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PRA IA Outline

* EUPRAXIA@SPARC_LAB Performances

* High transformer ratio resonant PWFA ideal working point design for
EuPRAXIA@SPARC_LAB

 Two bunches
e Train of bunches

* Tailoring beam shaping and further accelerating schemes
* Summary
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PRA A EuPRAXIA@SPARC_LAB Performances x

RELIELe])] PWFA Full
Parameter X-band

Electron Beam

raIaIIICLCI

Radiation Electron Energy
Wavelength Bunch Charge pC 30-50 200-500
Photons per Pulse x 1012 0.1- 0.25 1 Peak Current KA 1-2 1-2
RMS Energy Spread % 0.1 0.1
1 0,
Photon Bandwith % 0.1 0.5 RMS Bunch Length - 6-3 24-20
Undulator Area m 30 RM,S norm. Hm 1 1
Length Emittance
Slice E S d 9 <0. <0.05
5(1D/3D) % 10-3 5 5 ice Energy Sprea % 0.05
Slice norm Emittance mm-mrad 0.5 0.5
Photon Brilliance (s mmzmradz) 1-2 X 1 x 10%7
per shot bw(0.1%) 1028

Courtesy C. Vaccarezza WWW.eupraxia-pp.org
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We need to increase the energy of
the trailing beam up to more than a factor 4
with respect to the reference WP

Courtesy C. Vaccarezza WWW.eupraxia-pp.org



K High transformer ratio PWFA for £
PRAKIA FUPRAXIA@SPARC_LAB =

In perspective of the draft of EUPRAXIA@SPARC LAB technical design report, we have explored through numerical simulations two ideal
scenario suitable for the 5 GeV case trying to maximize the

| E AT |
| E*ma:n |

e Quasinon-linear regime to exceed R;= 2 and preserve beam quality

Nhk;t * Two bunches operation
< 2 ny/np > 1
np « Resonant scheme

'-"‘».._.-T

* The simulations have been performed in 2D by means of the Hybrid Fluid Kinetic code Architect [2

* Plasma accelerating module = 2.4 m long flat top plasma profile with a background density n,=2.5 1016 cm3, preceded by a 1 cm
long injection ramp
- beam energy at injection 1.2 GeV

[1] S. Romeo et al - High transformer ratio resonant PWFA ideal working point design for EUPRAXIA@SPARC_LAB - 2020 J. Phys.: Conf. Ser. 1596 012061
[2] F Massimo, S. Atzeni and A. Marocchino 2016 Journal of Computational Physics 327 841-850
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PRA A

High transformer ratio PWFA for

EuPRAXIA@SPARC_LAB

Two scenarios have been explored consisting in

a) Two bunches: 150 pC + 30 pC

b) Train of bunches 2 40— 140—- 270 pC + 30 pC

Table 1. Driver(s) and witness parameters at the injection

Driver(s) Witness

Q [pC] 150/40-140-270 30

~ 2348 2348

€n [mMm mrad] 1 0.7
or |%] 0.1 0.1
Bz, [mm] 22 22
(g [Mm] 1 1

0. [pum] 33 16 (3.8 rms)

* Driver-driver separation of around /1p/2

(105.6 pum)

* Driver-witness separation of around Ap/Z

(97 um)

A. Giribono - EuPRAXIA_PP Annual Meeting 2024 22-28 Sept
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Same results in

4
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Figure 1. Longitudinal field on axis and longitudinal current profile for single bunch scheme
(top) and 3 bunch train scheme (bottom) at z = 0.
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High transformer ratio PWFA for e

* *
* 4 *

PRA,CIA EUPRAXIA@SPARC_LAB: beam tailoring =

* Driver: . o 100
* train of three bunches with the same shape I T T
2 - N e SRR ! ....... S .50
e final design that is in between a single bunch with triangular shape and a 21 N I . . s
. 0 W | 8 AN I Lo §
train of bunches 0 IO s e s e O 08
, . B W e - B
* Witness. b g S aindnes 1 <78
) . C e -4 ——it R ~100
» Triangular current shape in order to minimize the energy spread growth [3] a2 0 a4 6 6w
D

* Moderate beam quality

e Higher accelerating gradients
in the non-linear blow-out : T e e
regime = smaller footprint 3 o ;

e Hybrid LWFA + PWFA

e Further optimisation methods also

suggest that customised tailoring
écton Seei o0 (643 5 5 &

exists to produce much higher R,

Ez(mcesple)
Transformer ratio R

(for example up to 10 in [4,5])

