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Presenter
Presentation Notes
Technical Developments in Support of Accelerator-based Science at SLAC
 
Recent recommendations from the Basic Energy Science Advisory Committee (BESAC) and the Particle Physics Project Prioritization Panel (P5) will have a significant long-term impact on accelerator development at SLAC. Most importantly, in summer 2013 BESAC recommended the number of FEL photon beam-lines in the 0.2 to 4 KeV range be increased substantially. This recommendation resulted in the proposal (LCLS-II), now accepted, to build a new 4 GeV CW superconducting linac in the same housing as the existing SLAC LCLS linac. The LCLS-II project involves contributions from several US partner-labs and is now in full-swing. BESAC also supported fully integrating the two FEL-linacs so that photon beam-line equipment could be used for either the high energy low-repetition rate beam or the moderate energy very high-repetition rate beam. The P5 report, on the other hand, strongly supported US involvement in the proposed International Linear Collider development, based in Japan. Both projects rely on the L-band superconducting RF technology under development for the last 25 years. The talk will report on recent technical developments and describe plans for future work.



Technical Developments for Accelerator-based Science

Basic Energy Science Advisory Committee (BESAC) and
Particle Physics Project Prioritization Panel (P5)

1. BESAC recommends FEL construction:

« SLAC proposed LCLS-II, now accepted,

« anew 4 GeV CW superconducting linac

* LCLS-Il involves several US partner-labs

* now in full-swing.
2. P5 strongly supports International Linear Collider (ILC)
development,

» directed toward construction in Japan.

Both rely on L-band superconducting RF (SRF)
technology in development for 25 years.

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)




SRF Development for particle physics
deployment phase:

SRF technology was developed for use in high-energy physics
accelerators.

Pioneers: e+/e- collider storage rings at DESY (Petra), Cornell (CESR),
KEK (Tristan), and Cern (LEP)

Goal: cost-effective, high-gradient, reliable SRF for next generation
e+/e- colliders: storage-ring ‘factories’ and linear colliders.

TESLA collaboration: increasing the practical SRF accelerating gradient
to propose a multi-kilometer pulsed SRF linac.

1. Increase industrial involvement,
2. reduce static cryogenic-loss,
3. improve packing-factor

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)



SRF Development for particle physics
deployment phase:
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SRF for the International Linear Collider
(2005 — present)

2012: International Linear Collider (ILC) Technical
Design Report

 |ILC Technical Design:
- standardized, industrialized, production recipe for 1.3 GHz bulk-
niobium SRF cavities
- Performance demonstration, production capability, cost estimate

European XFEL project, (DESY host), with roughly 100
(800 SRF resonator cavities) cryomodules using exactly
this technology (2016)

LCLS-Il project, (SLAC host), 300 cavities using the CW
adaptation of this technology
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Outline

1. Industrialization of 1.3 GHz SRF technology
- 1990’s to present
-  TESLA, E-XFEL, and ILC (also CEBAF 12 GeV)
2. LCLS-II
- Free Electron Laser at SLAC — based on ILC /
E-XFEL SRF
3. SRF for LCLS-II
- Low cryogenic-loss cavities: ‘N, doping’ process
developed by Fermilab
- Multi-lab partnership
4. Implications for ILC

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)



Outline

1. Industrialization of 1.3 GHz SRF technology

- 1990’s to present

-  TESLA, E-XFEL, and ILC (also CEBAF 12 GeV)
2. LCLS-II

Free Electron Laser at SLAC — based on ILC /
E-XFEL SRF

3. SRF for LCLS-II

4.

Low cryogenic-loss cavities: ‘N, doping’ process
developed by Fermilab
Multi-lab partnership

Implications for ILC
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SRF: ILC <> LCLS-Il < ILC

Before: TESLA Collaboration, XFEL, SRF R&D

2013: ILC TDR International Review (Feb)

Performance Demonstrations, Industrialization, Cost
2013: LCLS-Il CW SRF Linac proposed to DoE — SC(BES)

CD-0 (Aug), CD-1 (Aug 2014), CD-2/3 (3QFY15)
2014: High QO Process development (Apr — Sep)

Fermilab (lead), JLab, Cornell; (Cavities from FNAL)

2018: LCLS-II Cryomodule Construction Complete (Aug)
-> First light at end of FY2019

2018: US Infrastructure Qualified and Demonstrated
-> ready for ILC or ?

