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Introduction: Basics of RF superconductivity for Acceleration
— Superconducting Structures

Completed Applications.... Success Story #1

Particle Physics, Light Sources, Nuclear Physics

Dramatic Progress in Performance: Success Story #2
— Short version (Matthais — Long Version)

New applications Take Off- Success Story #3
— Spallation Neutron Source

New Light Sources: XFEL, ERL...

Electron cooling for RHIC, electron-ion collisions
Rare Isotope Accelerator

Proton Drivers

International Linear Collider

Far Future Possibilities

Neutrino Factory... Muon Collider



RF Acceleration With Superconducting Cavities
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Important Figures of Merit of Superconducting
Accelerating Cavities
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Most | mportant Cavity Performance Characterization
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Cavity Design 1s a Work of Art and Science
Calling for Imagination, Calculation, Symmetry.....

There are a variety of designs for accelerating charged
particles moving at velocities from ¢ t0 0.01 ¢ M. Duchamps.

: . . , Nude Descending a Staircase
We move from high velocity to low velocity accelgoa



High and Medium Velocity Structure Examples
L=vic=1->0.5
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Low Velocity Structures, = v/c =0.001 to 0.2

Sp“t R'”g Half-Wave




Completed Applications
Success Story #1

 High Energy

— Energy Frontier

— Flavor Physics (e.g. B-factory, CESR-C)
 Medium Energy

— Quark-Gluon Nuclear Structure

— Light Sources : IR-UV-Xray
 Low Energy

— Nuclear Physics
— Radiolsotope Beams for Nuclear Astrophysics

10



constituent energy reach —»

10 TeV

1TeV

100 GeV

10 GeV

1 GeV

LOO MeV

1960
1970 -
1990 |-
2000

2010
2020

SC Cavites in
TRISTAN
HERA
LEP-II
CESR
KEK-B
LHC
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- 350 MHz NDb- Cu Cavities for LEP-II
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ELEMENTARY
PARTICLES

Major LEP-II studies & discoveries
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Predicted from Unification of Weak and em forces 1



SRF in Storage Rings

Electron - Positron

TRISTAN - Japan
HERA - Germany

LEP-Il - CERN
(Europe)

CESR-III - USA
KEK-B Japan
5-8MV/m

Proton-Proton
e LHC- CERN
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SRF Modules Installed in LHC

16 Nb-Cu Cavities
4 Cryomodules
16 MV per beam
10 MV/m
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Medium Energy Nuclear Physics

« Understanding the quark-
gluon structure of nucleus

e Distribution of nuclear spin

20



<= otons S = 6 GeV Re-circulating Linear
== Accelerator for Nuclear Physics

] l—eu = 7 MV/m

?_-". -

) ﬁ | b ._

»30,000 cavity-
hours of operation

»Now Upgrade

>to 12 GeV
i *‘ >18 MV/m

SOUTH LINAC CRYOMODULES



Light Sources
From IR-UV-Xrays

X-ACTLY SO |

The Roentgen Rays, the Roentgen
Rays

What is this craze?

The town’s ablaze
With the new phase
Of X-ray’s ways
A Christmas present to

civilization at the turn
of the 20th century




SRF in Electron Storage Rings (X-Rays)
Installed

« CESR/CHESS - USA e SOLEIL (France)
e Canadian Light Source Beijing Tau-Charm
e Talwan Light Source Factory

« DIAMOND Light Source
(UK)

« Shangai Light Source

e Swiss Light Source
— For life time increase

« ELETTRA (Italy)
— For life time Iincrease
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CESR SRF => Taiwan, Canada, U.K, Shangal (via ACC&l

CESR Technology Transfer to Industry

rm-Key Systems

.....



Lasers : Infra red, UV, X-ray
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Optical
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- IR, UV
upgrade

— 14kW beam ’&

Cavity FELs

power

« JAERIFEL
— IR

lEﬂ‘;: 2 I'd XN
Injector
Superconducting rf linac o

o | o — e e T -
?-'}‘“'-w‘— . - - . § \“
Beam dump : kD

7 i  — -
o i Y SR g <
e IR wiggler o
" L c i W 99 1 ___‘t"t
af TN oY cm--a» TEDN INE DEN CLa ™

UV wiggler

17MeV Loop

s 2 ~

5‘_7 —
1 2 A
—_——

2.5MeV Injector _ —2
- -

¥, ank—
< e — A0
f ¥t

1



photon beam
diagnostics

SASE-FELs VUV => X-Rays

e beam e beam
diagnostics bunch diagnostics laser driven
electron gun

(= —
pre-
accelerator

undulator

compressor

superconducting accelerator
modules
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240 MeV
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Based on TESLA Technology
Developed by TESLA Collaboration

e O-cell Nb, 1.3
GHz cavities
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TTF- TESLA Test Faclility Collaboration
Preparation of TESLA Cavitie

"""""




Large experience base, > 12 cryomodules assemble@@Ineters
actlve) ........ Integrated cold time: 10 module-years

Cauty Stnng mountedmn
IS Return fzﬁpe




8-Cavity Module

He gas return pipe

beam position quadrupole
monitor package

I M |- [

1
it I M 'Y i1

#1 #2 #3 #4 #5 #6

module length 12.2 m
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Low Energy Nuclear Physics,

FIRE AWAY
witeram !
)

What's it good for?