[3] M. Tzoufras, W. Lu, F. Tsung, C. Huang, W. Mori, T. Katsouleas, J. Vieira, R. Fonseca and L. Silva 2008 Physical Review Letters 101 145002
[4] Q. Su et al. Optimization of transformer ratio and beam loading in a plasma wakefield accelerator with a structure-exploiting algorithm (2023)
[5] Roussel, R., et al. PRL 124 (2020): 044802 - Gao, Q., et al. PRL 120 (2018): 114801 - Loisch, G., et al. PRL 121 (2018): 064801

A. Giribono - EuPRAXIA_PP Annual Meeting 2024 22-28 Sept .
2024 WWW.eupraxia-pp.org 7



PRA A

High transtormer ratio PVFA Tor o
EuPRAXIA@SPARC _LAB: results

* * %

* *
* 4 *
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* The average accelerating gradient is E, = 1.6 GV/m and the effective transformer ratio is R; = 3.2 = 5 GeV in 2.4 meter long

plasma channel

4 4
2 2
T T
=] =
£ o \ E o
a a
-2 -2
_4 T T T —4 T T T
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¢ ([um]) ¢ ([um])

Figure 3. Witness phase space at the initialization (left) and at the end of the simulation (right).
The transverse phase space is perfectly matched while the longitudinal phase space presents
an energy spread growth mostly located on bunch tail.

A. Giribono - EuPRAXIA_PP Annual Meeting 2024 22-28 Sept
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Figure 2. Integrated parameters evolution of Witness bunch. We report the evolution of the
transverse spot size and emittance in a) (for the first 10 cm) and in b) (for the entire channel)
along with the density of the plasma channel. We report in c) the evolution of energy and
energy spread.

The emittance of the witness is preserved along the entire plasma
channel and the energy spread grows up to 04%

WWW.eupraxia-pp.org 8



PRA A Integration in the ‘basic layout’
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LA AT TR AR RNy R
lll }v—uwg-c-u a-m-?' + '] SR P | VS SN [P S A - -
| . —— == | - = £ '-[ - 1L- :
LH Linac 1 Linac 2
\_/—-'-'-'-'-'/—:\-’-'-'-'-'-‘-‘I N -l
L J
Y \ Y j B 20deg
4 S-band 8 X-band 8 X-band 2 meter long

Plasma

Tentative layout in Andrea
Renato Rossi’s talk

A. Giribono - EuPRAXIA_PP Annual Meeting 2024 22-28 Sept
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Tailoring Beam Shape

FACET
. . . . . . X _— 4 » Jl x‘ . l' ..‘- Wlw' v v
Notching device in a dispersing section iy L L O — A
High-efficiency acceleration of an electron beam in a plasma LT g i(iﬂ DH : . [6] Beam manipulation for resonant

wakefield accelerator, M. Litos et al., Nature 515, 6 (2014) | . s ]
. PWFA - Enrica Chiadroni

Emittance Exchange (EEX) beam line and transverse mask Physics and Applications of High

Double triangular current profile (G. Ha et al., AIP Conf. Proc. 1507, 693 (2012)) Brightness Beams. Havana. Cuba
4 /

» Anisochronous dogleg beam line March 28-April 1, 2016
ramped bunch trains (R. J. England et al., PRL 100, 214802 (2008))

Multi-bunch via collimation: dogleg and multi-wire mask L ;
P. Muggli et al, PRL 101, 054801 (2008) i/

* Beam shaping via photo-emission -
Laser comb generation and velocity bunching reglme R
Ramped bunch trains (NIM A 637, S43-546 (2011))

The SPARC_LAB Experience | Applied scheme for the reference WP for

EuPRAXIA@SPARC

enrica.chiadroni@lnf.infn.it

A. Giribono - EuPRAXIA_PP Annual Meeting 2024 22-28 Sept
2024
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* The reference working point is determined by the FEL performances and the plasma module

* Accelerating gradient of GV/m scale (at least 500 MeV in 1 meter)
* Weakly non-linear regime (bubble with resonant behavior)

PRA,\GA Comb beam generation at EUPRAXIA@SPARC_LAB }FLW ~q )

Velocity bunching technique

1. 200 (500) pC driver + 30 (50) pC witness
2. plasma density of the order of 10* ¢cm™ (4, = 334 um)

