%

Diagnostics for a Plasma Wakefield
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FACET-II: a National User Facility with a Portfolio of PWFA Experiments

Beam-driven plasma wakefield acceleration with electrons (now) and positrons (future)

Demonstrated @ FACET Proposed @ FACET-II
Gradient: Gradient:
* >100GeV/m (Nature Communications 2016) * >10GeV/m

Energy Gain & Energy Spread:

* 9GeV with 2% (PPCF 2015)
Efficiency:

+ 30% instantaneous (Nature 2014)
Normalized Emittance:

* 100 mm-mrad

Energy Gain & Energy Spread:

* 10GeV with < 1%
Efficiency:

* 30% overall
Normalized Emittance:

* <10 mm-mrad

preserving bea

‘uia “‘“\ ‘,g,‘ ,'/" '

FACET-Il experiments are focused on 10GeV stage

with high-energy extraction, high-efficiency and
m emittance ~10um level

Ey

Demonstrated @ FACET

%" | Normalized Emittance:

Beam Brightness scales with plasma density.

Short FACET-Il bunches are predicted to
enable collider level emittance beams

* 1.5 mm-mrad
Bunch Charge & Duration:

» 20pC & 100fs
Energy & Energy Spread:

* 0.5 GeV with 2%

Proposed @ FACET-II
Normalized Emittance:

* 0.01 mm-mrad
Bunch Charge & Duration:
+ 20pC & 20fs
Energy & Energy Spread:

« >1 GeV with 1%




Approach of this presentation

¢ | will give an overview of diagnostics that | have found to be useful for PWFA
experiments over the years

e | will correlate types of diagnostics with the goal or problem being addressed but
| will not delve into specific design details such as resolution - these depend on

detailed requirements of specific experiments (beam energy, peak current,
emittance...)

e | will cite examples from my own work and collaborations as well as that of other
groups and give references where available

ol AL
DS [ B o \



Beamlines of Three Active PWFA Facilities Have Many Similarities

FACET—II @ SLAC

(a) Upstream Spectrometer Withe:
Positron screen buny

SPARC_LAB @ INFN

(e) Laser
20.8)

Driver + witness
bunches Synchrotron

.o ..i e ©
Upstream . Plasma source
spectrometer Laser 5> Imaging
lens

thp wer @ g

Kinoform
focusing optic Hollow plasm:

C 19.9 )
on mirror 05 05 05 050 1 2
ollow plasma X [mm) X{mm]  Charge [pC/MeV]
channel Holed L(
mirror
(¢ Laser Off Beam Centered Beam Off-Center YAG
screen
Witness Focusing
bunch quadr upoles
@ Downstream
Dy

X spectrometer
pfioe LANEX
unch

https://arxiv.org/pdf/2304.01700.pdf
FLASHForward @ DESY

Screen

(a)

T
N

— . 51.5 - NOtéh i . — 1 = &'ﬁvelling RF field"‘i 4

cTtor . - position _ https://www.nature. com/artlcles/s41567 020-01116-9

. % Notch
- _— co5f width . .
Hoad = | Common ingredients:
collimator Head m ) \ , )
- . Energy % Longitudinal postion, ¢ (um) e Final focus and Imaging spectrometer magnets
i = 1 collimators . . .
e T Gl pole e Collimation systems
(chirped) ';gg;jg L -0 44 1 spectrometer
Db S gge pepanevereR, e Plasma targets and lasers
drupol Plasma ad | en F i N
quadripoiss cell  |maging “\// V. ‘ [ BPMS and TOI'OIdS
quadrupoles T ~
LANEX

