commissioned NbTi magnet with
Nb,Sn insert coils. Built and tested HTS insert coil in
low field common coil mode. HTS coils are now ready
to go as apart of a hybrid design with common cail
magnet as a background field test facility.

Phase 2: High Field ~12.5 T, “React and Wind”,
Nb,Sn dipole, R&D Magnet Factory, HTS insert coils.

LBL

Got maximum support for building it.

Built and tested 6 T, “Wind and React”, Nb3Sn
magnet. Tested high performance coils in common coil
mode for 12 T field. Both had excellent performance.

Next step ~14 T magnet with third coil.
FNAL
Design and support work for aninitial ~11 T magnet.

Ramesh Gupta, BNL AP Seminar, March 23, 2000



BROOKHRWEN | A possible Application of High Field Magnet Program

NATIOMNAL LABORATORY
Superconducting URHIC: Ultra Relativistic Heavy Ion Collider in RHIC Tunnel
Magnet Division

URHIC

Heavy lons. 500 GeV + 500 GeV (1 TeV center of mass)
Protons: 1.25TeV +1.25TeV (2.5 TeV center of mass)

RHIC URHIC

Energy (GeV/u) 100 GeV + 100 GeV 500 GeV + 500 GeV
| njector AGS RHIC
Lattice Separated Function Combined Function
Dipole Fill Factor ~65% (+quad) ~85-90% (no quad)
Dipole Design Cosine Theta Common Caoll
Operating Field 35T ~13T

~~~~~ Physics Potential ?

Ramesh Gupta, BNL AP Seminar, March 23, 2000



NATIONAL LAHORATORY

Superconducting
Magnet Division

Dipole for VV Storage Ring

Mike Harrison

Pole
Warm Y oke
Coil \
Ring Center
<
Beam Tube
Decay Products
Muon Beam

A Conceptual Design

With Nb-Ti,Bo~5T

muon beam
(circulati Fg)
B,=+5T .©
«F  electrons .
w-  (trapped)
A A
By: 1T By: 0

In neutrino storage ring ~10%
energy deposition may be acceptable

Ramesh Gupta, BNL AP Seminar, March 23, 2000



SRODKMATEN Particle Tracking with MARS for
Superconducting Neutrino Storage Ring Magnet

Magnet Division

. Brett Parker

oL
2
T
T
7

0z

. Iron !
lj\ ] / i ! 0
o | e I - \ hél\ . =
- ) = e
Dipole |
Ay " 875 910 945 980
Warm quad
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BROOKHRUEN | possible Extension of Neutrino Storage Ring Dipole
for Higher Energy Muon Collider Storage Ring

Superconducting
Magnet Division

@ Warm Y oke % |
[D Coil
Nb;Sn Version, B, ~ 8-9 T >
(for higher energy ring) T -
Another Possibility - r
HTS - higher field o decirony T
higher temperature w (trapped) -
— = muon
Challenge: B, . beam
A higher field magnet is required for higher luminosity. L ¢ :
* A much lower energy deposition will be tolerated. ' BT
-
Possible scenarios for manipulating energy deposition: T T

» Make reverse field much higher that 1 T with additional coils to trap higher energy electrons
 Extend positive field region much further out by adding conventional coils on one side.
~ Thiswill make decay particles hit metal further out and away from superconducting coils.

I
g
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NATIONAL LAHORATORY

Dipole Magnet for the Muon Collider

Superconducting
Magnet Division

Erich Willen

 Field on midplaneisabove 13 Tedla

» Superconductor is currently available
Nb,Sn---could also use HTS material

e Coils made as “react-and-wind”
A e TR
* The cable needsto be optimized: &\\x%\ >

N N

N\
7
7,

larger diameter with smaller strands s //%/ s
probably better \\V/ \

» TheLorentz forces are contained in \\ \\ // A\
the individual blocks and do not pile \%/ Nk

up on the midplane as in conventional
CoS @ magnets

« High gradient quadrupoles can be
made with asimilar design
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NATIONAL LAHORATORY

Superconducting

Muon Collider Racetrack Dipole Design
(15 T, Nb;Sn and 10-° Field Quality)

Magnet Division

Hadron collider configuration

- | |4

| [ |-

- [+
RS

- | L

muon collider configuration

o Y

; Powering differently changes
. «— common coil design test to
muon collider design test

Racetrack coils clear
theborein thisdesign

Eliminating these coils
makes a design which
< Clearsthe bore tube

‘ I

Tungsten &
boretube

=
)
(=

&l nes

)
55

ull =
g
N

Iron yoke with field lines
(only half model is displayed)

Note: A high stress
test iscreated here

React and Wind
Technology