~

0.1 0.02
0.02 . . .
o 0.05 0.01 3. Driver-witness separation of around 4, /2 2> 0.5ps (1 ps)
— 0.01 —_
w o \ w w0 4. Driver and witness bunches of 50 (24) and 6 um rms
. = U w
= .0.01 = =
oo 01 Z 0.01 5. Driver and witness spot size of 4 and 1 um with a=1
0. 03_2 p : 1 0.15 > : 5 . 002 : - : -
zm] 109 im0 zml .10t Ow=1.0 um
- 0.1 Ow=1.UHUm
0p=4.0um
Laser comb 0.0 | . @650 MeV
technigue T
: LinacO Linac 1 Linac 2 Plasma Modulé E S -
4000 v LH =
g BC | Plasma__ ol e
g 300 [=12m L=9m L=10m L=9 m L=5m B e
& 2000 Rss= 0-18 mm -0.05 : ; |
. .
* 1000 100 MeV 250 - 400 MeV 0.5-1GeV 1-2C \
0.1 —
0.05 0 0.05

WWW.eupraxia-pp.org

(((((



PRA A The Photo-injector

Optimised Working point

. . . . . 1.5 : 9
* The beam dynamics has been studied by means of simulations with the TStep (and ASTRA) code ' | ' g- $0=2 SEE
. . . : —Op-1deg
* The photoinjector sets the beam separation, emittance and current _ '\.\ ¥ + |
* The photoinjector is operated in the double hybrid RF compression scheme = this g \ £
scheme ensures at same time up to 2 kA peak current and separation lower than 0.6 ps e 1, \ | 75¢
[8,9] and good flexibility E \ ny [ e
. . . . E t ow o
* The witness and driver distribution on the cathode has been chosen looking at the N “1‘
witness quality that depends on the density of the beams at the overlapping point [7] F |
+ ; ‘ i .
0.5 05 06 07 08 0.9 1 6
. rp [mm]
Witness Driver D
7€, = 0.554 um e, = 1.522 pm 2000 /5000 '
0.5 ; %84 ( —Ip= 0.5 um
= 02 : - T Y 1953 1 = 0.6 um
© , A — A000- [ - 'p ™ U
;< o ;< _‘_” M = =
0.2 JL//’\ 3000 I rD: 0.5 um AD= +1 d:eg I
-0.5 0 L ; ;
& ) ’ 1 ¢ ! -200 0 200 = i
X [mm] X [mm] 2000~ ] I
06=5 4.923um, 0 J(E)=0.117% o ,=62.320pum, o,J(E)= 0.547% Z [um] 3 _ :
! 2 i ‘ ‘
= = [8] A. Giribono et al., ‘Electron beam analysis and 1000- 1R ' ]
o —k sensitivity studies for the EUPRAXIA@SPARC_LAB RF I 5
E 0 [f 0 injector IPAC23, TUPL130, loP proceedings HIL th
ﬁ L/]u [9] G.J. Silvi et al. "Beam dynamics optimization of Eu- 0 0.015 |
05 -1 2 PRAXIA@SPARC_LAB RF injector" presented at the s [mm] /
0.1 0 0.1 0.2 0 0.2 IPAC’23, Venezia, Italy, May. 2023, paper WEPA040
Z [mml Z [mml [7] A. Giribono et al. EUPRAXIA@SPARC_LAB: The high-

brightness RF photo-injector layout proposal,
https://doi.org/30.1016/j.nima.2028.03.0

WWW.eupraxia-pp.org
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The X-band Linac

PRA A

The beam dynamics in the X-band linac and in the final focusing system has been
studied by means of simulations with the Elegant and TStep code respectively.

« The X-band linac sets the beam energy (up to 1.0 GeV) and Iwiss

parameters at the plasma entrance > a = 1.0, =1.0 - 3.0 mm @0.5 GeV

It is operated off-crest as

* manipulation of the beam current profile, a ‘second order effect’ that is
amplified by the coupling of two systems, the photoinjector and the linac,
operating at different RF frequencies

I .

30 <W p

— ing section Magnet/c VVItne SS bunc -
Laser heater chicane  my

A

An A A A

165 20 285 S50 SO 40 45 50

s (rm)

Twiss parameters along the linac for the witness bunch. The overall beam transverse size remains
always smaller than the X-band irises with maximum spot size in the matching quadrupoles of the
order of 0.7 mm.

AENE) [%]
o

-0.2

» Witness Phase s

Beam parameters @Plasma inj.
Witness Driver
E [MeV] 537.6 539.5
Exy [urad] 0.58-0.60 2.9-5.3
O, rms LLM] 5.460 59.620
AE/E [%)] 0.057 0.095
At [um] (ps) 150 (0.503)
Oy_rms [LM] 1.2-13 4.5-6.3
B,y [mm] 2.7-2.7 7.4-7.8
Q, 0.83-0.85 3.2-3.2
— e, = 0.581 [um] e = 0.60 [pzm]
c 10 _ 4
g g g 10
2 £ 0| g £ 0 g
= < | s
@) 10 -10
) 5 0 5 5 0 5
O
© x [mm]x 1073 y [mm}x 103
o,=5.460um, o J(E)= 0.057%
0.2r N= 29999

