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W Talk outline

1. Motivations and goals of the presented thesis work

2. Description of the Polarizable X-Band Transverse Deflection Structure system —
working principle and field maps studies

3. EuPRAXIA@SPARC_LAB Diagnostics simulations for resolution evaluation:
* Low-energy, middle-energy and high-energy beamline
 Energy, emittance and longitudinal distribution characterization

4. Experimental 3D and 5D reconstruction with the PolariX TDS at SwissFEL

5. Summary and conclusions



W Motivations and goals

» Motivations:
 The EuPRAXIA@SPARC_LAB project aims to realize the first user-facility based on a Free-Electron Laser driven by a
plasma-accelerated beam

RF photoinjector low-energy Middle energy diagnostics High-energy diagnostics
diagnostics beamline~ 118 MeV beamline ~ 400 MeV beamline ~ 1 GeV

» Goals of the PhD work
* Implement and characterize the PolariX Transverse Deflection Structure (TDS), focusing on the field

maps studies of the 50-cell device

e Evaluate the resolution limits of the EUPRAXIA diagnostic systems through beam-dynamics simulations
for the three different beamlines

e Application of the 3D and 5D tomographic reconstruction at SwissFEL 3



W

PolariX TDS: RF system

» The PolariX is an X-band Transverse Deflection Structure with the feature of changing the beam

streaking direction

The input RF power is split into two branches

The phase shifter introduces a phase difference between
ports 1 and 2:

 0deg->vertical polarization

e 180 deg -> horizontal polarization

The two branches are then recombined into the E-rotator
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PolariX TDS: Working principle
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X [pm]

» It is capable of measuring the longitudinal properties of the beam in both transverse planes with fs-resolution

» Allows for a tomography of the beam to reconstruct the 3D (x,y,t) and 5D (x,x’,y,y’,t) beam distribution, by
streaking the beam for different field polarizations

» Two PolariX TDS are implemented in the EUPRAXIA diagnostics beamlines:
e 96-cell structure (~ 1 GeV)
e 50-cell structure (~ 118 MeV) = Field maps design 5
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PolariX TDS: Coupler residual kick

> Fields maps generated with HFSS to test the effect on the beam dynamics
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%W ldeal beam simulations

» 50 cells structure simulations (ideal beam at 118 MeV, o, = 17 fs)

257

O With Coupler (data)

2r : O Without Coupler (data)
With Coupler 1t (C = 23.40 jmits) Parameters m No cou plers . .
150 Without Coupler fit (€ = 22.38 umifs) Slightly overextimate the

E 10.0+ 0.1 9.6+ 0.1 longitudinal calibration
E D’Z C [ﬂm/fs] 23.4+ 0.1 22.4+0.1 and resolution
%‘“ R; [fs] ~ 4.6 ~ 49 » Slippage effect that changes
115 b, [deg] ~ 746 = 762 the zero-crossing phase
-Ei.5 -0.4 0.3 02 =01 Ao E[Fdeg]ﬂ.‘l 0.2 0.3 0.4 0.5
a —re) NEEERETETETN TN - the reconstruction of the
o (sim) [fs] 169+0.6 16.8+ 0.6 temporal profile is not
el & () | 35 37 affected S|gn|.f|car_|tly by the
i coupler contribution
=04 o (dif f) [%] ~ 0.8 ~1
ol * The induced energy spread
ol o (of f) [KeV] — does not introduce errors in
o ge (on) [KeV] ~ 275 ~ 264 the measurement