Understanding nuclear structure, nuclear shape, spin, vibration, rotation

' i Aligned neulrons Fully aligned
Paired nucleons Aligned neutrons sy pmtﬂns band o i

% C_?ii
Sl o
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FRAGMEMT
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10 Heavy lon Linacs Completed

ATLAS (Argonne) US e« >270 SC structures
Stony Brook e 3-5MV/m

U. of Washington

Florida State U

Kansas State U

Delhi U

JAERI (Japan)

ALPI (Italy)

ANU (Australia)

ISAC-II (TRIUMF-Canada)
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Success Story #2
(short version)

How SRF Technology Evolved Over
Last Few Years




MNo. of Structures

Mo. of Tests
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B0
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12 Structures, = 10 meters
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(a) HEPL
- 3 Structures, 18 meters

1974 _

2 '3 4'5 6 7 8 9101112 13 14 15
E,IH (MeV/ m) . .
Multipacting

CEBAF, CERN, KEK, Cornell, Saclay Field Emission

) Thermal breakdown

Gradients have
been improving
steadily due to
understanding of
limiting
phenomena and
iInvention of
effective cures



Solution to Multipacting

i1st Or nd Order | Pl

6 =17.060 Resonant n ﬂ
DE_ 7. | N/ \J
\& ‘ RN 4
N
NN o
\ \X Electrons drift to equator
Y\ X Electric field at equator 1s = 0
-~ | —->MP electrons don’t gain energy
\ T —->MP stops
. 1200 600 @ &oe .—r.-.as, /




Sub-mm Size Defects
Lead to Quench of

W T ——

Superconductivity
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| mprove Bulk Thermal Conductivity (and RRR) by raising purity
to avoid Ouench
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100 Bar High Pressure Rinsing

From ultrapure
water system

;

Pressure [
regulator Filter ;
® C)
C P Rotation
(L) il
e\ !"’

100 atm jet water rinsing

|
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Class 10 — 100, Clean Room
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Q, 10"

Carlo Pagani

3rd Cavity Production - BCP
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12 There iIs more good news !




There is more good news !

e Electropolishing and
Baking 120 C

— Smooth Surfaces

e Baking
— Heals the rf surface of ??
— (Romanenko Talk)
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But Low Yield of Cavities
> 25 MV/m

e Quench limitations
e Field emission limitations
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Quench

0 Quench
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Yield Due to Field Emission Limitations

9-cell Success Rate Comparison

120 -

| data
gsim .1, .045

100 -

Percent Success
D (o)
(e} (e}

SN
o
\

N
o o
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Gradient Distribution of Field Emission
Limited Cavities

Percent

Percent Max Fields (9-cell FE DESY)

10 15 20 25 30 35 40
Eacc (MV/m)
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Yield Due to Quench

Percent Success

120

100

80

60

40

20

Percent Success (9-cell DESY quench cavities: Z83-Z 111, Z50,
and Al16, A63, A70 — A81)

10 15 20 25 30 35 40
Eacc (MV/m)
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Distribution of “Quench Only”Gradients
DESY 9-cell Cavities

Z83-Z111, 750, and A16, A63, A70 — A81

Quench

14
12
10

@ Quench

Number of Tests

o N B~ O
|

I_l l l l l l l
10to 15 15-20 20-25 25-30 30-35 3540 40+
Quench Feld (MV/m)

54




m—

* Improved
Performance of
Cavities
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Applications
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Success Story #3




Spallation Neutron Source at Oak Ridge
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I T I T I‘ T Linac dump
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p=0.55 B=0.71 p=0.87
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In-Line Performance - SNS
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Nuclear Astrophysics - Rare Isotope Accelerator - RIA

Exploration of structure and reactions involving radioactive nuclei far from the valley of stability.

