In case of an emergency

Fire
® Evacuate: Be aware of building exits

® Follow building residents to the
assembly area

® Do not leave until you are accounted for
and have been directed to leave

Earthquake

® Remain in building: Duck, cover, and
hold position

® When shaking stops: Evacuate building
via a safe route to the assembly area

® Do not leave until you are accounted for
and have been directed to leave
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Tue 19/11

Agenda/Format

Day 1: Executive Session

® Tuesday morning: FACET-II overview o Pt o Seac
and tours 09:00 Facility Status and expect Wed 20/11

48/1-112C/D - Redwood C/l

® Tuesday afternoon: science and e
I’eception at DutCh Goose 48/1-112C/D - Redwood C/i

® \Wednesday morning: science - 120 - Fetod I, SLAC

Day 2: Executive Session & Q&A from Day 1

Thu 21/11
Transfer to S20 09:00 E-324 Progress in FY24 and Plans for FY2
M 48/1-112C/D - Redwood C/D, SLAC
® \Wednesday afternoon: new science 4801112010 - Recood 1 —
[E-332 Progress and Plans for FY25 Day 3: Executive Session

11:00 Tour of $20 Experimental

and reception in building 52 e o S

10:00 [E-339 Plans for FY25

. Th U rS d ay m O rn i n g: Q &A With S 48/1-112C/D - Redwood C/D, SLAC 48/1-112C/D - Redwood C/D, SLAC

Return to Redwood Room .
1 Coffee Break 09:00 Q&A from Day 2
committee 811122610 - Redwood G
12:.00 Lunch

® [ unch is provided for all in-person u [PEmmmAT—
attendees on Tuesday and Wednesday 1 progrss inFrasana P oy 0% Reportwnng

48/1-112C/D - Redwood C/D, SLAC CHHIHED [T @) EUYe

® Coffee and snacks are provided during oo PR Prgres 13t nd s
48/1-112€/D - Redwood C/D, SLAC ST e

breaks 1% [Reportweiing

48/1-112C/D - Redwood C/D, SLAC

® Microphones are very sensitive, zoom
will hear every side conversation and
every candy wrapper

12:00

48/1-112C/D - Redwood C/D, SLAC
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https://drive.google.com/drive/folders/12-y1bGFEUJgvN0v_cEUzJf08U2XhFinV?usp=sharing

FACET-Il Major Events and Timeline Through FY24

e Major hardware installation completed by OCT 2019
Installation Complete: AUG 2020

Start FACET-Il Commissioning: SEP 2020

Threshold KPP and CD-4: SEP 2021

2022 : Objective KPP and previous PAC

2023 : FACET-II accelerator off from DEC 2022 to JUL 2023
2024 : First full year of User Programs

FY23 began with half a year of downtime, in the remainder we returned the

machine to good performance which enabled a successful FY24 campaign
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Science in 2024

High-efficiency PWFA using both single and
two bunches (E300/Joshi + E301/Litos)

High-brightness beam generation
(E304/Zhang + E310/Sutherland)

Laboratory Astrophysics (E305/Corde)
SFQED (E320/Reis)

Eperiment | St TR

Published Diagnostics and first PWFA interactions FACET-II

Published Generation of meter scale hydrogen plasmas and
efficient pump depletion

mCollect final data in Spring 2025 Mapping of wakefields using two bunches

mCollect data in Spring 2025 Pump depletion and emittance preservation

Data in hand Generation of wide plasma for PWFA in noble gases

mCollect final data in Spring 2025 Refraction effects in Li plasmas

mCollect final data in Fall 2024  Density down ramp injection

Published Spatiotemporal dynamics of ultrarelativistic beam-

e Machine Learning / Artificial Intelligence plasma instabilities
(E326/O’Shea + E331/Ede|en) Published Probing strong-field QED in beam-plasma collisions
Data in hand Observation of the transition between wakeless and

blowout regime
Collect final data in Spring 2025 Observe change from perturbative QED to non-
perturbative