= W Low-energy beamline: energy measurement

Quadrupoles 25cm .
60 cm PolariX TDS Dipole ‘ 22 deg deflection angle Screen
| -| k- L u B B N N &N §N &N _§N B _§N _§B _§ &N _§B &8 & &8 & &8 & &8 & &8 & & &8 § &8 §B §B B!
R o B - “ 3.35 m Drift R
01m ]
» Energy simulations: * The screen position provides an optimal
i trade-off between energy resolution
1215 | " 1.5m and field of view, allowing to have both
i1l driver and witness in the same image
L 1.
< 1205 . . L 101 Parameter Witness Driver Unit
120 Driver E | e Epor 1182 1197 Mev
= 0el = : ol 156.0 7848  KeV
: >
| " FWHM 7147 37043 KeV
. Witness B
18s B ,  Synchrotron-radiation effects are included
118 L ,.'P':..- o - ) . . . .
- . in the simulation and lead to a slightly
117.5 ' ' ' ' ' ' ' T T T T T 10 . .
600 400 200 O 200 400 600 800 -10 -5 0 5 10 broader energy spectrum, without affecting
X [mm] . . .
t[fs] the separation between driver and witness
. Parameter 3.5 um b.25 puym T pm
[ ]
The measured energy and relative oo — Fooe) TeoV] BT SiR  3iR
spread are stable across the explored (rmsEgipote — rM8Eacreen) [keV]  15.4 15.6 15.6
screen resolutions, confirming the Min Epin [keV] 0.66 0.98 1.30
Max Ein [keV] 0.67 1.01 1.35

robustness of the diagnostic system Epu [keV] 156.0 1563 1563 g




W Low-energy beamline: TDS measurement

> TDS simulations:

2 . :
ol 8 MV ©[20 MV “e The temporal separation between driver and
150 o . Witness increases with the deflecting voltage.
100 40 «  For voltages above 8 MV, both bunches are
50 20 «  clearly resolved on the screen.
£ 3 12
= o = )
- =’ e 10 V [MV] pm/fs fs/pixel Center-Center [fs] Head-Tail |fs]
50 20 E . 1 2.3 3.0 - -
00 i “ g . 3 7.0 1.0 509.4 10.4
- '; 6 13.9 0.5 A07.8 17.0
150 60 4 8 18.5 0.4 507.3 21.5
i 2 12 27.8 0.3 H04.8 25.3
200 80
-6000 -4000 -2000 0 2000 4000 6000 5000 4000 -2000 D 2000 4000 6000 °
X [pm] x [pum]
\ ' ' 1 0.75 Parameter x Streaking vy Streaking
260 IR, = Gorf e oundl 1 0.7 * The deflector calibration Tors [m] 54+ 5 54+5
" N C Mean Curve . . vV [I".I‘l.f] 2000 £ 0.5 2000 £ 0.6
24 065 provides a resolution of Calibration [pm,/fs] AT+ 1 AT +2
22f | = ~1 fsat 20 MV Sereen Calibration [fs/pixel| ~0.07 ~0.07
2 | 06 3 Shear Parameter [um/pm] 1562407  156.1+0.7
S loss 5 Resolution |[fs] 1.140.2 11402
318} =
& o5 g « Measured parameters in Witness Driver
16 o . x-streaking y-streaking | x-streaking y-streaking
Ll 1045 agreement with the 7 15 16 £ 1 16 £ 1 181+4 192£3
104 expected input distribution 7 [l 16 + 1 188 + 3
1.2} oy (sim.) [fs] ~ 17 ~ 191
: . . . . . 10.35
10 12 14 16 18 20 2 9
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> Emittance simulations:

002 a, Range:[=2,2] [© oa] °f° a, Range: [-2,2] * These are the reconstructed values
Fit . o
d of for driver and witness from the
0.02 r
\ 7t p simulated scan
e o1 \ - / Parameters Witness Driver
N% 3 C 5T x i xr ]
001y \ W 1 Input £, [mm-mrad] 0.66 0.65 150 1.50
\ / Reconstructed =, [mm-mrad] 0.68 0.65 148 1.46
[ p 3f \ O Daa Error [mm-ml‘ml| 0.05 0.05 0.08 0.06
0.005 | i
.\*\s;—__f,..-—f// Sl \&__ﬂ,—-"/ - Relative error |7 .7 62 54 41
3‘1.5 ZIZ 22I.5 2I3 23:.5 2I4 24:.5 2I5 —:'|24_E- —2-'-1I-_4 —2¢I1~.2 —2I4 —2:;.3 —23;.5- —2:;.4 —2;3-.2 —ZIB —2.'I2.E —2.'I2.E-
k[m™] k[m?
Plane Input £, Reconstructed £, Error Belative error  Difference
. . |lulu-mrﬁ{l| |Ium-1nra{l] [111111-1[11'91';1] [.ﬁr‘f:| [Cﬂ:]
[
Acc.uracy and DFECISIOI.’I of.the reconstructed . 050 052 0.04 o 10
emittance for decreasing input values. x 040 044 003 T 9.0
o 01.30 0.31 0.03 811 130}
, | 0.20 0.24 0.02 8.6 9.7 |
* The measurement becomes unreliable below P 01Ty T TTTTTTTTO IO, T o6 TR T
~0.3 um, which is taken as the system’s y 0.50 0.52 0.03 4.1 4.9
resolution ||m|t _'_a__,r________l'}_.ff_:l___________?;i:i ........... {_]__{]_'}_'.___________;'i___] ........... 6 .'E'---
' 'y (1.30 0.33 0.02 6.2 93"
ly .20 0.23 0.02 7.4 15.2 E
Ty N R N N X S - T % R

