JOFACET-II

FaC|I|ty for Advanced

24_‘ b Accelerator Experimental Tests

.~

Facility Status and = N
Expectatlons for F

B3
iy
- L

October 17,2028 $i6ri o o

[ P~ NATIONAL : B : ;
i/ A« ® ACCELERATOR : J@
b %

&P ™A | AEORATORY

X e , Stanfol-d U.S. DEPARTMENT OF
b 3o g, < University @ ENERGY
- £ I =



Emergency Information

Fire
e Evacuate. Be aware of building exits.
Incident Notification Incident Notification e Follow building residents to the assembly

. Non-Life area.

Smoke, Fire, Explosion Notify Immediately e Do not leave until you are accounted for,
L "“"“’""M‘“"" eionse Injury and have been instructed to.
" Call911 | 5 CEEEED el Earthquake
CE—— . . . .

‘ Next business day e Remain in building: duck, cover, and hold

“0ff Normal” Events i+

(e.g., equipment damage, near misses, etc.) POS ition.
} m:'tm e When shaking stops: evacuate building
| via a safe route to the assembly area.
_ Supervisor _

If in doubt, call 911 or ext. 5555 If in doubt, call 911 or ext. 5555 * Do not leave until you are accounted for,

and have been instructed to do so.
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Electrical
Shock
Electrocution

Corrective
Action Plan
(CAP)

LCLS || |
1st nght y

FACET-II
User Meeting

All SLAC Accelerators were off for 6-9 months
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“Don’t complain and don’t explain”

— Tom Katsouleas




See talks by David (E-320) and Sebastien (E-305/332)

Experiments Have Resumed in S20 Experimental Area

View in channel brofile Monitor CAMR:LI20:301 13-Oct-2023 09:26:32
0= 500

e Werestored RF and beamin the [ &
FACET-Il injector end of July PO e coons Faiy .

300

400

300

IMG_3519
Shared by Junzhi Wang on Oct 13th

y (Pixel)

400

e Early August recoveredto 2nCin T
injector

200

500 100

0 & 9 reactions () 4 replies

e August focused on commissioning
the new laser heater (talk by Claudio)

Profile Monitor CAMR:L120:208 05-Oct-2023 09:52:49 450 500 550 600 650
i AR * x (Pixel)

Energy [pixels]
525 524 523 522 521 520 519 518 517 516 515
T

—F—Multifoil Al 36um (40 foils) [E332_04040]
65 —F-Al1100 um (single foil) [E332.04037]
— Vacuum [E332.04035]
-F-Vacuum + MS of 100um Al
«J-Vacuum + MS of 36um Al

70

Divergence with energy slices (RMS)

e On September 25th there was
enough RF available to make 10 GeV

e Beam was transported through the
Experimental area to the main beam
dump with low energy spread and
~20um spots (talk by Jerry)

[[[[[
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Oct 2023/Sept 2024 Accelerator Schedules & Downtimes

2023 Oct Nov Dec 2024 Feb Mar Apr May Jun Jul Aug Sep 2024

LCLS SC Beam

cisneveer g [ [ 1 FACET-II will resume operajuc.)n next.week and run until
T T the Thanksgiving Holiday

LINAC Middle PPS Testing — potentially during PG&E 60kV switchover 10/16-10/20

Downtime - Nov 27 - Dec 20 (18 working days)

Winter Closure - Dec21-Jan3

LINAC East/BSY PPS Testing (during Winter Closure

Downtime — LINAC West (STCAV2/LCLS-II-HE) . . .

o - ] Nominal 6 months operations for FY24 in Q2-3
LCLS NC Startup B ana-san1a

LCLS NC User Run 22 - B B B R B B B B B B B DGESErE

LCLS SC Startup Feb2—Feb 7

LCLS SC Beam

I NI EEEEEEEE
Undulator Complex PPS Testing (dates TBD) Off Q4 FY24

Downtime _ Jul 5 - Aug 16 (31 working days)
Downtime — LINAC West (LCLS-II-HE VTL work) Jul 5 — Sep 30 (61 working days excluding Labor Day)

LCLS NC Startup B Aug 19-Aug 25

LCLS NC User Run 22 - . lug 26 - Sep 30

Next Program Advisory Committee Meeting Fall 2024
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Global Schedule Under Development

£7 TEST Sharable Global Schedule ®

45 Use this data »g Airtable

& Settings = Filter [ Group

Q Find a record < Q22023 Q32023

July August September

5

PAMM May 31-June 12023 y 31»|June1 2023

Quarter v Today

Oven Turn On

K5/K5a power out, S10 laser off,...

