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Recommendations from TDR-RC report Nov 2023
TDR Chapter 6:

— Document and technical readiness
S2E simulations status

S2E simulations details on:
— Plasma Acceleration based on Velocity Bunching

— Plasma Acceleration based on Magnetic Compression
and Mask selection

 Conclusions and To-do list

C. Vaccarezza, EUPRAXIA@SPARC_LAB Review Committee, Jun 26-28, 2024
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+ -we would like to hear about the current
baseline, in particular about the minimum to
make the project successful already on day
one (without all bells and whistles)

-it would be good to hear about a status of
each of the WPs of the TDR, in particular
about where they are today and how far they
are from "completion’

-we would like to hear about the current
schedule and understand reasons for
differences between the previous and the
current one.

In summary, we would like to hear about the

differences between the state of the TDR
now and its (baseline) completion.

C. Vaccarezza, EUPRAXIA@SPARC_LAB Review Committee, Jun 26-28, 2024

Review Committee Recommendations

1.4 Beam Dynamics

The assumption for the simulations of RF jitter parameters close to the state of the art (SwissFEL mea-
surements), is giving encouraging results, but still too large for plasma acceleration, when using velocity
bunching. In order to reduce the jitter between drive and witness bunch and improve the beam parameters
(time separation, relative energy spread, ...), the team started studying a masking technique within the
dispersive section of the compression chicane as alternative to a laser driven generation of the two bunche.
The first simulation results are encouraging, indicating lower energy spread and jitter. The study has not
yet produced a value for the emittance of the bunches. Using the masking technique rather than the velocity
bunching one does not require changes to the machine layout, only the addition of the mask system. The
RC recommends pursuing the comparison between the two techniques as soon as computing
resources will become available. The RC also recommends that optimization of the new scheme
in S2E simulations be started as soon as possible. Since the masking technique requires ab-
sorption/scattering of electrons, an evaluation of the dose rate increase due to the utilization
of a mask is required if pursuing this avenue. The RC notes that several the parameters of
many beam line elements are not yet final: design of magnets, apertures, final optics, laser
heater, ... Beam dynamics is so central to the project that the RC recommends that it be reviewed and

frozen (what needs to be) very soon.
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TDR - Chapter 6

The Writing readiness stands at 10% since the activity of the group has been more recently
devoted to the study of the Witness-Driver separation and transport after the plasma
module, aiming to finalize the separation and transport lattice now based on a system of
collimator/scrapers as much as possible realistic. This required a long iterative simulation
work now 90% completed.Moreover, a more realistic/constructive definition of the machine
layout in terms of magnets, diagnostic systems and vacuum components has started in the
past few months, implying again an iterative check of the Beam Dynamics performance of
the machine at each significant step forward of the elements definition.

° Writing readiness: The Technicalreadiness at 70% means that:
1. The start to end simulation of the Plasma Acceleration working point based on the

velocity bunching scheme is now at the level of jitter evaluation with the realistic

a Technical Readiness: driver-witness separation and with jitters considered up to undulator exit.

2. The start to end simulation for the Plasma Acceleration working point based on the
magnetic compression and mask selection of the comb beam is now at the level of
the Geant evaluation of the mask insertion on the beam quality. Taken for granted all
the rest of the lattice optimized for the VB option downstream the magnetic chicane
up to the undulator exit.

3. The start to end simulation of the all-RF accelerated 250 pC single bunch is
periodically checked and updated with the overall layout changes and has to be
finalized with last layout version.

4
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S2E Simulations Status

Machine and
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2L Simnudation in Detailp:
Velocity Bunching jor Pladma (907)
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Reference point: Plasma Acceleration w COMB beam

Lo 1. Velocity Bunching scheme-Machine Parameters

Cathode Laser System

Witness Driver band Photoinjector - Pea eld
Charge [Q] 30 200 pC Type Bmax (T) Length Energy
Time delay [At] -4.8 0 ps (m) (MeV)
- Gun Solenoid 0.3 2 coils -
Laser Spot size [o,] 175 300 pm (SABINA
Laser Pulse length [o] 0.30 0.30 ps like)
Y o strucuressolenoids | DO%007 | BRI
triplets
RF Peak Voltage [V] 120 MV (SABINA
RF Phase [¢] -30 Deg like),0,0
S-band Accelerating Sections nane
RF Voltage (on average) [V] 20,19,20,35 MV Type Bmax (T/m) Length Energy
(m) (MeV)
RF Phase [¢] -92,-84,-25,-10 deg Type A 10 0.010 100 - 350
X-band Accelerating Sections Type B 13 0.015 330-550
24 MV
RF Voltage (on average) [V] Type C 16 0.020 £50
-1
RF Phase [¢] 0 deg PMQ in 280 0.00500| 550
09,0.005