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NATIONAL LABORATORY O-'-her Muon Co”ider Magne'r DeSignS

Superconducting
Magnet Division

High gradient quadrupoles

Multi aperture dipole (Morgan, Kahn, et a.)

o

H/|@]0 oo} ]
Hlle|e 0|0| ]

i L | 4

g Wi SRR

1 \©9)|O

o
E .3
5 ¥ 8 8§ &

Figure 7.10: A l6-aperture dipole, composed of four stacks of four apertures. The highest

field (7 T} aperture would be in the lower corner

AL Y

High field racetrack coil Nb;Sn quadrupoles for muon collider
(didn’t look much advantageous over cosine theta at that time)
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N OTAL AR OOy BNL Contribution to
Superconducting LHC Magnet Requirements

Magnet Division

Cable testing for LHC magnets: Arup Ghosh
Insertion region maanets based on RHIC coils: Erich Willen

s i +  Table1 Dipole magnetsto be built by Brookhaven for the LHC. The coil apertureis 80 mm. The overall
i = = i . i " length of the magnetsis approximately 10 meters.
e f b Number Aperture Separation Operating
Mo 4 Name Style (Spares) (cold), mm Temperature, K
e - -I---_---—l'i—l'll-_:l I 1 D1  SingleAperture 4(1) 1.9
———— e Wp o R D2 2-in-1 8(1) 188 4.5
1} | D3a Dual 1-in-1 2(1) 420 4.5
LG Inssrtion 4 (RF) Version 6.1 o re e s o D3b Dud 1-in-1 2(1) 382 4.5
:;;::I:'.;.'..'.=.'~.':.=;::ﬁ' D4a 2-in-1 2(1) 232 1.9
S i D4b 2-in-1 2(1) 194 1.9

1- - Table2 Position parameters and fields required in the magnets at injection energy, nominal energy, and
= ‘]‘ ) L 8% above nominal energy. The numbers listed for the bend center-to-center distance and the deflection are
[ those specified in Version 6.1 of the LHC lattice. The magnetic length of the magnetsis 9.45 m.

gEmpm mems "_'-'-._;'__Ji'{-“ IR Bend Center-to- . Field (T) for E (TeV)
_mm__ II J__I 1*_|_ =11 Magnet Location  Center Distance, m Deflection,m "45" 70 7.56

| D1/D2 1&5 87.424 0.097 0.176 2.742 2.954

BT D1/D2 28&8 63.116 0.097 0.244 3.797 4.091

:l"u' i A gere W D3/D4 4 |eft 41.766 0.097 0.215 3.343 3.602

. .- -_”‘”' — D3/D4 4 right 40.884 0.113 0.220 3.415 3.679

Note: Above flgures don't |ncl ude all magnets that are being contributed by BNL.

AL Y

BNL Contribution

;‘q,lll'l ;
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NATIONAL LABORATORY LHC Inser.-l-ion Magne-rs

Superconducting
Magnet Division

LHC magnets use RHIC coils. They use SS collars
instead of phenolic spacers. Other design changes

W</

aswell.
“=_The first model magnet has been recently % }i %
tested. It reaches the design field. e e =
-~ CRYOSTATED MAGNET
:_q,llll g

Ramesh Gupta, BNL AP Seminar, March 23, 2000



vt | HERA Upgrades Magnets at BNL

Superconducting
Magnet Division

NATIONAL LABOD

Brett Parker

Current Lessd
& Helium Feed
Pinmt

Lerector Components + Sodenod

gl

GO (Left)

AL Y

;‘q,lll'l ;

:xfﬁ
1P

Current Lead
& Helaum Feed
Poina

GG (Right)

* Magnets go inside HERA experimental detectors.

= Multilayer coils with dipole, quadrupole, skew
quadrupole, skew dipole and sextupole windings.

» For GG, a short tapered magnet, we achieved
5x10-3 field uniformity out to 75% coil radius!

Ramesh Gupta, BNL AP Seminar, March 23, 2000



NONAT ABORA TN The Basic Guiding Principles for
Superconducting An Innovative R&D Program

Magnet Division

Remember the next machineis 10+ year s away

—

|n addition to maintaining the expertise we have acquired,

thisisalso a uniquetimeto explor

Explore alter nate concepts and technologies
Explore new conductors (HTS) for high fields
Usethe“Magnet R& D Factory” approach:

- faster turn-around is important to try ideas outside the “comfort zone”

AL Y

I 01 el
g
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BROOKHMAVEN | A Modular Design for a New and
Superconducting Low-cost Magnet R&D Approach

Magnet Division

Not only that we must learn how to make
magnets cheaper, we must also learn (due
to limited funding), how to do magnet
Insert research cheaper which will lead to

Coil ,

| eventually making the magnets cheaper.

* A Cost-effective Magnet R& D Factor y*

* Replaceable coil module.

« Change cablewidth or type.

« Combined function magnets.

 Vary magnet aperturefor higher fields.