GAGG:Co e Bunch length monitors: TCAVs, EOS, Pyro

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.126.014801

—~ A e Profile monitors: OTRs, YAG, LANEX, Cherenkov




Emittance Preservation Requires Understanding Optics at per-mille Level

Matching Final-focusing Plasma Imaging Broad-band High-resolution
quadrupoles quadrupoles cell quadrupoles dipole spectrometer dipole spectrometer
[1 [1 [1 1] 0 [ " — 7
LI LJ LI LI | un — _—
T T T T T T T T
2 20 - X Downstream of the plasma cell X1
[ Y e y
c
Re]
5151 -
c
=]
=)
8
]
2 10 -
ko]
o
(]
(@]
T
o 5 -
=
]
S
=3
w
0 1 1 1 1 1 1 1 1
12 -10 -6 -4 -2 0 2 4 6

Longitudinal position in beamline (m)

The waist beta function is ~10 x 10 mm.

mm-level movements required 0.1%-level changes in quad currents.

Online beta-function monitor (Hz updates) using two BPMs.

~mm precision in placing the beta function.

Online tool was crucial in placing the focus precisely

(no time for quad scans for every 0.1% change in final-focus quads.)

FLASHForward Beta Function Monitor

R AN

Magnets BPM 1

:z]]jstic Orbjt

Focus
region

-
BPM 2

Magnets

Source: Lindstrem et al., PRAB 23, 052802 (2020).

Beam status:  ON Nominal energy: 1045.0 MeV
Beta functions
Upstream Interaction point Downstream
4 4
3 3
3 3
E2s o £
= E =
2,0 = 1 T20
g g
15 15
1
0
0 8 2
sm) s m) m)
Start of FLFMAFF Waist ESPEC
Beta function \oha functio Beta tunction Waist location Jitter emittance Beta function \ipha functio
54.48 m -6 6.87 mm -155.00 mm 0.12 mm mrad X 0.80 m
04.92m 88 23.50 mm -149.40 mm 0.03 mm mrad Y 1.09m

We never used in-waist screens (CTR makes it impossible to use).

Online beta-function GUI (measured live with 2-BPM technique)

In use at ATF2, FACET-Il and FLASHForward - slide courtesy of Carl Lindstrgm



Imaging Spectrometer After the Plasma Performs Many Functions

FACET-Il example g

) Ll | Fid

i i i o i ' i ‘ ‘ Dump diagnostics chambers o
XTCAV lef.erentlal pumping Differential pumping + Spectrometer dipole p diag Dump table
\ + final focus quads I I spectrometer quads |

Final Focus IP Area Spectrometer Beamline
e Measure energy spectrum after the plasma (point to point imaging R12 = R34 =0)
e Typically combined with dual imaging systems:
- Lower-resolution with higher acceptance (wakefield amplitude, affect on drive beam,
quantifying efficiency...)
- Higher-resolution with limited energy acceptance (precision measurements of witness
bunch energy and energy spread)
e Through dispersion can access drive and witness beams independently
e May be scanned to stitch together spectrum, change imaging planes, perform quad scans

e Screens can be calibrated for charge measurement
e aAn https://www.nature.com/articles/nature05538 https://arxiv.org/pdf/2305.09581.pdf
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Spectrometer Diagnostics Overview

Dipole PDC EDC Butt ﬂDumpTabIe
I S S utterfly
Ll fm—ﬂ'ﬁ_ﬂ[n n"n nlm_..ﬂ%ﬂm +— m
R

e Dump table contains main electron and
gamma diagnostics
- DTOTR1/2 - in vacuum OTR+YAG high

resolution, single shot emittance and TCAV
measurements

- LFOV and CHER - DRZ and Cherenkov
spectrometers with large field of view

- Gamma1l/2/3 -> photon profile, spectral
information from <100keV to 10’s of MeV

e PDC/EDC added for low energy electron
and positron diagnostics
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Energy Spectrum Reveals Details of the PWFA Interaction

