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work, along with MAD (survey function)
‣ Al had many important innovations during those years and 

was an inspiration to me and many others

2



FCC#Mtg####8"May"2014""""MJS SSC#Design#and#Layout

SSC Design Requirements
• Center-of-Mass Energy of 40 TeV
• Initial luminosity of 1033/cm2/s
• Average of 1 event per bunch crossing
• 80% Overall Reliability

• Cosine-theta magnet design chosen, with field of 
order 6-7 T; led to circumference of about 87 km

• Luminosity and events/crossing led to 5 m bunch 
spacing (16.7 ns)
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• CDR, SCDR, Retrospective Summary, …
• Technical Reports, Project Documents, …
• Web page of documents and links to many 

documents:
»  http://lss.fnal.gov/archive/other/ssc/
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»  http://lss.fnal.gov/archive/other/ssc/

The Superconducting Super Collider

http://lss.fnal.gov/archive/other/ssc/
http://lss.fnal.gov/archive/other/ssc/
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SSC Conceptual Design
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Figure 6: Number of turns survived in Main Ring simulation vs. initial betatron oscillation
amplitude. The step size in amplitude was 0.01 mm.
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Figure 7: Number of turns survived in simulation of 1986 CDR Collider vs. initial betatron
oscillation amplitude.
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• The 1986 report reads like a textbook in accelerator 
physics and technology

• The Central Design Group (CDG) and SSC studies 
world-wide initiated many first looks, including …
‣ various magnet technologies, designs, systems; snap-back
‣ intensive particle tracking studies of dynamic aperture
‣ luminosity evolution in high-energy hadron colliders
‣ PACMAN bunches, detailed beam-beam studies
‣ experimental beam dynamics studies
‣ large-scale modular lattice design
‣ many, many, many others…

5



FCC#Week####24"Mar"2015""""""""""MJS Lessons#from#SSC#and#VLHC

Site-Specific Conceptual Design
• The “White Book” (SCDR)
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Superperiodicity
• Racetrack vs. multiple 

superperiods
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from"CDR"(1986)

FNAL:##original#Main#Ring#had#P"=#6;#
############Tevatron:##P#=#1#!
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Magnet Arrangement: 2-in-1 / 1-in-1 / H / V
• Vertical 1-in-1 chosen for the SSC, following 

extensive studies and workshops
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Collider Parameters
• From the SCDR
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Modularity
• Length of Standard Half-Cell was 

in units of bunch spacing (5 m)
‣ L = 90 m, for example

• Then, Utility Regions, IRs, etc., 
each in units of L

• By adding L at ends of straight 
section regions could maintain 
anti-symmetry of optics 

10

Modular
Approach:
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The Diamond Bypass
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Lattice Decisions
• 1-in-1 assured can operate one ring without the other
‣ except:  the IR triplets were “shared” by both
‣ desire was to be able to commission one ring if the 

other was not ready
‣ Vertical “-I ” beam lines made IR tuning transparent

• IR designs were still being finalized at project end
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Fi g. 1. Ver t i cal vi ew of an I R.

I n Fi g. 1 t he di pol es st r addl e t he beam l i nes, t he
f ocusi ng quadr upol es ar e shown above t he l i nes, and t he
def ocusi ng quadr upol es bel ow. I n each r i ng, t he opt i cs i s
ant i symmet r i c wi t h r espect t o t he I P. Thi s means t hat t he
magnet l ocat i ons have a mi r r or symmet r y about t he I P, but
t he f i el d pol ar i t i es ar e opposi t e f or t he cor r espondi ng
magnet s on t he l ef t and r i ght si des of t he I R. The opt i cs i s
i dent i cal i n bot h r i ngs except t hat cor r espondi ng t op and
bot t omquadr upol es have opposi t e f ocusi ng pr oper t i es and
cor r espondi ng ver t i cal bendi ng di pol es bend t he beams i n
opposi t e di r ect i ons . Each hal f of an I R i s composed of t he
t wo maj or modul es speci f i ed i n t he pr evi ous sect i on. Tak-
i ng i nt o consi der at i on t he di sper si on cancel l at i on pr oper t y,
we can ext end t he number of t he modul es t o t hr ee, whi ch
ar e l ocat ed geomet r i cal l y i n di f f er ent r egi ons . Fi g. 2 shows
t he l ayout ( not t o scal e) of hal f of an I R. The t hr ee
modul es ar e:
- The f i nal f ocus t r i pl et l ocat ed next t o t he I P and

