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the PERLE project. Wor

Task 2.1: Task 2.2: Task 2.3:

WP2: Accelerator Design

Lattice and optics Beam Dynamics PERLE Footprint

» Task leader : JCLab : Luc Perrot / Jlab : Alex Bogacz
. zzz:i:r » JCLab members of WP2
s buncher  Alex Fomin, IN2P3 Post-doc, since February 2022, 100%
* Connection section  Rasha Abukeshek, UPSay-1JCLab PhD, WP2 & WP6, 100%
* Julien Michaud, CNRS researcher, from November 2022, 100%
e LINAC * Coline Guyot, UPSay-lJCLab PhD, 50% (Christelle Bruni, CNRS)
~ +  Arcs > Partners of WP2
 Bertrand Jacquot, CNRS GANIL-SPIRAL2, 30% for WP2
* Hadil Abualrob, prof. Naplouse Univ. (Palestine)
* Extraction section * Rodolphe Marie, 1JCLab workshop, mechanic
—* Junction line to users « Connor Monaghan, PhD at Liverpool University, since October 2022
* Junction line to dump * Robert Apsimon, Cockcroft Institute (UK)
* Peter Williams, STFC Daresbury (UK)
«  Optics / beam dynamic » Former Partners of WP2
~ +  Footprint * Gustavo Pérez Segurana, PhD at Lancaster University (March 2021)

* Ben Hounsell, PhD at Liverpool University (March 2022)
 Kevin André, Post-doc at CERN
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1 Outline e PERLE

Historic perspective and PERLE timeline

Lattice design ( 250 and 500 MeV versions with maximal compatibility )

Filling patterns ( optimal for lower energies )

Optics ( comparison of 250 and 500 MeV version )

Beam Dynamics Studies

22/06/2023 Alex Fomin Lattice design of 250 MeV version of PERLE PERLE Collaboration meeting at CERN
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Historic perspective
and PERLE timeline
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% Energy Recovery Linacs

Accelerating two beams, colliding them, and then dumping them is extremely inefficient.

Maury Tigner, A Possible Apparatus for Electron Clashing-Beam Experiments, N.Cim 10(1965)1228

interaction
regions beam path
bending magnet ™ _!_,__ N Recirculation lattice to recycle kinetic beam energy of a decelerating beam

for acceleration of a newly injected low energy beam.
Avoid synchrotron loss initiated emittance growth as in storage rings.
Minimize power consumption (by an order of magnitude) and dump at Ejnj

% S.W accelerator secﬁon
electron

N LEARAARERE
o jﬂ““% VTOB .
s _--‘-._ . '

out focusing
power magners bendmg
Source magnets

“There will be no future large-scale science project without an energy management component,
an incentive for energy efficiency and energy recovery among the major objectives”

Frédérick Bordry, Director for Accelerators and Technology at CERN (2019)

Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)
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M Beam parameters for the LHeC ex

M. Klein, Status Report on LHeC to ECFA (CERN, 28 Nov 2008) 3o P33
@ EXISTING INFRASTRUCTURES L

LHeC Study Group, Report on the Physics and Design Concepts @ HL-LHC
for Machine and Detector (CERN, 13 Jun 2012) LHeC
LHeC
Parameter Unit Electron  Proton
Beam energy GeV 50.0 7000.0
Beam current mA 20.0 1400
Bunches per beam 1188 2808
Bunch population 1010 0.3 22.0
Bunch charge nC 0.50 35.24
Normalised emittance at IP | mm.mrad 30.0 2.5
Betatron function at IP cm 10.0 10.0
RMS bunch length cm 0.06 7.55 Y
Installed RF voltage GV 17.2% 0.016 e
Beam-beam disruption 14.3 1 x10°° A X \
Luminosity cm 2.5 ] 6.5 x 1033 - K -

P7

High power electron beam based on three-turn ERL racetrack utilising 100 MW electrical power consumption as a result of the high energy

recovery efficiency. ERL circumference equivalent to one-third of the LHC. The ERL could be realised in staged phases.

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)
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% ERL Test Facility - injector for LHeC

—

2] P —"

Could the TF later become the ¢ W, |
LHeC ERL injector ERL? First Idea

E. Jensen: ERL and Frequency Choice
Injector ERL 400 MeV presented at 2012 CERN-ECFA-NuPECC
N Dump Workshop on the LHeC
S ' z — (14—15 Jun 2012 Switzerland)

Source

LHeC ERL 60 GeV

%

very preliminary — just an idea by Rama and me yesterday.