https://www.nature.com/articles/nature05538

Wakefield amplitude s 3 Energy gain and loss — Efficiency Optimal beam loading
and energy gain 34 - (a) I <
33 — Shots (sorted by plasma density) X (mm) € 1r E
[ 100 200 300 400 500 600 -505 or
32 |- s (a)——m 22 SR 40 3 ()03 £ b k:
31 e ——4 G o Initial energy 4 of ¢ ¢ ¢ ¢ ¢ 1 g
30 | 4 B S(-) 500 — — 1l Plasma on 2
- | 2
29 F=—14f Lo T 3 E of - - :
S 3 £ <l :
80 ) -1 0% - 2= 027 . 2r g
Sa27 o 1N ] 2 £ Y 5
- u [e) B E 300 ; o g 150 Plasma off
< f=7] L = E= Qo PI;
s Sl W |38 : 3| =,
e.70 I.I:.I 25 |— c ™M 2 5 3 i a =100} Plasma on, driver
3 P! ‘% — w 200 1g F0.1 8 i (imaging scan) 0.16% 0.13%
(0] 24 - N 9 w 3 FWHM FWHM
< r N~ o o ° 50}t ]
W 60 B R 100 @ = g
aaf 123 S SN N iy
e L o ——
e '?, n O ( Wbt s ; — i 0 il g0 & @ 990 1000 1010 1020 1030 1040 1050 1060 1070 1080
2o [ " HE _8_ g - Energy (MeV)
= ke et = oy
- if - . i .
21 il https://arxiv.org/pdf/2305.09581.pdf https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.014801
Energy and

energy spread Multishot piecewise spectral measurement  ® Need to BBA the quads to avoid

b Energy boost before FEL == ; ; steering and added dispersion
' Plasma on s0 o~ ||— i i e Calibrate energy axis carefully
€ ' < 100 = . .
£ - o, & i 5 e Charge calibration (counts/e-)
: v ) B0 2 e : . o
J 200 W gl ; / 5 e Be careful with saturationin
N 100 S et i camera or material
78 80 82 84 86 88 0 92 94 i i i .
Energy (MeV) ) E E S N— e Be mindful of synchrotron and
https://www.nature.com/articles/s41586-022-04589-1 E (GeV) betatron backgrou nds
1 A https://www.nature.com/articles/nature14890



Non-invasive Energy Spectrometer at FACET/FACET-II

| S—

Cump Line insirumentston

e \With strongly compressed i, WM@
beams energy-spectrum *A\V\%wawwwwww/w = =
correlates with compression B

e Enables shot-to-shot
comparison of before and
after plasma for systems
with drift and/or jitter

¢ Non-invasive single shot

Scintillator

X-rays

Vertical Chicane
Magnets

-
-
| A

Dispersed
Electron Bunch 9

SLAC-PUB-16310

O =36%RAMS=13% Mean Energy = 20.344 GeV

¢ Vertical chicane inregion
of large horizontal

& UoIsSsa1dwod paunjap ‘ueds dJ!qé—U

s o ” dispersion
2 : | e Intercept X-rays off axis
R " e Higher energy = with YAG screen

Scheinker, Gessner, PRSTAB 18 102801 (2015)
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Emittance Measurement with Dispersive Quad Scan in Spectrometer

« Dispersive » quad scan

Scan Mz, keep Mas=0. (2%)im = M7 {x?)op + 2M11 Mo {zx’)or, + Mip (2" op

Projected Measurement Dispersive Measurement
T T B, =0.7803 o, = 0.03349 ¢ _. = 60.5144 --> §_ = 0.77942 dz = 0.026103 80 PAQ £300 02046 - fyp = S0cm
High High High 0.7 ; : ; ; ' | ! ' '
energy energy energy -4 —_—
Q g 06 ) E60r J
Target Target S —— Target . g % @
C—— energy ———=—| energy energy E 05 = 40+ = % (0] e 0
8 Low 8 Low 8 Low % 04r E 20+ ©
energy energy energy
M, <0 M, =0 M, >0 0.2 ) ;‘
-10 5 0 5 10 = 4l
Advantages: M12 S
e No assumption on Twiss/emittance vs energy o1
e Measure energy-slice emittance © :
e Canresolve lower emittance than butterfly (M12 range vs energy spread used to fit _
€
butterfly) E?
e Can measure no plasma case and beams with very low energy spread %3
Disadvantages: <
e Multishot ° 9.8 9.9 10 10.1 10.2 10.3
. Energy [GeV]
e Only for non-dispersed plane
e oam FACET-Il data courtesy Doug Storey
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Butterfly Emittance Measurement