10



= W Middle-energy beamline
Dipole Screen
0.15m 5% % .49 2.55 m Drift

» Energy simulations:

ol At 1.5 m the screen position and resolution allow to clearly measure driver and
witness beam in the same image, with sufficient resolution for both bunches
0.5
E P TR 10 Parameter Witness Driver Unit Parameter 3.5 pum 525 pym T pm
é 0.0 KWM,,?%W’{*E”:-"‘"’""*“ Emean 402.5 405.9 MeV (Ed'ipoie - ES:’.‘;I"EE’R:I lke\f'l -79.9 -79.9 -79.9
- ' Erins 236.6 7624  KeV (rmsEgipole — rMSEscreen) [keV]  -9.2 -9.2 -9.2
=0.51 FWHM 14273 27321  KeV Min Epip, [keV] 2.13 3.18 4.22
Max Ejin [keV| 2.18 3.28 4.40
-1.01 Erms |keV]| 236.6 236.6 236.6
: T . " " 10°
-5.0 -25 0.0 25 5.0
X [mm]
> Emittance simulations: Plane  Input £, Reconstructed &, Error Rel. error Difference
[mm-mrad| [mm-mrad| |mm-mrad| |7 (%]
Parameters Witness Driver " 0.50 0.49 0.03 57 2.6
r Yy r Yy x 0.40 0.39 0.02 6.2 3.0
II]I)llt En [IIll‘Il‘l‘[ll’ﬂdl 1.40 068 1.65 0.74 x 0.30 0.29 0.02 6.7 3.0
Reconstructed &, [mm-mrad] 1.42 0.64 1.65 0.74 R 1 U Y B B
Error Illlll‘blllradl 0.1 0.08 0.1 0.09 : T 0.10 0.10 0.01 2.8 3.5 :
Relative error I‘Z_ﬁ] 7.7 12.1 8.0 11.8 = y 0.50 0.54 0.04 6.6 89 =
Yy 0.40 0.44 0.03 6.9 8.9
* The measurement becomes unreliable below ~0.2 Y 030033 002 76 8.8 _
y 0.20 0.22 0.02 8.3 8.7

. . ’ . . . : . . =t . 1
pum, which is taken as the system’s resolution limit Ly 0.10 011 0.01 98 s0 || 11




W High-energy beamline: emittance
i i }i 96 cm PolariX TDS

_---
PR
<

Dipole Screen

3.07 m Drift |
0.2m B -
. . . %10 x10°°
» Emittance simulations: T Feome e ' ot
. . \\ — — —Lower Bound 16 —:—E:\Z:: gz::g 4
* Quadrupole-scan reconstruction at high 355\ Mean Cune |1 N Maan Curve

energy to take into account shot-to-shot
fluctuations in the fitted emittance

* Resolution is not only determined by the
instrumental component but also by the .
shot-to-shot variations . —

48 49 5 51 52 53 54 55 56 57
k [m™)

=

-5 49 48 -47 -46 -45 -44 -43 -42 -4.1
k [m™2]

e Considering the shot-to-shot fluctuations the effective emittance resolution at high-energy is = 0.4 um

Plane Input £, [gm] Reconstructed [upm| Error [um] Rel. error [%| Diff |%]

z 0.60 0.57 0.05 85 5.0 Parameter Value

z 0.50 0.47 0.05 9.4 5.6 x ¥
040 T 038 004 T 107 T 6.1 1 Input [pm] 0.85 0.65
- 0.30 0.28 0.03 12.7 7.3 | Measured [pm] 0.87 0.63
e 0.20 018 0.03 168 1081 Standard Deviation [pm] 0.27 0.26