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)



% First lattice design of ERL TF (by A. Bogacz)

JLAB Seminar: E. Jensen, ERL Test Facility at CERN (August 2012)

V LH.O JLAB Seminar, August 2012 BETT; ERL-TF (300 MeV) — Layout

S—Lz Thanks, Alex (received this morning)!

Alex Bogacz

200-400 MeV ERL Layout
4x5cell, 721 MHz

AE =75 MeV

SCL1
e e AE =75 MeV
uuuuuuuuuuuuu el e ol ot »
e .
~6.5m
units 1-CM 2-CM
Energy [MeV] 100 200-400
Frequency [MHz] 721 721 Two passes ‘up’ + Two passes ‘down’
Charge [pC] ~500 =500
Rep rate CW CW
SO & fersend B R GTCERITS - — ,!effezon Lab Thomas Jefferson National Accelerator Facility m——————— LH C_

August 2012 E. Jensen: ERL TF @ CERN ? 2z

21/09/2023 the P_Iex Fomin Universite Paris-Saclay, CNR_y, France)
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¢

.Y ' Be'ﬁ E. J . C t of PERLE
What are we tall(lng about’ i 5 )/ ensen: Concept o

presented at LHeC Workshop 2015

* Let’s call it PERLE for now (Powerful ERL for Experiments) — (24-26 Jun 2015, CERN)
please propose a better name!

ARC 2 300 MeV M. Klein, Meeting on PERLE at Orsay

P P P N SRR SRR ' Report on Discussions with LAL+INP directors
. 900 MeV TS ===>{ ARC 5 750 MeV
~ G~~~ .&J (21 OCt 2016, CERN)

12.8 mA (320 pC x 40 MHz), CW Up to sixteen 5-cell cavities in four cryomodules, 802 MHz, 19 MV/cavity

PERLE
Conceptual Design Report
(24 May 2017)

» Construction in stages:

© Initially: Injector — Cryomodule — Beam dump,

° add arcs
> add CM’s o et
e PERLE ot S PERLE
° ... later use as user facility ... Technical Design Report
(scheduled for 2023)

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)
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‘h PERLE CDR

900 MeV PERLE... Downsizing S PERLE

CDR (900 MeV)

E. Jensen: Concept of PERLE
presented at LHeC Workshop 2015
(24—26 Jun 2015, CERN)

Alessandra Valloni

Alex Bogacz

circa 2015 M. Klein, Meeting on PERLE at Orsay

Report on Discussions with LAL+INP directors
(21 Oct 2016, CERN)

- -
ot oy e

PERLE
Conceptual Design Report
(24 May 2017)

- -
- -
- e - -~

PERLE
Technical Design Report
(scheduled for 2023)

|
I ..!eff;?son Lah ===  Thomas Jeffers
Al Alex Bogacz ERL'17, CERN, June 20, 2017 7

Operated by JSA for the U.S. Department of Energy

21/09/2023 the PERLE p- Alex Fomin Universite Paris-Saclay, CNRS/INQPQ-O (Orsay, France)




M PERLE Target parameters

A hub to explore a broad range of accelerator phenomena and

to validate technical choices improving accelerators efficiency

o ®
o!
e PERLE

PERLE at Orsay as a demonstrator facility for the LHeC

- - - 106 . \ \\\\H|‘\ \ \\\\Hr\ \ \ \\\\Hr\ \ \ \\\\Hr\ \ \ \\\\Hr\ \ \ T T T H
In an unexplored operational power regime on the pathway g ~ . S S S :
- | @ Completed DY Y R EXMD ™ < ]
of the ERL technology development for future energy and . |@ Ongoing (cold) |- . . . ® o
. . . . < h ~ - N h N i} o ~ ‘ - \_‘
intensity frontier machines. 10° || @ Ongoing (warm) T~ T~ C;C [~ receh TERLC =
- |@ Inprogress - a o® 3 :
| @ Proposed ~ N S~ LHeC = . "~y
: 104 > " CEBAF > S e =
Target Parameter Unit Value - = . O - N - E
Injection energy MeV 7 é) E S S S S S S lolp:
Electron beam energy MeV 500 = 3 N ~_ CEBAF So RN RN S
>\. 10 ?\ - § ~ - ‘ (l—pass) T ~ T \I\’ERLE T ~ - _é
Normalised Emittance mm mrad 6 o0 R S S . O S -
L B AN T~ T~ "~ _ JLabFEL T EIC CeC \\\]00/17 |
Average beam current mA 20 = L S S S T NN S Ty
H ) S-DALINAC - S ) ® .\ - @ S
Bunch charge pC 7 500 107 v epasy - = S T~ BN =
N ‘ S ‘ CBETA - Recup. ‘ S ‘ S -
Bunch length mm / 3 C T @ auce . (I-pass) ™ > (4-pass) < _ BERLIPRO  ~ {0 by
Bunch spacing ns / 25 10! | R Sy \ \cE‘RL "~ Recup. ® R ]
E~ = = - (1-pass) T< _E‘
RF frequency MHz /| 801.58 AN ) :
- \\\ \\\ \\\ \\\ \\\ \\\] :
Duty factor / // CW L < g, L 7 SR ~ oy, Sy,
/ 100 |1 \\?/ |1 \\?/ |1 \\JLP |1 \\fl/ |1 \\JLI/ |1 \\H\\
1073 1072 107! 10° 10! 107 10°