SRF Cost Reduction / Risk Reduction through application

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)




LCLS-Il SCRF linac basic building block:
9-cell sheet-metal cavity

Figure 1.2-1: A TESLA nine-cell 1.3 GHz superconducting niobium cavity.

~ 70 parts electron-beam welded at high vacuum

¢ ~1.25 m? x 3mm thick sheet metal
pure niobium and niobium/titanium alloy

e niobium cost similar to silver
weight ~ 70 Ibs

6 flanges

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC) 9



Colder is better — to a point
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SCRF vs temperature
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SRF Specifics and Constrains

What happens when microwave is input a cavity?

Superconductivity

™~

Heating mechanism

Inside the cavity

Microwave ||‘
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Surface resistance is very very small.

m==d (Cavity performance strongly depends on the surface.
Thermal conductivity @ superconducting state is very small.

.10n] = High thermal conductivity is very important.
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1300 MHz SCRF =

Cavity: /fh h fj?‘p ot e

1.7 million volts 9 cell sheet metal
] 208 mm cavity
acceleration 8.2 inches
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1300 MHz SCRF
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1300 MHz SCRF =

Cavity: /ifh
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1300 MHz SCRF Cavity
inside its liquid-filled tank

Cryogen 2-phase pipe

* 9 cell resonator cavity
« Ports:
« Beam in /out
« Bring in power
* Monitor field
« Extract unwanted frequencies

Order Mode
extraction

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)
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Q-E Curves (Performance)
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SRF Cavity Gradient Progress

L-Band SRF Niobium Cavity Gradient Envelope
and Gradient R&D Impact to SRF Linacs
60 — — —_—%
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- XFEL & ILC: Pulsed SRF Linac
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Steady progress in SRF cavity gradient makes SRF an enabling technology

SRF based electron linacs (CW & pulsed) have track record of successful operations




SRF Cavity Gradient Progress

L-Band SRF Niobium Cavity Gradient Envelope
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A Model for Cavity and CM

11U Production and Qualification Process

Step hosted
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- Production/Procurement

Hub-
laboratory

ILC Host-
laboratory

Industry Industry/Labo

ratory
no yes or no yes yes

Nb, Ti, specific Procurement
comp. ... ' >

_______________________
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9-cell Cavity O-cell-cavity, |

- Manufacturing Process, Procurement
He-Jacketing >

9-cell Cavity old, gradie

- Performance Test S

Cryomodule component V. vessel, Procurement

- Manufacturing cold-mass ...

Cryomodule/Cavity Cav-string/ v </

- Assembly CM-assembly

SCRF Cryomodule Cold, gradient

test

Accelerator integration,
Commissioning
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Vertical Cavity Test Results at DESY:
1995-2006
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|CEBA|= 12 GeV upgrade | 12 GeV cavities: overall performance

Vertical Test; 1500 MHz 7 cell;
10% gradient correction

serrerson Lab 12 GeV C100 Cavity Final E_,
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@ EZANON. . |nfrastructure for SC ca.vities production (D)
Cavity’s production lay-out
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@ EZANON .. Infrastructure for SC ca.vities production (D)
Cavity’s production lay-out
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@ EZANON. . |nfrastructure for SC ca.vities production (D)
Cavity’s production lay-out
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@ EZANON. . |nfrastructure for SC cavities production (D)
Cavity’s production lay-out
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@ EZANON .. Infrastructure for SC cavities production (D)
Cavity’s production lay-out

Building lot | about 600 m2 | . * ® 1 1
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@ EZANON .. Infrastructure for SC cavities production (D)
Cavity’s production lay-out
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@ EZANON .. Infrastructure for SC cavities production (D)
Cavity’s production lay-out
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@ EZANON .. Infrastructure for SC cavities production (D)
Cavity’s production lay-out
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@ EZANON .. Infrastructure for SC cavities production (D)
Cavity’s production lay-out
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| BN 100 s.c. Modules for the European XFEL IPAC14: Courtesy: H. Weise

European

XFEL

An Accelerator Complex for 17.5 GeV

100 accelerator modules

Some specifications

Photon energy 0.3 - 24 keV ] o
Pulse duration ~ 10 - 100 fs 800 accelerating cavities

Pulse energy few m 1.3 GHz / 23.6 MV/m

Superconducting linac. 17.5 GeV
10 Hz (27 000 b/s)

23 RF stations
2.2 MW each

— : l‘ i SC Linac (~ 1 km)
e ™
3000 4 . MA’#‘"%
2500 T o
2000 —
1500 0000 “li_. —
EXFEL: 1/20 Scale Project on going, Industrialization being verified !!
7

IPAC Conference — 18 June 2014 e 1.3‘321

Hans Weise, DESY .