e First developed at LWFA Facilities and successfully
implemented at FACET and FACET-II

e Energies further from the focus — Increasing
contribution from divergence — Wider on image

e Divergence angle and position of the butterfly determines

the emittance, exit beta function and the exit plane

Butterfly at ELANEX; UID 1343800040414

X (mm)

145

Butterfly at ELANEX; UID 1343800040414

—

w

(=]
T

Beam size (microns)
—
N
o1
T

o Nonlinear fit
= Parabolic fit

o Experimental Data

Shot UID: 1343800040414
Normalized emittance: 100.9566 mm.mrad
beta*: 15.5759 cm
s*:-25.6081 cm
Beam size: 17.0856 microns
Beam divergence: 109.693 urad
- Energy at pinch: 27.5261 GeV o
o Spot size at pinch: 112.0484 microns | ©

¢ oo

LoLs
o o
o o

27.2 27.4 27.6 27.8
E (GeV)

FACET data courtesy Sebastien Corde

28

E
X |
Higher Lower
emittance emittance
Advantages:
e Single shot
Disadvantages:

e Assume «, 8 and ¢ independent of y

e Thisiswrongwhen thereis a
mismatch, which is expected to
happen when emittance growth
occurs

e Only for non-dispersed plane .



Emittance Measurement by Scanning Spectrometer Object Plane

e The imaged beam size is shown for a range of object planes around the plasma cell, measured with the plasma cell extracted
(orange points) and inserted into the beam path (blue points)

e Fits of the virtual-waist evolution (orange and blue lines) demonstrate that the normalized emittance, en, was preserved to
within the fit error

e The measurement was performed by scanning the object plane of a point-to-point imaging spectrometer, first with the plasma
cell extracted (b, 210 shots) and subsequently inserted (c, 420 shots)

) Spectral density (pC MeV'1)

Plasma cell =~ s N
a b Plasma cell extracted Plasma ceII mserted
T N T T T T T T T T
Plasma cell extracted (incoming beam): €, = 2.79 + 0.07 mm-mrad 1100 | ] M MW‘ WMWWW W 30
20 Plasma cell inserted (outgoing beam): ¢, = 2.75 + 0.09 mm-mrad 21160 % 1090 + 1
Evolution throughout the plasma cell (PIC simulation) L ’g é 20
E \:}_/ > 1080 I ) T T
o
3 n hut
£ ¢ 1060 L | 0 20 40 0 02 04
o) o} ot . vttt i | Q (pC) 0L/E (% FWHM)
N &) " } } } " } } } . . 0
7 %) 11 1 [
E10F 80 & 800
o) o)
2 £ S
= 3 E 9 i 1 W 1 i 400
51 40 2 > W
0.5 1 www | 1 W 200
-1 | |
0 1 1 1 1 0 . . . . . . . : . . 0
-50 0 50 100 -40 -20 0 20 40 20 40 60 80 100
Longitudinal position, object plane (mm) Object plane (mm) Object plane (mm)
1 A~ Source: Lindstrgm et al., submitted (2022)
P NS

Charge density (pC mm”’



Transverse Deflecting Cavities

S-band or X-band Bunch Length Measurement

|‘7 244 m 4>| RF 035 0.~ 0473 mm; o~ 0.050 mm; & /s - 234
V(t streak’ l  CALIBRATION
R\ -'\1- ) —— T O;,
)E)B N o
N
———— Ay~ 90° —
f”d A

e Deflecting structure produces a time-varying
transverse kick to the bunch

e The bunchis not timed to sit at the crest of the RF
wave, but at the zero-crossing

e The net deflection of the centroid of the bunch is
zero, but the head and the tail of the bunch are
streaked in opposite directions

e Calibrated, single shot, femtosecond resolution

e An
Pk M\

Energy [GeV]

