Funded by the

-
European Union CO m p a Ct

Review of Magnetic Bunch Length
Compression Schemes for CompactLight

Simone Di Mitri, Elettra Sincrotrone Trieste
on behalf of WP3 contributors

1-4 July 2019, Helsinki XLS simone.dimitri@elettra.eu 1



Funded by the

European Union Contributors Compact“*’f

Authors:

J.M. Arnesano!, M. Croia*, S,. Di Mitri'*,

L. Ficcadenti**, A. Faus-Golfe®, A. Giribono®, Y. Han®,
A. Latina’, X. Liu", E. Marin Lacoma,

R. Munoz Hortaq[, A. I\/Iostacci”, L. Palumbo”,

C. Vaccarezza® and B. Spataro

Institutions:

* Sincrotrone Trieste, Italy, " CERN, Switzerland, t INFN-LNF, Italy, S LAL, France,
T ALBA-CELLS, Spain, | Sapienza, Italy, ** INFN-Roma, Italy

1-4 July 2019, Helsinki XLS simone.dimitri@elettra.eu 2



- |

b i

Funded by the -

o e Contents of Report (Deliverable D3.2) Compact

—
1 Theoretical Background 5
1.1 Motivations . . . . . . . L 5 . ) )
1.2 Basics of Magnetic COMPression . . . . . . v v v v vt i e e 5 This sets the analytical basis for the
1.3 RF L?near_lzatlo_n L 8 - Compression scheme specifications, and
1.4 Passive Linearization . . . ... . ... ... .. . ... ... 9
1.5 Magnetic Compressor Geometries . . . ... .................. 11 highlights the major physical challenges.
1.6 JitterBudget . . . . . . . .. e e e e e 12
1.7 RFBunching . . . ... ... ... ... .. .. 13
2 Determination of the Compression Scheme for CompactLight 15 Diverse options are studied, and
2.1 Choiceof RFcompression. . . . . . . . . . . . . . . i i 15 . .
—
2.2 Choice of Injector RF frequency . . . . . . . . . . . .. ... 16 recommendations for the compression
2.3 Choice of magnetic compressorgeometry . . . . . . . ... ... ... . ... 19 ] scheme are given (not a final choice yet).
3 CompactLight FEL Working Point 20 | , , , , ,
3.1 Electron Beam Parameters . . . . . . . v v v e e e e 20 Seml'analytlcal and numerical studies define
3.2 Compressor Parametersvs. BunchLength . . . . . . . ... ... ....... 21 the injector beam and the compressor(s)
3.3 Compressor Parameters vs. Beam Emittance . . . . . .. ... ... ... .. 22 - . . . .
3.4 One-Dimensional Particle Tracking . . . . . . . . . . . . .. ... ... .... 25 parameters In a consistent way, mcludmg
3.5 Sensitivity and tolerance study for the magnetic compression scheme . . . . . . 27
3.6 Collective Effects . . . . . . . . . . . . . . 29 — tolerance budget'
4 Preliminary RF design of the X-band linearizer 29
4.1 Single Celldesign . . . . . . . . . . e e e e e 29
42 CouplerDesign . . . o oo 30 = Preliminary hardware design
4.3 Full Structure EM Simulation . . . . . . . ..o 31
4.4 Breakdown Analysis . . . . . . .. 33

1-4 July 2019, Helsinki XLS simone.dimitri@elettra.eu 3



Funded by the
European Union

Magnetic Compression

Compact

<

Electron w/ higher
energy is behind

Electron w/ higher
energy travels on shorter

(off-momentum)

path and catches up

/

S ——
7 1

Reference Electron w/ lower
particle energy is ahead

Q;T (off-momentum)

Q Injector Linac + Linearizer:
* S-band + X-band
e C-band + X- or K-band
» X-band + K-band
« All X-band self-linearizing

O Velocity bunching (OK)
0 RF phasing (<25°) and jitters (<0.1°, <0.1%)

Electron w/ lower

=6
cos 9 94 ) energy falls back
O Geometry:

* Chicane -
* Dog-leg

:-1\,“-3-'

»
_.-i
.‘_'a

XLS

1-4 July 2019, Helsinki

simone.dimitri@elettra.eu



<

aropeat, Union Injector Studies Compact

: 200 7 /g
i —an . 1
: —_— ET. [mm mfad] —en:::; spread . E gpt
Ut [mm] . E astra
o, [mm] .z .
| : W EN
) H 3 E
| ' : :
| 0.2 um ;
= | :
0 1 1 1 c
0 5 10 15 20
s [m]
T T T 710 o5 Tm
: : : 5 —spot
—E [MEV] 6 | - :' o . —:rpncl'tlance 5
3007 —AE/E (%] S S [ W
5 5
. . ? Parameter Unit Value
3 _ E MeV 66.530
E’x -g. £ mm.mrad  0.195

. Enx E
3 £ 66.6 % Eny mm.mrad 0.194
e o J 55

“ g “ ‘h'\ ;E £: keV.mm  4.955

Z 66.5 o mm 0.090

=
2 = :

2 f_ Oy mm 0.090
= 66.4 - o mm 0.123
1 1 y or keV 52017
66.3 AE/E %% 0.078

bl W 0 0 9 0.0 0.2

0 1 2 3 4 5 6 7 8 0.2 . .2

0 f (mm/c)
2 z[m]