e Study support structure.

” _— [Internal # Traditionally such changesrequired
cola LU | support building a new magnet
Module '

# One can also can test modules off-line.

This is the time to explore and carry out an aggressive R&D program. Once the
machine is funded, we are unlikely to tfake chances. The above facility allows that.

q:, ] Ib
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NATIONAL LABORATORY

Superconducting

High Field Magnets and High
Temperature Superconductors (HTS)

Magnet Division

American Supercondctors

Electrical Resistamos —w

11
Temperature, Kehin

=]

For high field
magnets, we are
inferested in the
“Low Temperature”,
performance of
"High Temperature
Superconductors”.

At very high fields,
HTS have a better
performance.

WA

i 11 0
S VVE o

b
=

100

Crical Curent
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Advancing Critical Currents in Superconductors
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BROOKHFRATEN High Field Magnets and High
superconducting | | emperature Superconductors (HTS)

Magnet Division

Unheersity of Wisconsin-Madlson

Advancing Critical Currents in Superconductors oo For hi gh field

Ay e 2nd G- Complladby Palr L Las
|2 proags_wid fadad ped, e pogs_3de. 31w

Critical Current
. Short Lengths (100 meter)
E:EUI'I:::;.", Amm g === = Wb-Ti: Example of Beat Induatrial Scale Heat Treated magne-l-s ’ We ar‘e
s T 1T 1T 1 1 1 Compoaitea -~ 190 {co mpilatio n} N N
At 4.2 K Unless £ Mb-TitFed: 1.9 K, Fulkacale multifilamentary billet for FNALLAG 'nTereSTed In The
Otherwise Stated (G STETASEHE n ]
=i Nb-Hwt. %Ti-15wt. % Ta: at 1.8 K, monefil. optimized for high LOW Tem per‘aTU re '
= field only, unpubl. Les, Maua and Larbaleatier (LMW-AEG) 96 . .
&, —— Mb,Sn: Intemal Sn High J deaign ORefG38, OFSTH, Zhang ChClr‘GC'I’er'ISTIC Of
Ly . NBE-T7 ot al. ASGYE Paper MAA-OE W R
‘"‘i :..i / —K— MhbAl: Nb atahilized 2-atage JA proceaa (Hitachi, TML- ngh Temper‘a'l'ur'e
- F 4 2212 MAIM,IMA-TLY, Fukuda et al. IGMG/IGEG ‘96
"
= . —l— Hi-2212 F-layer tape(d. 1502 mm 4018 mm} B|tape face
4 '-l - HTS at4.2|(-Kitaguchipe‘taI,ISS'QB,"lp\l'.fcm ¥ Super'COHdUCTor'S .
T—— t e 'T "k kg ——pimp paate 4.2 K Hasegawa et al. (Showa) WS'95, H|jtape
\m Sn e 2012 atack 4.2 K Hasegawa et al. (Showa) WSS 8| tape
a
1,000 {IE - ok~ - Bi-2212 19 filament tape B|ftape face - Okada et al (Hitac hi}
w 2293 \: 95
“ 1 A —— Bi221% Aound multifilament atrand - 4.2 K1 GG Motowidio et
.-‘_ ‘\:t\ al. ISTEC/MRS 95
[~ -_— - AN —— Hi 2223: Aclled 85 Fil. Tape (AMS ) ]|, LIWEAE
2212 ks e EK ‘i |
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But what really matters is the engineering current density (J,)!
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BROOKHFAEN

NATIONAL LABORATORY Advan.l,ages Of HTS

Superconducting
Magnet Division

A significant efforts by Sampson & Ghosh at BNL on HTS cables (tapes), coils and magnets

Advantage of HTS: A dlow transition to non-superconducting stage.

If there is adegradation or if the operating conditions become such that a part of the
magnet can no longer remain in an ideal superconducting stage, then thereisonly a
modest temperature rise locally. If the local temperature rise can be tolerated and if the
heat can be removed, the magnet will continue to operate in a superconducting stage.

Thisisin contrast to a sharp transition to “normal zone” in conventional low temperature
superconductors where the whole magnet must be switched to normal stage for protection.

Thisimplies a more relax design and operating conditions for a magnet built with HTS.

The cost and performance issues still remain.
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N, Improvements in HTS Technology
Superconducting And Challenges for Magnet Design

Magnet Division

ASC Short Rolled Multifilament
(Bi,Pb)-2223/Ag

||~- HTS have made significant progr ess,

00000 ‘

/

00000 - Improvementsin
HTS Performance

00000

/

. /" | Asc Bscco 2223

J(Alcm?, 77K, OT)

0 + + + T T +
¢ 90 w1 10 199Y 1994 1995 1096 1997

1908 £

KAmp Rutherford cable:
L BL-industry collaboration

enough to make R& D magnets

To beshown that it’s practical for