common t o bot h r i ngs .
- The M= - I sect i on pl aced i n t he r egi on wi t h a

ver t i cal separ at i on of 45 cmbet ween t he t op and bot t om
r i ngs .

Fi g. 2. Opt i cal modul es i n hal f of an I R.

- The t uni ng sect i on l ocat ed i n t he r egi on of normal
ver t i cal separ at i on of 90 cm bet ween t he r i ngs i n t he
col l i der .

Bet ween t he f ocusi ng modul es t her e ar e ver t i cal di pol es
pl aced i n t wo st eps, whi ch br i ng t hebeams i nt o col l i si on at
t he I P.

3. Opt i cal modul es

3. 1 . Fi nal f ocus t r i pl et

Ther e ar e f our quadr upol es i n t he t r i pl et , whi ch f orma
F3-D2-D2- Fl opt i cal st r uct ur e f or a beamappr oachi ng t he
I P and a Dl - F2- F2-D3 st r uct ur e f or a beaml eavi ng t he I P.
Thi s combi nat i on i s cal l ed a t r i pl et because t he t wo cent r al
quadr upol es ar e essent i al l y one l ong quadr upol e spl i t i nt o
t wo f or conveni ence of f abr i cat i on of t hese magnet s . The
separ at i on of t he quadr upol es i n t he t r i pl et i s ver y smal l
compar ed t o t hei r f ocal l engt h . Thi s ar r angement pr eser ves
t he r oundness of t he beams bet t er t han a f ocusi ng doubl et
woul d, and pr ovi des a l ower 6peak val ue as wel l . These
quadr upol es and adj acent spl i t t i ng di pol es BVl c ar e com-
mon t o bot h r i ngs. The pr ot on beams, t her ef or e, shar e t he
same beampi pe i nsi de t hese magnet s and, because of t he
opposi ng beamdi r ect i ons, t hey exper i ence opposi t e mag-
net i c st r engt hs i n each t r i pl et magnet . Wi t h t hi s const r ai nt ,
t he onl y way t o have an i dent i cal l at t i ce f or t he I R i n bot h
r i ngs i s t o r equi r e opt i cal ant i symmet r y of t he whol e
I nt er act i on Regi on. The t r i pl et quadr upol e pol ar i t i es shown
i n Fi g. 1 cor r espond t o t he beamgoi ng f r omt he t op l ef t
si de t o t he bot t omr i ght . Opposi t e pol ar i t i es ar e i mpl i ed f or
t he second beam.
The l umi nosi t y at t he col l i si on poi nt depends on t he

number of pr ot ons per bunch NB , t he bunch spaci ng SB,
t he beamemi t t ance E( unnormal i zed) , and t he val ue of ( 3
at t he I P. For head- on col l i si ons of equal r ound beams, t he
expr essi on f or t he l umi nosi t y i s