e Extreme Beams
(E338/Marinelli + E332/Giljohann)

e Plasma Science Collect data in Spring 2025 |l{\)/leasure changtta)in.rate ocll‘ positron prgdgction .
. ween perturbative and non-perturbative regim
(E324/DOWH€I’ + E339/Saha|) Data in hand Sienth:(:horfc,er;ccl:n-iar]\ttefCZptin;di:geniiticat ST
Data in hand Demonstrate transition radiation focusing using
multiple foils
Submitted Generation of short bunches using laser heater
Collect data in Fall 2024 Spectral characterization of short bunches

FACET-II will build on the success of FY24 and deliver great science in FY25

SLH\L 2024 FACET-II PAC & User Meeting Brendan O’Shea FACET-II Facility Status and Expectations for FY25 5



FACET-Il Machine Configuration

e Three beam configurations: Long bunch, short
bunch and two bunch

- R 'n New since 2022
e Six laser lines: S20 Main Laser, S20 EQOS, S20 _ = uiae

lonizer, S20 Plasma imaging, S10 UV and S10

Laser Heater

e Three plasma sources: Lithium oven, gas jet
(multiple nozzles), static fill. Gases: hydrogen,

helium, argon, mixtures

e ~100 CCD cameras, 5 CMOS cameras, data
acquisition software capable of capturing
~10,000+ images in single data set

e 62 movers, 113 pico motors

Laser heater commissioned
Blue Filter, No Laser Heater

No Laser Heater, No Filter

Laser Heater, No Blue Filter
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Two bunch and short bunch PWFA experiments

e Introduced two bunch capability in April 2024 E300 Li E301 H2

Charge (pC/GeV/mm) Charge (pC/GeV/mm)
100

e 3 to 5% overall efficiency (14% drive-to-wake, 35% wake-to-witness), 2.5 | e
Charge: 1.32 n(: 1t JICharge: 1.29 nC ]
GeV/m over 40 cm r=A18% 1= 33.9%
10 1
e Near complete capture of the witness at the optimal bunch spacing . “l
¢ Single bunch: drive-to-wake efficiency of 35% § i
8
e Collaboration critical to develop diagnostic and Al tools : l .
>
7..
S0 . . o4 . Accelerated Witness $ 6 w <. !
il E300 | W s ol 8 Z
%IO‘J s 03 . L 2 4
£ 03 " = 1. - ’
= J' 1%:025 4z § E 1" -: E » d 4F 8 1
£ 10 3 = 0% & 3 02 4 '
I a : e - | - > A
< a5 a1 . 104 N :’:l
= = 1000 PP s (T P = .:j‘m h x,.:m;‘znm : D '.mg,:.‘..:,m':. " 0 25 0 2 16 25 0.0 05 X
™ shot rwu-'ri')n:rc(eo'teob - T ik Se::ca?euosz[tmi e () Chage aiey) o) Cligeaiten)

Significant progress on demonstration of a single high-quality PWFA stage
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FACET-Il can produce extreme beams

®| aser heater shaping generates ~1 fs, 100 kA beam ®Downramp injection demonstration

® Tunable current spike amplitude and location ® Measured micrometer scale emittance

® New proposal to study wakeless transition ® Brightness boost of 25-50x over FACET-II
Beam
E338 + Laser Heater
A Before Laser Heater After Laser Heater ‘ t0.100 E304
_ <10.2 - T 0.05 : :
: 3 10.075Z 27t 11.0pC] 14.3pC| >19.6pC| 12.0pC; —data
= fs current spike o L ] ] ] ] i —
_E """"" l """""" 2 ] (- S ,0.05();&; 3:13 _________ Y T T S , B ] 0.045 —fit, En_Z'SMm
"~ |y, §.10.0 & W ¥ W] ' . _
t0. O | ) ] ] | —
. 0 10.025 %17 . E 0.04
R > -50 0 50 A %15' - ' - | =0.035
Energy z [um] 8.l =
Modulated Energy Spread Modulated Current Profile - = = 003
1t : 1 1 1
0.025¢}
7 R Sk 3b b
, . i 0.02