103fl (b)

9.8

<

fj;, y position [mm]
. o
(9]

0.01 0.02
Charge [nC/MeV]

-
(%)

-

- S

0.5

2 Bunch

1.5

1

Combined with
spectrometer
can get full

0.5

° longitudinal

- phase space

-100 0
Longitudinal Position [um]

14



TCAVs Are Powerful and Versatile Diagnostic Tools

e.g. study slice emittance with TCAVO in LCLS Injector ...also used in dumpline spectrometer
for characterization of FEL Lasing

old
4 wire
3 OTR screen
scanners

5 wire

2 OTR scanners

3 wires o 5 T
3 0TR DL1 BC1 BC2 ~—~ TCAV3 L3-linac BSY DL2 undulator
135 MeV 250 MeV 43 GeV 5.0GeV 14 GeV 14 GeV 14 GeV
_ 60— 0.6f ‘—-—Er“nittance‘ 1 . .
CI —— Current ...and studying suppression of
2 =05 1 . . . 0.
7 . 5 the micro bunching instability
._E: I g 0.4¢1
2 g LH OFF LH=2.9keV
z 30 £ 03}
> g 3 3
= Aank = =
£ 20 Ye,=0.14£0.01 pm €02 3 I|\,'."l”/v s
S 10} %>/NDF = 1.92 = 01 % "l’“' §
200 400 — ’ E E
X gam) 055 6 65 7 0 L :
Quadmpole Leng th—Imeg_n rated Gradient (kG] Time (ps) L:)iognudlnal(:)osmon Z?m) L:;Ogitudunallz:»osrtlon (s;?m)
LH=4.3keV LH=5.4keV
. . s s
Screen measurement Quad Scan Slice Emittance (x-plane only) 2 2
& &
https://cds.cern.ch/record/556141/files/wpah116.pdf https://www.nature.com/articles/ncomms4762 § §
-50 0 50 -50 0 50
Longitudinal position (um) Longitudinal position (um)
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.18.030704
el AR 15
b M\



For Good PWFA Performance - “Straighten the Beam!”

Beam tilt

e Hosing instability is predicted for low emittance beams in strongly loaded PWFA
when beams have large tilts or offsets

e TCAV diagnostic facilitates correcting head-tail correlations before the plasma

Quadrupole current (A)
Q23FLFCOMP

56.60

56.07

55.53

55.00 |-

T

L o e ) N N

Z P e e my N N

P P e e ey N N

Z 2 £ m 9 mo Ry N

LA Al ol ol il ol rlind

Ny o o o o o W -

N
a1
(e}

|
-67.0

|
-59.0

Sextupole current (A)

SS5FLFCOMP

a1
—_
o

2P PR A

i 1 L
o
>

1.0

1 "
o o
S o

o
()

0.0

Pau Gonzalez (PhD thesis, Uni. Hamburg, 2022
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2
£
S
* 0

Normalised charge density

N 2

1000 §

4 o
(&)

1020

1000 1040 1060

Energy (MeV)

1080 1100 1120

2500
2000

P
1500 £
1000 ©

500

1000 1020 1040 1060

Energy (MeV)

1080 1100 1120

In the end, the plasma tells you if the bunch was
straight or not (final straightening is in-situ).

PolariX TDS: https://www.nature.com/articles/s41598-021-82687-2
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https://www.nature.com/articles/s41598-021-82687-2

Litos Group at CU Boulder is Developing a New Generation of Diagnostics
for Transverse Wakefield Studies at FACET-II

e Single crystals provide standard measurement of longitudinal spacing
e Difference signal provides horizontal offset

e First generation will measure one transverse direction

e Calibrated with stage translation

|

o O =

o o

;1

1

1

1

1

1

1

1

1

1
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1

1

1

> |
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= |

3 |

:

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

:
o o o
o = B
U O w

5. —5_ [AU]

Ax = —1.05 um

: . | : : ; : ; :
0.5" travel ': % L k 0.6 0.8 1.2 - 1.2 1.4 1.6
5 i Y a 2ol las
motorized actuators

An Electro-Optic Sampling Simulations predict longitudinal bunch-to-bunch separation resolution of ~10 fs and
Beam Position Monitor (EOS BPM) relative transverse offset resolution of ~1um for realistic FACET-1l PWFA beams.

