Advanced Beam Diagnostics with PolariX TDS:

INFN Experimental 5D Reconstruction at SwissFEL PRAAGA S‘m:q#ﬁ'

Istituto Nazionale di Fisica Nucleare Contribution ID: 611 (24-th September SeSSion)

Francesco Demurtas?, E. Chiadroni'4, P. Craievich 2, P. Dijkstal 2, E. Ericson 2, A. Giribono 4, R. Ischebeck 2,

S. Jaster-Merz 3, FMarcelllnl 2’ E Pratz’ S Relchez EUROPEAN NETWORK FOR NOVEL ACCELERATORS
—FuroWNAc, = IEAST
1 Sapienza University of Rome, Roma, ltaly — . 44—
2 Paul Scherrer Institute, CH-5232 Villigen PSI, Switzerland NEACESmpertee by ES sinEEAST .

3 Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany
4Frascati National Laboratories INFN-LNF, 00044 Frascati (RM), Italy

1. PolariX transverse detlection structure 3. ATHOS diagnostics beamline at SwissFEL
- Atransverse deflecting structure is an RF cavity where the e ATHOS is the soft X-rays beamline at SwissFEL at 3 GeV , two PolariX TDS are installed to measure the
Lorentz force is directed in the transverse plane, particles in longitudinal properties of the beam .
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2. 3D and 5D Reconstruction methodology (VN | | |
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» Combination of two scans: Beam Optlcs index
* Quadrupole scan - change optics, vary transverse phase advance Ny
* Polarix TDS scan - streaking at 10 polarization angles (~180° coverage) A\ \ \ |
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» 3D Reconstruction
* Each sslice (1D in time) + 10 projections - tomographic 2D
reconstruction (x—y) with SART algorithm 4. Results

* Stacking slices - 3D charge distribution (x, y, t)

FIG 6: Calculated beam optics Beam optics index

charge density
8 /HumM3)

chorge densn‘y
0.943

Q 560 =
: i 1.470 i 0.708
i : D,(6) Ts s
3 2 i ES : Courtesy: S. Eo 0980 Ex .
_ = = = Jaster-Merz =% . sg 0237
FIG 3: Streaked = 5 i) — : i 3
. = E E E :F- ( D ESY) = — 2 0.002
images [2] o = 2 = i | |
pr . | - »
E: - £ H :
Y D, (9)
FIG 7: Beam 1: High compression ~19 fs (a;) Fig 8: Beam 2: Moderate compression ~ 40 fs (a;)
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» 4D Reconstruction = I Preliminary X . e 0.0
» 2D slice images interpreted as projections of full 4D phase space -02 00 02 —50 = -50 0 50
Y, Y db le dependi he phase ad 7t )
(x, x’, vy, ¥') rotated by an angle depending on the phase advance 0o L
_ ’ ’ / ’ = ‘s ‘s s
10,y) = [ [ folx,x',y,y)dx'dy S € S £ S
g 00 S s S £ 108
X1 cos(6y) —sin(6y) X = = = = = g
=1 . =\ s x > > x 2 2  FIG10: Beam 2: 5D
X1 sin(8,)  cos(6,) X 0.2 0.6 3
-0.2 0.0 02 -02 0.0 02 =02 0.0 02 =02 0.0 02 -02 0.0 0.2 o Tomography
* 1,(x1, 0,) is the projection along the 6, direction in the o L] | lmmivm] o lmmivm] yw lmmj/ ] yulmmim g
horizontal phase space E E E E =
* Back-projection algorithm recovers transverse momenta x’,y’ g 0.0 E g g 0.2
= - = = Courtesy: S. Jaster-Merz
1° iteration ; 2° iteration , - > 55 Preliminarly | >< = s 0.0 (DESY)
Iy,gx (X) — fy (X, X ) — f(x, X ,y,y) ~02 0.0 0.2 —100 0 100 -100 0 100 -100 0 100
. ynv [mm/vm] t [fs] t [fs] t[fs]
» 5D Reconstruction S Th hash _ . vort bunch (~ 1 | 1
 Combine transverse phase space (4D) with longitudinal coordinate (t) The r.n.easurenlwlent. as ffeen d.onleq In two settings: 35 grt u:c b(N 9.{5) and af_ €ss ;ognp;essed (~ 40 ]_CS)
. Result: full 5D beam distribution to mitigate collective effects in the compressor and reduce the beam tilt, as confirmed by the reconstruction.
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