NBc

4 ,7TO*ESB

To achi eve a hi gh l umi nosi t y at col l i si on, t he beam
cr oss sect i on must t her ef or e be squeezed t o a ver y smal l
si ze at t he I P. Thi s r equi r es qui t e st r ong ( i . e . , l ong) t r i pl et
quadr upol es. The smal l beamsi ze at t he I P l eads t o a ver y
l ar ge di ver gence of t he beam t hr oughout t he r egi on r e-
ser ved f or t he det ect or s. The beamsi ze t her ef or e qui ckl y
i ncr eases wi t h t he di st ance f r om t he I P and r eaches an
ext r emel y l ar ge val ue i n t he t r i pl et . For i nst ance, i n our
sol ut i on wi t h / 3 * =0. 5 mand L* =20. 5 m, t he Opeak m
t he t r i pl et at col l i si on i s about 30 t i mes l ar ger t han t hat i n
t he ar cs, wher e L* denot es t he di st ance f r om t he I P t o t he
f i r st of t he f i nal f ocus quadr upol es . I n t ur n, t he beam
di ver gence i n t he t r i pl et becomes ver y smal l . As a r esul t
t he beambecomes much mor e sensi t i ve t o t he f i el d er r or s

Nucl ear I nst r ument s and Met hods i n Physi cs Resear ch A346 ( 1994) 448- 460
Nor t h-Hol l and

Pr i nci pl es of i nt er act i on r egi on desi gn i n hadr on col l i der s
and t hei r appl i cat i on t o t he SSC
Y. Nosochkov *, T. Sen, E. Cour ant 1, A. Gar r en, D. M. Ri t son Z, R. St i eni ng, M. J . Sypher s
Super conduct i ng Super Col l i der Labor at or y +, 2550 Beckl eymeade Avenue, Dal l as, TX75237, USA

(Recei ved 31 Januar y 1994)

The hi gh l umi nosi t y i nt er act i on r egi ons ( I Rs) ar e an i mpor t ant par t of t he l at t i ce i n col l i di ng beammachi nes . The per f ormance of t he
col l i der may depend si gni f i cant l y on t he par t i cul ar desi gn of t he I Rs . I n t hi s paper we di scuss t he gener al pr i nci pl es of I Rdesi gn and appl y
t hese pr i nci pl es t o t he desi gn of t he Super conduct i ng Super Col l i der i nt er act i on r egi ons .

1. I nt r oduct i on

The r equi r ement of hi gher l umi nosi t i es i n col l i di ng
beam exper i ment s has l ed t o t he need f or speci al l y de-
si gned sect i ons i n t he l at t i ce of accel er at or s, cal l ed i nt er ac-
t i on r egi ons ( I Rs) . Wi t hi n an I R, t he t wo beams ar e
br ought t o col l i si on at an i nt er act i on poi nt UP) . The l ayout
of t he I R must sat i sf y t he speci f i c r equi r ement s i mposed
by t he exper i ment al det ect or on t he beampar amet er s at t he
I P. The par t i cul ar desi gn of t he I Rmay var y dependi ng on
t he t ype of machi ne ( ci r cul ar or l i near , pp, pp, e+e- , et c . ) ,
t he beam ener gy, t he space avai l abl e f or an I R, et c .
However , t he most di st i nct i ve r equi r ement f or an I R opt i cs
i s t hat i t has t o pr ovi de a beamsi ze at t he I P subst ant i al l y
di f f er ent ( ei t her l ower or hi gher ) f r om t hat i n t he r est of
t he machi ne. Many of t he common f eat ur es and pr obl ems
i n t he desi gn of an I Rf ol l ow f r omt hi s si ngl e r equi r ement .
These f eat ur es and r equi r ement s ar e summar i zed bel ow;
- A st r ong f i nal f ocus quadr upol e syst em ( usual l y

t r i pl et or doubl et ) has t o be pl aced on ei t her si de of t he
i nt er act i on poi nt t o pr ovi de a desi r ed beamsi ze at t he I P.

- The f i nal f ocus quadr upol es have t o be common t o
bot h beams i f t he beams ar e t o cr oss at a smal l or zer o
angl e at t he I P, and t he val ue of t he ampl i t ude f unct i on
t her e, / 3* , i s l ow.

* Cor r espondi ng aut hor , t el . +1 415 926 3553, f ax +1 415 926
4999, e-mai l : yur i @uni xhub. sl ac . st anf or d. edu .