VA



L — Beam parameters from jitter studies (w/o0 X-band cavity) at
the capillary entrance

RF Voltage [AV] +0.02 %
RF Phase (0] £002 | deg | witness | Driver | |
i With
S-band Accelerating Sections (rms) - Without With errors ithout With errors
errors errors
RF Voltage [AV] +0.02 % 30.00 30.00 £+0.33  200.00 200.00 £2.00 pC
RF Phase [A¢] +0.02 deg 537.18 537.19 £0.31  539.29  539.29 +0.30 MeV
X-band Accelerating Sections (rms) Energy spread 0.712 0.711 +0.003 0.92 0.92 +0.001 %0
RF Voltage [AV] +0.02 % Bunch length 19.88  19.97+0.32 20587 205.55+0.87 fs
RF Phase [Ad] +0.10 deg P 1873 1643 £ 99 - - KA
M 0494 0.49410.044 - - fs
Cathode Laser System (max) S 0562 0.562+0.007  4.18 4.22+0.15 mm mrad
Charge [AQ] +1 T i 1.52+0.18 5.85 589+1.07  um
B,  B% 45+1.1 8.8 9.1£3.3 mm
Laser time of arrival +0.02 fs _ 1.2 1.2+ 0.25 1.65 1.65 + 0.30
[At]
Laser Spot size [Ac] 1 % * Errors are intended as rms quantities

* Driver & Witness numerically separated on the longitudinal axes



B T R Ti\iSS parameters for Velocity Bunching scheme
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Longitudinal Distribution of the VB Comb beam
at the Plasma exit for the reference beam

Whole beam
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Capture and yeparation w Chicane
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Longitudinal distribution (rejerence pointy ):
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Chicane: Beam affer applying a rofationfjocrsi
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Summary table for Velocity Bunching Reference Point at the undulator exit

Charge before cut

Charge after cut (a.c.)

Peak current (a.c.)
Emittance projected a.c. (x,y)
Emittance slice a.c. (x,y)
Energy spread a.c (relative)
Energy spread slice a.c.
Rho

Rho_3d

Energy emitted (25 m)
Photon emitted (25 m)
Saturation length
Wavelength

Bandwidth (25 m)

Size

pC
kA
mm mrad

mm mrad

X10A-3
X 107-3
microJ

X 10711
m

nm

%

micron

28.3

26.5

3.19
0.63,0.73
0.66, 0.856
1.7x107-3
2.88x101-4
1.6

1.5

13.2

2.5

20

4.4

0.2

120
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Charge before cut

Charge after cut (a.c.)

Peak current (a.c.)
Emittance projected a.c. (x,y)
Emittance slice a.c. (x,y)
Energy spread a.c (relative)
Energy spread slice a.c.
Rho

Rho_3d

Energy emitted (25 m)
Photon emitted (25 m)
Saturation length
Wavelength

Bandwidth (25 m)

Size

Divergence

pC
kA
mm mrad

mm mrad

X107-3
X 10A-3
microJ
X 1071
m

nm

%
micron

microrad

28.5

27.2

1.5
0.62,0.72
0.71,0.92
1x107-3
2x107-4
1.3

1.1

13.3
2.65

23

4.4

0.12

100

18 18



B Jitter Analysis for Velocity Bunching

reference point

VB Comb beam:
Ipeak Current Distribution w all Jitters at the plasma exit

NumberOfOccurences
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Jg}‘w analyriy out of ChicaneMoglen-800nm
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V=T Summary Talle of Jitter Analysis for

Velocity Bunching reference point

Out of Plasma Out of Separation Out of Separation
Chicane Dogleg

Cx (m)

Cx std (m)

Cy (m)

Cy std (m)
Charge (C)
Charge std (C)
Ipk (kA)

Ipk std (kA)

pAverage
(BetaGamma)

pAverage std
(BetaGamma)

-1.2e-08
4.2e-08
3.2e-07
7.20e-08
2.30e-10
3.6e-25
1.6
1.3e-01
9.11e+02*

5.5e+00*

-1.62 e-05
3.7e-05
-1.11e-06
4.2e-06
2.92e-11
4.2e-12
3.6
1.7
1.88e+03

2.5te+01

5.23e-05
5.87e-05
2.62e-08
1.4e-06
3.24e-11
4.5e-12
1.2
3.2e-01
1.88e+03

2.3e+01
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$2E Simulation in, Details:
BC&Mask optimigation



Twiry Paramelery & nor Leed Trandverde
emitfance or BC&Mask operation :
400 PC bm “’om |l’l5w"'0l' LH chicane: Rsy=-52.7 mm, Tsz, =45.2 mm

