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Heavy demand for access to LCLS; only one undulator

October 2009 > August 2014
250 45%
% Proposals |
Scheduled ’
200 359
30%

Proposals

20%
Received 100
15%
50 10%
l 5%
u T T T T T T T T 0%

Run1 Run2 Run3 Rund4d Run5 Run6é Run?7 Run8 Run9
2088 2256 2184 2256 2772 2388 3120 2700 2280
hrs hrs hrs hrs hrs hrs hrs hrs hrs




BESAC Subcommittee
QOutcome: July 25, 2013

« Committee report & presentation to BESAC:

* “ltis considered essential that the new light source have the pulse
characteristics and|high repetition ra@ necessary to carry out a
broad range of coherent “pump probe” experiments, in addition to a

sufficiently broad photon energy range (at least ~0.2 keV to ~5.0
keV)”

« ‘It appears that such a new light source that would meet the
challenges of the future by delivering a capability that is beyond that
of any existing or planned facility worldwide is now within reach.
However, no proposal presented to the BESAC light source
sub-committee meets these criteria.”

* |“The panel recommends that a decision to proceed toward a new

light source with revolutionary capabilities be accompanied by a

robust R&D effort in accelerator and detector technology that will

maximize the cost-efficiency of the facility and fully utilize its
unprecedented source characteristics.”



http://science.energy.gov/~/media/bes/besac/pdf/Reports/Future_Light_Sources_report_BESAC_approved_72513.pdf
http://science.energy.gov/~/media/bes/besac/powerpoint/20130725/Hemminger_Presentation_July25.pptx

Timeline

So far:

BESAC subcommittee report 25
DoE signed “mission need” for new source 27
First collaboration/planning meeting @ SLAC 9-11
First complete cost estimate 28
LCLS-II Collaboration Agreement signed 8

July 2013
Sep 2013
Oct 2013
Oct 2013
Nov 2013

Critical Decision 1 — Dept of Energy permission to complete the

design

*

*

Project completion — date not “frozen” yet

LINAC2014 September 2, 2014



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

50% of cryomodules: 1.3 GHz
Cryomodules: 3.9 GHz

Lt g
“ Fe r m I Ia b Cryomodule engineering/design

Helium distribution
Processing for high Q (FNAL-invented gas doping)

. a 50% of cryomodules: 1.3 GHz
%‘g 50 f ] LE__I _':) Cryoplant selection/design

CLURING R HE WATURLE PP VAT IER | Processing for hlgh Q

-~ Undulators

A € gun & associated injector systems
frrreeeer ‘m

Undulator Vacuum Chamber
° Also supports FNAL w/ SCRF cleaning facility
Argo nne Undulator R&D: vertical polarization

NATIONAL LABORATORY

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



https://www.jlab.org/

A New LCLS-II Project Redesigned in Response to BESAC

Accelerator Superconducting linac: 4 GeV

Undulators in existing | New variable gap (north)

LCLS-I Tunnel New variable gap (south), replaces existing fixed-gap und.
Instruments Re-purpose existing instruments (instrument and detector

upgrades needed to fully exploit)

- 14 GeV LCLS linac still used North side source: FEH
4 GeV SC Linac
In sectors 0-10 for x-rays up to 25 keV 0.2-1.2 keV (> 100kHZ\
N\ —-rrrn-rrn-l 00

NNV

i/ Tttt N [l LLL J?)...J
South side source: i i
@ 1.0 - 25 keV (120 Hz, copper” linac )

1.0 - 5 keV (2100 kHz, SC Linac)

LINAC2014 September 2, 2014



Linac Design

Also considering
Cornell DC Gun

O
Linac Acceleration and Compression (100 pC)
Lo L1 L2 L3
@=** =21 @=-21" @=0
Vp =94 MV Vp=223 MV HL Vp =1447 MV Vp =2409 MV
I =12 A =12 A @=-165 Ik =50 A Ik = 1.0 kA
Ly=2.0 mm L,=2.0 mm Yo=3>MV L, = 0.56 mm l;=0.024 mm
cmo1 cm2,3 cM04 |-+ cm15 }/_\-[ CM16 |- CM35 }—/LTUC
LH BC1 BC2 E=4.0GeV
GUN E =95 MeV r-asomey  12CMs o coomey 20 CMs Rsg =0
0.75 MeV Rs; =-14.5 mm Rss = -55 mm Rsg = -60 mm o~ 0.016%
o5 =0.05% o5=1.4% os=0.46 % 2-km

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

Includes 2-km RW-wake
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MOPP127 Wakefield effects of the bypass line in LCLS-II K.L.F. Bane, et al.