Y 0.60 0.64 0.04 6.0 6.8 Instrumental Resolution [pm)| 0.3

Yy 0.50 0.53 0.04 7.1 6.8 Effective Resolution [um)| 0.4
"""""" VA0 T T T 0L T T A ATTTTTTTTTR O

Y . . 91
0.30 0.32 0.04 12.8 7.2 |
. ! 12



W High-energy beamline: LPS Measurement

Resolution [fs]

» Energy simulations: » TDS simulations:
e
0.61 101 Parameter Witness Unit sl Expected
Ermean 1004.3  MeV _
0.4 1.6
Erms 932.7  KeV Ll
0.2 FWHM 3543.7  KeV |
— — 1.2
E T I
é 0.0+ S e Parameter 3.5 um %‘ T
=0.21 (Edipole — Escreen) [keV] -63.1 08
(rmsEgipole — 18 Egereen) [keV] -1.5 0.6
—0.41 Min Ey;, [keV| 5.02 04f
_0.6' M&X Ebzn [keV] 5.].2 02 F
10 Erms [keV] 923.7 o . O
_2 0 2 E—II25 =20 -15 -10 -5 1] 5 10 15 20 25
X [mm] t [fs]
» Longitudinal resolution:
55k —— O'Iff T Umereoud] {16 * The deflector calibration provides a resolution of ~1 fs at 50 MV in vertical
0 — ~ —Lower Boun . . . T
si\ |Re = voan Cone | | streaking and = 2 fs at horizontal streaking, where is limited by the larger
45 ' unstreaked beam size
4 E Parameter x Streaking y Streaking Parameter x Streaking y Streaking
351 & Toff [pm] 28 + 6 15+5 oy |fs] 15.0£0.9 14.8 £0.9
3r =  VI[MV] 48.9 0.7 51.4+0.5 a¢ |fs] 14.9 £ 0.6
be & Calibration [um/fs| 13.9+ 0.4 14.6+0.8 o4 (sim.) [fs] ~ 147
Screen Calibration [fs/pixel] ~ 0.25 ~ 0.24
2 Shear Parameter [pum/pm)| 46.2+0.3 48.6 £0.4
15F Resolution |fs] 20404 1.0+0.2

13



PolariX TDS: Tomographic reconstruction

campaign at the PSI center

» Combination of two scans:

Quadrupole scan — change optics, vary transverse
phase advance

PolariX TDS scan — streaking at 10 polarization
angles (~ 180 deg coverage)

» For each quadrupole setting and polarization:

> 3D Reconstruction

Acquire streaked images
Each image is divided into longitudinal slices

m)

Each slice (1D in time) + 10 projections -

y(m

tomographic 2D reconstruction (x-y)
Stacking slices - 3D charge distribution (x, y, t)

x [mml

N-slice

The PolariX TDS at high-energy enables the beam characterization through 3D and 5D tomography =

T P LLLLC
ERERRNIRCLEIRuRARA,-

a 0
% [mm] ® [mm]

y (mm)

v
>

=
a
\—’

0
X (mm) g

|14



PolariX TDS: 5D tomography

» 4D Reconstruction
» 2D slice images interpreted as projections of full 4D phase space (x, X/, y, y’) rotated by
an angle depending on the phase advance

Ix6,y) = [ | fo(x, 2y, y)dx'dy’
X1 cos(6 —sin(60
ux:(,)z(,(x) (x))( ):>I (x1,0,)
X1 sin(8,) cos(6,)
* I, (xq, 6y ) is the projection along the 6, direction in the horizontal phase space
* Filtered back-projection algorithm recovers transverse momenta x’, y’

1° iteration 2° iteration

Lo, (x) | ) (£ (x, ') | o) [f (x, <, y, )

» 5D Reconstruction
* Combine transverse phase space slices (4D) with longitudinal coordinate (t)
* Result: full 5D beam distribution
* Developed and demonstrated for the first time at DESY.