Matching the LHeC parameters

Average current in mA

21/09/2023

Alex Fomin

the PERLE project Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)



M PELRE: Powerful Energy Recovery Linac fo

recirculation Arcs for beams
at different energies

Two cryo-modules with 4 five-Cell cavities, each provides a total gradient of 82 MeV Three staked isochronous
3 accelerating & 3 decelerating beams at different energies travelling in the CM %

89 MeV
253 MeV
418 MeV

Two switchyard:
vertical separation/recombination

Dump of beams at different energies

at 7 MeV

Two Interaction Points

500 MeV x 20 mA = 10 MW \

..,.,q f D Injection at 7 MeV
HV tank ‘m:‘r l
171 MeV O 9@ o 3 i | o SR
366 MeV Ty L 3 'EL‘ ) '; “—— DG gun
200 MeV I 350-500 kV

21/09/2023 the PERLE p- Alex Fomin Universite Paris-Saclay, CNRS/INQPQ-O (Orsay, France)




M PERLE Footprint: Site studies

Two sites are currently considered and will be studied in details
for possibly host PERLE at IJCLAB (Orsay, France)

e the Super ACO Hall

e the IGLOO.

cuo

H

PERLE feature a total footprint of:

30 meters long, 15 meters wide and 3.4 meters high.

I T S

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)



o ®
e PERLE

h PERLE Footprint: Site studies

" Studies of special and structural feasibility in the two sites just started.
= Several scenario of PERLE implantation will be proposed with solutions to deal with constrains of each site.

Costing of each scenario will also be provided.

I MM
ululliful

m NNMime

W W W W

. . e . Limited space for the machine
Important available space for the machine and ancillaries installation . .
and ancillaries installation

Low ground charge capability High ground charge capability

Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)

21/09/2023 the PERLE project Alex Fomin
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Phaseél: Installation of the injection line

.

r

Phase 2: PERLE 250 MeV

N~

[Phase 3: PERLE 500 MeV

2020 | 2021 2022 | 2023 2024 | 2025 2026 | 2027 2028 2029 2030 | 2031

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)




¢
M Financial resources- Budget Estimation

The global cost of the full machine ~27 MEuros.
(This estimation did not include manpower cost)

The following table presents an Ideal Spending Profile splitted in P2B phase, Construction, Construction-
Infra (infrastructure equipment installation) and Upgrade to 500 MeV.

0 U 24 0 JZ2C 0 JZ2¢& 2S5 Jo(C 0 Otc
P2B (k€) 168,5 (630 |[610 |218 |O 0 0 0 0 0 1626,5
Construction (k€) 0 0 0 2970 | 7300 (6200 [1050 |0 0 0 17520
Constr.-Infra (k€) 0 100 |500 |1100 |1600 {500 (O 0 0 3800
Upgrade 500 MeV (k€) | O 0 0 0 0 0 350 |1600 (1830 |550 |4330

21/09/2023

the PERLE project

Alex Fomin

Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)
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Lattice design
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Oh PERLE 2.0 (500 MeV) - Baseline Layo

Footprint: 29 m x 5.5 m x 0.9 m

7 MeV
1:3:5
! AE = 82.2 MeV .
' \
I .
> m, Top view
S B f
l 20 m i
|
: //
: AE = 82.2 MeV '
......................... B iprs—— S SR S-S R eareT ey
10
7 MeV m @i
| 45 cm Side view
t 45 ¢cm
As=7\.RF/2 IP

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)
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0“ PERLE 2.0 (500 MeV) - Baseline Layou

