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Introduction

The LCLS-II is a new FEL at SLAC based on a high-power 

(250 kW) moderate energy (4 GeV) superconducting linac

• Much of integrated beam power will be directed toward a 

dump in the SLAC Beam Switch Yard (BSY)

SCRF linac can also generate high-rate low current (< µA) 

“dark current” beam of electrons at 4 GeV parasitically to 

the FEL operation

• Existing facilities at SLAC could be used to mount various 

“Dark Sector Search” experiments
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LCLS-II starts from the LCLS X-ray FEL

The LCLS is the world’s 

1st x-ray Free Electron 

Laser (FEL)

• LCLS electron source 

is the SLAC Cu linac

• Includes one fixed gap 

undulator

• Six experimental 

stations
X-ray Range 250 to 12,600 eV

FEL Pulse Length < 5 - 500 fs

FEL Pulse Energy ~3 mJ (2 * 1012 @ 10 keV)

Repetition Rate 120 Hz  few 100 watts beam power 3
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Superconducting RF Cavities
280 1.3 GHz cavities will be installed to create 4 GeV beams
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Backbone of the LCLS-II accelerator are the 9-cell 1.3 GHz 

superconducting rf cavities

Technology developed in Europe and transferred around 

world.  Hundreds have been fabricated in US, Japan, Europe.

~1 meter
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LCLS-II Accelerator Layout
New Superconducting Linac  LCLS Undulator Hall
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• Two sources: MHz rate SCRF linac and 120 Hz Cu LCLS-I linac 

• Two undulators: Hard X-ray (HXR) and Soft X-ray (SXR)

• Baseline SCRF linac will deliver 250 kW at 4 GeV

• SCRF beam destination controlled with fast (ms) magnetic deflector on

a pulse-by-pulse basis

• For stability, SCRF linac will be operated at constant beam current and 

excess beam power is directed to the BSY dump

HXU

SXUSec. 21-30Sec. 11-20

0.2-1.3 keV (1 MHz)

SCRF

4 GeV 1-25 keV (120 Hz)
1-5 keV (1 MHz)

LCLS-I Linac
2.5-15 GeV

proposed
FACET-IILCLS-II Linac

1 km 2 km 1 km

Spreader & BSY Dump



LCLS-II (SCRF) Baseline Parameters

Parameter symbol nominal range units

Electron Energy Ef 4.0 2.0 - 4.5 GeV

Bunch Charge Qb 100 10 - 300 pC

Bunch Repetition Rate in Linac fb 0.62 0 - 0.93 MHz

Average e- current in linac Iavg 0.062 0.0 - 0.3 mA

Avg. e- beam power at linac end Pav 0.25 0 - 1.2 MW

Norm. rms slice emittance at undulator ge-s 0.45 0.2 - 0.7 mm

Final peak current (at undulator) Ipk 1000 500 - 1500 A

Final slice E-spread (rms, w/heater) Es 500 125 - 1500 keV

RF frequency fRF 1.3 - GHz

Avg. CW RF gradient (powered cavities) Eacc 16 - MV/m

Avg. Cavity Q0
Q0 2.7e10 1.5 - 5e10 -

Photon energy range of SXR (SCRF) Ephot - 0.2 - 1.3 keV

Photon energy range of HXR (SCRF) Ephot - 1 - 5 keV

Photon energy range of HXR (Cu-RF) Ephot - 1 - 25 keV7



LCLS-II Electron Injector

• The LCLS-II Injector uses a 750 kV VHF RF photo-cathode 

gun based on the APEX project gun at LBNL

• Gun operates at 186 MHz, 

7th sub-harmonic of LCLS-II,

and can provide bunches with 5.4 ns separation
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LCLS-II Gun

186 MHz RF photo-cathode gun
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LCLS-II Accelerator Operation
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LCLS-II gun laser operates at 929 kHz (1400th sub-harmonic of 

1.3 GHz; 200th sub-harmonic of RF gun)

LCLS-II baseline linac is designed to operate with 62 uA

accelerated to 4 GeV (250 kW) – typically 65 pC / bunch

Beam Spreader is used to direct arbitrary rate to HXR and SXR 

FEL’s while letting excess bunches pass to the BSY dump

Typical operation will have 

lots of power on BSY dump 

while LCLS-II experiments 

tune-up at low rate

Power 

Limit 

[kW]

Average

Power [kW]

Operation 

[5000 hr/yr]

Average 

Power [kW]

Tuning

[1440 hr/yr]

BSY DUMP 250 90 92

HXR DUMP 120 27 ~0

SXR DUMP 120 48 ~0
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Facilities in Beam Switch Yard (BSY) Region

LCLS-II

BSY Dump

ESA

ESB

SARC
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BSY Dump and Muon Shield Wall
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BSY Dump is embedded in 17-m Muon Shield Wall

