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Outline

* Brief introduction of SLAC accelerator facilities
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SLAC Accelerator User Facilities
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LESA/ESA/LDMX at Glance

Motivation:

« To extract the electron beams from SC-Linac to be directed to the existing End Station A (ESA) to serve HEP
community (LDMX, test beam) in parallel to LCLS user operations.

e Primary beam specs: 8 GeV (dictated by LCLS user demands).

Implementation:

* along-pulse version of LCLS-II kicker and septa to extract electrons between the LCLS-II FEL bunches into the
newly installed ~200 m beamline (S30XL+LESA) that connects to existing A-line that feeds to End Station A (ESA)
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Outline

e LESA Beamline and Endstation A
LESA for LDMX

Beamline layout and current status
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LESA Beamline: Can transport 4 and 8 GeV beam

SRF beam to: HXR (green), SXR (cyan), BSY dump (black), S30XL phase-B (red)
CuRF beam to: SXR (blue), ESA (black)
Muon wall front face — dashed vertical, BSY dump (black) in the muon wall
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A-Line Produces Secondary Beams for the End Station
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LESA Status

Profile Monitor PROF:DASEL:440 20-Jun-2024 09:55:23
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First LESA Beam in ESA in Nov/Dec 2025

~ few electrons/bunch - 3.00 GeV
Secondary Beam LDMX Fiber Tracker
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LESA Works at Least as Good as ESTB

C. Hast, New LESA Test Beam at SLAC's End Station A 9
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Outline

* Future plan
- Near term: test beam for detector development
- Long term: LDMX



LESA Science Program

Test Beam: Estimated timeline: Sept 2027 --
e Builds on success of ESTB, strong community interest
(e.g. 80 participants at last fall’s workshop)
e Particular need during CERN, FNAL, DESY downtimes
e Short bunches + high repetition rate uniquely enable tests of fast timing and high-rate detectors.
e Envisioned as primary user through ~2031, then several mo/yr

Light Dark Matter eXperiment (LDMX): in discussion

® |ESA flagship experiment

e SLAC-led accelerator-based DMNI proposal with world-leading light dark matter sensitivity,
broad search and measurement program —Tim will say more later

Electro-Nuclear Scattering for Neutrino-Scattering: proposed

® eN scattering data is key input to improve and validate neutrino scattering models — e.g. see e.g.
ed4nu program at JLab

e | CLS-Il energy well matched to DUNE, forward LDMX detector offer excellent acceptance for
hadrons (esp. neutrons).

e Dedicated TPC being pursued in Europe may also be viable, offers complementary acceptance

12



SLAC SC Linac timeline

FY 26 FY 27 FY 28
Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
@ XPP IRR @ ARR1 ARR2 @ ARR3 / XPP IRR2 €p @ HE First Light
CRR14p @ @ TMO/RIX IRR Ready for XPP Users 4
‘Commissioning PDR CRR2 ’Commissioning FDR Ready for SXR Users‘

-Pre-beam Checkouts LESA Op can start

_Warm CP Activities
-Cool Down CP2
-Cool Down CP1

Injector Restart & Optimization

L4 Cavity Commissionin

_Beam, BCs, Bypass Commissioning
-SXR Commissioning
-HXR Commissioning

XPP with SC Commissioning.

LO-L3 Restart

XPP Ops Commissioning
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LESA accelerator parameters

The accelerator beam parameters of the LESA system

Accelerator Parameters

SRF Linac Energy
Max Current in LESA

Maximum Kicker Rate
# bunches per Kick

Avg. Bunch Charge
Bunch spacing

Max beam power

Interleaved
8 GeV
<10 nA

100 Hz
1

10-100 pC
> 10 ms

8-80 W

XLEAP Laser
8 GeV
25 nA

929 kHz
1

> 167ke-(27 fC)
> 1.08 us

200W

LESA Laser DPark-Current

8 GeV 8 GeV/

25 nA <=~ 1pA

929 kHz 929 kHz
18 400

>4 .2ke-(0.7 fC) 007 e-
26.9 ns 54ns

100W S
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LESA Operation Modes

Interleaved mode: LESA is added as an additional destination in the global LCLS-II-HE timing system.
Up to 100Hz of primary LCLS-II-HE pulses could be sent into ESA.

LESA laser mode A dedicated laser is required to achieve LESA's full design rate of up to 37MHz with
controlled bunch charge for LDMX physics. This laser would fire approximately every 27ns for every
5th 5.38ns bucket. When used for test beams this will provide the ultimate flexibility in bunch charge
and bunch train shaping.
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LESA beam parameters

LESA beam parameters
Beam power in ESA in Watts for secondary beams at the maximum

SEEI RO [BE e SEelEr rate allowed by each running mode at 8 GeV

Beam spot size (rms) ~100um
Bunch length (rms) <3 ps Energy 8 GeV #electron 5 10 100 1000
s/pulse
B Parameters in ESA, no spoiler
eam ra : Mode Rate (Hz) Duty Beam Beam Beam Beam
Bunch energy spread <1% Factor Power Power Power Power
Nominal spot size 1 mm (W) (W) (W) (W)
Spoiler thickness 0-05r.l. Interleaved 100 1 6.41E-07 1.28E-06 1.28E-05 1.28E-04
Charge transmission 0—100% XLEAP at 1000 1 6.41E-06 1.28E-05 1.28E-04 1.28E-03
reduced
Beam Parameters in ESA, with spoiler e
Energy 2.0—8.0 GeV XLEAP at  9.29E+05 1 5.95E-03 1.19E-02 1.19E-01 1.19E+00
No. of electrons per bucket 0 to few % of original Max Rate
Nominal spot size 1cm LESA 3.71E+07 0.5 2.38E-01 4.76E-01 4.76E+00 4.76E+01
. Laser at
Spot size w/ quads and 2cmx4cm Max Rate

modified ESA collimation
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What to Expect in Summer 2027

* Primary Beam for beam physics or limited ¢ Secondary Beam for experimental
irradiation studies hardware tests (6mm Cu-Target in BSY)
- 8GeV - 2GeV to 8GeV
- Up to 100Hz - Up to 100Hz

- Beam power small to nothing
- 0, 1 to few or 100th-1000th e~ per pulse

* Everything from “Primary Beam”
* Caladium EUDET Telescope
* Lead-glass calorimeter blocks

* Maybe 1 layer of LDMX fiber tracker for
particle position

Maybe acquiring ALPIDE Beam
* HV for PMTs Telescope for faster data rate

Basically, the Same as During ESTB Operation but at 100Hz

14th Beam Telescopes and Test Beams Workshop, Mainz, April 13-17,2026  C. Hast, New LESA Test Beam at SLAC's End Station A 17

Beam power max. 80W

10nA current == 6.2 * 10708 e~ per pulse

* YAG and other screens to see beam profiles

* Beam synchronous timing/trigger system

* Timing/Trigger can be integrated into your
DAQ (inquire about details)

* Multiple x/y and rotation stages .




Summary

* LESA beamline extends the SLAC SC Linac beam for particle physics research
with flagship experiment LDMX

* Expect the 8 GeV SC linac to be commissioned and beam available for LESA
Test beam program in Sept. 2027

® Upcoming test beam mode is expected to be delivered 8 GeV beam in interleaved
mode with up to 100 Hz, and dark current mode up to 230kHz

® Should either XLEAP mode or LESA laser be available, dedicated photoelectron beam
can also be available for test beam up to 230kHz

* Beyond 2027, LESA is expected to provide more flexible beam including
929kHz low current beam to ESA assuming the successful upgrade of LESA
extraction kicker
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