IPAC14: Courtesy: H. Weise

SCRF Cavity Production

Europear

XFEL Cavity Delivery Status as of 6/2014

=S=tolal delivered to DESY  —@=total RF tested a1 DESY S-otal delivery 1o IRFU

| 8 cavities |
| perweek

= ry—— .7 | % e
b S 1) — S -

m Gradients in average above specification [(almost 300 cavities tested)

m Average usable gradient after delivery (26.8 = 7.1) MV/m
m 2/3 of cavities can be used w/o further treatment
m 1/3 is getting additional treatm. ->[usable grad. increased to (29.6 £ 5.1) MV/m

2014.6: # cavities produced > 300. Usable Gradient: ~ < 30 > MV/m

IBIC Monterey Sep 15, 2014 (M. Ross,
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SCRF Cavity Production
P

: Courtesy: N. Walker

ILC TDR acceptance,
| |

30r

10+

10 20

XFEL usable
gradient (FE limited)

— Maximum field

XFEL industrial

30 40 50
Gradient MVém

production following
| ILC baseline process

m Gradients in average above specification [(almost 300 cavities tested)
m Average usable gradient after delivery (26.8 = 7.1) MV/m

m 2/3 of cavities can be used w/o further treatment

m 1/3 is getting additional treatm. ->[usable grad. increased to (29.6 £ 5.1) MV/m

2014.6: # cavities produced > 300. Usable Gradient: ~ < 30 > MV/m

IBIC Monterey Sep 15, 2014 (M. Ross,
SLAC)
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XM-3 RF Test Results XFEL

I quench limit |cryomodule test
I I vertical cavity tests

40 40.841-6 —— XFEL goal
B 385
369 38.1
34
33
314 316315 31.529?
26.1
22.2

20

10

AC114 AC156 AC146 AC154 AC157 AC158 AC151 AC152 XM-3 total

Gate valve Cv1 cwv2 CV3 Cwva CW5 CWa cw7 CWE BO gradlent

compared with VT

ACLIA ACL56 ACL46 ACL34 ACLST ACLSS ACL51 ACL52
Eacc (VT) L4 31,5 41,5 36,9 23,7 38,8 22,2 28,9
Fe limit (VT) iL4 31,5 41 36,9 23,7 38,8 16,8 20

CMTE 23,2 314 40,8 38,5 31,5 38,1 —22F—— 33




Will it work ? System Tests - Fermilab

Wierncal Test

Comparison of CM-2/RFCA002 Cavity

B Haorirontal Tesl

Gradients N i
4 Wirrtalbed in Cryomadaly
40
” ILC Milestone
1% 31.5 MV/m
EZS
E F ]
G 15
10
51
o
ﬂ?’? ..1.‘;% ‘55? ;:~ 1:
R & 4‘ 50 MeV beam energy
cwmm.:aﬂmrsmaw
—_—1 L1 L | ]
electron gun ::::—,::;n: beam dump 1# cryorodule
—E e — e — rotimety bt fireti e —— — — (M f
booster " spectrometar
cavitias chicana gragnet
—‘ —| beamlines beam dump
ASTA photoinjector 0
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Will it work ? System Tests - Fermilab
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Will it work ? System Tests - Fermilab




Outline

1. Industrialization of 1.3 GHz SRF technology
- 1990’s to present
-  TESLA, E-XFEL, and ILC (also CEBAF 12 GeV)
2. LCLS-II
- Free Electron Laser at SLAC — based on ILC /
E-XFEL SRF
3. SRF for LCLS-II
- Low cryogenic-loss cavities: ‘N, doping’ process
developed by Fermilab
- Multi-lab partnership
4. Implications for ILC

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)
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Outline

1. Industrialization of 1.3 GHz SRF technology

- 1990’s to present
-  TESLA, E-XFEL, and ILC (also CEBAF 12 GeV)

2. LCLS-II
-  Free Electron Laser at SLAC — based on ILC /
E-XFEL SRF

3. SRF for LCLS-II
- Low cryogenic-loss cavities: ‘N, doping’ process
developed by Fermilab
- Multi-lab partnership

4. Implications for ILC
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(with modifications)

e X-ray Transport
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®
Photons for Basic Energy Science

(Material, Condensed Matter, Biology, Chemistry...)

