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Horizon 2020
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Horizon 2020

1.
EuPRAXIA@SPARC LAB -
like Photoinjector (500
MeV)

— Quasi-Conventional
RF machine

— Critical parameters
only at plasma
injection (beam size
and bunch length)

2. Ares-like Photoinjector
(240 MeV)

— Conventional RF
machine

— Critical parameters
only at plasma
injector



PRAI\GA 1. EUPRAXIA@SPARC_LAB-like

GUN Solenoid  ICT 01
Starting z=10.4 cm Estim. Starting z=100 cm
End z=30.4 cm Estimated End z=120 cm

View Screen 02

Estimated Starting z=460 cm
Estimated End z=470 cm

View Screen 03

Estimated Starting z=818 cm
Estimated End z=828 cm Esti

Horizon 2020

View Screen 04
Estimated Starting z=1160 cm
ted End z=1170 cm

00 01 02 03 04

BPM 02

Estimated Starting z=140 cm
Estimated End z=165 cm

View Screen 01
Estimated Starting z=113 cm
BPM 01 Estimated End z=123 cm

Estimated Starting z=50 cm
Estimated End z=75 cm

RF gun
Starting z=0 cm
End z=15 cm

05 06 07 08
S Band 02
BPM 03 Starting z=504.88 cm

End z=812.67
Estimated Starting z=483 cm naz em

Estimated End z=508 cm

S Band 01

Starting z=144.98 cm
End z=452.77 cm

RF-injector area
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BPM 05

Estimated Starting z=1180 cm
Estimated End z=1205 cm

S Band 03

Starting z=834.78 cm
End z=1142.57 cm

BPM 04

Estimated Starting z=838 cm
Estimated End z=863 cm
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PRA/\GA 1. EUPRAXIA@SPARC_LAB-like

X-band linac area

X Band 02

Starting z=1434 cm
End z=1484 cm

X Band 01

Starting z=1372 cm
End z=1422 cm

DIPOLE 01

E. Starting z=1335cm
E. End z=1370 cm

CBPM 01

E. Starting z=1490 cm
E. End z=1500 cm

QUAD 05

Starting z=1678 cm
End z=1693 cm

CBPM 02

E. Starting z=1660 cm
E. End z=1670 cm

X Band 05
Starting z=1706 cm
End z=1756 cm

X Band 08

Starting z=1944 cm
End z=1984 cm

Horizon 2020

UAD 07
Q X Band 09

Starting z=2004 cm
End z=2019 cm

Starting z=1768 cm

Starting z=2039 cm
End z=2089 cm

X Band 10
Starting z=2101 cm
End z=2151 cm

E. End z=1325cm

QUAD 03
Starting z=1265 cm
End z=1275 cm

QUAD 02

Starting z=1245 cm
End z=1255 cm
QUAD 01

Starting z=1220 cm
End z=1230 cm

XBand 03
Starting z=1549 cm
End z=1589 cm

View Screen 05
E. Starting z=1520 cm
E. End z=1530 cm

QUAD 04

Starting z=1504 cm
End z=1519 cm

A cavity BPm every two X band maodiiles:,
A View screen every 4 X band modules

Starting z=1872 cm
End z=1922 cm

View Screen 06
E. Starting z=1861 cm
E. End z=1871 cm

QUAD 06
Starting z=1845 cm
End z=1860 cm

CBPM 03

825 cm
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2 13 14 16 17 19 20 21 22
QUAD 08
TDS 01 X Band 04 Starting z=2179 cm
. _ Starting z=1601 cm End z=2194 cm
E. Starting z=1275 cm End 221651 cm SCtaBrt?n';/L?gto .
X Band 07 End z=2000 cm

CBPM 05

Starting z=2110 cm
End z=2120 cm



PRA IA 2. Ares-like

Horizon 2020

Faraday Cup
Dual plane sereen
P Faraday Cup
steerer
) Beam .
Solenoids Arrival TEM Grids &
Cavity Pepperpot Dual plane
steerer

IJ ‘T<._.

E K Laser Screen

BPM ) Dark.Current
Dipole Monitor Screen
input
| | | | .
om 0.406m 0.8515m 1.2855mi298°M 4 4goom 2.3665m
RF gun area
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PRA 1A 2. Ares-like

Horizon 2020
Entrance of 1%t linac cavity at 2.5m from the cathode

(Rt | B

Station

i | [8PM |
==
—[mi --- e
N\
1st TW \ \
-0.5 {cavity Dual Single
Plane Plane
alve Steerer Steerer

L . L '
6.5 7 75 8 85

End of |inét:

o

1.36m space between cavities

il =
Gun and Two 4.2-m-long traveling-wave More traveling-wave TE
solenoids  structures with surrounding solenoids structures ?
Plasma
=
A & 1 BPM
3 1 screen @ slit location
Matching sectjon Chicane with a collimator PMQ triplet CSR monitor at BC exit

Charge measurement
BPMs

BAC Spectrometer Dipole, 30 deg angle to
permanent diagnostics beamline (2 screens +
charge measurement+ steerers and possibly
guads)

TDS
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PRAA  Laser Plasma Injector

Horizon 2020

Laser injector 150 MeV

BTl 5 Gev |
Scheme 1 CNR (1 GeV) — Unconventional
L, machine, large
500 MeV HETL energy spread (5%)
5 GeV .
W Scheme 2 DESY (1 GeV) — Driver problems
F i — Space problems

@ LETL

| 150 Me HETL
A 5 GeV
1 GeV
Scheme 3 157, LR CEA (Lel)
LPGP, CNR

500 Me HETL
RFI PPAS 5 GeV

Scheme 4 LNF SR,

> NS U
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PRA IR

After laser injector

* Energy spread about 5%
* Bunch length few fs
* Driver removal?