.

fmm

rms stability: ~0.01%, ~0b1°
TUPP122 Roughness tolerances in the undulator vacuum chamber of LCLS-II, K.L.F. Bane et al.
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X-Ray Power

o1 AR

A stated project goal is to deliver at least 20 W X-rays from
the SC linac to an experiment, independent of repetition rate

This goal can be exceeded by a large margin with 120 kW of
electrons- design goal for beam dumps(M. Santana, THP1O86)

DUMP/DUMPB

100 10000 1le+06 1e+08 1le+10 le+l2
Total prompt dose rate [mrem/h]

M. Santana, S. Rokni 1



Parameters for the SC Accelerator

Parameter Nominal Range Units
Final electron eneray 4 2-4.14 GeV
Electron bunch charge 0.1 0.01-0.3 nC Copper LCLS
Bunch repetition rate 0.62 0-0.93 MHz accelerator will
Average linac current 62 1-300 uA continue to run
Average beam power 0.25 <1.2 MW unchanged
emittance 0.45 0.2-0.7 um
Peak current 1 0.5-1.5 kA
Bunch length 8.3 0.6-52 um
Usable bunch length 50 %
Compression factor 85 25-150
Slice energy spread 0.5 0.15-15 MeV
Beam stability goals
Eneray, rms <0.01 %
Peak Current <5 %
Bunch arrival time <20 fs
beam stability (X, y) <10 %

12



LCLS-Il Performance: Average Brightness, photons/pulse
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Cu-Linac Photon Energy Range

6.0 I T |

LCLS i
A,=3.0 cm 36 seg ] | Q=130 pC

Sectars 20-30 Linac | E,=0.48 pm
! 1,,=500 - 3000 A

HXR
h,=2.6cm 32 seg
Sectors 20-30 Linac

0.0 ] !
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SC Linac Photon Energy Range (eV)

Calculated X-ray pulse energies versus photon energy for the CuRF linac (blue)

and the similar curve for the existing LCLS (black).

LINAC2014 September 2, 2014
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SCRF Cryomodules will go into the SLAC Tunnel

SLAC Linac Tunnel: 3.53m wide x 3.05 m high

i B |

It will be a tight fit....

LINAC (0,0)

A mock-up of the

-

tunnel and hardware

39.07

has been built to check

29.23

clearances

26.93

6.55

S. Boo, J. Chan 14



Cryomodule:
ILC Type 3 + Some Modifications for LCLS-II

Component design — existing designs

» Cauvities — XFEL identical

* Helium vessel — XFEL-like

+  HOM coupler — XFEL-like or —identical

* Magnetic shielding — increased from XFEL/ILC to maintain high QO

* Tuner — XFEL or XFEL-like end-lever style

*  Magnet — Fermilab/KEK design split quadrupole

* BPM — DESY button-style with modified feedthrough

* Coupler — XFEL-like (TTF3) modified for higher QL and 7 kW CW
Concerns based on global experience

« Tuner motor and piezo lifetime: access points may shorten time-to-repair
« Maintain high Q0 by minimizing flux trapping: possible constraints on cooldown rate through transition
temperature

¢ Tom Peterson, FNAL

MOPPO053

TTF3 Coupler Modification for CW operation, 1.V. Gonin, et al.

MOPP126

Untrapped HOM radiation absorption in the LCLS-II cryomodules

K.L.F. Bane,, et al.

THPP054

Study of Coupler’s effect in Third Harmonic Section of LCLS-II SC Linac, A. Saini

LINAC2014 September 2, 2014
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LCLS-Il Cryomodule & Cryogenic Circuits

Circuit (Line)

A. 2.2 K subcooled supply
Line A B. Gas return pipe (GRP)

Line B C. Low temperature intercept supply
—Line C D. Low temperature intercept return
= Line E E. High temperature shield supply
Line G F. High temperature shield return

G. 2-phase pipe
H. Warm-up/cool-down line
No 5K shield

Extra magnetic field shield

Pressure, [bar] 0.031 2.7 0.031

Temperature, K 2.4 2.0 4.5 55 35 55 2.0 2.0

LINAC2014 September 2, 2014 16
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Cryoplant: Coldbox
D. Arenius - THIOBO1

20K
Coldbox

Interface Box Cryogenic Distribution System Scope
(excluding cryomodules)
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Fermilab-developed ‘gas-doping’ process -2

A. Grassellino, et al., “New insights on the physics of RF surface
resistance”, TUIOAO03, 2013 SRF Conference, Paris, France

« A cavity processing recipe that results in high quality factors (>3E10)
at operating gradients between 10 and 20 MV/m.

« Starting 2/2014, Fermilab has led a “Qo for LCLS-II” program in
collaboration with Cornell and JLab.