(E)=537.401MeV
o= 1213 pm
1,5 2662 mm
a,= 0.830

.rry= 1.287 um
fy= 2.737 mm

a = 0.852




PRA A

Possible WPs for EUPRAXIA@SPARC _LAB

200+30pC,n_=nx10%E,__=1GV/m
2500 r

A. Giribono - EuPRAXIA_PP Annual Meeting 2024 22-28 Sept

2024

Z [pum]

Funded by the
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400 + 50 pC, n_=nx 10°E___= 1 GV/m

2500

0 100 200 300 400

- Z [pam]

Driver beam with higher charges and shorter lengths = higher gradients at fixed n,
In the next future a new WP with 400+50 pC beam and higher plasma density but
still in the quasi non-linear regime to shorten the plasma channel length

WWW.eupraxia-pp.org 14



PRA /\GA Train of bunches: the SPARC_LAB experience e

Start2End beam dynamics simulations in the SPARC

a Cathode b End of Drift (¢
300 : . . 150 | . . . : 1000 — =
- 800 |
= —
g 200 100 s
.- —
S <€ > S
E 100 AOéS | so | E
=
o l ')
0 . { l . I o
-8 -4 0 4 8 -8 -4 0 4 8
0.4 25

m

_LAB photoinjector

Accelerator Exit

ey

Laser profile on photo-cathode

Funded by the
European Union

Experimental results obtained at SPARC_LAB

Ramped Bunch Train

02 02 | ! 13 "‘
> .’ | .
@ " [ y ——— =
i \ s> BV N
4 02 02 | - 3 - ' ; : g 1
0.4 - 04 ! - - J 25 L " - - P | é‘ —Witness
8 4 0 4 8 8 )/ 1 .08 0 05 1 § e | 03 |
 (deg) 4 (deg) Z (mm) g 150 | —omer2
= Driver 1
o i 100 P2
P ‘. s o
— < D1
e r B .. 50!
o " % 4 10
Length (ps)
[10] P. O. Shea et al., Proc. of 2001 IEEE PAC, Chicago, USA (2001) p.704. E AEIE o Q Enx
[11] M. Ferrario et al., Int. J. of Mod. Phys. B, 2006 (eV) () B O (mmmmd)
Bunch Separation (pm)
W 1126 0.084 80 24 1(0.09) r W-D4 =470 (0.02)
D4 1123 0.159 42 75 0.8(0.1) ‘
D3 1122 0.112 92 69 1.7(0.1) E
D2 1123 0087 113 36 2.7(0.6) (gg gg ;ig Eg 82 .
- DI 1122 0045 100 36  28(03) D201 -270 (0.08) P
S
(%] B enrica.chiadroni@lnf.infn.it IN,EN

A. Giribono - EuPRAXIA_PP Annual Meeting 2024 22-28 Sept
2024
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PRAIA The FACET Il WP: laser comb + magnetic chicane K&
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* High transformer ratio thanks to extremely short drive