20 40 60 80) 40 60 80) 40 60 800 40 60 80 16.4 16.6 16.8 17
x [mm] x [mm] x [mm] x [mm] E [GeV]

FACET-II delivers 10 GeV electron beams with unprecedented intensities
=S 2024 FACET-II PAC & User Meeting
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From extreme beams to frontier physics

®| aser-beam collision produces field approaching ® Path to focusing electron beams to solid density

critical field e Facility + Users together develop method to

® SMOS Camera and "goose” trigger scan foil

0.5 pm Alaminaen fuoils

® Gas jet + EOS used to time laser to electron beam

Eh %‘ﬂ - ' i
E320 X —_ C;) (1 + COSQ)aO E332 . ‘ Focused chectron

Laser timed T me 0 161w beamn andd denee

Ebeciron bram T-ray Ixram

Laser energy scan 7506

! 107
6.0 nonllnear gg: 35{;,: —— Vacuum
region 50% JP— 20 foils
6.5 i gg: : M il
- —o0% (= i : 30 foils
= y e 1o M—= 0, : beam size . 11 foils
KERER - § A Multifoi
> 75 8 O Multifoil at
= B v i & /| :
o T e ST beam waist
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8 5 - 1//.-”//" ' '.a",r'/,/ PPN
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L AL 2024 FACET-II PAC & User Meeting Brendan O’Shea FACET-II Facility Status and Expectations for FY25 9



Diagnostics and Artificial Intelligence

¢ High intensity beams destroy intercepting diagnostics

E300+E331

o cannot be used during experiments
e Solution virtual and non-intercepting diagnostics

e Plasma is best diagnostic for extreme beams

e New proposal on ML powered diagnostic F326|  Truevs Predicted Emittance
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High charge, current, and quality require new diagnostics and control methods
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AAC Roadmap, Snowmass + P5

Operating with high beam loading: Gradient > 1GeV/m, Efficiency > 10%

e AAC Roadmap published in 2016 8 Gev 10 Gev
Q ~50 pC Q~ 100 pC
e HEP community updated goals via Snowmass 2021 £~ 100um £~ 10ym
AE/E ~ 4% AE/E <5% €~ 1pym
e Mark Hogan AF6 Convener on Advanced Acceleration SRR

I S T —
e Spencer Gessner part of Collider Implementation Task crarctrzaion ot asve pasna neat ooy [EE

Beam quality preservation during injection and extraction Gaussian Beams Shaped Profiles

FO FCG Plasma source with tailored entrance & exit profile T~1 T>1

PWVFA Application(s): Identification, CDR, TDR, Operation

e P5 Reportissuedin DEC 2023
Particle Physics Project Prioritization Panel

 FACET-Il response to P5 "Support vigorous R&D toward a cost-effective 10 TeV

e 10 TeV Collider Study (Gessner and Osterhoff [LBL]) PCM collider based on proton, muon, or possible
wakefield technologies.

e Development of two proposals covering four

technical challenges for FCC-ee Wakefield concepts for a collider are in the early stages

of development. A critical next step is the delivery of an
end-to-end design concept, including cost scales, with
self-consistent parameters throughout. "

In FY24 FACET-IIl attended to milestones in 2016 AAC roadmap and began responding to P5
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Summary

® High-efficiency PWFA and plasma sources 4

® High-brightness and extreme beam
generation

® Frontier physics

® Artificial intelligence control and
diagnostics

® Collider directed R&D

The last User meeting was 2018.
® The user community is >40% students and

postdocs Do not miss this year’s photo!

® New users start in one collaboration and
quickly find themselves in many more

Ambitious users make FACET-II a place to do impactful science
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GO FACET-11 iy forhdanced e
Thank You!

[ =g
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