Use single shot information to correlate emittance growth vs witness beam offset

SLAT https://doi.org/10.1016/j.nima.2021.165210 and https://www.osti.gov/servlets/purl/1852444 17



https://doi.org/10.1016/j.nima.2021.165210

https://royalsocietypublishing.org/doi/full/10.1098/rsta.2018.0173
and P. San Miguel Claveria AAC2022 Proceedings

Betatron Gamma-ray Measurements at FACET & FACET-I|

Information can be obtained from spatial and spectral gamma-ray measurements

Single shot measurement! Cu 10 mm W3 mm
Cu3s
[ Self_fOCUSIng Interaction Spectrometer Dump Table 50 SETAL 1500 N . BETN - /W1;2:,m
Point 13m dipole 7m “ ~ 30 e
H - «— «—3| < < 200 | &
e Beam symmetrization @ A B __ g) 2 1§ ...... : oo 2% |
e beam High energy - E S < £o £ k ’
h ° radiation 5 500 0 n n
e Matching il
11

-50 0 50

e Emittance diagnostic ey <iom

1.5

5 f e
— i Sim || D-(;t‘a p;';:;ll_re:(.).SU O"forr
f~ K/vy=133x10"%/nglecm=3]/yo[pym] . | | ) B
NG TP
E.eV] =5.24 x 10_2172n0[cm_3]:1:0[um] | ‘
FACET-II: NARNE
oL 1 || N
Cut Cu3 Culd W3 W1 Cu03 None S & & & & & & & & &
e Need detectors for keV and MeV photons Converter PO
e Angularly-resolved spectrum can be very important FACET-Il PWFA with Beam lonized H2

E. fits give x0: 0.3, 1, 2um

Next steps are to transition from qualitative to quantitative diagnostic

AN 18




Relative Bunch Length Monitors

FACET-Il Diagnostics
Relative Bunch Length Monitors

o1 A

Wall gap monitor
» Ceramic gap + diode

Coherent edge
radiation monitor

* Mirror + pyrometer | -

« f<300GHz
« f>300 GHz * |x<300A
e l>300A

- Injector, e+ system
- BC11, BC14

-
- BC20 (existing) P

O

-

Filters Detector
) 4
off-axis |

parabolar- J
Bend Magnet off-axis

»
Bend radiation parabola . &‘
/invacuum E-Beam \
Mirror
rA 44

Bunch Length Monitors

Non-destructive, pulse-by-pulse bunch length monitoring, but need TCAV calibration

Pyroelectric bunch length monitor
modeled after LCLS BC1/BC2.

Detector E

Si Window E———1
Relative diagnostic, works well for finding Bend
and maintaining peak compression.

/ Mirror

: SR

gy Roll-off

i “ <30 pm + RMS
*  Asymmetric

4/3 power

/ law dependence

BLEN:LI20:3014:BRAW
in

nnnnn

rel

" . . N s ) ]
0 50 100 150 200 250 300 g v

2 7
TCAV bunch length meas [um] 0 1

02 04 06 08 10 10 20

FACET-Il Science Workshop, October 17-21, 2017

2 40 6
Wavelength (um)

15
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Extreme Beams Can Be Challenging

Be vacuum window

damage at FACET expected New threshold for micro t;unched
for 2nC with beams at FACET-II:
0, = 0, = 0, = 20um COTR Vacuum activity Bz;g;zzw
Q2 o e — -
P F(""/s,)

