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3 WP6: start to end modelling compact™

Fundedbythe integrated performance studies of the facility

European Union

= Performing start to end simulations, which cover the beam transport from the
cathode to the FEL exit for Soft X-Ray & Hard X-Ray including mechanical
tolerance studies

= Providing key parameters and performance estimates of the overall facility.

= Definition the basis for technology choices for critical components and for
developing detailed designs of subsystems and components

=" Development of tools for modeling the machine, as the basis for the final
integrated performance studies.

January 25, 2018 WP6 — Kick-Off Meeting
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Tasks and Task members Compact
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T oy T

Photon energy [keV] (min-max) 0.25-2 2-25
Wavelength [nm] (max-min) 5-0.6 0.6-0.05
Repetition rate [Hz] 1000 100
Not specified yet 1 (at 25 keV only, can be less at
Maximum pulse energy [mJ] _ other energies) — this is 2.5E11
(will be < 1mJ) photons/pulse

Pulse duration [fs] 0.1-50
Polarisation Variable, selectable Not specified yet
Two-colour pulses: time separation [fs] -20 -> +40
Two-colour pulses: photon energy 2 (270-530eV), 1.2 for the rest of the

o 1.1
variation (max. of E2/E1) range

J. Clarke Trieste mid term review, June 2018
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Compact Light FEL Specification Compact

Soft U line Soft Xray
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= Various injector options with different bunch charge, bunch length are in the
optimization process.

" The benchmarking of different codes are ongoing..
* Some of the code already has chosen..

= Lattice type and module integration studies are on going..

* Due to strong wake one structure between two quads are foreseen for low energy part
of the injector..

* Determination of diagnostic scheme for module is also taken into account based on
alignment method..

= 1D and 3D tracking for various layout have also been preliminarily studied..
= Most of the actions are waiting for the specifying the parameters

Current Studies Compact

4
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= Defining the excahge format
 For particle distribution (x [m], Px [eV/c], y [m], Py [eV/c], z [t,m], Pz [eV/c])
* For accelerating structure field map (axis field normalized ??)
* For field maps of other elements (solenoids... field map on axis?)
* For lattice text file?

= To many codes are available

* We will not give up using any of them but we need to define an Exchange format for results
» Emittance rms mm.mrad?
» Bunch length fwhm/rms?

» Twiss functions ?
> ...

= We need to use GitLab for exhange of results/input files..
= We dont need to wait for polarization, as compression (my idea)

11.12.2018 8
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=12:00 > 12:10 WP6 Introduction, Avni Aksoy

=12:10 - 12:25 WP6 Beam dynamics studies for the XLS S-band photoinjector
with and without velocity bunching, Anna Giribono

= 12:25 -5 12:40 WP6 S-band based linac option status and linac modelling for
FELs, Simone Di Mitri

=12:40 - 12:50 WP6 X-band based linac option and 1 D optimization tool,
Xingguang Liu

=12:50 - 13:05 WP6 3-D simulation for the S-band + X-band option of
CompactLight, Eduardo Marin



Injector Studies

O
Compact
Fundedbythe S Band InJECtOr (Q 75pC)
European Union -
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meone. C-Band Injector (Q=100pC) G

European Union

1.6 cell RF gun Gunsolenoid TW structures 2 C-band TW structures, with solenoid around, operating at 40
operating at 240 solenoids MV/m average accelerating gradient (as example, PSl-like
MV/m cathode \ structures with 1 klystron every 2 sections)

V4

fnee2 501730008

peak field \

Laser/cathode parameters

Pulse length 3.8 ps (Uni)

Spot size radius 324 pm (Uni)

Thermal emit 0.9 um/mm

250

200 -

150

E(MeV)

100

50

. I P o P —
0 1 2 3 4 5 6 7 8 -5e-4 Oc-4 5e-4
z[m] x (m)
O; final = 300 um

Gn,rms,ﬁna! ~ 174 nm
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Injector Studies
Compact

X-Band Injector (Q=250 pC)
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Laser

RS
¢ RF input ———+» s g .
C @
e > : )| .
£ \ Made converter ave structures
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. p -l |
1.5 ;é, 0.0t >
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= |
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- . . - . ° [ mim 0.084
“#1 Figure 1: Cutaway view of photoinjector assembly including ag mm 0084
(2 pam X
? mode launcher with quadrupole symmetry, 4.5 cell RF gun, T eV
and solenoid magnet.