Footprint: 29 m x 5.5 m x 0.9 m

7 MeV
1:3:5
! AE = 82.2 MeV \
|
>Sm, Top view
S W :
: 20 m i
|
: //
: AE = 82.2 MeV '
_________________________ Bt S G S-S R erarsm ey
10
7 MeV m @i

Denis Reynet (Département Mécanique, IJCLab) proposed to flip the lattice vertically to have an easier access to the IPs

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)



¢
M Motivation for one cryo-module ph

250 MeV version features three Straight Sections replacing Recombiner, Common Section 2, and Spreader

% a
)
s \%& %
\%

hiccior [
7

+ 82 MeV

7 4y, Y
% Cryo y’
*

IP IP

Pros:

— reduction of immediate expenses (time for the first results) ( second cryo-module and 18 dipoles can be purchased later)
— demonstration of ERL with 6 paths at high current (same as in 500 MeV version, but with half of the power )

— more space for experimental areas

Cons:

— additional expenses / manpower / shutdown time (rebuilding / recommissioning for the full power machine)
— about 30 meters of extra beam pipes ( all other main elements are chosen to be compatible with both versions)

— a slightly larger footprint (28.6 m = 29.9m)

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)



% Lattice design. 250 MeV & 50

250 Mev InjECtion @ 7 |V|eV M
- + 82 MeV
IP1
253 MeV P2
ecombiner 1 171 MeV

R g9 MeV
. Z
three Straight Sections v I .

28.6 M

Injection @ 7 MeV M — \\
418 MeV
500 MeV / + 82 MeV 553 Me\\ll ¢
g9 Me ’
500 MeV + 82 MeV ) — /
Recombiner 2 336 MeV N _

e ' biner 1
A IP1 = eV Common Section 2 Recom
"- @
w pumyp

All main elements are compatible with both versions !

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)



M Spreaders / Recombiners

. . . : AE = 82 MeV
The ratio of the energies in 250 MeV version is very close to the one in Arcs 2,4,6: o~ 7 MeV
y, m
0.00 - AE+Eo : 2AE+Eo : BAE+E0 = 1 :1.92 : 2.84
] 2AE +Eo : 4AE+Eo0 : 6AE+E0 = 1 :1.96 : 2.92
~0.45 -
‘ — we can use the same magnets,
1 Az =3.5¢cm Ayszm 220 MeV _ _
-es0 —/™,e ™ — the lattice should be adjusted
-40 -35 -30 -25 -20 -15 -10 -05 zm

Arcs: 4.5.6 All six arcs are chosen to be the same as in 500 MeV version ( for compatibility )

« lengths of dipolesare 33cm (atarcs1,2&3) and 66 cm (atarcs 4,5 &6)

If designing 250 MeV version from scratch ( no compatibility with 500 MeV )
- all dipoles at arcs would be 33 cm ( 18 shorter magnets )

Arcs: 1.2.3 « arcs could be slightly shorter — smaller footprint

Distance between the Arcs and Spreaders should be adjustable
- to form an optimal filling pattern, i.e. placement of accelerated bunches between the injected bunches
« tune phase adjustment between accelerations at RF cavities

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)
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% Quadrupole Magnet (work by

Multi-coil design

G=34.15T/m
7 Parameters Value
0.6 - By [T] = 0.03415 * xImm] -7.3e-09

60 1 Height 250 mm
_ Yoke thickness 35mm
E -
£ Length 150 mm
> 30 -
- Aperture radius 20 mm
10 4 Pole width 44 mm
D 60 70 20 Max. gradient 44.1 T/m
3.526849E+00
NI per coil 1750.7 A.turn
N 200 1.800000E+00
Pole tip field 0.685T
1.600000E+00

2.S00000E+00
1.400000E+00

v' 15 cm quadrupole: design is

1 2.0000006+00 | R +1,200000E+00
=X
+1.000000€+00 ready up to the 4t arc.
7~1.soooooe+oo
+ 8.000000E-01 . .
v arcs 5 and 6: design saturation.
1 1.000000E+00 +6.000000E-01 |
| 4 00000001 Suggested solution: pole tapering
S.000000€E-01
' 2.000000E-01
0.000000E+00

0.000000E+00

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)



M Spreaders / Recombine

B-Com 81 mm
(2 lines)

Common Section

‘ !‘l—‘

/i
V,

’
55 cm

+82 MeV (3 |ines)

208 mm

Two-step beam separation/recombining ( proposed by A.Bogacz ) Grouping into two doublets