=
2 sor
« . . 12k L L e ) T T L TS Py SR B e o et}
bunch 2 1.6 nC—1 um rms length at plasma injection 2w MEZEEERE
. 10 gé 50 18 oy ee— |
* Bunches modeled as Gaussian bunches = o} . SRS
. . . E‘J [ - % { i | . L sal i i g | H
* Plasma source: neutral lithium gas with 40 cm long 5 6 0 ey 2
. w4t . e : ] neray (Ge
flattop plasma density of 8x10%6 cm=3 il Drive buneh | o rre
Trailing bunch 2 003pATT A
° H H . - =7 r . ! . e 4t Bt . @ — ke "‘va-
PIC simulations using QPAD [28] have been performed L T S—re—re——— 55 oce) e
. . . . o N P @
to provide insights into the expected performance of Longitudinal position [cm] °Q .
= 25 T T T < :
= o
PWFA 2 (o) T e
2 ot
Q 2 E
=N Accelerated trailing:bunch @
z15 2k
TABLE I. FACET-II beam parameters for two-bunch PWFA. % 1k ‘g = i
The two-bunch parameters are listed as drive/trailing. o : aofi _ £% 1r T—Data ]
u - & 05" Decelérated drive bunch 5 - . } t oliE , pEEEEEE e —n
Electron beam parameter Current Design 5 o= b 4/\ S 11.75 12 1225 125 1275 13 13.25 135
. . 0 5 10 15 20 Energy [GeV]
Bunch configuration Single Two-bunch Energy [GeV]
Delivered beam energy (GeV) 10 10.1/9.9 FIG. 8. (a) Electron energy spectrum with the spectrometer set
Normalized emittance (mm mrad) ~20) =50/5 FIG. 1. PIC simulation of PWFA performance with initial t‘:;:";;%: j: 2:: :nfgisi\:zl?} gz\\i ETE" ?f}p]?i? c}l::u;gn:
- . . . . , dl 15 L Cgls ow . Wi S0me ens C
Charge per bunch (nC) 2 1.5/0.5 FACETI beam parameters, including incoming beam energy charge are accelerated up to ~13.5 GeV in this shot. An
Peak current (kA) S 30/15 of 10 GeV for both drive and trailing bunches. () The evolution emittance analysis was performed for the charge indicated by
rms energy spread (%) ~1 0.8/0.3 ?}f ‘hte “fta' e“‘;,rghl’ C"“tle“t of ‘h:;l ‘lg“’* a]"d f;‘]"‘t‘t‘g b”“lf,';es as the box, with charge distribution shown in (b). (c) The beamwidth
Repetiti te (H 1-30 1-30 ey iraverse a lithium plasma with 44 cm long fattop prolile at a as a function of energy, and the emittance fit function overlaid
epetition rate (Hz) B a density of 8 x 10" cm™, resulting in an overall drive to trailing which provides a normalized emittance of approximately
. - = = ) ; }
IP f* (cm) 50 5-50 bunch e.ff.'lcnency of 32%. (b).The final encrgy spectra of the 41‘.1\*6 1500 pm. The Twiss parameters determined from the fit indicate
4 e . . . . and trailing bunches, showing an acceleration of the trailing that the beam waist (and hence the exit from the plasma) was
Parameters achieved at time of preparation of this manuscript. bunch by 6.6 GeV with final energy spread of 0.9%. located at the location of the Beryllium window.

[12] D. Storey et al. Wakefield generation in hydrogen and lithium plasmas at FACET-II: Diagnostics and first beam-plasma interaction results PHYSICAL
REVIEWACCELERATORS AND BEAMS 27, 051302 (2024)

A. Giribono - EuPRAXIA_PP Annual Meeting 2024 22-28 Sept

5024 WWW.eupraxia-pp.org 16



PRA IA The FACET Il WP: laser comb + magnetic chicane K
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* High transformer ratio thanks to extremely short drive

bunch = 1.6 nC—1 um rms length at plasma injection :E:(a) ég 2 H s

* Bunches modeled as Gaussian bunches = 5} i | oy EATERAE)

¢ Plasma source: neutral lithium gas with 40 cm long E’ = g o W W oo
flattop plasma density of 8x10%® cm=3 Nl Drive bunch | _ T ET

* PICsimulation Summa ry July 23, 2024 Doug Storey | AAC24 | Two-bunch PWFA at FACET-II
to provide insi

w10t <104
PW FA 15 45 115 45 '/““'“f--:c,_
Shat 496 - Shot —
] 12 ‘ 4 | = 12 R I _l_
a5 a5 D
: . . 110 - 110 A
TABLEL F .« Fjrst demonstration of both two-bunch delivery o || ) fifE
The two-buncl - Fah = | © Data|]
——————— - - 5‘ [
= and witness bunch acceleration at FACET-II £ w8 £ 2| 8 —
Electron beam 808 , .\\ B %1“ \ H\-__ Es 3.5 135
s = L - I -4 —_— i
Bunch configy B a2 B - 8 fm
Delivered bear 100 ; j: . 1 J gm;ctcr set
: - . . ' r electrons
Normalized e o Achjeved 1-2 GeV witness acceleration ] s of pC of
Charge per bu o i v |L : 's'h{)lp An
Peak current ( * Limited by the degraded Lithium plasma source B TS Ras s = e (R R I W m s m "o w5 1 |dicated by
I'ms energy sp. x pasition [mm] C?T i:i':'e x posilion [mer] Crlm':]w ﬂ"::]"ﬁ beamwidth
" — — - . . ) = =z _a_'u @y d TUIcuonn O CNelgy, ana ue L’uuuaulltl: e raneron overlaid
Reptilltll.‘lll rate (Hz) ] _30 1 %0 density of 8 x 10" em™, resultmg in an overall drive to tralll.ng which provides a normalized emittance of approximately
IP f* (cm) 50 5-50 bunch e.ff.'lcnency of 32%. (b).The final energy spectra of the Qr.we 1500 pm. The Twiss parameters determined from the fit indicate
a R . . . . and trailing bunches, showing an acceleration of the trailing that the beam waist (and hence the exit from the plasma) was
Parameters achieved at time of preparation of this manuscript. bunch by 6.6 GeV with final energy spread of 0.9%. located at the location of the Beryllium window.

