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The Fermilab Long Range Plan

« The Fermilab Director established the Fermilab Long Range
Planning Committee (FLRPC) in the spring of 2003. The committee
report IS available at: http://mww.fnal.gov/directorate/Longrange/Long_range_planning.htmi

 The overarching vision is that Fermilab will remain the primary site
for accelerator-based particle physics in the U.S. in the next decade
and beyond. Two possible visions of the Lab in 2015:

— As host to a International Linear collider Fermilab would be
established as a world center for the physics of the energy frontier for
many decades.

— If the linear collider is constructed elsewhere, or delayed, Fermilab
would strive to become a world center of excellence in neutrino
physics, based on a multi-MW “Proton Driver”

Fermilab is pursuing linear collider and proton driver R&D in parallel.
The August 04 ITRP choice of SCRF technology for the International
Linear Collider allows close alignment of these paths.
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Plan for Accelerator R&D

 The FLRP leads to a plan for accelerator R&D:

— Aggressively pursue parallel programs in Linear Collider
and a Proton Driver R&D (until the ILC status and
schedule becomes clear)

— Both ILC and PD require that we expand FNAL'’S
expertise & capability in SCRF =» SMTF proposal

— Pursue advanced superconducting magnet R&D focused
on upgrades to the LHC (HFM program and LARP)

— R&D aimed at the next generation of accelerators beyond
(ILC and PD) as funds permit (e.g. FNPL & Neutrino
Factories)
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Fermilab and the ILC

 Fermilab worked on both warm and cold linear collider R&D

As a member of the TESLA Collaboration
— Built lots of equipment for TTF at DESY
- Worked on SCRF Cavity development

As a member of the NLC Collaboration
— Built a factory to produce x-band RF structures
— Best performance of structures built anywhere in the world \
— 5/8 structures at successful NLCTA test were made at FNAL ——— | Il
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— Cold technology was preferred by FNAL based on the opportunity for an
integrated approach to the two possible FNAL futures.

— Stated “In the event of a cold decision Fermilab would be ready and able to
assume the leadership role in establishing a U.S. collaboration to push the SCRF
development under the aegis of an international LC organization.”

Currently working hard to follow through on that promise
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Fermilab: ILC R&D

« Accelerator Technology
* Main Linac Design: (Fermilab intends to take major responsibilities)
e SCRF Design: Cavity, Coupler,Tuner, HOM damper, 34 Harmonic Cavity
» Cryostat, & Cryogenics system design
» SCRF infrastructure and test capability
* RF power systems for the Linac
 Fast Kicker Development for Damping Ring, etc.
« Accelerator Physics
« Main Linac Design, Emittance Preservation Simulation
« Damping Ring Design, Instability calculations
» Collimation and Machine detector interface
» Electron Source

» Civil: Studies of sites near Fermilab, Tunnel design, Vibration studies

e Collaboration & Outreach:

» Plan to work closely with GDE, Universities, National and International
laboratories & Local public, State and Federal Government ...All aimed to a

Bid to Host the ILC at Fermilab
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Proton Driver

e High Level Parameters
— 0.5-2.0 MW beam power at 8 GeV
— 2.0 MW beam power at 120 GeV ( x6 power of current MlI)

* Design Studies completed for 2 possible implementations
— 8 GeV Synchrotron
— 8 GeV SCRF Linac

« FLRPC: Linac is preferred

— Better performance (H- injection directly into Ml)
— More Flexible (focus is superbeams for neutrinos, but many other options)
— Strong connection to the ILC ( SCRF linac uses TESLA technology)

} Either requires significant RF upgrades to the Main Injector

Fermilab # URA Visiting Committee April 22, 2005 7



- 8 GeV Superconducting Linac
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PD: 2 MW @ 120 GeV & .5 MW @ 8GeV
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Plan 1s to minimize R&D on Proton Driver front

end by leveraging existing JPARC & RIA Designs
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' Working with ANL
R&D on modified Ordered a Toshiba | | to adapt RIA spoke
JHF RF Quad JHF 325 MHz resonators for use
325 MHz=1300/4 3 MW Klystron with the Proton Driver

Plan is to prototype crucial components of the PD linac front
end as part of the SMTF proposal (more in a minute)




Fast Phase Shifter R&D

e The PD needs TESLA-style RF power distribution:

— One TESLA multi-beam Klystron supplies up to 36 Cavities
— Crucial to the financial feasibility of SCRF linac based PD

e But... In the front end of a Proton Linac the p velocity
change is significant =» requires a “fast ferrite” E-H tuner
to control the phase & amplitude to each cavity