S-band, velocity bunching C-band, velocity bunching All X-band, velocity bunching
~20 m length to 300 MeV ~8 m length to 300 MeV ~5 m length to 300 MeV

Ref. A. Giribono Ref. M. Croia Ref. X. Liu, A. Latina, A. Aksoy

1-4 July 2019, Helsinki XLS simone.dimitri@elettra.eu 5



Funded by the X-band & K-band Linearizer C':ZH'I‘II'Jt'::lth;r

European Union

100 200 300 400 500 "
Longitudinal axis [mm] 20

&
<

0.6 m (64 cells

<% >
ad X-band (12 GH2z): 0 Ka-band (36 GHz):
Input Power ~ 30 MW Input Power ~ ?
Acc. Gradient ~ 65 MV/m Acc. Gradient ~ 100 MV/m
Acc. Voltage < 30 MV (spec. 20 MV) Acc. Voltage < 25 MV (spec. 10 MV)
Iris radius = 4 mm Iris radius = 1.3 mm
Shunt Impedance ~ 90 MQY/m Shunt Impedance ~ 160 MQ/m
Q ~ 7000 Q ~ 4000

Ref. A. Mostacci, ].M. Arnesano, L. Ficcadenti B. Spataro, M. Migliorati, M. Sciscio, M. Bethouei, L. Faillace, A. Variola

1-4 July 2019, Helsinki XLS simone.dimitri@elettra.eu 7



Funded by the
European Union

* X
5 *
s #
A *

* 4 K

e-Beam Longitudinal Phase Space

Compact

In): E=0.12 GeV | peak=0.05kA
sigma_z=0.15mm sigma_dE_E=0.50%

BCl: E=0.252 GeV | peak=1.24kA
sigma_z=0.01mm sigma_dE_E=0.53%

Inj: E=0.067 GeV | peak=0.08kA
sigma_z=122.68um sigma_dE_E=0.08%

BC1l: E=0.3 GeV |_peak=0.62kA
sigma_z=19.58um sigma_dE_E=0.57%

0.04 4 /\ 1.0 4 0.0t 0.50
< - 5 4 T
2 0.02 { @ 2 05 @ C 2 @ = 025 @ BCl
0.00 4 INJ 004 B 1 0.00 < INJ 0.00
0.2
o 1.0
: = 0.0 - 05
o T g1 T 00
Y Y Y
=0.2 =05
-03
1.0
03 =02 -01 00 01 02 03 0.020 -0.015 -0.010 -0.005 0.000 100 0 100 200 300 20 0 20 40
zlmm) 2lmm] tHumic] tumic]
BC2: E=3.619 GeV | peak=7.77kA HX: E=5.864 GeV | peak=7 56kA BC2: E=1.5 GeV |_peak=8.89kA HX: E=5.5 GeV |_peak=8.89kA
sigma_z=0,00mm sigma_dE_E=0.05% sigma_z=0.00mm sigma_dE_E=0.02% sigma_z=1.50um sigma_dE_E=0.15% sigma_z=1.50um sigma_dE_E=0.05%
@ BC2-SX
0.4 0.2
0.10 0.10 03
0.05 005 g . 02 ) o1
£ £ 01
' 0.00 W 000 " D 00
© [//—// 5 00 °
-0.05 0.05 0.1 -0.1
0.2
0.10 0.10 0.2
-0.014 -0.012 -0.010 -0.014 -0.012 -0.010 -0.008 50 =25 0.0 2.5 5.0 1.5 4 2 ] 2 aq
z{mm] z{mm] tumic) tlumic]
S-band + X-band, All X-band,
1-D LiTrack 1-D Placet
Ref. S. Di Mitri (Elettra), E. Marin (ALBA) Ref. X. Liu, A. Latina (CERN)
1-4 July 2019, Helsinki XLS simone.dimitri@elettra.eu 8



cropearumen  Collective Effects (to be Continued in WP6 this year) Compa cto

B [m]

Full Linac Modeling: Longitudinal Wakefields, Passive Linearization:
140 SXR (4.5 GeV)

o

T

S-Gun - Lo - L1 L2

. 1
Py —— 1 8 Sband - BC1 -  BC2
120 | Béx — 1l = 0.03
100 | N e = 0021 |
80 | 2 £ 0.01
. | 0 1—h i 0L _
60 |t 2 > g 001 - -
[(}]
40 | 14 O 0.02 - :
20 - g - -0.03 - il
0 10 004 )
z [mm]
s [m]
L. Codes Benchmarking:
Coherent Synchrotron Radiation: 9
— — , 200
S S ; oy (GPT) ——
© 18 0.4 © = ' r‘ oy (PIiACET) ........... 150 =
= 6 | D:l{—‘—_'_,_,———'i{ 0.35 e 5 ‘ oy (GPT) —— | 490 =
4 4 0.3 = = /i oy (PLACET) i -
E 2 Ex 025 E & ) 50 8
X 0 &y 0.2 > 0
= 0 50 100 150 200 =
: s [m]
S [m] Ref. E. Marin (ALBA)

1-4 July 2019, Helsinki XLS simone.dimitri@elettra.eu



Funded by the

European Union CO”C' USIOHS

Compa ct

d Review of Magnetic Compression Schemes — Report completed (D3.2)

d Several options investigated, recommendations provided (= WIP2)

d  Set of parameters for S2E simulations identified (= WP6)

Thank you for your attention

1-4 July 2019, Helsinki XLS simone.dimitri@elettra.eu

11