KSUBS in FACET, LCW breakers ...

Beam Turn On Rollup
PAMM July 5-7 2023

Fix and Align rail camera

Install CompNear/Far + WFS
Characterize lonization - Axicon
PAMM July 18-20 2023

Install Tandem Lens

Beam to TD11

DAQ Synchronization

Laser Heater Spatial Overlap
Laser Heater Temporal Overlap
E331 Emittance Tunning with N...
Characterize lonization - Tandem

PAMM August 1-3 2023

Beam Tuning S20 - Goal: Relaxe...

E326 Checkout New Cameras

Beam Tuning S20 - Goal : Summ...

E327 Take TCAVO LPS Data

Collimators in BC20 working and...

S20 Emittance Diagnostics Com...

PAMM August 15-17 2023
DSHM work
TCAV/EOS Correlation Studies

E320 - a0 vs n2 edge

Beam Tuning in $20 - Goal: Impr...

H2 and He spike ionization
E332 Beam Self Focusing

E336 Solid Target

Display a menu

Oven Turn On

— K5/K5a power out, S10 laser off, S20 local timing
- PAMM July 5-7 2023

7. Fix and Align rail camera
. Install CompNear/Far + WFS

. Characterize lonization - Axicon

- PAMM July 18-20 2023
. Install Tandem Lens
Beamto TD11

. DAQ Synchronization
> . Laser Heater Spatial Overlap
- Laser Heater Temporal Overlap
. E331 Emittance Tunning with NN+BO
. cl
- PAMM August 1-3 2023
_ Beam Tuning S20 - Goal: Relaxed Beam Parameters

. E326 Checkout New Cameras

Beam Tuning S20 - Goal : Summer 2022 Beam Parameters

. E327 Take TCAVO LPS Data

¢ Piloted new scheduling software over
the summer with good success

e AirTable schedule supports accelerator
milestones, experimental shift
dependencies, PAMM goals...

E ee—

e Cyber-safe public version will be online — L
for Users to keep up todatesoon -

lonization - Tandem

— - Collimators in BC20 working and characterized

- 520 Emittance Diagnostics Commissioning

- PAMM August 15-17 2023

. DSHM work
- TCAV/EQS Correlation Studies
- E320 - a0 vs n2 edge

Get your shift plans in to Brendan
L,%\s FACET-Il User Meeting, October 17-19, 2023
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Talks by Jerry and Nathan
Three Basic Accelerator Configurations

e Highest energy and low backgrounds (13GeV, low ok, 0; = 100um, 1m betas)
- SFQED

e Single bunch with high peak current (50-300kA, 0.1-10m betas)
- Filamentation
- NFCTR focussing
- TH & DDR injection
- Wake imaging
e Two-bunch (1.3/0.6nC, 30/15kA , 150pum separation, 5-50cm betas)

- PWFA emittance preservation under high beam-loading
- PWFA hosing suppression

- Wake imaging

These configurations satisfy the experiments currently invited for beam time

e AR
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Details in Chan’s E-300 presentation

Looking Ahead to Fully Compressed Single Bunches:
Plasma Accelerated Spectra Reveal Details of Incoming Beam

(a)

e Small changes to compression can lead to large change in peak =gl
current and field-ionized plasma distribution 536
q) L
c
e Participating charge and energy Ioss are sensitive to current profile ¢
()" 100 <?- =9 150 (®) | beam direction —» 1 8 % ol
= - — > S —&-Expt. data (lower bound)
80 (= 100 . 1 3 o 2} —4—Expt. data (upper bound) 1
= 5 0585 o |@ —~<-QPAD simulation
S golE—n 50 5 ‘g‘ § Expt. data [Fig. 5(b)]
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8 9% 648 093 281 . s 0 ¢ Expt. data [Fig. 5(b)]

o 05 1 15 2
Pressure [Torr]

Next steps: Fall 2023 use laser heater for additional stability, pre-ionized plasma (Li and H2) for

improved efficiency, and two-bunch setup to add witness bunch to study energy gain 2024
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See talk by Claudio Emma

FACET-IIl Injector Laser Heater

DAQ TEST 03748, Heater OfT

) Cal = 1.1mm/MeV , Res = 11.71 um

GMEV YAG screer o4 Mev BPM:s 135 Mevf ) 7 N < ~°°
_E...o.s | g.o.s ] 8 J FWITM - 6ps 'r1; _/
- v S R A
{11111/ £ e 12
DOK*:]NL_ JM' L = -E | 5 |
Laser heater :U | 2] ' Q.
) E i E 8 | w
InJector beamline Phase cavity T‘i*l‘ft‘f . 5
e Laser heater increases Laser Energy
un.cor.related energy spread e e ey g [ 5o : 2
using inverse FEL process < ol §
- Effective tool for limiting £ i = 8
. o — S s} 1is —
microbunching & CSR E < \ :
o 00f 410 _"
- Tunable peak current E g .| \ s
A" U Rl T = v s v
= Enhances Stability oo 1c.)o 2(;0 3(;0 460 sog