lar ge production (cost & technology)

It takeslong timeto do magnet R& D
(many technical questionsremain)

Start magnet R& D now, so that if
the cost situation improves and if it
can be madetechnologically feasible,
we can use it in the next machine

Stainless stegl
rel nforcement
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NATIONAL LABORATORY

Superconducting
Magnet Division

HTS in a Hybrid Magnet

HTSCOILS

N

[/

s

LTSCOILS

e Perfect for R& D magnets now.

HTSissubjected to the similar
forcesthat would be present in an all
HTS magnet. Therefore, several
technical issueswill be addressed.

* Alsoagood design for specialty
magnets wher e the perfor mance, not
the cost isan issue. Also future
possibilities for main dipoles.

 Fidd in outer layersis~2/3 of that in
the 18 layer. Use HT S in the 1% layer
(high field region) and LTS in the
other layers (low field regions).

Ramesh Gupta, BNL AP Seminar, March 23, 2000




NATIONAL LABORATORY HYbr'id Common Coil ngne'l' a'l' BNL

Superconducting
—— W

Magnet Division

4CM BEAM TUBE \1 l’ COIL SUPPORT RODS
\
= &

g b

" 77 NN
/////\, IRON YOKE

_—HTS COILS

NbTi
BACKGROUND
FIELD

COILS

s
@=—T""(I5IN.0D)

»
fam|

IRON CORE

anY
T L
f :
STAINLESS STEEL -
TIE RODS
STEEL YOKE

ALIGNMENT KEY

e I
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NATIONAL LABORATORY

Superconducting
Magnet Division

Initial R&D For Phase II
Common Coil Magnet Program

######

.

=

e Bt

Make several 10-turn coils (mini-coils) in their
own modular structure.

Test apair of these mini-coilsin acommon
coil geometry with a ssimple and compact
external structure that can be directly putin a
helium vessel for afaster turn-around.

A pair of 10-turn coils made from the cable
obtained from Berkeley gives~8 T field for a
minimum spacing.

This“Magnet R&D Factory Approach” would
provide us guidance in dealing with various
Issues related to this design and technology in a
time and cost effective manner and encourage
Innovative magnet R& D.

i This also becomes a magnet R&D test factory.
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wationat tasoratory | Uses of Smaller R&D Funding to Labs and Industries
Superconducting for a Collaborative and Innovative Magnet Research

Magnet Division

R& D coil Module

Original coils

A Modular Design approach allows a dynamic
R& D that was not possible before.

An important part of thishigh field magnet
resear ch isthe coll module -- be it conductor
manufacturing, coil manufacturing, insulation,
stress management, or whatever.

Thebest isto test these conceptsin a*“ magnet
like” situation to avoid surprises’'unknowns.

The critical module hasarelatively moderate
pricetag. Thisallowsdifferent ideas, innovative
R& D by small labs (or big labs) and industries.

Make this module anywhere and test it in the
BNL common coil magnet facility. The for ces, etc.
aresmilar tothat asin afutureall HTS magnet.

Usethe positive resultsin the next magnet.
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BROOKHFAEN -
varoxat Lasorsior | What can one study with these modules

Superconducting
Magnet Division

A few examples of systematic studiesin a modular approach

» Different technologies
— Wind & React Vs. React & Wind
» Different conductors
— NbAI, HTS, etc.
o Different insulation
o Different geometry's
— Tape, cable
» Stress management/High stress configuration
e Coil winding and Splicing
.. and avariety of other things that are not included (especially those
that are not included)

* A Dynamic Program with fast turn-around

timefor exploring new frontier ¥ideas *

ﬁﬁﬁﬁﬁ
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NATIONAL LABORATORY summary

Superconducting
Magnet Division

* An exciting program for developing innovative magnet
designs and technologies

» Thisisthe need of the hour (year) tobringalarge
reduction in cost

* A new magnet system design for a possible lower cost
VLHC and RHIC upgrade (URHIC)

e A conductor friendly approach for using “brittle”

conductors (HTS, Nb,;Sn, etc.) in a competitive way

######
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