1D Run for S-Band based injector and X-
memre. AN Main linacs

Compactg
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Linac Studies
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anceaoyne. K-Band linearizer for all X-Band Option

Eurc
BD Undulators
Gun Booster BC1l Linacl BC2 Linac2
BD
Undulators Hard X-Ray
— |
x-bandT X-band 36 GHz X-band X e o o —
‘ AcCC 4461515 B
0.008005 67 |
0.008 - 4.%92 e
0.007995 |- a8
0.00799 445%% L
0.007985 |- eae [
0.00798 |- 4}5;2 -
0.007975 | | | | | %F | 457 I | |
0007700 200 100 0 100 200 300 400 180 200 220 240 260 or im | (P) Gev/c
After Gun 131.3 8
= We started to optimize the 5th layout option After K-band | - 0.160
After BC1 64 _
Gun= X0 = K =BCl= X1 =BC2= X2 After Linacl - 1.6
~ —~ —~ —~ After BC2 8 -
X band K. band X band X band -
After Linac2 - 4.6
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All X-Band Layout -2 cormnact
phase space along beam line P

BC1 Linacl BC2 Linac2 BD
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S Lattice Optimization Compact
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* The transverse deflection of beam is proportional Ax, Ax" « f

L B(s)
()ds

= The most critical section is the injector and linac 1 since the energy is low and bunch
length is long

¢ RFsouree /FODO/2=1-3
_ Total number of structures=46
Beam @E - ‘ ' ‘ | Initial energy = 250 MeV
': /B ‘ ':[ A ‘ ‘ ' Final energy =~5 GeV
_ Structure parameters from A. Gallo
/ r f WP4 meeting, 20.09.2018

Quadrupole Comector  Structure BPM

11.12.2018 16



S8 BD in Undulators compact®

*

rndedbythe . IMpact of Beam off-set due to wake field to FEL performance

European Union A

"= The beam can be injected to with an ofset X
to the undulator section

]
= The tail of beam can be kicked due to _
wakefield in accelerator section » £ - undulator axis

= The impact of such problem to the FEL ]

erformance has been checked with

%]

ollowing inputs 0.00 :

~0.08 £

In or to have «acceptable» pulse energy —0.16 ¢

degration, saturation legnth increase etc.. (i.e. —0.24 ¢

<10%) maximum injection errors must be -0.32 ¢

—0.40 ¢

* Injection offset Ax < 20% of 0, . . crce —0.48 ¢
* Tail kick dx < 40% of 0, cverse —0.56

970 —5 0 —0.64

5 10
11.12.2018 Ax [pm] _

Relative difference
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W | mpact of transverse wakefield along linac Compact
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ormalized phase space of center of slicec along bunch at Ax

the end of linac 1 B Xn(0)

N

VXn(L)2 + Xpp(L)?

15 —— . . S—

Quad RF structure
Corrector
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anaeaoyne. |MPact of Resistive Wakefield in undulator
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2e+006 T - - - T - 10
1.5e+006 |
1
1e+006 |- B
E —_
S 500000 |- : < 0.1
ke 2
E &
(]
X 0r 1 %
S 4 | S ol
-500000 |- .
5 0.001
-1e+006 |- bl
R=3 mm
Q=g MM —
=5 mm =
a=6 mm
-1.5e+006 L : . =
-6e-005 -4e-005 -2e-005 0 2e-005 4e-005 6e-005 0.0001 4 . 4 . . . L .
s (m) 0 5 10 15 20 25 30 35 40 45 50

z (m)

e Saturation power decreases with gap of the undulator (beam pipe inside undulator)
due to strong wakefiled
* The gap of the undulator must be larger than 3 mm for CompactLight parameters
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Soft X-Ray Design Compact”
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(b) Saturation Length L, J 0] rd i M a rCOS, P M U n d u I atO rs

(a) Saturation Power P,

14 3 GeV beam, 1=1.4 kA, 0.4 mm mrad
13
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undulator Paramters = To reach 1 mJ energy/pulse hig bunch charge or low

Undulator Period 1.3 cm emittance, Hard to achieve much lower emittance
with such a charge

Undulator Gap 3 mm arowth Power [MW]

Undulator Strenght (rms) 1.17 105+

Beam Parameters 1000+

Beam Energy 9 GeV 10;

Bunch lenght (FWHM) 7.5 0.1}

Bunch charge 75 pC 0'00?'

Peak current 9 kA 1=

Norm Emittance 0.12umrad Faw) 200 40 -
Energy Spread 0.01% o0

FEL parameters 0

Wavelength (energy) 0.05nm (25 keV) 60;’ <Px,y> =5 meters
Nphoton/pulse 2x101 40}

Efel/pulse 1.06 mJ |

Saturation length 25m



Shall we work on about them at this
ngeaoyne.  SLAZE ?
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Compact\;}

S. Huang et.al. PRST-AB, 19, 080702 (2016)

Bypass Chicane

Modulation Delay Chicane Delay Chicane
Laser FEL
a.s. FEL pulses QMH DE;LD D@D >
w U1 U2A uz2B l

Modulator SASE FEL Monochromator Seeded FEL

N A Lbis AN b J\_A_k
(a) (b) (c)
Two Color FEL pulses

A. A. Lutman et.al, SLAC-PUB-15420
Sing;e slotted foil

Undulator ‘

Undulator
1 Uj tuned at K

e
x-ray I color

Magnetic
chicane

Uz tuned at Ko
‘ X-ray 2“‘lc0101j\ 1

Delta undulator YAG
2™ Undulator section

. Dipole screen
- kicker Collimator 1
. = —_1

1** Undulator section Magnetic

eTOF Polarimeter
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Thank you!

CompactLight@elettra.eu
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