Induced Energy Spread [keV]

Injector laser heater suppresses COTR, enhances stability and provides tunable peak current
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Extreme Beams are a Challenge and an Opportunity

Unprecedented intensities allow us to access new regimes and explore new BT i ow
scientific directions
e They also drill our vacuum windows, profile monitors and wire scanners

An important part of the FACET-Il program has always been developing

new techniques to diagnose and control these beams

e Tuesday talk by Claire on EOS BPM progress

e Wednesday morning session on ML/AI for diagnostics and control of
extreme beams: Alex (E-325), Brendan (E-326), Claudio (E-327) and
Auralee (E-331)

e Novel diagnostics e.g. Wednesday Gerard on Gas Sheet Viewscreen (E-322)

Simulations Experiment

»
Phulon ©

E-326

0.5" travel

motorized actuators 200 120 600 4 200 100
B x [pixelz] x [pixclz]

600 800
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Have a look: Video Tour and Street-view
The Experimental Area Design was Coordinated with the FACET-Il User Community to
Accommodate Many Experiments with Minimal Reconfiguration

Laser transport
I

| i ‘ | Butterfly chamber 10TW Iaser; 50||da gas
THz table Compre%r—» L] 8in cube Dump table and plasma targets of

Dipole PDC/EDC . . .
TCAV — I \ various density & length;
.—.—I—l—'-o))))))))»)-.— O :;/ [ N[ H: lived Iy 8X
i bach e, N 10— U N0 specialized electron, X-
| N I ray and Gamma-ray

| | | . .
Final focus IP area W dlagnostlcs

Periscope Laser transport

bottom Periscope from gallery
R i: Tandem lens A NF. FE =_..ieras
. . - -l
Guillotine valve . )
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A\ <]
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https://drive.google.com/file/d/1LvftKMEuMSQgEPpcF_VJ4TJ9Iqyvogb-/view?usp=sharing
https://my.matterport.com/show/?m=E6rRJHvAB27

Talks by Mike (E-308), Bernhard & Andrew (E-310 et al), Chaojie (E-304) and Ago (E-338)
Novel Focusing, Injector and Radiation Generation Concepts

Plasma Evolution

Deng.et al., Nature Physics 15, 1156, (2019)

/' \ Thin Plasma’
[ |Lens

/| Thin, Neutral,
| \Plasma
Nonlinear Blowout \
Wake Trajectory

| |
| - -, o 1’

\ Cr-,
|'I \ l - - .. '

~
| "~ '
~
N

| R '
lon Column & | | / | ) e
Coulomb Force| & = m =-=" ="

‘ \ f THE
¥ 'Plasmalens | | ) ROYAL
J SOCIETY

PUBLISHING

[} ) 0
2-cm Nozzle with Blade 5-mm Nozzle Operated in Static Fill Background
T, o — @) _34f ()
’351 n . FACET-“ Beam: :EQ FACET"“ Beam: g 34 \ “fnergy Chirp 2 !
A . N 20\\ . o0, = ISﬂm, o, = IOﬂm = . L0, = 30”m, 0, = 20;4m g&z — EC_}._
zfmm] z[mm) g 3 Current [a . u] g 3
L | |?

o j Injected Beam: e j Injected Beam: 2‘8_4 P o 5 2 T 05 o o5 115
- 2 <~1GeV 2 6-20 GeV Time [fs] Time [fs]
g0 (- L= ~0.3 um emittance 2 f 354 ~1umemittance

4 ~0.3% AE/E 4 ~1% AE/E
6 6

Bringing the full compliment of Picnic Basket and Laser Probe capabilities online will enable
extreme focusing, ultra-bright beam generation and novel radiation source experiments
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See talk by Doug Storey

Systems are in Place to Begin Two-Bunch PWFA in 2024

- Upstream differential pumping system Main ionization laser § 50,(3) 250

\\\\\\ i 8 ol %%\fﬂmf |0 g
=< g L {150 =
Electron Beam —2 = - - - [ | Lithium oven plasma source Bl 3 w3
([ (((((( US-DPS turbopumps . . ol i | T el 3
Bypass line and plasma viewports o 1 : 1 : =0
X-band transverse deflecting cavity §§ 47(b) ﬁﬁmﬁzgﬂmmgﬁ%
Downstream differential pumping system 52 i i
S22 II % 1
S s
Final focus quadrupoles and DPS apertures DS-DPS turbopumps 5512—(@ Iffsﬁ_
Gas jets, solid targets, and laser optics X-ray and gamma diagno =I§ gor -