« The primary goal is to develop a reliable and industrially compatible
processing recipe to achieve an average QO 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

LINAC2014 September 2, 2014 18



Nitrogen Doping to enable 4 GeV linac, 4 kW Cryoplant
A Breakthrough for CW linac performance

o
10" ————————— - — T T=2K, fast cooldown from 300K
i “%“.‘. :4-0X1010'I'I'I'I'I'I'I'I'I'I'I
0 *%en 0y, .*\ L ] ol m  Pre-dressing
| 3.6x107 1 ®  Post-dressing 7
- l'l‘ ;"ﬁ
10 aug "=
LCLS ” 3.2x10" ™ ‘ B -1
e — spec o. ] g
--“---I-..... LY N L L
.-... '. 28 1010 | | ] -5 |
o .OX ]
o 1 ol '\_o . 0
[ m TE1ACCO05 - typical electropolished FG % S PyRs| LCLS-Il spec |
TE1AESO016 - nitrogen treated LG 1 &
@ TE1NRO0OS5 - nitrogen treated FG n .
¢ TE1AESO003 - nitrogen treated FG |. 1 2.0x10" F i
A TE1AESO005 - nitrogen treated FG 5 1
» TE1AESO013 - nitrogen treated FG
® TE1AESO011 - nitrogen treated FG 1 16x10" F i
* TE1CATOO03 - argon treated FG FNAL Single cells
® TE1AESO008 - nitrogen treated FG
10
109 I [ D R R S 121070 F ]
0 5 10 15 20 25 30 0 2 4 6 8 10 12 14 16 18 20 22
Eacc (MV/m
(MV/m) (MVim)
acc

Sample of FNAL single cells results. More than 40
cavities have been nitrogen treated so far
systematically producing 2-4 times higher Q than

with standard surface processing techniques.

First high Q dressed cavity preserving
identical performance pre-post dressing
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High Q0 R&D program making rapid progress

High QO testing done at 3 labs: Fermilab (from 2012), JLab, and Cornell
MOPP054

Continuous-wave horizontal tests - -
of dressed 1.3 GHz SRF cavities for LCLS-I| High QO Program 9 cell results — inclusive (through
A. Hocker, et al.
August 5)
TUIoC02 Qo E_acc (MV/m)

Breakthrough technology for very high quality

factors in SCRF cavities
A. Romanenko
Average 3.14E+10 18.3
TUPP138

Analysis of New High-Q0 SRF Cavity Tests by

Nitrogen Gas Doping at Jefferson Lab

C.E. Reece
Number of test

Number of 9 cell tests ..
cavities

22 11

Includes 2 horizontal tests (and one dressed-cavity VTS)
Only one vertical test QO below 2.3E10

LINAC2014 September 2, 2014 20
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LCLS-II Layout

(plan view - not to scale)

LH BC1 BC2

2.50m

N undulators

(. ~ JR/_A

1stDog Bypass
New SCRF Linac (4 GeV) Leg Line

{
{

LTUTransport

Beam Spreader

“glowing” sections indicate these are not in the vertical plane of either linac
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Undulators in LCLS Undulator Hall

LBNL VG Undulator Design

Well on our way to a
full scale prototype as
part of LCLS-II

Phase |

Drives

D. Bruch, S. Marks, M. Rowen



Accelerator Layout

T T 1T 1T | I 1 I I I I T

A-lin

e
LCLS-11 5C Linac W, proposed FACET-II @ LCLS-1 SXU
O | e - e . — — -I— < _':'__I
sssss -over S0
ector-

L1 L2 L3 extension line bypass line
w-wall

Sector-0 Sector-10 Sector-20 Sector-30
B-line

O =00 1T O OO T 500 2 OO O 500 SO 0O0O S500
s (m)

* New Injector, SCRF linac, and extension installed in Sectors 0-10
* Re-use existing Bypass line from Sector 10 - BSY

* Re-use existing high power dump in BSY and add rf
spreader to direct beams to dump, SXR or HXR

* Install new variable gap HXR (replacing LCLS-1) and SXR

* Re-use existing transfer line (LTU) to HXR; modify HXR dump

» Construct new LTU to SXR and new dump line

* Modify existing LCLS-I X-ray optics and build new SXR X-ray line

26



CulLinac-{ FEE—

High Rep Rate
|

5

Legend

Cu SASE

Cu Self Seeded
High Rep Rate SASE

Self Seeded (Grating)

. ]
SC Linac 4.0 GeV
<I .
0

10 15 20
Photon Energy (keV)

» Hard X-Ray Source:

» 1-5 keV w/ 4 GeV SC linac
» Upto 25 keV with LCLS Cu Linac
» Soft X-Ray Source:

» 250 eV-1.2 keV w/ 4 GeV linac
» 200 eV requires <4 GeV
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Possible Instrument Layout

Room for
« Hi Field Phys.

RIXS.
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