+ Oper at ed by t he Uni ver si t i es Resear ch Associ at i on I nc . , f or t he
US Depar t ment of Ener gy, under cont r act DE-AC35-
89ER40486.
Permanent addr ess : Br ookhaven Nat i onal Labor at or y, Upt on,
NY11973, USA.
Permanent addr ess : St anf or d Li near Accel er at or Cent er , St an-
f or d, CA94309, USA.

0168- 9002/ 94/ $07. 00 C1994 - El sevi er Sci ence B. V. Al l r i ght s r eser ved
SSDI 0168- 9002( 94) 00441- 9
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Sect i onA

- The / 3- f unct i on at t ai ns a ver y hi gh val ue Ppeak i n t he
f i nal f ocus quadr upol es.
- The f i nal f ocus quadr upol es must have a bor e l ar ge

enough t o ensur e a suf f i ci ent r egi on of good f i el d qual i t y
f or t he l ar ger beami n t hese quadr upol es . The or bi t di s-
pl acement due t o t he cr ossi ng angl e pl aces even t i ght er
t ol er ances on t he f i el d qual i t y .
- Amuch l ower Ppeak, and t hus a di f f er ent opt i cal

conf i gur at i on, i s r equi r ed at t he i nj ect i on ener gy wher e t he
beamemi t t ance i s l ar ger .

- The t r ansi t i on f r om i nj ect i on t o col l i si on opt i cs,
cal l ed t he ß- squeeze, i s accompl i shed by changi ng t he
gr adi ent s of a set of t uni ng quadr upol es.

- Lar ge var i at i ons of t he 0- f unct i on, ot her t han i n t he
f i nal f ocus quadr upol es, shoul d be avoi ded.

- I n pp- col l i der s t he beams ar e br ought i nt o col l i si on
by use of a set of di pol e magnet s . Acommon di pol e wi t h
l ar ge bor e i s r equi r ed on ei t her si de of t he I P t o separ at e
t he beams.
- The di sper si on must be suppr essed at t he I P f or t wo

r easons: ( 1) t o mi ni mi ze t he t r ansver se beamsi ze and t hus
maxi mi ze t he l umi nosi t y, and ( 2) t o avoi d exci t i ng syn-
chr obet at r on r esonances t hat woul d r educe t he beaml i f e-
t i me [ 1] .
- I n al l opt i cal conf i gur at i ons t he I Rmust be mat ched

t o t he adj acent sect i ons i n or der t o avoi d per t ur bat i on of
t he l at t i ce f unct i ons i n t he r est of t he machi ne.
- Due t o t he hi gh Apeak, t he beami s ver y sensi t i ve t o

any er r or i n t he f i nal f ocus r egi on. Thi s may r equi r e
speci al cor r ect i ons f or t hese quadr upol es, namel y nonl i near
chr omat i ci t y cor r ect i on, cr ossi ng angl e cor r ect i on, and cor -
r ect i on of mul t i pol e f i el d er r or s i n t hese quadr upol es. The
I R opt i cs shoul d be desi gned t o f aci l i t at e t hese cor r ect i ons .
Once t he ß* at t he I P has been chosen, i t i s desi r abl e t o
have t he bunch l engt h o, , smal l er t han ß* , t o avoi d t he
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Dispersion Suppressor

13

keep L✓ =

1
2 for 90

�
dispersion

suppression by making

L = 3L
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/4 and ✓ = 2✓
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/3

Required#second#length#of#dipole#magnet#

Later,#this#magnet#was#also#used#at#

power#feed#locations#to#create#extra#
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The “10F” Lattice
• “holes”, and the role of modularity in the final layout

14

i.e.,#Version#10,#subTversion#F#(1993)

• “free space” created in arcs
‣ “missing” dipoles in cells
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Modularity and “free space”
• Modularity and “free space” became very useful 

when finalizing the exact locations of shafts, utilities 
and service buildings

15

5/24/00 VLHC/MT Wkshp  --  MJS

Highway

Railroad trackHalf-cell locations

Ideal access point

??