9.8 9.9 10 101 10.2

Beam, laser, and plasma diagnostics Ereray [Gev]
2 < T T
ol e Spectrometer quadrupoles z_ @ e
o %E sow | - — :
5 Eos Spectrometer dipole § o« Sty
= § ° . . ] ] 9 10 . 11e 12 13 14
T, | ° Differential pumping system  eectron diagnostics I
0.5 Bunch
-1 Witness Bunch ° ° (] ° °
L fully commissioned with Li oven, gas jets
gh g 1[30/M2\?] N itio 5 Y

©

and static fill H, and He (laser and beam ionized)

tal beam Charge density
[pC/MeV]
S o
o [=]
s - N
i 1k 1
p T 1r Bl
g M | 4
5

@
Horizontal bea
width [mm]

~-ne © @ Diagnostics for emittance (single and multi-shot) e e

Energy [GeV]

Collaboration has created robust infrastructure where progress for individual programs benefits

the whole community
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Talks by Carsten Hast & Brian Naranjo

New Additions to the User Area

e \We continue to look to the future as we plan for upgrades e.g. Post-plasma
Chicane, Gamma Detection Chamber and spectrometers

Post-plasma Spectrometer

_ Chicane Dipole e EDC GDC Butterfly
ey T i ;_; :l?ﬂl' 'ﬁ%!“‘l [

|
)

Compton Spectrometer
Collimator

cintillator

+ camera

il

Convertor \

target Dipole magnet

Design Credit: B. Naranjo (UCLA)

The Experimental Area will continue to evolve to meet the needs of the User Community
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FACET-II Camera Diagnostics

For details — talk to Sharon and Spencer

| 520 Laser 1
1Room and !
ITransport
Target ______
TCAV
BC14 AN
Main
BC20 dump
W-Chicane
IP
Region S10 Injector L1 and L2 and BC20 S20Laser IP Area EDC/ Total
Laser BC11 BC14 Dump
Deployed (2022) 7 3 6 3 2 21 24 12 78
Deployed (2023) 9 8 9 3 2 24 24 13 92
Planned 11 8 11 6 5 24 30 16 111

15

e Digital cameras are the main diagnostic for
experiments at FACET-II

e Their uptime and performance are critical to the
success of the facility

=
o
T

RADFET (Rad) Increase
w
T

m

\4
\
[=2]

P ad 5
e
—~
S 4
e
j,V’-/ 3

\
\
N

Camera Watchdog software and RADFET sensors to monitor camera performance in the

radiation environment
M.J. Hogan
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FACET and Test Facilities Division

Advanced Accelerator Research

e Organize and participatein
science program aligned with
HEP Roadmaps

Test Facilities
e Takes care of Users

FACET-Il Operations
e Makes the machine work for you

New staff are bringing energy and creative ideas
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FACET-1I Positron Upgrade

e Positrons represent a unique scientific opportunity with global enthusiasm
- Snowmass preparations, European Strategy updates and recent workshops (AAC/EAAC)

Demonstrated @ FACET —

Non-linear wakes in
self-loaded regime of PWFA

/

24E (Ge\zls) 28 30 |
Corde et al., Nature August 2015 ! (Er — B/ By
Hollow Channel Plasma | Proposed @ FACET-II | N\
Wakefield Acceleration |* Finite-channel plasmas are ' B . ] -
| predicted to preserve : + \[“< [I”]] | Potential for experiments on positron
. / (%) . .
| emittance — PWFA has stimulated creative new
| LBNL, DESY, CU Boulder 4 _} = f ideas - focus of the Thursday session
and SLAC collaboration e
Gessner et cl., Nature Communications 2016 '
Lindstrom et al., Phys. Rev. Lett. 2018 1 S. Diederichs et al., Phys. Rev. Accel. Beams 22, 081301 (2019)

Will re-examine options with DOE HEP once P5 report is available. With a commitment and strong support

from SLAC the plan could be executed on 5 year time scale without interruption of existing user program.
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Agenda for the Next Three Days

Day 1, October 17, 2023: Facility Status, capabilities and upgrade plans and Experimental X
Progress and Plans

