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PRA(IA Beam Parameters Request

Horizon 2020

Target Values for the 1 GeV Target Values
beam to drive a FEL SASE for OPA
Units | 1 GeV case | (.2-1-5GeV
Bunch charge | pC 30 >100
Peak current | kA 3
Rep. rate | Hz 10
RMS norm. emittance | pm 1 1
RMS Energy Spread | % 1 any
RMS Bunch length fs 10 fs
Slice norm. emittance | pum |
Slice Energy Spread % 0.1
Slice Length | pum 0.75
Radiation wavelength | nm 4
Pierce parameter p | 107° >1
Undulator period cm 1.5
Undulator strength K 0.872
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PRAA  From where we started

Horizon 2020

 These numbers, in particular kA current and 0.5 mm mrad emittance, are not consistent with the
150 MeV energy

Detailed study based on simulations to identify a consistent set of beam parameters for the photo-injector

Injector beams

Range of exploration
ti Baseline val
| omw o ot T veper b
150 MeV - RF injector beam: at entrance of plasma 2 for LWFA with external injection

Energy 100 MeV 200 MeV
Charge 10 pC 50 pC
Bunch length (FWHM) 3fs 30 fs
Peak current per bunch 1-10kA
Repetition rate 2 10 Hz
Number of bunches 20
Shaped profile tbd

Total energy spread (RMS) o¢/E 0.1% 0.1%
Transverse normalized emittance Enxs Eny 0.5 mm mrad 0.5 mm mrad
Alpha function Q,, a, 0 0

Beta function B, B, 30 mm 30 mm
Transverse beam size (RMS) o, 0, 7.1um 6.1-8.6 um
Transverse divergence (RMS) Oy, Oy 0.24 mrad 0.2-0.29 mrad
Jitter, beam to global reference (RMS) Oat 10fs 10 fs
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* X %

PRAIA  Laminarity parameter

Horizon 2020

 The beam parameters at the plasma accelerating module must be
those requested by the FEL

This requirement sets the minimum injection energy

* |n principle, we could inject into the plasma even low energy beam, 10
MeV beam for instance, but not with kA current (and good quality)

 The minimum injection energy depends on the laminarity parameter

rho T 02
0

- QIA’)/ E%

The laminarity parameter represents the ratio between the space
charge term and the emittance term in equation
Y ks &g,

0'+—0' +Ko=—+—
Y ylo v
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PRA 1A Transition energy "

* 4 K

Horizon 2020

* For a typical electron linac driven by a photo-injector, the

energy at which the transition occurs can be nevertheless
qguite high

« Space charge forces influence the beam dynamics and are

one the main performance limitations in high brightness
electron injectors

Lamunanty parameter p
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PRA 1A

ARES Case

Horizon 2020

" WPI WP2 WP3 WP4
% Energy (MeV) 100.5 101.7 99.5 100.8
& Bunch charge (pC) 0.75 5.5 28.5 16.5
—,i Projected horizontal emittance (pum) 0.11 0.50 4.8 0.50
E Projected vertical emittance (pum) 0.099 0.38 249 0.79
% Shice horizontal emittance (jum) 0.10 0.32 42 0.42
E Slice vertical emittance (jum) 0.077 0.37 12.1 0.82
g B (mm) 1.1 1.8 1.9 2.3
= s 021 0.69 0.89 1.7
g By (mm) 1.0 1.8 3.5 1.2
g‘ a,, 0.24 -0.58 0.14 -0.60
-“cf 0, (Um) 0.76 2.1 6.9 24
% o, (1) 0.71 1.9 21.0 2.2
3. Bunch length [rms] (fs) 043 1.7 31.9 8.0
g Peak current (kA) 0.62 1.1 0.54 1.5
_g. Relative rms energy spread 0.0017 0.0043 0.0120 0.0027
< Slice rms energy spread 0.0010 0.0028 0.0079 0.0021
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PRA A Minimum injection energy studies

Horizon 2020

Jun Zhu'’s study

« Starting point: 100 MeV, 50 pC, 180 fs (rms)

ARES working point simulated by ASTRA using 1e6 particles: velocity bunching in the 1st S-band
section for first compression stage down to 180 fs, then magnetic chicane with a slit collimator to
reduce the charge from 50 pC to 30 pC and finally compress the beam down to the final bunch

length
1.1 : : ; ; : 4.0
L Ex
o 1.0 }|—e— =
‘ End of linac ~ 250 MeV |:> Y 1 3.5
Gun and 4.2-m-long traveling-wave structure More traveling-wave 0.9 ¢t
solenoids with surrounding solenoids structures.. | T - - - - - - - T T T T T T & T T T _ _ _______ 3.0

~ 29 m, Simulated by ASTRA
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N
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Peak current (kA)