15



> Athos 3-GeV Beamline at SwissFEL -

5D Reconstruction: Beamline layout

Reconstruction Point I

Phase shifter system for
polarization selection

Measurement Screen

Quadrupoles upstream to the TDS
used for matching to the screen

Quadrupoles off after the TDS = Resolution depending on the
TDS-screen distance, TDS parameters, and unstreaked beam
transverse size at the screen

System of 3 Phase Shifters needed for polarization selection and
opposite kick compensation

The measurement has been done in two settings: a short bunch
(o ~ 19 fs) and a less compressed (a; ~ 40 fs) to mitigate
collective effects in the compressor and reduce the beam tilt

Y

Beam and TDS parameters

Charge 200 pC
Energy 3.4 GeV
TDS length 1.2 m
Klystron power 28 MW
TDS Voltage 70 MV

TDS calibration 16.5um/fs

| 16



5D Reconstruction: Optics simulations

» Single-particle simulations have been done to calculate the beam optics for the quadrupole scan

| - :

| D

11 [deg]

* Phase advance scan: p, py from
96 to 236 deg

* P Twiss ~20m

0 10 20 30 40 50 60 70 80 90 100

e a Twiss ~0

| | | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100 1 7

Scan index




5D Reconstruction: TDS polarizations

e The beam is streaked, covering a polarization range
of 180 degrees, and from the centroids, the
streaking angle can be evaluated

*  The polarization is set by three phase shifters that [deg] [deg]

C
Hzt -1 —y
an (C )

X

set the single cavity phase and the relative one 0 2.3+0.3

18 19.6 + 0.3

36 379+ 0.2
| (DY é‘l ﬁ ﬁ 54 56.6 + 0.5
o o o o T ™ 90 929+ 0.2
108 111.4 + 0.4
126 130.1 £ 0.2
% % 144 148.2 4 0.3
v A v v — 162 165.2 + 0.5

Angle from: Centroid
Beam Images at different polarizations Shift vs RF Phase 18



W 5D Reconstruction: Calibration results

e TDS calibration for different streaking angles — Measured the centroid shift when changing
the cavity phase

e Expecting a low variation in the calibration factors depending on the streaking angle, due to
not using quadrupoles after the TDS

10 -
18.57 eVOL R, = O-Off First Dataset
C = 2TV [,le/fS] —&—C 1st Data t — C I\ Second Dataset
18 | E - 4~ -C 2nd Data 9l |' T N T
A
Tr'\'n | ll,.'ﬁu BAVIEn \.i';'|
R AYLY:

Average Resolution [fs]
"“J
—
_E :
.C:_\-‘“\b
~
=
Ig
-
e

Calibration Factor [pum/fs]

sty | T R,=64+16fs

A
YAl R, =73+24fs
14 ! : ; ! 4 - L 1 I 1 1
0 50 100 150 200 0 20 40 60 80 100

Polarization [deg] Scan Index ‘ 19



W Dataset 1 and 2 — 3D Analysis

* Dataset 1, Optics: u, = u, = 96 deg
* Slice duration: 4.4 fs (25 slices)

Reconstructed beam parameters:

2D projections:

XT Projection Rec

XY Projection Rec YT Projection Rec

40 40

20 20

Quantity Value . h - .
o, |pm] 137+ 7 - ) :
oy [pm] 135 £ 7
o |fs] 20 = 4
* Dataset 2, Optics: u, = i, = 96 deg B 2D prOjeCtionS: -
* Slice duration: 7.1 fs (29 slices) pr—— ) — ) —

40 40

Reconstructed beam parameters:

100

20 20

Quantity Value

E oo 2 ¢
oy |pm] 0£7 ;
oy |pm] 90 £ 7 ) _ ]
otec [fs] 41+ 7 ' _
F‘J\'"HI\]-?JL [fS] QT :l: ? -200 -100 0 100 200 -200 -100 0 100 200 -200 -100 0 100 200

X (um) X (um) Y (um)

20



W Reconstruced temporal profile

e Dataset 1:

| p —e— Reconstruction 3D 0 I I
41 ,«"‘\ . = 0° (x-t) projection 260 240
I A "_,__i\ +— 90° (y-t) projection I I
| N\ / 240 | I I
P J ‘ I 220
" I f/\\; Wi YA 220 I I
- I 1/ a I ~ 2004 R 200 I I
2 L/ |l g : I |
= | f \ I X 180 - < 180 1 I
/1] 3 J
| N | 160 160 I I
19 / \ |
| A Q | 140 Lo 1 I
;-,f-'-“*'.":rlﬂ o 120 : :
of T I 120
T T T T T B T T T T T T T T T T T T T
—-60 !40 =20 0 20 :{) 60 —60 —40 -20 0 20 40 60 —60 —40 —20 0 20 40 60
t [fs] t (fs) t(fs)