[12] D. Storey et al. Wakefield generation in hydrogen and lithium plasmas at FACET-II: Diagnostics and first beam-plasma interaction results PHYSICAL
REVIEWACCELERATORS AND BEAMS 27, 051302 (2024)
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PRAIA The FACET Il WP: laser comb + magnetic chicane K&

C. Emma, N. Majernik, K. Swanson, et al., in preparation

Generating ultra-high current beams via laser heater shaping

Spectral Shaping s Modulated Energy Spread © Modulated Current Profile o UV Vis Spectrometer
O IR laser L W A Before Laser Heater After Laser Heater ' lo.100 l== i
< ) —10.2 | 0.8 N1 Mean +/- Std Deviation J
. > 10.075% ]
|  Variable Delay | \ = fs current spike = 206 o
E = — {0.050E z
Aoyl = 510.0 E o 0.4 . .
RF gun /! S / l0.0253 o [14] Beam Configurations
I SNy, ~S Y I P Claudio Emma et al FACET-II
—30 0 =0 ) 300 400 500 600 .
LO z [um] Wavelength [nm) User Meeting October 17th,
@ Laser heater ] 2023 SLAC
@—\dulated IR Spectra Experimental Aree @R AT BC20END AT BC20END (notch +
(no collimation) jaw collimation)
& Bunch Compressors 9 MNotch/Jaw — - it
E ; //— l Collimators Plasma |Ight E 10 "y 3 10 = 1mm width notch
E | o ;- 99! m collimator used
e i s : .\ tg_’— toract _!t_'_'_ %‘9.8 éﬁ 981
i Plasma interaction Region 5 ) , :
335 MeV 45 GeV 10GeV i na ! gon | = o tomr . e
2150 4100 -50 0 50 5800 50 0 50
2 [pm] 2z [pm]
30 AD;dm-separation Idive/lwitness = 10
Qdrive/Qwitness = 3.2
—20
i Qdrive = 830 pC
= Qwitness = 260 pC
10
el A AAC 2024 C. Emma Designer beams for AAC via laser | 0t e =0 0w 0 .
. . . . ) B e -100 -50 0 50
[13] AAC 2024 Contribution - C. Emma et al - Designer beams for AAC via laser heater 2 [pm] -
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PRA A Integration in the ‘basic layout’
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0 AR il | 1 1l i IR

214}.&0_.-_'-.“'".5 il U + " R Salig et e R f—m e———  ———— -

Laser-comb l———'

4 S-band 8 X band l 8 X band
15t RF compressor 3rd bunch
compressor * X-band technology could limit in

Laser Heé'ter that is
also suitable to R
compress the beam

terms of bunch charge
Other available space for further
compression if needed
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PRA IA EEX beamline and transverse mask

Emittance exchange for advanced accelerators

__________________ ICT
Adapted from Ha, G., et al. PRL 118 (2017): 104801. Spectrometer

Gun, solenoid

TDC2
magnets Quadrupole - [ 1 . | YAG YAG
m Linac cavities magnets YAG l | I
| | | | | | :- I
| | | | | | 1 | ! :
m X MLC B1
| YAG I
|

* By transversely 0 —eeeemmme oo
masking the beam

fore the EEX . 0 O L p_L¢
ttigaom(?ine(,athe final (139 7) (Y ke 5 0 (130 oy ' =
current profileis (@ 1 0@ |6 1 x ojle10ee| | ° O -5 -5
controlled oen1s||@ © 12 ©| o n 1§ £ -t o 5
- Shaping drive and '@ © @ 1/ 1x =E e 1) le e 01 N 0
witness bunches | J \ J |\
with this approach ! | Y
has yielded Dogleg Dogleg EEX

record-breaking
transformer ratios

[15] AAC2024 Contribution - Nathan Majernik et al. ‘Generation of arbitrary bunch
shapes using a multileaf collimator and emittance exchange’
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PRA IA
Emittance exchange for advanced accelerators

IcT Spectrometer

=

Adapted from Ha, G., et al. PRL 118 (2017): 104801.