CulLinac{ FE——

|
. [ ]
SC Linac 4.0 GeV
High Rep Rate | . | | |
0 5 10 15 20

Photon Energy (keV)

» Hard X-Ray Source:

> 1-5keV w/ new 4 GeV SC linac
» Up to 25 keV with LCLS Cu Linac

» Soft X-Ray Source:

> 250 6V-1.2 keV wi 4 GeV linac

> Both linacs feed HXR undulator

Legend

Self Seeded (Grating)

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)
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Self seeding between 1.2-4 keV requires x-ray optics development
Self seeding at high rep rate above 4keV will require ~4.5 GeV electron beam, not a baseline deliverable today



LCLS-Il Concept
Use 15t km of SLAC linac for CW SCREF linac

= e e —
e e — =
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LCLS Layout in SLAC Linac Tunnel

(only approximately to scale)

A-line

LCLS-1I SC Linac LCLS-I

HI- ®Q proposed FACET-I| @
} —‘r C—— —_—
L2 o 3 extension line I @ oo > — I_ J

1 bypass line Rl .

p-wall
Séctor-0 Sector-10

Sector-20 Sector-30

I B-line
1 1

2500 3000 3500

i 1@@@ 1 500 2@@@ i

G ~ J G ~ J & ~ J -—
New SCRF Proposed FACET-II Existing LCLS-I Undulators
Linac (4 GeV) and Bypass Line Linac (LCLS-l & -ll)
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LCLS-Il Objectives:

* Build 4 GeV (up to 300 micro-Amp) CW superconducting
linac based on TESLA/ILC / E-XFEL 1.3 GHz technology

* Develop cavity process for high-Q0 production

« Develop CW cryomodule design and operations scheme for
110 W @ 2K/ CM (or better) based on high-QO0 cavity
process

» Use industrial capability for 1) dressed-processed-cavity, 2)
coupler, and 3) vacuum-vessel/cold-mass production

« Adapt JLab ‘CHL-2" (12 GeV Upgrade) Cryoplant for SLAC

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC) 45



LCLS-Il Cavity Control

10 to 100x lower current than ILC / XFEL

* (LCLS-I1 60 micro Amp / EXFEL - ILC 6 mA)

« = Matched LCLS-Il loaded Q, ~ 3e8; effective resonance
width very narrow; BW few Hz

« Difficult with today’s state-of-the-art cavity controls

LCLS-II: 6e6 < Q, < 1e8; nominal 4e7 BW 50 Hz
ILC / XFEL: 1e6 <Q <1.4e7

Microphonics / cavity resonance control 2 key R&D
topics for low current CW linacs

* Also useful for ILC

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)
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LCLS-Il Linac

LO L1 L2 L3
p=** p=-21" p=-21" p=0
v, =94 MV v,=223Mv  HL V, =1447 MV V, =2409 MV
[,=12A l,=12A @=-165 1 =50A l,,=1.0kA
L,=2.0mm L,=2.0mm Y, =35MV L, =0.56 mm L,=0.024 mm
|~ cmo1 CM2,3 | 396H: W N cvos boo| cmas }v/_\-( cm16 b cmas }—f
LH BC1 12 CMs BC2 20 CMs s b
GUN E =95MeV E=250MeV E = 1600 MeV Rsg =0
0.75MeV R =-14,5mm R =-55mm R.. =60 mm o,;~ 0.016%
05=0.05% o;=1.4% o= 0.46 % 2-km

100-pC machine layout: Oct. 8, 2013; v21 ASTRA run; Bunch length L, is FWHM

Closely based on the European XFEL /ILC / TESLA Design

Under development ~ 20 years with > 71000 cavities to be made and
tested (inc. 800 for E-XFEL — completed 2016)

« Thirty-five 1.3 GHz 8-cavity cryomodules

 Two 3.9 GHz 8-cavity cryomodules

« Four cold segments (LO, L1, L2 and L3) which are separated by
warm beamline sections.