05-11-2200h  05-11-2206h  05-11-2212h  05-11-2218h

SLAC-PUB-15729

Traditional diagnostics
become consumables

Nl SO UNSN
Fre 10N s 5% R (B

SN e e

Card readyfor réplacement

* Laser heater is installed and awaiting commissioning to mitigate microbunching

* Differential pumping system removed vacuum windows from experimental area

FACET-II has unique challenges related to high intensity beams that require new approaches

ol AL
DS [ B o \
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https://www.slac.stanford.edu/pubs/slacpubs/15500/slac-pub-15729.pdf

ML/AI Based Virtual Emittance Diagnostic Under Development

orrrccccccnes P Qecerrsssscrrrtcccctsssssssssscccnns P deeecccssssnss ““ P A Measurement - ‘ - -Syn;:hmtron adiation :

Interference :

*
:669.29
v

5221.7

: ' - Edggnad.'at.'on

v - November 2022 |
BC11 (first chicane in linac ~350MeV) : | ,

Modified vacuum chambers, viewports,
cameras installed summer 2022

ph/s/0.1%bw/mmA”2 -> ph/pixel

150 BW:0.55 nm->20nm

125 Area: (Imm)A2 -> (3.75 um)A2
Charge: 1C-> 2nC
QE: 56 %

0.50 —

Spectral filters installed in
December downtime to enhance
interference fringes needed for
emittance quantification




Injector TCAV Commissioning with ML-based Bunch Length Prediction

Current profile (measured) Bunch length variation (measured)

e TCAV used to measure current

profile and characterize shot-to- = i f oy 3&’? ]Vf } .
shot current/bunch length : ) M" W/Lp‘v\ﬁm T WM ' ;‘.;J‘wv‘ﬂ;% E
variations in the injector gv A a J | o=

e Bunch length variations - (— T |
correlated with injector RF, A T T e T i
magnet’ laser para meters. - Furrent profile (simulation) g SUW OMCL EHEEh pr?dlct"f';ifu‘::gm

e ML model used to predict 00 1° 2.15 =TT

1
]

&

—

changes in the bunch length 250 |
from non-destructive inputs '

[}
o
o
1
~

Current (A)
—
&)}
o
1 1 1
N w
Norm. Emittance (um)

FWHM Bunch length [mm]
[\
o
(9}

e Non-destructive LPS diagnostic  1oof 2
to be used for tuning/data i : 195
analySiS in upcoming runs g Z((;)nm) i TS0 100 10 200 250 300 350

Shot Number

ML based diagnostic successfully predicts bunch length at the injector exit. Extension to 2D LPS to follow.

ol Ay 22
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https://journals.aps.org/prab/pdf/10.1103/PhysRevAccelBeams.21.112802

E327 - Virtual diagnostic for longitudinal phase space prediction and optimization

Science Goals

Implement a single-shot non-destructive
ML diagnostic to predict the e-beam LPS

along the linac.

Use the ML-diagnostic to customize/

control the LPS for different
experiments.
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Non-destructive measurements of e-beam and linac parameters

ML based virtual diagnostic
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Upcoming work focused on robustness + multiple locations/beam configurations


https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.21.112802

Summary

e Decades of PWFA experiments have employed a wide variety of conventional and
novel diagnostics to address various physics challenges

e Recent experiments focussed on beam quality and emittance preservation at
SPARC_LAB, FLASHForward and FACET-II provide a good template for EUPRAXIA to
draw from:

- Awell designed spectrometer to characterize energy, energy spread and emittance

- High resolution BPMs upstream and downstream of the plasma for precise waist
location and matching to strong focussing at the entrance of the plasma up-ramp

- Atransverse deflecting structure and appropriate downstream screens to measure
the current profile and ensure the beams are straight entering the plasma

e ML/Al tools are showing promise and may provide virtual diagnostics for long term
stability

e Thank you to Riccardo Pompili, Carl Lindstrem and my FACET-I| colleagues for their
helpful comments and contributions
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