Gun, solenoid TDC2

magnets uadrupole Ml YAG
m% Linac cavities C!m a%ngtsl YAG - LLLl . 1 f
|
o ] 1 [ ] O |

XX K MLC : B1 e :
- By transversely A '

masking the beam

before the EEX L ;

. X L 1l Lc ==X 0 L )

beamline, the final (1 z © 7 2 130n

current profile is 6100 |06 1 x 011010 0 ,Rgplace the laser cut tungsten

controlled on 1)@ 06 1 011 f masksinEEXbeamline witha
. Shaping driveand '@ © 0 1 K % LCf 1 0 0 0 1, multileaf collimator (MLC)

witness bunches | | | « MLCs are commonly employed

with this approach | Y to shape radiotherapy beams

has yielded Dogleg Dogleg  * Real-time, nearly arbitrary drive

and witness beam shaping

* Highly synergistic with machine
learning

« Extension of UCLA/AWA

[15] AAC2024 Contribution - Nathan Majernik et al. ‘Generation of arbitrary bunch Collaboration to study exotic
shapes using a multileaf collimator and emittance exchange’ shaped beams for HTR PWFA
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Multileaf collimator masking
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“Figure credit: [3]
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PRA A EEX beamline and transverse mask

Simulation |- % MLC mask s Resonant driver . i . .'"'_1%-”. ‘
rosul E mental |.. e =
oauls Xxperimental |- . o R s L b
R i ks s Tl f
Mask reSUItS gm'_”_"_“ ""‘.:Lcl ! ) Adapted from Ha, G., et al. PAL 118 (2017): 104801.
Triangle Doorstep Bowtie Resonant drivers
=
o
e
@
£
[2]
%
Mask o
shadow =
2
°
Q
€
[
E .
40 leaf MLC S
Post-EEX functionally i
current equivalent g
profile to existing L
AWA masks
70
Triangle
60 /\ Doorstep
/ ~ Bowtie .
%0 \
" | N Beam shaping
S | \x d I
\ etai
§% N
5
6
z [mm}
Beam
direction
* UHV compgtible . g[)ltptgigted,trnicrlc)-timing o2
; elt bidirectiona i)
* 40 leaves (2Q/side d £ Majernik, N., et al. "Beam shz : Itrahigh wa
(2yside) drivetrain modules SR VS e i s %z
» Constant 2 mm spacing . 10 mm travel/leaf beamline.” Physical Review Accelerators and Beams 262 & £
(2023): 022801 bl

» Magnetic coupling
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PRA IA PITZ — the photocathode laser shaping X
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%10
_ | | [17] G. Loisch et al.
* Photocathode laser shaping af /1 Photocathode laser based bunch
* Driver bunch charge was 500 pC, the witness bunch charge £ . / "al | shaping for high transformer
10 pC with rms length of about 20 ps and 0.7 ps 8 AN ratio plasma wakefield
respectively g2 /7y acceleration Nuclear Inst. and
' . el /1| Methods in Physics Research, A
 The delay between the current maxima of the two bunches Ay 909 (2018) 107-110
was 10 pS_ 0—5 15 a /2|0 — 25
. - _ 13 pulse time [ps] ‘ . . . 1, exp. 075
* Gas dISCharge plasma Ce” ~ 100 mm and ne - n X 10 Fig. 1. Sin?ulatcl-d Dutput.shapc of an idc:al birefringent flan filter with crystal jk':m %
* Simulations performed using ASTRA and 3D particle in cell Combned o he averll e e peses et o5
(PIC) code HIPACE s lozs &
(a) without plasma (b) with plasma é 0 0 g
T @
a -15 . -0.25
2 5 10 15 20 25 30
R £ [ps]
D g FIG. 2. Experimental and simulated electron bunch currents /,,
% % (solid lines) and slice energy changes AFE;.. (dashed lines)
£ between plasma off and on cases in the comoving coordinate
3 &=z/c. Blue cross and red circle indicate measured and
ﬁ simulated maximum witness energy gain, respectively. Total
§ charge of ramped driver (right) and short, low charge Gaussian
witness bunch (left) is 518 = 16 pC. The time resolution of the
228 23 232 234 236 measurement is 0.6 ps.
E [MeV] E [MeV]
+2.2
FIG. 4. Longitudinal phase space of driver and witness bunches measured without (a) and with (b) plasma acceleration in a plasma of M €asu red tra nSfO rmer Of 4' 6 -0.7

2 x 103 ecm™ electron density. Note that the upper (witness) bunch was imaged with a different camera gain than the driver. Dashed
lines indicate the witness mean (green) and maximum (red) energy and the driver mean slice energies (white). The bunch current and the

measured slice energy changes inside of the driver bunch, corresponding to this measurement, are shown in Fig. 2. [16] G. Loisch et al. Observation of High Transformer

Ratio Plasma Wakefield Acceleration - PHYSICAL REVIEW
A. Girib - EuUPRAXIA PP A | Meeting 2024 22-28 Sept .
202111” ono - Eu _ nnual Meeting ep WWW.eupraxia-pp.org LETTERS 121, 064801 (2018) 53



