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PRA 1A Outline

* Frozen points

* Injector Layout and RF Power Distribution
* Baseline working point

e Laser Infrastructure

* RF power distribution

e Stability

* Diagnostics

* Ongoing activity
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PRA 1A Frozen Points

* European S-band => 2.998 GHz

e Klystron in use at Swiss FEL

e Four S-band structures, Constant Gradient:
e S1and S2=>3 mlong
e S3and S4 =>1.5mlong

* Vacuum pipe diameter => 30 mm
* Repetition rate => 100 Hz

e Copper cathode
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PRA 1A Injector Layout
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Courtesy of M. Del Franco
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PRA /\6A S-band RF Power Distribution
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S-band K1 S-band K2 45 MW S-band K3 45 MW Courtesy of F. Cardelli
Canon Canon 4.5us Canon 4.5us
E37327A E37327A ¢ 100 Hz E37327A 100 Hz
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structure (23.5 MV)
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PRA A X-band RF Power Distribution

TABLE V. rf parameters for short and long X-band TDS. For
operation of the TDS with BOC the following parameters are
assumed: Qg = 150000, Q, = 19800, 7, = 1500 ns.

I'DS She L U 25 MW :
TDS parameter short ong nit
N : f cell 96 17(; 300 ns :

umber of cells J 2
Filling time 104.5 129.5 ns DC 100 Hz |
Attenuation —5.21 —6.48 dB X'band 1
Active length 800 1000 mm I_I — |
Total length 960 1160 mm KlYStI'OI’I 1
DS slome Canon E37119 !
R, 1ps 27.3 375 MQ :
Power-to-voltage 5.2 6.1 MV/MW?03 1
TDS + BOC Variable Power
R tos 142 178 MQ Divider
Power-to-voltage 11.9 13.3 MV/MW03

P. CRAIEVICH et al. PHYS. REV.
ACCEL. BEAMS 23, 112001 (2020)

I L

RF Switch

0.4 MW
|: DC Courtesy CERN 15 MW
- - PolariX deflector
RF Gun X-band 3m S-band 3m S-band structure 1.5m S-band structure 1.5m S-band structure 579 mm
SW structure (21 MV/m) (21 MV/m) (35 MV/m) (35 MV/m)

structure (23.5 MV)
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PRA A

7-cell SW RF Cavity
12 cm long
pi-mode

Iris aperture radius, a 4 mm
Resonant frequency, f  11.9942 GHz
Quality factor, Q 9,900

Eff. Shunt Impedance, r 83.5 MQ/m

Accelerating field 20 MV/m
Peak field 38 MV/m
Number of cells 7

Coupling coefficient, 8  1.23
Field build-up, t 117 ns
Input power 400 kW
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X-band Linearizer
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PRA /\GA Baseline Working Point: Machine Parameters

* Laser Comb Technique

* Driver and witness bunches generated directly at the cathode

* X x
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* Velocity bunching to compress the two bunches and set the proper distance for PWFA

Cathode Laser System

Witness Driver RF Peak Voltage [V] 120 MV
Charge [Q] 30 200 pC RF Phase [¢] -30 Deg
Time delay [At] -4.8 0 ps S-band Accelerating Sections
Laser Spot size [o,] 175 300 Hm RF Voltage (on average) [V] |21,21,35,35 MV
Laser Pulse length [o,] 0.30 0.40 ps RF Phase [¢] -92,-84,-10,-10 |deg

Type B, ax (T) Length (m)

Gun Solenoid 0.3 2 coils (SABINA like)