Final acquired property
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Close-Out…
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Note:""Tevatron"beam"energy"was"0.98"TeV
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Lessons Learned [MJS]
• Modularity in the optics design and layout was VERY 

important; “saved the day” several times
• A certain amount of “free space” in the arcs will be very 

important — diagnostics, collimators, other?
‣ avoid MANY km of solid cryostat
‣ build in at the beginning — avoid later complications in 

meeting goals (e.g., magnetic field)
• Payoffs of higher superperiodicity not practical for such 

large rings; even the Tevatron had P = 1
• 2-in-1 magnets (rather than 1-in-1) now a proven success
• Build off of an existing site and its infrastructure/assets

17
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The VLHC Study                             http://vlhc.org

• Study performed primarily from 1998-2001, with 
certain R&D efforts extending from 1995 ~ 2006

• Steering Committee formed in 1998
‣ http://vlhc.org/vlhc/index.html

• Resulted in 270-page report in 2001 
‣ http://inspirehep.net/record/559461

• Snowmass Working Group in July 2001
‣ http://vlhc.org/snowmass.html

• Transmission Line Magnet Efforts
‣  continued until ~2006

18
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Field Quality Measurements of a 2-Tesla
Transmission Line Magnet

G. V. Velev, W. Foster, V. Kashikhin, P. Mazur, A. Oleck, H. Piekarz, P. Schlabach, C. Sylvester, and M. Wake

Abstract—A prototype 2-Tesla superconducting transmission
line magnet for future hadron colliders was designed, built and
tested at Fermilab. The 1.5 m long, combined-function gra-
dient-dipole magnet has a vertical pole aperture of 20 mm. To
measure the magnetic field quality in such a small magnet aper-
ture, a specialized rotating coil of 15.2 mm diameter, 0.69 m long
was fabricated. Using this probe, a program of magnetic field
quality measurements was successfully performed. Results of the
measurements are presented and discussed.

Index Terms—Accelerator magnets, magnetic field measure-
ments, superconducting magnets.

I. INTRODUCTION

AS A MAIN component of every future collider, the magnet
system has a strong influence on the total cost of the ma-

chine. Because of this, a major goal of machine design is opti-
mization of the cost per Tesla-meter of the collider. A collabo-
ration of institutions of which Fermilab was a member has per-
formed a design study for a staged Very Large Hadron Collider
(VLHC) [1]. The first stage of this collider would be built with a
2-in-1, warm-iron, combined-function, gradient-dipole magnet
excited by a superconducting transmission line.

A cross-section of the magnet is shown in Fig. 1. The lami-
nated core is created from upper and lower half cores stamped
from 1 mm thick low carbon steel. The upper and lower lami-
nations are stacked and welded longitudinally into a yoke. The
precise spacing of the two yoke structure is set by nonmagnetic
stainless steel bars, and the halves are welded together with non-
magnetic plates at the inner radius. Details and history of the
design are reported elsewhere [2]–[5], the last of which is pre-
sented at this conference.

A prototype model of the magnet was fabricated at Fermilab
where a new facility was built specifically for testing it [6]. In
recent tests the magnet was excited with DC currents up to 105
kA in liquid helium at 4.5 K [5].

In this paper, we present the results of field harmonics mea-
surements of the prototype magnet using a rotating coil. Details
of the fabrication of the coil built for these measurements are
discussed as well. A companion paper, also presented at this
conference [7], summarizes the field measurement results ob-
tained from an array of 102 Hall effect sensors.

Manuscript received September 19, 2005. This work was supported by the
U.S. Department of Energy.

G. V. Velev, W. Foster, V. Kashikhin, P. Mazur, A. Oleck, H. Piekarz, P.
Schlabach, and C. Sylvester are with Fermilab, Batavia, IL 60510 USA (e-mail:
velev@fnal.gov).