— reduction of dispersion ( quadruple triplet between dipoles ) — more space for instrumentation ( if needed )
— distance between the beam pipes < size of the quadrupoles ( current design) — possibility to host IRs at the spreader ( like 500 MeV )

— not enough to install chicanes ( phase adjustment for RF )

B-Com 230 cm

(2 lines) < >
Common Section =

=T =
I 83 cm
————>  B-com - B spfgtE &
135 cm
Extending distance between dipoles at middle spreader

— no overlap of quadrupoles

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)
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M Types of dipoles for ERL part. 250 MeV

The dimensions of dipoles were slightly adjusted in order to reduce the variety of magnets — In optics v2.1 there are 7 types of magnets

Type Name Plane Number Function Geometry L,cm Deflection, deg B|, T I, mA
v.250 v.500 min max min max min max
1 Chicane 15cm  hor. 2 Injection and Dump /spreader/correctors/merger R-Bend 15 0.2 15 0.040 100 120
2 Chicane 30cm  hor. 2 corrector with double length and inverted field (w.r.t. Type 1) R-Bend 30 0.4 2.3 0.040 100 120
3 B-Com 3-lines  vert. 2 4 | spreaders/recombiners for 3 energy lines (for all Arcs) R-Bend 33 6.1 30 0.451 0.866 100 120
4 B-Com 2-lines  vert. 2 4 | spreaders/recombiners for 2 energy lines (for Arcs 3,5 & 4,6) R-Bend 33 6.1 15.1 0.451 0.866 60 80
5 R-Bend 33cm  vert. 8 16 | spreaders (one energy line) for Arcs 3, 4,5 & 6 R-Bend 33 6.1 15.1 0.451 0.873 20 40
vert. 6 12 | spreaders (one energy line) for Arcs 1 & 2 S-Bend 33 30 0.472 0.907 40
6 S-Bend 33cm
hor. 18 180° turn of the Arc 1, 2, 3 (6 dipoles per Arc) S-Bend 33 30 0.472 1.342 20 40
7 S-Bend 66cm  hor. 18 180° turn of the Arc 4, 5, 6 S-Bend 66 30 0.453 1.323 20 40
Total 60 78 /

Total number of dipole (ERL only) /

* 60 dipoles for 250 MeV version - the required magnetic field (and beam current) might vary by the factor 2—3 (and 2 respectively) within the same Type of dipole

* 78 dipoles for 500 MeV version - “S-Bend 33cm” at the Spreader/Recombiner sections is in vertical orientation and in horizontal at the Arcs

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)
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Filling Pattern
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M Filling pattern for 250 MeV versio

Consecutive injections ( vinj= 40 MHz ), RF cavity (vrr=801.58 MHz ) = spacing between injections 20 x Arr

Distance between the arcs — path length of the bunch between consecutive Vrr/ Vinj = 20, Arr=37.4 cm

passes — form the filling pattern (placement of accelerated bunches between

the injected bunches) / Position, Arr _
—>

. _ - -20 Injection Ener MeV 0 Injection
To reduce the risk of beam break-ups — uniform filling pattern RQL_7 gy, — 897

Six possible options of uniform filling patterns

0 Pass 1 7 Pass 2 14
Q—e—o—0—0—0—2nf)0—0—0—0—0—2=2nf o o

® @

O—t—0—0—0—0—=3—0—0—0—0—=3pf) © o o o o

O—to—0—0—0—=3@—0—0—0—0—0—=3pf) © o o o o
0 13

e e o
O O Oo

Uniform filling pattern, Lpass= 160+ Ai, Ai=7,6,10.5,6, 7
Pass 3 3.9 10.5 Pass 3

O— - = O - - = @ — = = = (O 0 160+7 320+13 20
® ® ® ® ® ® ® @ ®# @ & o 9 @ @ 0O

o0 000000 72171 Pass 1 171336 Pass2 336500  Passs 72171

@Q—r—0—t0—0—0—0-"LD>»

O— - - - = = 00— — 0
O—t—t—@e o o QO o o o @0

® ® ® ® ® ® O ® ® ®# ® ¢

- — @ - - O ) .
O— - - - 00— — 0 o— - — — — — O
9.5 16.5 A, ' '
Ss

2.5 Passes 4 & 5 175 option 2 & 5 have

P e :‘:L: —C — bunches of lowest 500336 Pass-2 336—171 Pass-1 1717
— energies separated

O 000 ® @ » & e -4n

.Q:/../g,o—. 0o o o

520+3.5 680+9.5 740+16.5

@)
@)
@)
@)
@)
@)