Acc. Structures solenoids 0.035, 0.075 4triplets,3triplets
(SABINA like),0,0
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PRA /\6A Baseline Working Point: Beam Dynamics
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* Laser Comb Technique
* Driver and witness bunches generated directly at the cathode
e 200 pC (D) + 30 pC (W)
 Velocity bunching to compress the two bunches and set the proper distance for PWFA at n ~ 10 cm™
« 118 MeV, 154 fs (D) and 17.6 fs (W), time distance: 530 fs

o, [ps] | 06 ~ <t>[ps]
1+ ——trailing 3-3-1.5-1.5| | ——trailing 3-3-1.5-1.5
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047 1
0.5 k | 0.2 |
0 ' 0 L \ L
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2000 o lpml x| 1
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1500 ——driver | 2 1 ——driver |-
\_—
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1 L} |
500 /\/\/\ﬁ,
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z [mm] z [mm] Courtesy of A. Giribono
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PRA A Laser Infrastructure
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L 80MHz 80MHz > kHz M—w
- Transverse uniformity ‘ 4 »\
- < 10% (peak-to-peak difference) L To sync system J ) J
100m)J, 100Hz

10m)
- IR rms energy shot-to-shot jitter / ) | ‘
- 0.7% Up to 2mJ ( ) ' |

- Pulse FWHM minimum duration cathode
- 30fs Photocathode laser Diagnostic lasers (xN)

Courtesy of M. P. Anania
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PRA 1A 6D Diagnostics at Injector Exit
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CSDEF02 CSRDOO5

CSRD001 CSRD002 CSRD003 CSRD004 CSDEFO01
0.1m 01m 01m 01m 01m 0.1m 0.1m
PolariX L = 0.415m /\
Qs1 Qs2 QS3 BLH1 BLIZ CSRD007 Q M CSRD009 Scree
0.1m 0.1m 0.1m 0.25m 0.25m 12m 0.25m 0.25m 0.45m n
CSRD0O06 CSRD0O08
) 0.3m 03m R
L=4.665m .
Frequency 11995.2 MH; L=3.45m N_eiic 50
Phase advance/cell 120 ¢ .
Iris radius 4 mm Single Cell Length (mm) 8.3
Iris thickness 2.6 i Total cells length (m) 0.415
Group velocity -2.666 Yoc
Quality factor 6490 Single Coupler Length (cm) ~8
Shunt impedance 50 MQ /m Total Length (m) 0.579
Courtesy of F. Demurtas Maximum Voltage (MV) 23.5
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EGﬁﬁA}XéA PolariX Implementation in the Layout
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Courtesy of M. Del Francé
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PRA /\6A Limit Resolution and Beam Parameters
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2 710.65
10.55 Bx y (m)
05 E Ay y —3.2 —3.4
0.45 .% . PolariX , €nx,y (LM) 0.7 1.5
los 8 . | 5. 0y y (m) 100 221
I . ,
035 . | = Q (pC) 30 200
102 i : E (MeV) 118 119
% 16 18 20 22 24 26 28 0 I Of (%) 0.1 0.7
V [MV] = O :
|
Energy (MeV) 118 4 |
I
Ooff (um) ~ 60 31 : :
I I
Voltage V, (MV) 23.5 aro
1 | | I 1 1 1 )
Drift Length (m) 3.45 0 1 2 3 4 5
z [m]
Resolution (fs) 1.1

Courtesy of F. Demurtas
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PRA 1A Ongoing Activity

* Laser Heater studies and implementation

* Slice emittance and LPS virtual measurement
* Realistic field maps for the scaled TDS to be used in the simulation
* Mechanical design to be optimized for the scaled TDS

* RF Power distribution for PolariX to be updated in the CAD
 TDR chapter completion
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PRA 1A Conclusions
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* |Injector Layout Finalized

* Few refinements must be added (e.g., X-band linearizer mechanical design, ..., laser
heater, vacuum chamber in laser heater area, ...)

* RF Power Distribution Finalized
* Only X-band RF power must be inserted in the CAD

* Beam dynamics studies for baseline working point completed

* Diagnostics layout Finalized
* Virtual measurement on going

* TDR Injector Chapter
* Writing Readiness => 70%
* Technical readiness => 70%
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PRA ,\dA TDR Chapter State of Progress

* Link to the Injector Chapter
* https://www.overleaf.com/project/65129aaa7bccc6c2f61c58b0
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