 Fermilab began R&D last year to develop phase shifters
— Two in-house designs completed: coaxial and waveguide
— Both tested and meet spec’s (325 and 1300 MHz) :
— Ordered one commercially from AFT
— More from Bill Foster later...
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Cavities and Cryomodules (PD & ILC)

=1 Cavities & Cryomodules [
for 85% of the PD will be
Identical to those envisioned
for the ILC =

Much of the SCRF R&D for
an linac based Proton Driver

Is 1dentical that reqUired for Cryomodule at Tesla Test Facility
the ILC

Over the next few years FNAL ~ 9-cell, 1.3 GHz Cavity -

I
can “double count” that effort | o eaemenammmm L
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1300 MHz RF Power Sources are also Identical

¢ 1300 MHz Multi-beam Klystrons (TESLA)
— 3 companies (Thales, CPI, Toshiba)
— Peak power = 10 MW, 1.5 ms pulse width @ 5 Hz

* Modulators
— Most expensive RF components for ILC and PD
— TESLA modulator is based on a Fermilab design

— 10 Modulators have been built

— 3 by Fermilab and 7 by industry
e Similar RF systems are in operation at FNPL
* In the process of greatly expanding our R&D

activities in this area

 Goalisa full ILC RF unit (klystron, modulator,
and 4 cryomodules) as soon as possible (SMTF)
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Proton Driver- ILC Synergy

 Near term
— Both ILC and PD require extensive SCRF infrastructure be developed
— Almost complete overlap of PD and ILC B=1 module R&D and test plans

* If the Proton Driver becomes a project

— The Proton Driver would need ~ 50 =1 cryomodules

— It can serve as a large scale demonstration of the equipment needed for the
ILC, remember that the ILC will need ~ 4000 cryomodules!

— A PD Project could serve to promote industrialization =» lower the ILC cost
and reduce uncertainty

— SCREF linac based PD could be made to accelerate electrons
* With a low emittance source =» permits ILC beam studies
 All of this could happen while the ILC project is trying to
organize complex international agreements and funding
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The Next Steps for PD or ILC

 First imperative is the establishment of US-based
capability in the fabrication of high gradient

superconducting accelerating structures.

— Plan: Build this capability at Fermilab
— But leverage from existing scrf expertise at: FNAL, JLab, Cornell, ANL, etc.

e SMTF (Superconducting RF Module & Test Facility)

— Proposal received from a national collaboration of major DOE and NSF
laboratories and universities. Spans multiple divisions of the Office of
Science (HEP, NP, BES).

— Goal =* develop U.S. capabilities in high gradient superconducting
accelerating structures in support of the International Linear Collider
(ILC) and other accelerator projects of interest to U.S. laboratories.”

— 2 parts:

» Infrastructure for the construction of SCRF cryomodules
o SCRF module test facilities (Meson Detector bldg & New Muon Lab)

 \WWhat iIs Needed ? What do we have ?
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Chmistry Electro polish

‘Jefferson Lab Infrastructure , similar at DESY‘

HPR

Module test




TESLA Cryomodule Assembly
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Superconducting Module & Test Facility

e Concept of a possible evolution (ILC portion):

1
| - One Module, Cryo, RF, no beam 2006

A0 injector .
% EE < -—4 Add Beam »

50-100M
One RF Unit

» ----—A )

HIII_ o

Possible ILC test bed
ILC injector

* Also test stands for B<1 cavities PD/RIA and CW
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Fermilab and SMTF

« Fermilab is providing/will provide a variety of resources

to SMTF:

 M&S and labor funds (i.e. people)
* Floor space (Meson, New Muon, MP9, IB1, IBC)
» Cryogenic capacity (currently 60 W at 2K in Meson, the same in IB1)

» Electron source (FNPL)
» Power, water, controls, Management, ES&H oversight, etc

« Immediate goals: Get the Meson Detector building
ready, build RF power systems, buy parts for
cryomodules, and build clean rooms for cryomodule
assembly

* Following the ITRP decision (Aug 04), and the BTEV
cancellation (Feb) more $$$ has become available =» all
of this Is just now starting to really taking off
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Superconducting Magnet R&D

o Activities

— Tevatron Magnet Studies

— LHC Accelerator Project (LHC) +—
— High Field Magnet (HFM) Program

—

e

P

— LHC Accelerator Research Program (LARP)

— Other Activities — SC super-ferric magnets for VLHC, SC
solenoids and focusing quads for Proton Driver/ILC, etc.