PRA A Hybrid schemes: PWFA+LWFA
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[18] A. Martinez de la Ossa - @ ’
* This is not meant to be a review = there are many other Wakefield-induced ionization t Y .4 ‘

methods to be explored injection in beam-driven o e’ - ' 11:
plasma accelerators Phys. :

Plasmas 22, 093107 (2015)  _ = “’"_, - _u L

iy

xa 0 }L-" =y i B 'r:‘_-_._—»'— - 40 E
-2} ! -2
Fw,
UCLA SLAE N & © .
; 2 _q—_ T uw
PWEFA driver *% g . ‘ =
i E-304: Density Downramp with Gas—Jet in Static-fill (GIS) Configuration >0 ) e ¢ g
e | —— -
|4— ~4 m H; between the Be windows —» _.final longitudinal phase space ) 2. i” =
‘hydrodynamic’ smwcen .
shock ' 50 pm 10 GeV drive beam —» o _—
" " | : | &1 _— Beam energy ~ 18 GeV uf
laser <+— 5-mm gas-jet = 50 u
LWEA blocker. ionisation 10 —
drive laser laser i . 2 ik
i adjustable peak (e.g., 20 5 o 5 S M I
% _. >2e17 cm3)¢ frnn’! scale dogrérﬁ\qr?sp . €lum) @m ﬁ f .
PWFA' “’b'g‘:;s Pl L ) avg. current ~4 kA 210 r\lf“,“‘ y T
drive beam @ """"""""""""" @ “~| |- |bunch length ~50 ssfv M \ ,,w 0 £ |
hydrodynamlc 20 Hm wire s h ~ 200 “l J 5 10 15 20 25
‘shock ) ! L - |charge ~ p? i ‘.4 E[Gev]
drive beam self- ~3 m, up to 5 Torr staticfill " fhry W\ 1 ‘
focuses (QPAD)  for acceleration of injected 0 M ) -
bunch (6591 6 cm'3) (QPAD) 0 " £ [um] 0 * 0 FIG. 1. An OSIRIS 3D simulation of a high-current (/;, = 10kA), moder-
" J U v ately wide (k,g, = 0.8), axially symmetric Gaussian electron beam, going
- through a plasma at the (linear) resonant length (k0. = v2). (a) Spatial
(‘DQPAD @ QPAD ey - | p;umlc .{c:]\:n_\. (b) lu:guud:jnal clmkm field. ud; u]:n.;\“;’cd‘}akcndd- (Id)
. N i A o A-c A S R 5 —T R RRRamasmeaas e ] electric field magnitude, and (e) wake potential. Red solid lines are the
Figure 10. Gas-dynamic density downramp injection, realized by wire-induced shocks in the PWFA || BT "250 KA spikel .self-rfoc edd ! o @ OS”:"S @ Import into QPAD i SE%‘?ﬁrmec ®| comesponding quantity along the on-axis region, except for () and (d),
gas jet. Shadowgraphy reveals both the PWFA-driven plasma wave and the hydrodynamic shock = ] > v |njecled bunch El 4 driver i . where the profile is taken 0.1k * off-axis. The outer and inner circles rep-
Gfile (ﬁ ure from [50]) low-current beam I E&ﬁ%‘ﬁ | depleted driver 4 resent the blowout radius estimations through Egs. (6b) and (9), respec-
P 8 % : a ~ l E \ drr:ver nft i l i | tively. The dark dotted lines in (b) indicate the model estimations for
3 R — shown ! the maximum decelerating field in the beam region (right horizontal line.
- - - L L L._h-m — — I | E 3 = 2 BT
H H e T R s S —— s — - (6a)). the maximum accelerating field (left horizontal line, Eq. (8a)).
[20] Be rn ha rd H Idd I ng = Prog reSS s and the longitudinal field slope around the center of the cavity (diagonal
. . . . line, Eq. (7).
in Hybrid Plasma Wakefield [19] FACET-II: Status of the First
Acceleration Experiments and the Road Ahead

Photonics2023,10,99 EAAC2023 Mark J. Hogan PWFA + LWFA

- See Andrea Renato Rossi’s talk
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* A baseline solution has been studied for the PWFA based 5 GeV case

* The integration in the layout has been addressed - beam dynamics
studies to be completed

* Further accelerating schemes and beam shape tailoring are under
study versus higher transformer ratio = smaller footprint and room
for possible applications and ‘save’ beam dump

 PWFA+LWFA: a possible solution > more details in the next talk

A. Giribono - EuPRAXIA_ PP Annual Meeting 2024 22-28 Sept
2024
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