* For the commissioning phase we can
consider to have diagnostics starting at 0.4
m, including

dipole

No TDS!

CTR

view screens

Betatron radiation monitor
Emittance measurements

* Problems for normal operation
— We need space for putting a least a

dipole and a BPM
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Horizon 2020
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Hot topic to be discussed



PRA (1A After Plasma

Horizon 2020

HETL I * High energy

e T B> 5 Gev
Scheme 1 CNR (1 Gev) beam
] * Driver removal
500 MeV HETL c ey .
W Scheme 2 DESY (1 GeV) Issue
] o e Space problems

LETL

150 Me '
A HETL e,
1 GeV
Scheme 3 i57 LLR CEA (1 Gev)
LPGP, CNR

500 Me HETL '
RFI PPAS 5 GeV

Scheme 4 LNF (1 Gev)

>TSS
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E 'PRA‘;\éA

After plasma booster RFI

Increase the matching section to host

a dipole

Betatron radiation for in-plasma
emittance diagnostics

Quadscan, permanent quad scan,
new developing methods for
emittance after 4.0 meters

TDS for bunch length
Driver removal?

500 MeV HETL

5 GeV
Scheme 2 DESY (1 GeV)

INFN
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Hot topic to be discussed

11



E 'PRA;\GA

After plasma booster LPI

* Increase the matching section to host
a dipole

* Betatron radiation for in-plasma
emittance diagnostics

* Quadscan, permanent quad scan,
new developing methods for
emittance after 4.0 meters

e TDS for bunch length
e Driver removal?

5 GeV
(1 GeV)

Scheme 3 157, LLR
LPGP, CNR
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Beam sizes [um]

Horizon 2020

AR — 3 X Oy
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Hot topic to be discussed
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E 'PRA‘;\éA

After plasma booster RFI

Scheme 4 LNF

Increase the matching section to host
a dipole

Betatron radiation for in-plasma
emittance diagnostics

Quadscan, permanent quad scan,
new developing methods for
emittance after 4.0 meters

TDS for bunch length
Driver removal?

500 Me HETL
TS s cev

(1 GeV)
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Horizon 2020
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Hot topic to be discussed
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“uPRA SIA

Horizon 2020

 Compact view screens (SPARC_LAB exp.
2019)

Developing
new
diagnostics

14

A. Cianchi— Eupraxia 2018 Yearly meeting and 4t collaboration week



EuPRﬁp)(dA

Horizon 2020

 New TDS (Desy-PSI-CERN) exp. 2019

Developing
new
diagnostics

15
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PRA 1A

Horizon 2020

e Single shot CTR (Eli-Beamlines@SPARC-
LAB exp. 2019)

Developing
new
diagnostics

16
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PRA /\GA

Horizon 2020

* CSPR (LAL@SPARC_LAB exp. 2019)

Developing
new
diagnostics

17
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PRA /\GA

Horizon 2020

e Cherenkov Monitors (CERN test @SPARC_LAB
exp.2020)

Developing
new
diagnostics

0 200 400 pixels 600

S. Mazzoni et al, «Recent Results on Non-invasive Beam Size Measurement
Methods Based on Polarization Currents”, IBIC 2018

18
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PRA IA

Horizon 2020

* Single shot emittance with optical pepper
pot (SPARC_LAB exp. 2019)

Developing
new
diagnostics
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Cianchi, A., et al. "Transverse emittance diagnostics for high brightness electron beams."
Nuclear Instruments and Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment 865 (2017): 63-66.

19
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“PRA (A

Hori202020
* Micron cubed particle beam with sub micron

resolution by induced plasma density,
distribution and temperature

PIC simulation results

Developing
new
diagnostics

y \< Electron beam
Pusher plate Eeu ~

LCLS, SLAC, (happening now)
FLASH FORWARD, DESY, 2019

Roxana Tarkeshian, et al, PRX, 8, 021039 (2018) 20
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Actual Cost

Estimation

Diagnostics

BPM

CBPM
Screen
TDS X
TDS S
Toroids

betatron
radiation

BLM

betatron
radiation

CTR

Total (no VAT)

unit cost number

13000
20000
13000
660000
240000
12000

30000
20000

65000
15000

A. Cianchi — Eupraxia 2018 Yearly meeting and 4th

collaboration week

5
18
12

Horizon 2020

total

65000
360000
156000
660000
240000

48000

30000
20000

65000
15000

1659000

21



* 4 *
Horizon 2020

PRA 1A Milestone

(] 28/0 2/20 19 Project Number: 653782

Project Acronym: EuPRAXIA

1 We h ave a I rea dy Project title: European Plasma Rescarch Accelerator with eXeellenee In Applications
about 60 pages

e Still to describe o Milstone Report
bette r th e M 5.4 Delinition of diagnostics belore and alter the plasma channel
diagnostics after
the plasma booster.

* Cost estimation

* However, we
consider to produce
also a refined
version for final CDR e e e R

Grant Agreement 653782 PUBLIC 1
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PRA 1A Contributors

* 4 *
Horizon 2020

* Thank you to all the contributors
— DESY
— LAL
— Eli-Beamlines
— CEA
— INFN
— Cockroft
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