« 280 1.3 GHz cavities

* 16 3.9 GHz cavities

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)
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Re-purposing the SLAC Tunnel

SLAC Linac Tunnel: 11 wide x 10 feet high

It will be a tight fit!

Existing Copper Linac

="

L Ty

e\
.II |

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)
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Re-purposing the SLAC Tunnel

SLAC Linac Tunnel: 11 wide x 10 feet high
]

[
CABLE TRAYS 12.0

It will be a tight fit!

100.0

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC) S. Boo, J. Chan 49



LCLS-Il Cryomodule in 3-D

Line F (high temperature shield return)

Line B (helium gas return pipe) Support post cover

.......

JT and cool-down
valves

Tuner access port
mpe ature shield supply)

ne G (2-phase pipe, closed ends) and liquid level tube

. ‘. "__..- o -.. - e b
Line Hfwarn -up/cool-down line, Will be closed at each end)

Line D (low temperature intercept return) 90 W (2K) nhominal

Functional Requirements:
IBIC Monterey Sep 15, 2014 (M. Ross, SLAC) L CLSII-2.5-FR-0053




CM, Feed Cap and Bypass and Vertical Transferline

Vertical | |
Transferline _

|

Horizontal Bypass

Total transferline length is ~ 510 m

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC) 51



Cryomodule from the side:

12.6 m long; 1 m diameter

* (Similar to LHC dipole)
8 cavities w / superconducting quad magnet

Al




Future view along linac —
after LCLS-Il SCREF linac installation:

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)



Project Collaboration: SLAC couldn’t do this without...

50% of cryomodules: 1.3 GHz
Cryomodules: 3.9 GHz

Fe r m I I a b Cryomodule engineering/design

QIII Haa rl oh-uhl itian

Processing for high Q (FNAL-invented gas doping)

. 50% of cryomodules: 1.3 GHz
! ; E O I] l _J _) D Cryoplant selection/design
' Al bud Ll il ¥ Lalf (2.9 Processing for high Q
~ . Undulators
/\l A . € gun & associated injector systems
frrreeeer ‘m
Undulator Vacuum Chamber
. Also supports FNAL w/ SCRF cleaning facility

Argo n n e; . Undulator R&D: vertical polarization

NATIONAL LABORATORY

. R&D planning, prototype support
. processing for high-Q (high Q gas doping)
. €™ gun option

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC) 54


https://www.jlab.org/

Summary Schedule

g
FY2013 FY2014 FY2015 FY2016 FY2017 FY2018 FY2019 FY2020 FY2021
CD-1 CD-2 CD-4
Approve Approve Approve
Critical Selection Performance Project
Decisions and Cost Baseline/ Ty Completion
owntime
Range CD-3 Start of Sept 21
contruction
Conceptual
Design Accelerator Systems I
| | Cryoplant Engr Comp
Photon Systems | |
Start Cryomodule Prototypes Start CM Production Cryomodules prod comp  Cryomodules install comp
Prototype Accelerator Systems | Procurement, Fabrication, Installation & Test Early Project Completion
Construction Award Niobium Award Cryoplant Cryoplant Fab Comp Cryoplant Install Comp
Fabrication & Photon Systems Procurement, Fabrication, Installation & Test
Installation
Linac Commissioning comp
o Commissioning | Schedule Float
Commissioning
Cryoplant Commissioning Comp
Environmental, EA Preparation
Safety | |
& Health EA FONSI PHAR Submitted to DOE
Legend (A) Actual I:lCompIeted |:|P|anned IData Date Level 1 Milestone Early Finish Milestone ‘:lSchedule Contingency Critical Path
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Summary Schedule