Start Time

puid Duration | Title Name Affiliation
9.00AM 25m Facility Status and Expectations for FY24 MarkHogan | SLAC
925AM 15m Meet your new User Coordinator Ir;;:mc SLAC
- 2om :i’nrl:vmznsaslumng progress and expected beam parameters R
_ Day 2, October 18,2023: Experimental Progress & Plans X
1000AM 2om Beam configurations: updated simulations with W chicane,
linearizer, plans for two-bunches
10:20AM 20m Laser heater commissioning Start Time son | Tite Nome Atiiation
D) Dura
10:40AM 30 Coffee Break
" © | 9.00AM 40m £:320 Progress and Plans for Y24 David Reis Stanford
11:10AM 20m 520 Laser High power performance and possible upgrades o0 AM a0 Beyond E-332: New tools and opportunities for strongfield QED and Matteo PINP
| - extreme plasma physics Tamburini
1130AM 3om Transfer 0520 "
4 10:10AM 20m £:336 Progress and Plans for FY2 P LoA
1200PM 4sm Tour of 5§20 Experimental Area y
b | 10:30 AM 30m Coffee Break
12:45PM 3om Return to Sycamore Room
100PM 30m Lunch 11.00AM 20m £:325 Progress and Plans for FY24 P LANL
1:30PM 20m 520 laser and diagnostic probe lines 1120 AM 30m E-326 Progress and Plans for FY24 g’_:;::“ SLAC
150PM 20m Experimental area - and gamma diagnostics, DPS, Li oven) 11:50 AM 20m E-327 Progress and Plans for FY24 ClaudioEmma | SLAC
210PM 20m Picnic basket configurations and possible upgrades 12:40PM 2om £-331 Progress and Pl for FY24 Auralee sac
~ Day 3, October 19, 2023: Positrons
230PM 20m EOS BPM Progress and Plans for FY24 12:40PM 50m Lunch
B | 130PM 20m Gamma Detection: Compton and Pair Spect|
250PM 20m EQU projects and Upgrades (in progress and planned) 4
— 150PM 20m E-301 Plans for FY24 StartTime(PST) | Duration | Title
310PM 20m Coffee Break
k| . | 9.00AM 45m Positron beam loading in uniform regime
3:30PM 45m £-300 Progress and Plans for FY24 210PM 20m E-304 Plans for FY24
E | . | 9:45AM 45m Plasma Temperature Effects in Positron PWFA
230PM 20m £:324 Plans for FY24
415PM 30m £:305 and E-332: from beam filamentation, bright gammar L | Y o ey
1 250PM 30m Coffee Break
s om o €308 Progress snd Plans o Y24 11:00AM 30m Energy recover in positron PWFA wake
320PM 40m E-310/311/315
— 11:30AM 60m Positron PWFA review and scaling laws
5:15PM 15m Discussion and Adjoum =
— 400PM 20m E-338PAX 12:30PM 30m Lunch
600PM No Host Reception @ The Dutch Goose
— 100PM 30m Beam-based laboratory astrophysics
- 420PM 20m E322
b | 130PM 20m Electron trapping in positron driven wakefields
440PM 20m PetaVolts per meter plasmonics
A 1:50PM 10m Discussion
5:00 PM Reception in the lobby of Building 52
2:00PM Adjourn

e \We are happy we can provide coffee,
cookies and lunch without registration

e Tonight the Dutch Goose
e \Wednesday Receptionin B52

e When it’s time to present, connect to zoom
and share your slides so remote participants
can follow along

e Please provide a copy of your slides to
Nadya to attach to the agenda

X

Name Affiliation
Shiyu Zhou Tsinghua
Severin Diederichs DESY
Max Varverakis Cal Poly

Gevy Cao and Carl Lindstrom

Gianluca Gregori Oxford
James Allen SLAC/Stanford
Mark Hogan SLAC

>
)

M.J. Hogan

n
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Summary and Outlook

e There has been a lot of progress since the last PAC - data analysis has yielded

fresh insights, first publications and steady progress improving systems in the
experimental area

e 2023 presented some challenges but our collaborations have made steady
progress and are ready for more beam

e FACET-Il is delivering high-intensity beams that open new scientific directions
strongly aligned with HEP roadmaps for plasma acceleration

e FACET-Il is leveraging SLAC ML/Al initiatives to develop new methods to
diagnose and control extreme beams

e We are installing and commissioning important hardware & capabilities to
benefit the experimental programs: laser heater, LLRF for more stable delivery,
Gamma Detection Chamber, and two-bunches from the FACET-II injector

We are excited to be re-starting the science programs and we look forward to many face to face

discussions here at the 2023 User Meeting
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