< ~ 13 m, Simulated by IMPACT-T 3cm, 60>0 T/m 0.7
Q‘Jr's:;‘r‘]z(t"e ﬁim'e mag”etx CoIIimatf)r M PMQ triplet plasma 0.6 2.0
RF compression in the 1st S-band 0.5 1.5

structure and magnetic
compression in the dogleg

o
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Energy (MeV)
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PrRA A  LWFA external injection

« Two-stage hybrid compression: Velocity Bunching in the first S-band section and

magnetic compression in the chicane
End of linac

Gun and Two 4.2-m-long traveling-wave More traveling-wave L
solenoids  structures with surrounding solenoids structures
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PrRA A  LWFA external injection

Horizon 2020

« Two-stage hybrid compression: Velocity Bunching in the first S-band section and
magnetic compression in the chicane

®©
S
n € = 0.81 um £, = 0.46 um 0; = 7.5 f5, 05 = 0.0027 , Q = 30.0 pC
_g 4.5 451 . & : '.4_0
30 ! 476 :‘E &
((}) 10 30 1.0 :'-': - ‘3.2
A o - 1.5 1 08 - 15| 0.8 474 : EL‘"
- S 00 06 o 06 ) "i:;‘." ~2.42
b £ o g 00 . Ean ; ‘\f 2
2 x 131 02 > -15] 0.2 Q“O - \ '." \';‘ - 6=
-3.0 Canl ‘. ' ‘.i. 0.8
.g " 3.0 o' a68| . P '{‘
O -451_ " e et 100
o -9 -6 -3 0 3 6 -18 -12 -6 0 6 12 -40 -30 =20 =10 0 10 20
Linac Injection
exit point
Energy (MeV) 242.0 240.8
Bunch charge (pC) 50.0 29.8
RMS bunch length (fs) 160.0 7.5
Peak current (kA) 0.13 4.0
Projected ¢, / £, (pm) 0.30 / 0.30 0.81 /0.46
Slice €, / &, (pum) 028 /0.28 0.59 / 0.34
Bz / By (mm) 3.1/3.0
RMS energy spread (%) 0.50 0.27
Slice RMS energy spread (%) 0.05 0.23
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PRA A S/X band Injector

Horizon 2020

A ®000
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< 32m > < 52 m ‘ >

Photocathode and A5er High energy High energy -

THz PW class roducec particle particle
Laser Jarticle bearnr Beams 1 Beams 2 I

« 500 MeV by RF Linac + 500 MeV by Plasma (LWFA or PWFA)
« 1 GeV by X-band RF Linac only

 Final goal compact 5 GeV accelerator

EuPRAXIA@SPARC_LAB case R
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PRAA  LWFA external injection

Horizon 2020

* Full RF compression based on Velocity Bunching in the first 2 S-band sections

44— RF gun
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PRA A PWFA scheme

Horizon 2020

e Laser Comb Technique and full RF compression based on Velocity Bunching in the first 2
S-band sections

Withess beam evolution Driver beam evolution
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PRA 1A

No plasma scheme (!!)

Horizon 2020

* Only RF linac to boost a high charge beam up to 1 GeV energy
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Ny RF gun
O RF cavities
L2 Quadrupoles

=— Dipoles
RF Linac Units (a) 100 pC (b) 200 pC
Rep. rate f Hz 10 10
Exit linac energy GeV 1.1 1
RMS Energy Spread %o 0.1 0.05
Peak Current kA 2 1.79
Bunch Charge pC 100 200
RMS bunch length um (fs) 12.7(38.2) 16.7 (55.6)
RMS norm. emittance mm mrad 0.5 0.5
Slice Length pm 1.25 1.66
Slice Charge pC 10 6.67
Slice Energy Spread Yo 0.018 0.02
Slice norm. emittance (x,y) mm mrad 0.35-0.24 0.4-0.37
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PRA A Considerations

Horizon 2020

If the request are
150 MeV
30 pC
normalized emittance ~ 1 mm mrad,
alpha (Twiss)=1,
beta (Twiss)=0.03 m,
sigmaz=2um (15 fs)
energy spread 5% and slice energy spread 3% (actually | do not
understand which experiment needs these values)
Peak current ~ 800 A

then the RF injector is not the solution

If the 150 MeV wants to be considered, then the charge must be
decreased down to 5 pC, but in any case the achievable peak
current is only 1 kA!!l
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PRA 1A

Horizon 2020

Velocity bunching (VB)

RF compression in the
1st and 2nd S-band
structures
Plasma
structure

//l

Diagnostics

section and
low energy experime
without plas

igh energy
experiments
with/without plasma

Hybrid compression
X-band structures to

boost the beam energy RF compression in the
up to 500 MeV 1st S-band structure

and magnetic chicane

3D design by Fabio Villa (SPARC_LAB)
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PRA 1A RF injector team

*
Horizon 2020

 INFN: E. Chiadroni, M. Ferrario, A. Giribono, C. Vaccarezza

 DESY: B. Marchetti, J. Zhu
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