M. Wake is with KEK, Tsukuba 305-0801, Japan.
Digital Object Identifier 10.1109/TASC.2005.871229

Fig. 1. A cross-section of the transmission line magnet. Dimensions are given
in mm.

II. MEASUREMENT SYSTEM

Field measurements were performed using a portable mag-
netic measurement “cart” developed for production testing of
LHC insertion region quadrupoles in Fermilab’s Magnet Test
Facility (MTF). This cart contains DAQ and motor control hard-
ware. The rotating coil, support and positioning fixtures, and
drive system were developed for measurement of the prototype
magnet.

A. DAQ System

The DAQ system is based on Metrolab 5035 precision dig-
ital integrators (PDI) [8]. Five of these devices read the voltages
generated by flux changes in the coil windings. An HP3458 dig-
ital volt-meter (DVM) monitors the magnet current. A special
trigger module, developed and built in-house, conditions signals
from an angular encoder in the probe drive system and triggers
PDI’s and DVM, synchronizing simultaneous measurements of
field and current. The PDI’s are first configured to read and store
data in the internal buffers. When the buffers are full, the PDI
data are transferred to the PPC 2301 VME computer. During
this time, no data are acquired. The live time fraction is 45%.
We attempted continuous data streaming from PDI’s to PPC
but were unable to establish reliable running during long mea-
surements. From the PPC, data are streamed to on-line analysis
code running on a PC workstation [9]. The Java code responsible

1051-8223/$20.00 © 2006 IEEE

(Much"info"taken"from"P."Limon"talks"
on"VLHC"circa"2003)

http://vlhc.org/vlhc/index.html
http://vlhc.org/vlhc/index.html
http://inspirehep.net/record/559461/files/
http://vlhc.org/vlhc/index.html
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VLHC involved many of same people:

19July 20, 2001
M4 -- Hadron Colliders

MJS/SP 2
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! Convenors:  Peggs, M.Syphers
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•P.McIntyre
•N.Mokhov
•T.Murphy
•R.Palmer

•R.Diebold
•J.Ellison
•G.W.Foster
•J.Fox
•M.Furman
•P.Garbincius
•H.Glass
•R.Gupta
•R.Johnson
•J.Johnstone
•H.Jostlein

•R.Baartman
•W.Barletta
•P.Bauer
•M.Blaskiewicz
•A.Burov
•J.Cardona
•A.Chao
•J.Corlett
•L.Cremaldi
•D.Denisov

plus others we missed…??

Snowmass,"2001
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VLHC Concept
• Build a BIG tunnel. (230 km!)
• Fill it with a less-expensive 

40 TeV collider
‣ ~2 T transmission line 

magnet
• Use combined-function 

magnets to improve packing 
fraction, reduce field

• Later, upgrade to a 200 TeV 
collider in the same tunnel.

20

Lake#

Michigan

Fermilab

Chicago
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VLHC Concept [2]
• Physics sooner, allowing time to 

develop cost-reducing technologies 
for Stage 2

• Stage 1 becomes high-energy full-
circumference injector for Stage 2

• Stage 1:  

21

❖ 2-in-1 warm iron
❖ Superferric:  2  T bend field
❖ 100 kA Transmission Line
❖ alternating gradient (no quadrupoles 

needed in FODO cells)
❖ 65 m Length
❖ Self-contained, including Cryogenic 

System and Electronics Cabling
❖ Warm Vacuum System
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VLHC Parameters

22

Stage 1 Stage 2
Total Circumference (km) 233 233
Center-of-Mass Energy (TeV) 40 200
Number of interaction regions 2 2
Peak luminosity (cm-2s-1) 1 x 1034 2.0 x 1034

Dipole field at collision energy (T) 2 11.2
Average arc bend radius (km) 35.0 35.0
Initial Number of Protons per Bunch 2.6 x 1010 5.4 x 109

Bunch Spacing  (ns) 18.8 18.8
β* at collision (m) 0.3 0.5
Free space in the interaction region (m) ±  20 ±  30
Interactions per bunch crossing at Lpeak 21 55
Debris power per IR (kW) 6 94
Synchrotron radiation power (W/m/beam) 0.03 5.7
Average power use (MW) for collider ring 25 100
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Some VLHC Conclusions (2001) 

• No serious technical obstacles to the Stage-1 VLHC 
at 40 TeV and 1034 luminosity. 