g
FY2013 FY2014 FY2015 FY2016 FY2017 FY2018 FY2019 FY2020 FY2021
CD-1 CD-2 CD-4
Approve Approve Approve
Critical Selection Performance Project
Decisions and Cost Baseline/ Ty Completion
Range CD-3 Start of owntime Sept 21
contruction
Conceptual
Design Accelerator Systems I
| | Cryoplant Engr Comp
Photon Systems | |
| Start Cryomodule Prototypes Start CM Production Cryomodules prod comp  Cryomodules install comp
Prototype Accelerator Systems Procurement, Fabrication, Installation & Test Early Project Completion
Construction Award Niobium Award Cryoplant | Cryoplant Fab Comp Cryoplant Install Comp
Fabrication & Photon Systems Procurement, Fabrication, Installation & Test
aalltion LCLS-II: one CM every 3 weeks (aggregate production of two labs)
Commissioning
‘ Cryoplant Commissioning Comp
Environmental, EA Preparation
Safety | |
& Health EA FONSI PHAR Submitted to DOE
Legend (A) Actual |:|Comp|eted |:|P|anned IData Date Level 1 Milestone Early Finish Milestone ‘:lSchedule Contingency Critical Path
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Summary Schedule

g
FY2013 FY2014 FY2015 FY2016 FY2017 FY2018 FY2019 FY2020 FY2021
CD-1 CD-2 CD-4
N Approve Approve Approve
Critical Selection Performance Project
Decisions and Cost Baseline/ Ty Completion
Range CD-3 Start of owntime Sept 21
contruction
Conceptual
Design Accelerator Systems I
| | Cryoplant Engr Comp
Photon Systems | |
| Start CM Production Cryomodules prod comp  Cryomodules install comp
Prototype Accelerd Procurement, Fabrication, Installation & Test Early Project Comgg#®tion
Construction Award Cryoplant Cryoplant Fab Comp Cryoplant Install Comp
Fabrication & Photon Systems g
Installation .
LCLS-Il: one CM every 3 weeks (aggregate production of two labs)
ILC: one CM every week (US)
Commissioning
‘ Cryoplant Commissioning Comp
Environmental, EA Preparation
Safety | |
& Health EA FONSI PHAR Submitted to DOE
Legend (A) Actual |:|Comp|eted |:|P|anned IData Date Level 1 Milestone Early Finish Milestone ‘:lSchedule Contingency Critical Path
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Outline

4.

Industrialization of 1.3 GHz SRF technology

1990’s to present
TESLA, E-XFEL, and ILC (also CEBAF 12 GeV)

LCLS-II
Free Electron Laser at SLAC — based on ILC / E-
XFEL SRF

SRF for LCLS-

Historic shift — very high performance resonators with Q0 ~ 1e11
Low cryogenic-loss cavities: ‘N, doping’ process developed by
Fermilab

Three-lab (Fermilab, JLab and Cornell) development and

demonstration
Multi-lab partnership

Implications for ILC

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)
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Outline

Industrialization of 1.3 GHz SRF technology
1990’s to present
TESLA, E-XFEL, and ILC (also CEBAF 12 GeV)
LCLS-II
Free Electron Laser at SLAC — based on ILC / E-
XFEL SRF

SRF for LCLS-I

Historic shift — very high performance resonators with Q0 ~ 1e11
Low cryogenic-loss cavities: ‘N, doping’ process developed by
Fermilab

Three-lab (Fermilab, JLab and Cornell) development and

demonstration
Multi-lab partnership

4.

Implications for ILC
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] ] ] High QO doping
Motivation for High Q, R&D developed by Fermilab

« High Q, is a surrogate for low rf losses = low dynamic cryo
heat load

* New Nb surface doping phenomenon with significantly
lowered R, go5 and R, ..iqq diScovered 2012-2013

« QOur mission: expedite development for use in LCLS-II

= XFEL and ILC std protococl

=== TETAES005 800C + N (FG)
5.E+10 30

= == | CLS-|| baseline /
-------------------- --- 25
4.E+10 /
20 /
15

W)

3.E+10

o

Q
1
i
i
i
|
I
1
I
|
i
1
|
|
I
|
1
|
Pcav
v N
\
\
\
\

7 E+1Q e,

1.E+10

8 10 12 14 16 18 20 | . . . . .
Eacc (MV/m) 8 10 12 14 16 18 20
E.cc (MV/m)

LCLS-II FAC Review, July 1-2, 2014



Fermilab-developed ‘gas-doping’ process 2>

Fermilab has developed a cavity processing recipe that results in
high quality factors (>3E10) at operating gradients between 10 and 20
MV/m.
In 2014 Fermilab led a Q0 program in collaboration with Cornell and
JLab.
The primary goal is to develop a reliable and industrially
compatible processing recipe to achieve an average Q0 of 2.7E10
at 16 MV/m in a practical cryomodule; minimum 1.5E10.
To reach this goal, the collaborating institutions processed and tested
single-cell and 9-cell 1.3 GHz cavities in a successive optimization
cycle.
The deliverable is industrial capability and cost-effective
production yield.