• Dump is Al core with Copper end-plate

• Shield wall is stacked Fe blocks

• Space in LCLS BTH West

for detectors but

access will be limited

• Need to

measure

backgrounds

from LCLS

and LCLS-II

beams passing nearby
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Back side of Muon Wall
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LCLS-II: Three-Way Beam Spreader

LCLS-II for Dark Sector Searches, April, 2016

S
X

R
H

X
R



Fast Beam Switching Kicker
20-stage transmission line kicker
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Kicker angle (vertical) 0.75 mrad

Field regulation (rms) 0.007 %

Integrated field required 12 mT-m

Max. energy 4.7 GeV

Aperture (full height) 10 mm

Rise/fall time (10%-90%) < 1 ms

Max. trigger rate 1 MHz

T. Beukers, T. Tang, A. Haase 14

Sum of voltages

using MOSFET

driver  

Blowup showing

residuals
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“Dark” Current and Parasitic Operation
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Dark current arises from field emission in the RF gun

• Fills every RF Gun bucket (186 MHz)

• Spec’ed for <400 nA; prototype measured at <1 nA

• Expected value is unknown however can induce ‘dark’ 

current with additional 

low power laser

Linac RF system designed

for 62 µA

• Sub-µA additional 

current will be 

transparent to linac 

operation (>1019 e-/yr)



Spoiler / Collimator for 

Phase Space & Current Control

Spoiler / Collimator in ESA Line
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Spoiler/collimator

with extra gun laser

would allow control

of beam current and

phase space



Facilities in Beam Switch Yard (BSY) Region
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17



18

“Dark Current” Kicker/Septum

Possible to design “Dark Current” kicker with long flat-top, 

having lower field and more relaxed stability requirements

Space to locate DM kicker systems after HXR and SXR 

extraction to direct beam towards ESA, ESB, or SARC

Complicated 

region requires

detailed beam

line design for

feasibility
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End Station A
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End Station A has a beamline 

from LCLS to the ESA hall

(would allow early detector

commissioning with LCLS beam)

Shielded enclosure with PPS

exists along will crane coverage

for experiment installation

Uncertainty about future use

of ESA needs to be clarified
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End Station B

LCLS-II for Dark Sector Searches, April, 2016

The B-target room could be a great

but will require re-installation of the

shielding wall and a new PPS system
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SLC South Arc
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South Arc tunnel is closest location.  Existing adit tunnel

would provide access and provides enlarged area for 

experiment.  New PPS and beamline are required.
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Characteristics Summary
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• BSY Dump: 450 MW-hr of 4 GeV e- beam per year into 

Al beam dump followed by 12m of steel blocks; limited 

space and access following Muon Wall.

• End Station A: up to 5 C per year, 4 GeV e- bunches at 

186 MHz with ~50% fill; experimental infrastructure 

largely exists; timeline beyond ~ 5 yrs uncertain

• End Station B: up to 5 C per year, 4 GeV e- bunches at 

186 MHz with ~50% fill; some experimental 

infrastructure; timeline much beyond ~ 5 yrs uncertain

• South Arc: up to 5 C per year, 4 GeV e- bunches at 

186 MHz with ~50% fill; no experimental infrastructure; 

access from SARC adit; no future competition for facility
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Future Studies
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• Background studies after Muon Shield Wall and ESA locations

• Develop beam lines and facility cost estimates for different 

locations

• Design and prototype DM kicker system

• Develop high-rate laser and spoiler/collimation system to 

control incoming electron current and phase space

• Develop beam line instrumentation

• Develop proposal for experiment

• Goal would be to install “big” systems during LCLS 2018/2019 

down period and be operational in 2020/2021
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Summary
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LCLS-II will provide 250 kW, 4 GeV electron beam on 2020-

timescale

Exploring opportunities for high-power dump experiments or 

high-precision, high-rate experiments operating parasitically to 

LCLS-II

Existing facilities at SLAC could be used to mount various “Dark 

Sector Search” experiments ‘relatively’ quickly and for ‘relatively’ 

low cost

Feedback is important to help clarify plans



25

Extra
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Building 61: ESA

Beam

26ESTB: DOE Review of Laboratory Detector R&D February 25, 2016
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Spreader with transport from dump line to A-line (top 

view)
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LCLS Concept: 
Fourth Generation Workshop, 24 Years Ago

C. Pellegrini, A 4 to 0.1 nm FEL Based on the SLAC Linac,

Workshop on Fourth Generation Light Sources, February, 

1992

Herman Winick’s Study Group

Claudio Pellegrini Herman Winick
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https://news.slac.stanford.edu/image/1992-abstract


LCLS-II Cryomodule
1.3 GHz, modified for CW operation
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CM to be fabricated at FNAL and JLab; Prototypes to be 

assembled in CY2015 and tested through Spring 2016
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Simulated Dark Current Beam Distribution
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