AARD HEPAP Sub-PANEL
FNAL, Feb. 16, 2006

Superconducting RF - Resource Needs for the Present and Future

Your Charge (in part)
........W€ are requesting a comprehensive review of all aspects of the
OHEP and NSF accelerator R&D programs.............. The review
should include: ..o,
e Resources: Estimate whether the program has adequate
resources to carry out its scope of effort........

Technical and management review of the Linear Collider...will not
formally be part of this review, but your committee should
understand and evaluate whether the overall scale and scope of
these efforts is appropriate.................



Some Criteria for Assessing Resources Needed
Based on the assumption that achieving and maintaining "significant
player” status is an accepted goal for SRF in the US:

e A relative criterion
- What is needed to meet the competition in terms of
investment in human and physical infrastructure and in
ongoing support of principal scientific personnel?

e Absolute criteria
- If the accomplishments needed are specified from outside
together with a completion date (e.g. by the GDE), then the
support needed can be calculated
- In AARD there are thresholds for infrastructure investment
and ongoing support to make steady, if slow, progress.



Assessing Currently Available Resources
(PLEASE NOTE THAT THE TABLES BELOW ARE DRAFTS!)
e Resources here defined as physical and manpower resources
devoted to SRF R/D and the financial support for them
e The following assessments and evaluations were made by the
participants themselves and recorded without editorial comment
e Intra US inputs are displayed in a table you have already seen in
the talk from S. Chattopadhyay
e The regional comparison chart was obtained by summing the
resources listed in the intra US table and asking colleagues in
Europe and Japan for quantities corresponding to the various
table entries
- entries very approximate as our non- US colleagues do not
use the same categories that we do and do not do their
accounting the way we are accustomed to
- There is a Canadian component not taken into account -
TRIUMF is constructing a SC heavy ion linac currently
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for Daresbury, Cornell and BNL
ERL designs

* Embodies US national SRF
developments for NP, HEP, BES
2nd DOD

o Lincar Collider
developeents 2001 -present

o SRF.-based Lincar Collider Cost
estimates, 2003 and continuing ¢ Muca cooling

cavity development
for Newtring
factocies and Muon
Colliders

* Novel muon
cooling schemes
without solenoads

o "TESLATTC"
cantributicas

FNAL * 39 GHzcavity R&D, 7 cavity o Provide FNAL experience in all * Bunch SRF only R&D * 39 modest fnclites | SRF only o ILC Program Stroog

types for Photoenjoctor & 4 cavity | aspects of SRF developoent & compression, (direct developed- CR, UPW, o 19-1IFTE Director w Div collsboration

module for TTFIL also TESLA operation, initizting polarized gun diagnostic & crab MES+SWF) HPR, oven, Vert Test FY03, 20 FTE FY0S | Leaders with DESY

cavity operatica 15582007 effory cavity applications. | FY05 s Chemical o ILC SFTEFYOS, | e PD Program MOUs wCL,

o ILC R&D, prepare foe project o Develop necessary infrastructare efficient FEL SASE | » 39 IM$S processing - joint 10 FTE FY06 Leader JLab, ANL,

2008.2 o Initiate materals efloet o ILCmajocfuture | o ILC 32MS facility with ANL for o SRY infrastr & o DOE reviews MELU and

® Proson Drver R&D, be o Deusign concepts for 3 PD using gosl of HEP o SRY Infra & BCP & EP Ma 6FTE FY0S, 12 * FNAL AccAdy others

prepared %0 implemens if [LC TLC 1echnology o PD major thrust Mat Dev 2.1 MS * Under construction FTE FY06 Com

delayed, effoets complemensary to for neutrino physics, | o PDOSMS —magor CR fcilaty, o PDIFIEFY0S, | « GDE

ILC R&D 20087 Preproduction test FYo6 module assembly, 10FTE FY06 o Individual reviews

vehaele for ILC o 192EMS Homz & Vert Test o 20URNLN and advisoey
o ILC 44MS dewars, module test coemittees
* SRF Infra & ara
M 32

« PDIMS




Accelerator Facilities: Their Five Accomplishment: Impace: to HEP Budget Facilities Effort Management Service to
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to Fum Entirely on SEF Cavities, =002 First Test of 200 MHEz Wb-Cu Lipear Collider AUger, sims Light Source).
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Accelerator Facilities: Five Accomplizshment: Impacts to HEP Budget Facilities Effort Management Service to

Their Goals and tme scales *NearMid Long- Ohwversight and Others

of achievement term Review
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= Dievelop half-reentrant cavity driver studies: materials
for ILC science, surface
science, heat
transfer
BNL + RHIC & cocling 200% + Design and construct  ampers | = Potantial use of N + Investonent 7 +15FTE » Manzged as .
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NS peumons by Spallation at various cryomadules and all auxiliary operatng pulse developing the o 3 MW) 205 MHz defiming the scope of the facility B TTC
energies for smudies of a vamery components has been achieved n SRF linacs SEF program for test facility of the SEF program [priarities k. Provide

of materials. Beam on target for record time. k Better understanding Operadons b Fundamental power for Operations DOE semi anmaal Operating

production of neumens is b The testing and commissioning of of the fundamental support and for coupler tast stand support and for the review axpeTience of

expected in Spring 2004, the superconducting linac has been and accessory the Power b Planned: test cave for Power Upgrade DOE power EF, 5RF and
k Famping to 1.4 MW proton performed for the first fime at 4.2 limitations of Upgrade cryomoduls tasting Uperada formal pulsa powar
beam will ocour by early 2009 K pulsed SEF at and single cavity reviaws Componsnts
b The enerpy of the 1 GeV protons p Gradients io pulse mods exceading VAILOUS horizontal cryostat Accelerator and systems i