« Supporting the cryoplant design choices

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC) 61



Motivation for High Q,

R&D

5.010"
3.010"
2,010

1.010"

6.0 10™ T

“"Fabrlcatlon: 10 by ACCEL/Rl,6byAES = =7

---Processing iollow__lng standard ILC reclpe

i T
16 cavitles procea'aed and tested at JLab since July1,2008 T

4 Al -210ct08
=  A12 - 28feb08
+  A13-8decld

All TESLA-shape fine-grain Nb cavities

v Al4 - 91eb08

+  Al16-11feb10
a  RN9-22unid
= Rl28 - 180ct10

AESS - 27mar08 |-
AESE - 14sepl09 }-

RI18 - 2jun10

RIZ7 - 8sapt10

AESS - 26augls |-

AESS - Toct08
AES10 - Gnovid |

20
Eacc [MV/m]

“The best cavities of 2010”

LCLS-Il FAC Review, July 1-2, 2014

RLGeng180CT2010

The SRF world is changing

“The best dressed cavity of 2014”

(so far)
TBOAESO11

T=2K, fast cooldown from 300K
4.0)(1010-|-|-|-|'|'|'|'|'|'|'|

2 Ex10" = Pre-dressing
. B = Post-dressing 7]
| LS L]
3.2x10° |- =g y
L
I ml 5 EN .
mhmm

2gxig® | g w® ¢ }
°2 10"'- " LCLS-II spec

4% B N
2.0x10" | 7
1.6x10" | B
12100 o

o
3 ]
i Y
=]

8 10 12 14 16 18 20 22
Eacc (MV/m)



Americas ILC Linac Cost Versus
Cavity Gradient and Qo

1.1

1.05}

0.95¢

0.9t

0.85F

Relative Linac Cost

0.8f

0.75}

0.7

Qo = 5e10

High QO has
little direct
impact on ILC

Cryo-Plant Cost

1~ (Load)*.0

— ~ (Load)"0.6

25

30 35 40 45

Linac Gradient (MV/m)

IBIC Monterev Sep 15. 2014 (M. Ross. SLAC)
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Q, picture still looks good for LCLS-II,
but new discipline will be required

Theoretical, Previous Standard, and Recent - Q, Limit @ 1.3 GHz, Tesla cell Shape

1E+12 B. P. Xiao, et al., Physica C: Superconductivity 490, 26 (2013). -
P. Dhakal, et al., PRST-AB, 2013. 16(4): p. 042001. ‘
Assumes Bpk/Eacc = A. Grassellino, et al., Supercon. Sci.and Tech., 2013. 26(10): p. 102001. —_
431 I €
— ) 0K =
Calc for: # G1G2 1400C (LG), 1.5 GHz, 2.0 K 5 . 2
1.3 GHz @ 2.00K TE1AESO0S P I m -
=32 nm - re I I n a ry -4
5 40 A TE1AESOO3
AT =185 [ [ 9.0W = [ ..
mfp =50 nm 12w o
Reqg=0nohm ||| sssees 18 W » L
A  TE1AESO011 FNALTBP . 2.0K I
YLE+11 - ' s
1‘-| — —
m : = s
n
% o 00C-N treatment
ogt | © - & o | 6.0
¢ o m® L -
§ oo oo L : '?
oo : |
s | 10.0
\1 "Standard" Y. N7 . N Sam— P
o : 18.5
ow 12w 18w~ .
1E+10 - : . 27.70
T :
0 20 40 B (mT) g0 : 80 100
[ T T T T
0.0 5.0 10.0 E, (MV/m) 15.0 20.0
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FNAL IB4 Vacuum Oven

Contact | Phone Book Fermilab at Work

Science | Newsroom Visit Resources for ..