» Bunch 1 features a short temporal profile and a regular current distribution

* Dataset 2:

I 110 A I
3.0 —* Reconstruction 3D 0 1
=— 0° (x-t) projection I‘-‘"‘ 100 A I I
—+— 90° (y-t) projection / I. I 105 1 I
2.5 1 ‘u‘l‘ 90 1 100 |
20 \ : 95 - :
< | T 80 =
] ‘, El I £ 9 I
—_ 151 A = Ny
= 1 . I ° g5 I
1.0 ‘I"‘ k I I
' \\ | 80 - |
\ 60
031 \ ! 75 I
S 50 | 70 - |

t (fs) t (fs)

» Bunch 2 features a longer temporal profile and a peaked current distribution with a long tail 21



| = TDS projection

.- ﬁ%/ Slice resolution scan analysis

Superposition of the reconstructed temporal profiles and beam sizes for the various slice resolutions:

— 4.4 fs
— 6.6fs

—— 0.88fs
— 1.8 fs

0
t (fs)

As the number of slices increases, the reconstructed value of o;
progressively converges toward the expected measurement from the

conventional TDS measurement

When the slice resolution Atg;;.. is shorter than the intrinsic temporal
resolution of the TDS measurement, the result is consistent with longer

slice resolutions

In Dataset 2, the scan confirms the trend observed in the first dataset,
showing even shorter deviations from the measured bunch duration
(obtained from conventional TDS measurement)

2754

—— At=1.76fs

—— At=0.881fs —— At=4.41fs
— At=6.61fs

— At=4.41fs
—— At=6.61fs

260 { = At=0.881fs

— At=1.76fs
240 4
2201

—

E 200 4

2 180 o

160 A

140 A

t (fs)

40

60 —-60 -40 -20 0 20 40 60

Dataset 1:

Nglice  Atslice [f"}] mc [f‘ﬁ] Aoy [%]
125 0.88 19.82 0.56
63 1.76 19.93 1.13
25 4.41 20.38 3.38
17 6.61 20.74 5.13

Dataset 2:

NVglice &tslicc [fh] Gtmc [fs] &Jt [%]
181 0.90 40.05 0.51
46 3.59 40.55 0.72
28 0.84 40.86 1.45
23 7.19 41.11 2.11




yy [um/V/m]
80 -60 40 20 0 20 40 60 80

5D Reconstruction: Preliminary results

Beam 1: High compression FWHM; ~ 56 fs

(fC /um?)
1.960

1.470

0.980

0.490

0.000

charge density

yy [um/Vm]
80 -60 -40 -20 0O 20 40 60 80

3D beam charge density obtained as a projection of the reconstructed 5D distribution:

Beam 2: Moderate compression FWHM~103 fs

charge density

(fC /um?3)
0.943

0.708

0.472

0.237

0.002

23
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5D Reconstruction: Bunch 1

X y
. . X = =
> Bunch 1, reconstructed 2D projections: N [ YN
’ proj le /ﬁy
0.2
£ E £ £ 5
g E IS g g
g s g 3 g y
= I; = = = =
X > > X x cC
-0.2 3
-02 0.0 02 -02 0.0 02 -02 0.0 02 -02 0.0 02 =02 0.0 0.2 v
xy [mmivm] xy [mmivm] xy [mm/ivm] yn [Immivm] y'n [mmiNm] _cC’E
0.2 04 °
— = — — — £
c S S S S =
S S & g & 0.2
g% s g s g
= : = : =2
N X X > >
=).7 . 0.0
-02 0.0 02 =50 0 50 =50 ~50 0 50 —50 0 50
yny [Immivm] t [fs] t[fs] t[fs]

» In the first beam configuration, the high compression produces a very short bunch

with an evident tilt in the (x,t) plane | 24
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5D Reconstruction: Bunch 2

» Bunch 2, reconstructed 2D projections: AN =
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» In the second beam configuration, the relaxation of the bunch compression reduces

the beam tilt ‘ oe



= ﬁﬁﬁﬁ/ Summary and conclusions

» Summary results

* Determined the resolution limits and performarce of the diagnostics beamline at low, middle and
high energy, for transverse and longitudinal phase space characterization