15 provided by a pulsed the desizn values have been temperatiras festng Systems Advisery the community

superconducting linac, the core achieved thanks to JLab's b Proot of principle of b Planned: large clean Committee Eeviews

componants of which were constmction and to SM5's pulse SEF-based room for disassemble

desizned, processed, assembled persomnel testing skills proton drivers and repair of existing

and tested at TLab. b Low Lavel BF systems in place for  p Hizhest epergy cryomadules

b Beam spergy in excess of 950 pulse operation at SN5 are being “Proton” b Planned: simple

MeV has been achieved and is used for other pulse SEF superconducting chemistry processing

being mammined routinely

b Superconductng linac kas been
operated with beam both at 2.1K
and 42 K.

b A power upgrade to a 1.3 GeV
eam with 3 MW power will ba
completed by 2012,

applications

High peak current operation (40
mA) has been achieved in pulse
made

linac in operation

facility for restoring
cavily performance in
mstalled cryomodules




Accelerator Facilities: Their Five Accomplishments Impact: to HEP Budget Facihities Effort Management Service to
Goals and time seales of *NearAid Long- Orwersight and Other:
achievement term Review
LANL ot acdve at present. Significant Set up lab; fabricated 3 GHz SEF Technology 1290-1202 Cavity fabrication, Mo one is funded for LANL management Contribution o

investment in the past (1990- cavities; performed about 100 development approx. §1M/year | processmg and testing SEF activities at and DOE reviews m SNS RF
12247) in the context of techoology tests on five 3 GHz cavities. by LDRD for facilities and labomatory | present There were the past sysiems at
development and for Pion Linacs Built 1* double-sidad Ti haar technology space. 11 peapla (1 ORNL.
(PILAC) via Laboratory Directed {before ins-welding) treated 4 cell development; manager, §
Ciscretivnary Funds (LDED), beta = 055 niohium caviry az £03 sciemtists/enginesrs,
(1994-2001) towards DOE MHz for high pradient pion 1992-1004 1 desizper and 3
APT/AAA and (2001-2005) acceleration: appros. 1M year technicians) who
towards high Tc material research Built first rednced beta elliptical by LDRD for Pion weTe directly

Linac {(PILACY); imwolved in SEF

cavities at 700 MHz at beta =
0.5,0.62 and 0.8; buil: malticell
elliptical cavities at 700 MHz;
demonstrated the effects of proton
mradiation on an operating SEF
cavify, rebuilt and npgraded the
5RF laboratory space. built and
tested 1 1 MW ow power couplar;
Demonsirated surface resistance
of MzB2 lower than niobium at
4E and Q0 dependence with
magnetic field much less than
YBCO and other kigh Tc
materials.

1994-2001: funded
by DOE
APT/AAA funds
at approx. §70M
total owar 7 years;

2001-2005:
approx. $400 k
total for high Te
material research
for SEF cavity
applications.

activites in the past.




Estimate of Infrastructure’ Resources for SRF Work Directly Applicable to HEP Projects

PRELIMINARY - DRAFT*DRAFT*DRAFT - PRELIMINARY

Region Asia Europe” US
Capital invested 7? 126 M to date 60 M to date
Labor invested ?2? 2100 PY 1000 PY”
Current SRF R/D Budget (total) 5.5 M (80" FTE not incl) 6 M (86 FTE not incl) 23 M (FTE incl)
SRF budget for AARD small 26 M 0.7 M
No. Companies for Cavities + Cryostats 3 large 3 large 1 small
No. of Cavity qual. Nb suppliers 2 2 1 + 1(trying)

1 ~6 ~6

No. of Institutions seriously in SRF

1 Infrastructure here defined as facilities that can be used for producing, processing and testing SRF accelerating apparatus. Buildings are not

included.

2 Taken to be primarily DESY TTF with contributions from TTF members; CERN past investment in Nb on Cu not counted

3 Scaled from Europe
4 scaled from Europe

e Interms of meeting the competition, it's clear that we have a
long way to go. How far and where we need to go will depend
somewhat on how the GDE weighs in on this subject. However
the future unfolds, it is clear that our European and Asian
colleagues have set the bar high for collaborative competitors -

they each will have a SC linac test vehicle > 1 GeV




AARD Resources Needed

e Physical infrastructure needed for significant AARD include

- cavity fab and processing facility adequate for multicell
cavities (machining, chem. processing, HPP, high press. H,O

- test facility adequate to shield against giant resonance
neutrons

- Instrumentation for correlations of rf behavior with
physical and chemical characteristics of surfaces e.g. Auger,
SIMS, AFM...........

e Intellectual environment where many related sciences are "on
tap” for consultation and collaboration such as in a large
multipurpose lab or university community

e Intellectual environment including more than one independent
unit engaged in related activities to provide stimulation to the
activity - SRF AARD has been isolated in the past



e Personnel infrastructure including more than one scientist per
independent unit (lab or university group) capable of and
devoted to addressing the pressing problems that you have
heard about (e.g. residual resistance, grain boundary effects,
new materials, new fabrication and processing methods............)

e Personnel infrastructure including the needed technical services
such as mechanical, chemical, electronics and IT

e Small industrial contracts to work on scaling up processes

e and don't forget a couple of grad students........

Most of the physical infrastructure items exist at 3 or 4
institutions - WHAT'S LACKING IS SUPPORT FOR THE PEOPLE
INFRASTRUCTURE NEEDED TO MAKE PROGRESS IN SRF AARD

Following the recipe given in the above 6 bullets it is apparent that
the support needed is of the order of ~ 4 M shared out over
DoE/NSF and 3 or 4 institutions having the needed capabilities