Fermi National Accelerator Laboratory

— - : & -
IS e LN

S

" Fermilab is America’s premier particle physics laboratory. Collaborating with scientists from around the world, we perform pioneering
. " research, operate world-leading particle accelerators and experiments, and develop technologies for science in support of U.S. industry.
'y -
b. !
L&

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)
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LCLS-Il High Q0 R&D Program —
Preliminary Nine-Cell VT Results

High QO testing done at 3 labs: Fermilab (from 2012); JLab and Cornell (2014)

High Q0 Program 9 cell results

Qo0 E_acc (MV/m)

Average 3.5E+10 19.0
Yield 100% (avg. 2.7e10) 47% (18 MV/m) | 88%(16 MV/m)

Number of cavities tested; some multi-pass

17 (3 Cornell; 5 Jlab; 9 Fermilab)

Initial results meet LCLS-Il VTS High QO criteria: 30% marqin
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Field Emission Onset

Field Emission Onset
Distribution (Ten C100's and R100)

12
Mike Drury,
No. of Cavities with No Measured FE: J Lab
10 VTA - 11
Acceptance -14
Commission - 5
8 | | | | | | | |
Average FE Onset
ey VTA-17.8 MV/m HVTA
§ . Accept.an.ce -14.5 MV/m | lAccept.an.ce 26% reduction
= Commission - 13.1 MV/m B Commission .
g from Vertical
. Test to CM
I‘ |I I “ installation
2 il Ir |1 ‘I
0]

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Eacc (MV/m)

otfice of Nuclear p, sic, r Office of
-@- Thomas Jefferson National Accelerator Facility -@ Science NN

) Page 67 TTC 14 U.S. DEPARTMENT OF ENERGY




Effect of cool-down speed-through-transition

4.0x10'°

“Dressed” cavity results under 3.8x10'"

different cooling regimes. 3.6x10°°

3.4x10"°

 Thermogradient-generated 3.2x10°
. . . 3.0x10

fields have noimpactonQin . .

VT, slow co_ollng through 7. 5500

has dramatic effect. T 5 100

2.2x10"°

[fast ~1.8K/min; slow 2.0x10'°
~0.3K/min through 9.2K] 1.8x10

1.6x10'°

. . 1.4x10'°

« Precautions will have to be 1 2;010

taken in CM to obtain fast 1 ox1G”°

cooling through transition.

IBIC Monterey Sep 15, 2014 (M. Ross, SLAC)

T=2K
g 1S am
ar " st -

'f

® #1: Firstfastfrom 300K
® #2: Slow from 15K
B #3: Fastfrom 15K

" Nyl e s s EEEgsEsEa gy

Cool-down speed appears to be
very important. Fast is better

0 5 10 15 20

A. Romanenko E (MV/m)

acc
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LCLSII Cavity Tests in the Cornell one-cavity
Horizontal-Test-Cryomodule (HTC)

Mol o S  A——

C SECTIONA-A ‘
SCALE 1:6 (19

(109.07)

« Small modifications were needed to host a 9-cell cavity (changes to 2-
phase line, cavity support).

LCLS-Il FAC Review, July 1-2, 2014 57



Fermilab Horizontal Test Cryostat
With Three Axis Magnetic Cancellation



Outline

1. Industrialization of 1.3 GHz SRF technology
- 1990’s to present
-  TESLA, E-XFEL, and ILC (also CEBAF 12 GeV)
2. LCLS-II
- Free Electron Laser at SLAC — based on ILC /
E-XFEL SRF
3. SRF for LCLS-II
- Low cryogenic-loss cavities: ‘N, doping’ process
developed by Fermilab
- Multi-lab partnership
4. Implications for ILC
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1. Industrialization of 1.3 GHz SRF technology
- 1990’s to present
-  TESLA, E-XFEL, and ILC (also CEBAF 12 GeV)
2. LCLS-II
- Free Electron Laser at SLAC — based on ILC /
E-XFEL SRF
3. SRF for LCLS-II
- Low cryogenic-loss cavities: ‘N, doping’ process
developed by Fermilab
- Multi-lab partnership

4. Implications for ILC
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For ILC: Summary

Cavity / Cryomodule:

« Cost Validation : few percent scale
« Cost Reduction
- Applied production v/v continued R&D
- (tooling, infrastructure, and experience)
- From C100 to EXFEL.: factor 2 cavity cost reduction
- (Hasan’s target)
 Technical Risk Mitigation
- Demonstrate construction and performance of |ILC-type
cryomodules for science in the US

For US, the work on ILC and now on LCLS Il has brought
together SRF programs in a way that maximizes collaboration,
efficient sharing of IP. and facilities qiving the most “banq for the
buck’.
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