Fermilab

i
e

URA Visiting Committee
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SC Magnets: Recent Achievements

o Tevatron: Studied persistent current effects in Tevatron
dipoles & discovered/repaired vertical displacement of the
cold masses due to support creep. These led to significant
Improvements in Tevatron performance in Run |1

 LHC: Nearing completion of project ( more in a minute)

* Developed and successfully tested of a combined function
superferric magnet using a 100 kKA SC transmission line for a
first stage of a future VLHC. (Design is being considered in
some LHC upgrade scenarios)

 HFEM: Studied and understood electromagnetic instabilities
in Nb,Sn strand and cable and developed and successfully
tested3models of 210 T Nb,Sn dipole

 LARP: Developed designs for 2"d generation LHC IR quads
based on Nb,;Sn conductor (more on HFM & LARP)

e
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LHC Accelerator Project

« Collaborative effort of BNL, FNAL, &
LBNL to design and build the 4 high
luminosity IR regions for the LHC

— Requires state-or-the-art NbTi high gradient
quadrupoles! B>9T

— Technical Division provides the overall
project management for the US LHC project

— Jim Kerby = Project Manager

— FNAL.: Design, build, and test ¥ of the inner _
triplet quads at IPs 1, 2, 5, and 8

— Other %2 quad cold masses built by KEK

— FNAL= Responsible for final assembly of all
for the quads, including integrating Japanese
supplied cold masses and CERN supplied
correctors

Fermilab # URA Visiting Committee April 22, 2005 23



LHC IR Quadrupoles

* Fermilab’s technical responsibility is the development and
production of high gradient Q2 quadrupole assemblies
— 70mm bore, very high gradient = 205 T/m, operate at 1.9K

— 1996-2002 Fermilab built and tested a successful series of model magnets
and a full size prototype. Now we are in production mode.

— These magnets push NbTi just about as hard as it will go
e 17/18 Q2 cold masses done, 6/9 Q2 assemblies tested, 4 shipped

o All Q1/Q3 cold masses received from KEK, 8/18 magnets
assembled, 4 shipped to CERN

e Test results on most Q2 cold masses have been excellent with
16/18 achieving acceptance gradient of 215 T/m with O to at
most 4 quenches.

* However, two cold masses did not make design current and we
still do not understand why. Experts still investigating
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LHC Quads: Quench Performance

Quench Performance is Excellent Bpeac > 9T
14000 | fﬁ; %
230T/m Test Goal | Tt 1 \\"\%:\_\‘ acceptance
13000 - i . 6| e | o] o o R *| o ., e te
R . *° T L g
| : *
12000 - i | . * operating
205T/m Operating Gradient .
< s L s S B N e —
511000 T Prot;otype- | 0| 02 QM )E s | 10 D2 | o108 07 n(?:_“\ 5 |13l ooz | 17 18
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<10000 1 o0 i f
2 Kiae :
C% ! However, the cause of the quench limit in
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LHC Project

Industrial
% Center

Building at
Fermilab
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] - Q1-Q2
Project will
be complete - \\\\\\\\ - . _
by ~ Dec 05 =) - Above ground test assembly of
¥ I IR components has begun in

anticipation of the start of
installation in the fall of 05
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High Field Magnet R&D

Fermilab

Superconducting Magnet Technology is one of the enabling
technologies required by HEP

— The importance of long term SC magnet development effort has been
reaffirmed in several recent HEPAP reports (1998, 2002, 2003)

Future accelerators will require magnet performance beyond
that achievable with NbTi conductor

A HFM R&D program was started at FNAL in 1998. This
program focuses on the development of next generation of
accelerator magnets based on Nb,Sn

Nb,Sn conductor shows excellent promise
— Critical parameters: (J,(12T,4.2K)~2.5-3 kA/mm?) >> NDbTIi
— High-performance Nb,Sn strands are commercially available

.but Nb,Sn is brittle => must develop new technology to
fabricate accelerator magnets based with this material
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Design Approaches

Two approaches:

« shell-type coils with a cos 0 current distributiol < !
— Traditional coil design for SC accelerator magnets,

due to small bending radii requires Wind & React approac g )

* Dblock-type coils; common coil configuration

— Friendly to brittle conductors thanks to large bending
radii, allows React & Wind approach

* Fermilab built model coils with both
approaches, but... guench performance was
limited to typically 50-60% of the expected
short sample current. In 2004 we identified the
problem as conductor instability=» use
conductor with smaller strand diameter.
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Quench Performance Improved!

Based on stability studies we chose a

Nb,Sn strand produced by Powder-
In-Tube technology. Has a smaller
effective filament diameter =»
should be more stable.