These nuclei participate in explosive nucleo-synthesis in novae, x-ray bursts, and supernovae via
rapid proton and neutron capture

S-process

rp-process
novae

-

sypernovac

proton number

neutron
star

Hydrogen
Burning "

neutron number




Superconducting Structures for RIB trjumE

Rare Isotope ISAC-I
Beams MSU

Prototype

Re-Accelerator

ECR
RFQ Lows SRF St. 1 Argonne

._-I’ / Prototype:

Advanced Exotic

12 keV/u 160 keV/u Beam Laboratory
9.3 Mevn -----

EURISOL

HighB SRF

beta = 0.81 beta = 0.61 beta O 5




High Intensity Proton Linacs
Beam Power 1 — 5 MW

e |nstalled

« SNS - Oak Ridge (US) *

e 15 MV/m

Anticipated
ESS

European Spallation Source

Proton Driver —
Project X (Fermilab)

SPL (CERN)
XADS (Europe)

Joint Project Upgrade
(Japan- JPARC)
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New Generation of Light Sources
« X-Ray FELs and ERLSs

7~ Single molecule processes

7 Nanoscale objects

7 Biological systems

7~ Magnetic spin/semiconductors

7~ Origins of life, extraterrestrial science

7~ Coherence phenomena, quantum information
7~ Attosecond electronic processes

7 Superfluidity, Bose and Fermi statistics

7~ Molecular electronics

time dynamics will occupy a central

role many of in these investigations 61
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ENERGY RECOVERY LINAC

DBA (Optical Unit)
24 Places

i

Main Linac

400m @ 5 GeV
r 4 560m @ 7 GeV
Injector




ERL:
A New Class of Light Source

S— 10‘/0/'/
M‘__f.::‘f;;;;f 20 /‘

£y S \’990/‘

1965: M. Tigner \

Nuovo Cimento 7,90

37 (1965) 1228 : 1999: JLAB DEMO-FEL

510 2002: JAERI FEL
\ 1990: S-DALINAC  2004: JLAB FEL Upgrade

o0 (Darmstadt)
gt — = 1 MW Energy Recovery

1986: Stanford SCA




Cornell ERL Layout
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Started the Injector SC Cavity String

| -’“F
1l ‘
[
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Other ERL Projects Forseen
ERL in France

X undulator 5 Ge\f

-

FEL oscillator

—_—k A
"‘f’;_III_‘_;‘" e
[Lh 1 Ssncos

/" VUV undulator

\

\ cryomodules
Hﬁ—#'ll-}i}{ _

plasma
injecto rs acceleration

High Harmonic
Generation in gases
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Laser

ERLS at BNL

54.5 MeV

ELECTRON GUN

(=]

CRYOMODULE VACUUM VESSEL

L I ) L

®

S0 -

= 4.7 MeV - ]
/ ;

HENIX
Main ERL (3.9 GeV per pass)

e* storage ring
Four e-beam 5 GeV

passes 1/4 RHIC
circumference

e-beam pass

from RHIC

ERL for
electron
cooling the
RHIC
beam

ERL for
e-lon
collider.
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Revolutionary X-Ray Source @ DESY

Ao LT L e NS T P
’ -
[ it T |
Sefehefeld
eferg-dish

i VTR Sy u
= The Eurcpean X-ray laser project XFEL T y
-".-—-_:_ = . i Planning status Oclober, 2003 = | :
Y Rl e XFEL site £50m
o £33 Options for. expansion
o =i
t?:l: S - 2 O G eV

NEAX .
Peak Brilliance
8 Orders of
Magnitude
Higher than
ESRF !

— 1000

SLA 9-cell
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TTF Cavity-Module Performance (Pulsed Operation)

Performance of Accelerator Modules

35

Operational Gradient [MV/m]
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constituent energy reach —»

Particle Physics Is Entering An
Exciting New Era

Cosmology and

10 TeV particle physics point
to new physics at the
TeV
1TeV Astrophysics
cosmology and theory
provide clues, but we
100 GeV will need accelerators
LHC and linear
collider — to sort it all
10 GeV out
And reveal the
physics that is yet to
1 GeV come ...
LOO MeV

year of first physics —>»

O e .. SR T 70

Brece Misg (BHL) + "Nulti-TeV Muce Calliders™ 77 Migge Pactary Werbshop UCLA, 21



Excitement About Linear Collider

20,000 Cavities

500 tons of high
purity niobium

20 kW
refrigeration at
Not to Scale 2K

€

e-/e+ DR ~6.7 Km

RTML RTML
\Lmad\q —,’Lm_ry’
30m radius 1 | 30m rac'jigs)
e+ Linac
~1.33 Km 11.3 Km + ~1.25 Km ~4.45 Km 11.3 Km ~1.33 Km

Schematic Layout of the 500 GeV Machine



ILC Tunnel Layout




Main Advantages of SC - LC

e SC Cavity => Fill energy slowly
Strong Reduction of Peak RF Power
« SC => Low Frequency, Large beam hole =>
Lower Wake fields
e Higher conversion efficiency
AC power to beam power
* Long RF pulse length
Large spacing between bunches
Wakefields die out
Feedback between bunches
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You've got 60 seconds to explain
What's it good for?

Does it make
oil?

No! But it

might make
-, Dark Matter !
"6 billion bucks! What's this thing for?" Neil Calder
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Far Future Projects

* Neutrino Factory
(20 GeV Muon accelerator)

e Muon Collider
— 3-5TeV

Recirculator Linac
2.5 —20 GeV
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The Road to 50 MV/m i1s Now Open !

o See talks by Liepe, Eremeev and
Romanenko
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