• The existing Fermilab accelerator complex was an 
adequate injector for the Stage-1 VLHC, but lower 
emittance would have been better.

• From this and previous studies, surmised that the 
cost of a collider of energy near 40 TeV is almost 
independent of magnetic field
‣ even lower fields (10-12 T) efficient for high-energy

• Building the VLHC at an existing hadron accelerator 
lab saves significant money and time.

23
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Some VLHC Conclusions (2001) [2] 

• The Stage 2 VLHC could reach 200 TeV and 2x1034 or 
possibly significantly more in the 233 km tunnel. 
‣ A large-circumference ring is advantageous for the 

high-energy Stage-2 collider.   High-energy VLHC with 
small-circumference may not be realistic.

‣ Optimum field for a 100-200 TeV collider is less than 
the highest field attainable because of synchrotron 
radiation, total collider cost and technical risk.

‣ Minimum magnet aperture determined more by beam 
stability & synchrotron radiation, much less by field 
quality.

24
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VLHC Optimum Field  (2003)

25

PSR<10 W/m/beam peak               tL > 2 tsr              Int/cross < 60         L units 1034 cm-2s-1

P.#Bauer,#et"al.
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U.S. Experience
• The U.S. has much to convey to the FCC studies, 

including accelerator physics and design optimization
‣ 25 years of 2-TeV collider operation (Tevatron)
‣ 10 years studying, designing, and (partially) 

constructing a ~90 km, 40 TeV collider project (SSC)
‣ >5 - year study of a 40-200 TeV-scale collider (VLHC)
‣ 10-15 years with LHC (LARP, in the least)

• Technology challenges should be the main thrust in the 
U.S., as well as Accelerator Physics efforts that will 
help to guide these future activities of the FCC

26
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Outlook
• While many issues still facing us today were first 

examined 15-30 years ago, much has changed and 
much has been learned
‣ faster computing, newer/better technologies, … 
‣ the LHC!  

• Must find balance between past and present
‣ much was learned, much was written, but…
‣ do not restrict ourselves:  look at what has been done 

in the past, but feel free to challenge!
‣ reasons for past decisions may/may not be as 

relevant today

27

» SSC:  http://lss.fnal.gov/archive/other/ssc/                   VLHC: http://vlhc.org 

http://lss.fnal.gov/archive/other/ssc/
http://vlhc.org/vlhc/index.html
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Thanks#for#your#attention!
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VLHC Cost based on SSC cost distribution

29

P.#Limon,#et"al.
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Synchrotron radiation
• Synchrotron radiation masks look promising. They decrease 

refrigerator power and permit higher energy and luminosity. 
They are practical only in a large-circumference tunnel.

30

A “standard” beam screen will work up to 
~200 TeV and ~2x1034. Beyond that, the 
coolant channels take too much space.

A synchrotron radiation “mask” will allow even 
higher energy and luminosity.

Coolant
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Filling patterns to reduce tune shifts
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July 20, 2001
M4 -- Hadron Colliders

MJS/SP 25

STANDARD FILLING
SEQUENCE --
sequential filling

BALANCED FILLING
SEQUENCE --
interleaved  filling

AC Tune Shifts of Individual Batches
vs. Number of Batches Loaded 
(DC Tune Shift Subtracted)
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Filling patterns to reduce tune shifts

W.#Foster,#V.#Kashikhin