BC chicane: Rg,=-34.6 mm, T54 =52.5 mm

[ E— !
/\_/\J\ 0 5 10152025 30 35 40

s (m)
0 5 10152025 30 35 40 nasiOjelOpnelgenTe
s (m)

Twiss parameters for .. /400pC_prova

T.K. Charles et al., «Current-horn suppression for reduced coherent-
synchrotron-radiation-induced emittance growth in strong bunch
compression», Phys.Rev.Accel.Beams 20 (2017) 3, 030705 26
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hide the BC Chicane

quore % §

Cata frem SDDS file .. /40CpC_provo. xdhis, table 1

Data frem SDDRS file 4C00pC_prova.w4.xdhis, table 1

400 pC beam,800kp

o theta= 22.8 e 88. mrad
EYSTERTNESTRVE Phi RFX1=83.3,
S — Phi RFX0=270, V RFX0=19 MV _Doto from S00S e ./4005C.pro
LH_sext: L=10 cm, K2=-190 N
BC sext: L=20 cm, K2= 160.1

—2x -2 1% Q-3 ( ¥ 0-2 2% Q-2

frequency as ¢ of ‘x‘vm‘-l z e Jun 26-28 2024



Cata frem S0DS file 40CpC_prova.cut. xdhis, table 1

IS0 " 1 wreavency

Tranpverse-Longitudinal
correfalion

=& 10t

=118 4
-~ 1.2 ~ 1.2
g 2 som e 1.2 -0.10 —=0.05 0.0C C.Ca 010
£E 1.0 gs% E 1.0 ( )
2 B M
= E o8 z ¢
L a6 £ 06 frequency as a functicn of z and x
fF D4 £ 0.4
A o Printout for SDDS file Wit_w@.out
- oz
.2 Q.2
" Particles = 95269
—0.04 -0.02 to.[oo\ 0.0z 004 —6.04 - 0.02 10,(00\ c.02 .04 BT s G 260 R T
s s
S
’ enx eny Sx Sy St Sdelta ®% Cxp
Cy pCentral
2o m
S0% m$be$nc
ey 0% 1500 1.799461e-06  7.704585e-07  2.443715e-06  2.383371e-06  2.152147e-14 1.511137e-03  3.420929e-06 ~-7.211326e-06
- -1.732878¢-09  1.147225e+03
zoo) 25% Printout for SDDS file Dri_we.out
o 1900
Bagppers = Particles = 458933
P =00 Printout for SDDS file Dri_we.out.ana
oo eny Sx Sy St Sdelta Cx Cxp
pCentral
o m m m m S m
—0.04 —007 0.0C 002 D04 006 D.0B -G0G4 -C02 000 G0G2 G0d m m$be$nc

t (s} 2.169978e-06  1.326697e-06

-1.927676e-09  1.148276e+03

4.425059e-06  1.242000e-06  1.650286e-13  6.615917e-04  2.330755e-06  1.907985e-06
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Driver-Withess divergence: Betatron oscillations e

k2
Y 2¢ * k? = 2—; For EUPRAXIA parameters assume
— 16 -3
F, = %(Vmefc) x(z) = x; coskz + x, sinkz np =107° [cm™]
. x'(z) = —kxy sinkz + kx, cos kz 1000 =y = 2000
E, = ymgx + ym,X
x(0) = x; Simulation results give a value for
. . e, driver-witness misalignment at
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Conclhrrionn

C. Vaccarezza EUPRAXIA@SPARC_LAB Rev. Committee Jun 26-28 2024

The VB scheme for plasma is almost completed
and can be transferred to TDR. Nevertheless, the
completion of the Machine model with CAD is
propaedeutic for the finalization of the S2E
simulations. (Small changes to be checked)
The BC&Mask scheme for plasma is close to
completion.

The All-RF 250 pC SB has to be checked trough
the final layout

The Microbunching Instability also has to be
performed on the basis of the final layout
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® \/B scheme:

o Repeat Jitter analysis w smaller offset for dogleg separation

towards 30% of current pointing instability
o Rise the current & separation from Phlinj (beam already
optimized, tracking in the Linac is ongoing)
e Reference Point and Jitter analysis for BC mask scheme with
GEANT notch simulation
» Experimental campaign at Fermi facility in Nov 2024.
® Machine-Model-CAD Layout Merging (Magnets-
Diagnostics)
® Provide beam data for Radioprotection Analysis
® Trajectory correction w Diagnostic setup (40 % already
done)
® Check All-RF - 250 pC Working Point with the final layout
e Complete Microbunching instability Analysis = Laser
parameters
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o Our agoal is to almost comblete TDR bv end of 2024
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