We built two model magnets:

* Racetrack
e Cos 6 (magnetic mirror)
* Both models reached short sample limit
— B Inthe coil @4.5 Kwas ~10 T
— Limitation was the Jc of the conductor
e A great technical and intellectual success!
« Also built a full cos 6 model magnet model
using PIT conductor that worked well.
Fermilap 2% URA Visiting Committee
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Model Magnets with PIT conductor

Internal Tin

| Mirror magnet HFDMO3 |

Nb,Sn strands
produced using the
Internal Tin and
Powder-In-Tube
technologies

PIT filament
diameters are much
smaller than MJR
conductor

Racetrack

e
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LHC Accelerator Research Program (LARP)

brookhaven - fermilab - berkeley - stanford

 Fermilab serves as Host lab
» Steve Peggs (BNL/FNAL guest scientist) = program manager

* Program Goals:
— Hardware commissioning of US provided LHC equipment
— LHC Machine commissioning, train young people for US program
— Accelerator physics & Instrumentation

— Develop 2nd generation LHC IR Quadrupoles - ‘ BIG Task
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LARP SC Magnet R&D Goals

* The goal is to demonstrate large aperture high-

gradient accelerator quality quads based on Nb,Sn
conductor for the planned LHC luminosity upgrade

e Parameters of IR quadrupoles will be push beyond
the present state-of-the-art:

¢ G,,,~230-280 T/m at 1.9K
e Aperture >90 mm

« High Radiation heat loads
e B, .~15T at the coll

Fermilab

e
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LARP builds on HFM Program

COLLAR.

YOKE

\
SHELL

ALIGIHMENT

COLLARING

MQXB mechanical structure

S
Nl
W

N\

TN

TQ2a (left) and TQ2b (right) coil in MQXB collar

Conductor and Technology development

FNAL designs are based on the LHC
Quad mechanical structure
(collar/yoke/skin) =» tooling exists for
both short (1-2 m long) and long (4m)
magnets.

Alternative mechanical designs are being
explored by LBNL in collaboration with
Fermilab.

Next steps

— Short models in FY06-FYO07 will address
magnet mechanics, quench performance,
field quality, etc

— In FY06-07 expand to ~4-m long coils.

— In FY08-09 full length prototypes will
demonstrate the technology is ready for use
in the LHC.
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Neutrino Factory R&D

Fermilab i1s one of three lead-laboratories for the
National Neutrino Factory and Muon Collider R&D
Collaboration

FNAL hosts the MUCOOQOL sub-activity, which is the
R&D program to develop the technology required for a
muon Ionization cooling channel

Fermilab group is active in various studies:

— Participated in APS Neutrino Study — strong endorsement for
Neutrino Factory R&D

— Participated in “Neutrino Factory Design Study 2a”. Using ideas from
last two years — simplifications & significant cost reduction (60%)..
The MICE Experiment (uses MUCOOL components to
test muon cooling technology in a muon beam at RAL)
was approved, and has UK & US funds

First experimental result from the new MUCOOL Test
Area (MTA) at the end of the Fermilab Linac
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MuCool Activities

« MuCool Test Area (MTA) is complete

* Infrastructure for RF is complete, LHe
plant is being installed

« Started engineering to bring beam
(low-intensity initially) to the area

 MuCool (and FNPL) both serve as
Important programs to train students
In accelerator physics (MuCool = 2
students now, 1 recent PhD graduate)
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MuCool Program for this year

RF

— 805 MHz cavity

» Curved windows (the flat ones were unstable)
 Button tests of different materials (damage in different materials)
» Magnetic field studies (we need to operate at 5T)

» High pressure cavities (high pressures may be good)
— Breakdown studies with beam

— 201 MHz cavity
» Conditioning and breakdown studies (needed for MICE)
» Magnetic field studies (Can we reach 16 MV/m @ 2-3T?)
 Surface modification and control (Can we do better?)
— Coating Studies
— Atom Probe tomography (collaboration with Northwestern U.)
» May lead to better understanding of breakdown at high gradient
Absorber work

— Second round of tests for convective-cooled LH absorber (KEK collab)
— Continue engineering study of forced-flow LH absorber
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Accel R&D FY05 Resource Snapshot

Activity FTE | M&S funds ($K)
ILC (incl FNPL) |26 |2300

Proton Driver 17 1700

SMTF 12 12300

LHC 20 |na

HFM 18 | 800

LARP 4 100

Neutrino factory |4 200

Totals: ~101 FTE’sand$7.4 M in M&S
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CONCLUSIONS

 The FNAL accelerator R&D program is well aligned with
the recommendations of the FNAL long-range plan

e |LC and Proton Driver R&D goals are well aligned for the
next few years (until the situation on ILC becomes clear)

e Large and growing effort on SCRF technology (SMTF)
 The LHC Accelerator Project is nearing completion

« The HFM Program and LARP magnet programs are well
Integrated and focused on future magnet upgrades

* A lower level effort on far-future accelerators (e.g. Neutrino
Factories) is supported at the level that funding permits

e
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