* Designed and characterized the 50-cell PolariX TDS field maps needed at the low-energy beamline

* Employed the 3D and 5D tomography at the 3 GeV Athos beamline at SwissFEL, to reconstruct
beams for two different beam configurations with ~ fs Resolution
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Thank you for your attention
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W PolariX TDS: Field maps outline

> Fields maps generated with HFSS for the two structures to test the effect on the beam dynamics
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w Energy Jitter Measurement at SPARC

* In plasma accelerated beams, the witness energy gain is directly related to
the relative distance from the driver beam, so that in the velocity bunch
compression scheme, it is affected by the stability of the RF system

* This shot-to-shot jitter requires a complementary single-shot diagnostics to
the TDS devices: Electro-Optical Sampling (EOS)
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* The witness energy measurement at the high-energy spectrometer is O»S Crystal

' E
combined with the measurement of the relative distance between the \@
driver and witness beams before the plasma chamber with the EOS \

0 = 30deg

|

|

\ |
|

|

(=) SPATLAL |
ENCODING |

|

|

|

|

1t Witness

Y (mm)

—~—

s P : 3k

35

Driver

45 4 05 o0 05 1 15 2 25 3
* The resolution in the measurement of the beam arrival time is of fs, so it is suitable for measuring the
beam's arrival time and the driver-witness relative distance in the same shot 31



W Measurement Results
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The compression phase is slightly different: when the phase is smaller the compression is larger and therefore,
the distance between the bunches increases

The different slope is dependent on the plasma density (the used density for the experiment is ~ 101> cm™3): the
first measurement corresponds to a larger density and so it is higher the slope with respect to the second case
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W SART tomographic algorithm

» SART (Simultaneous algebraic reconstruction technique) TOMOGRAPHIC ALGORITHM

Working principle:

1. Sinogram: set of 1S projections D; (called ray) in input to the algorithm

2. Initial guess I, (x, y) to calculate the projection Doj = Rjly(x,y)

3. Calculated the projection Doj we define the difference between D; and Doj and
update the initial guess I (x, y) to reduce the difference at each iteration

Advantages:

e |tis simultaneous because it updates all pixels at the same time
* More accurate and robust than other similar algorithms

* Good reconstruction with few projection angles
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Filtered Back Projection algorithm

» FILTERED BACK PROJECTION TOMOGRAPHIC ALGORITHM
Working principle:
1. 2D Projection of 4D distribution I(x,y) = [ [ fz(x,x",y,y")dx'dy’

2. (x,x") > (xq,x;) after a rotation 8, = I1(x;,y) = P, g _(x;): Projection

3. Considery as constant, and work only on the x,x” variables

4. Apply Fourier transform to P: S, g_(w) = ffooo Py, (x1)e 2MWX1dy,

5. Apply high-pass filter and revert the transform: Q, 5_(x;) = ffooo Sy 0, (W)|w| e2™W¥1dw
6. Compute the back-projection: g, (x,x") = f_nn Qy0, (x1)d0y

7. Repeating the same process for y gives the 4D distribution
34



W Athos beamline optics

* The optics has been calculated to match the Twiss parameters to screen

* Since there are no quadrupoles active, but only a drift after the TDS, the beta function

at the TDS center and the beam size at the screen are dependent parameters
He =y =111 deg
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W Image treating methodology

» The images have to be prepared to perform the tomographic reconstruction:

1. Remove background and apply gaussian filters to the images
2. Rescale images to have square pixels
3. Rotate the images by the streaking angle

4. Apply the calibration factor to the streaking axis and rescale the
images to have the same temporal scale

5. Center the images

6. Set the ROI to select only the beam

» This allows for the reconstruction, minimizing the artifacts that can arise from the disalignhment in the
images and from background contributions
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normalized intensity (a.u.)

W Dataset 2 — Slice scan analysis

Superposition of the reconstructed temporal profiles and beam sizes for the various slice dimensions:

Reconstructed temporal profiles (0 deg)
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* In Dataset 2, the slice duration scan confirms the trend observed in fé‘f“ EI‘;‘D[ | i{] &5] {]t"[l ]
the first dataset, showing even shorter deviations from the measured 16 3.59 1055 0.72
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