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)
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Forming the Filling Pattern. Injec

Linac 1 (£82MeV) 20ma .
Pass 1 p i i
IR2 i e ~
500 MeV : ! 0mA
o o i i \ OmA
Injection S50 MeV ; ; \ 1 \
171 M - : m
7 MeV bunches are injected at Linac 1 section 1L MeV - | : S
™ . :
- ! !
at the rate of vinj= 40 MHz (every tinj = 25 ns) 7 MeV /o .- - AN Y \
target current is 1 =20 mA S Zoma Arc 6 W ﬁrc g r
Arc 4 rc
— charge of one bunch Q = 500 pC (3x10° e-) 12 Arc 2 i i Arc 1
+ Injection M-===-=======---------m e e e
RF Cavity (vre=801.58 MHz)
— spacing between injections L inj = 20 Arr
Ver/ Vinj=20, Arr=34.7 cm
Pass1l Linac1 — Arc1 — Linac2 — Arc?2 )
7— 89 MeV 89—-171MeV
N y .
- — IR1
Pass 1 length (Arc1 + Arc2 + 2 Linac) L pass1= 167 ARF x| 118 Moy
— the 9t injected bunch is followed by the accelerated
OmA 253 MeV
bunch shifted by 7 A rr K l
20 mA O 89 MeV
Y
- 0OmA ~
7 MeV

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)



Forming the Filling Pattern. Pass

Passes 1-2 p i i
IR2 i e ~
500 MeV ! ! 2 0mA
o o i i 20mA
Injection 336 MeV ; ; E Q : \
7 MeV bunches are injected at Linac 1 section 171 MeV - i 20%
™\ . :
- ! !
at the rate of vinj= 40 MHz (every tinj = 25 ns) 7 MeV / - Lo AN J \
target current is I =20 mA S oma Arc 6 W ﬁrc g 0
Arc 4 rc
— charge of one bunch Q = 500 pC (3x10° ") J2 Arc 2 E i Arc 1
+ Injection M-===-=======---------m e e e
RF Cavity (vre=801.58 MHz)
— spacing between injections L inj = 20 Arr )
Ver/ Vinj=20, Arr=34.7 cm
Pass1 Linac1 — Arc1 — Linac2 — Arc?2 )
7— 89 MeV 89—-171MeV
N y .
: — IR1
Pass 1 length (Arc1 + Arc2 + 2 Linac) L pass1= 167 ARF x| 118 Moy
— the 9t injected bunch is followed by the accelerated 553 MoV
bunch shifted by 7 A re K o
20 mA O 89 MeV
Pass2 Linac1 — Arc3 — Linac2 — Arc4 X P
0OmA
171—-253 MeV 253—+336 MeV = 7 MeV

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)




Forming the Filling Pattern. Passe

Passes 1-3 p i i
12 i e 3 )
500 MeV : : Q 0 20 mA
3 i | \ 20 mA
Injection (vii=~ 40 MHz) 1=20mA (@=500pC, tir=25ns) 336 MeV . 5 ; \ Q ] \
171 MeV ; i QOA
i 1\

RF Cavity (vre=801.58 MHz) Linj=20Are (Ane = 34.7 cm) ) g
7 MeV / 2.5 1.5) -
20 mA —> «—>
_ ] _ Arc 6 Arc 5 ( )
Pass Lengths Linac 1+ Arcj + Linac 2 + Arc k Arc 4 Arc 3
Arc 2 i i Arc 1
Injection R TR ' *3
Pass | Arcs | L Arcs, A | L Pass, Arr | Ninj | A, Age | At, ps
1 1+2 56 + 57 167 8 7 0.209
2 3+4 56 + 56 166 16 13 0.416 2

3 A

/ /
/
N y
: IR1
Filling Pattern // /t°ta'5h'ﬂ”“‘F soma [
20

\
418 MeV
253 MeV
16x20+13 8x20+7 0 20mA '
1717 500336 Pass 2 336171 Pass 1 1717 20 mA O 89 MeV
J

ATV

7 6 7 _
\J \J - OmA

/ 7 MeV

bunch spacing, Arr

Energy, MeV

21/09/2023
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Passes 1-4

Forming the Filling Pattern. Passe

Linac 1

________________________________________________

*3

*2
#4

1

418 MeV

253 MeV

89 MeV

IR2
4 < 3
500 MeV_ 4 H
3
. . 336 MeV
Injection (v~ 40 MHz) 1=20mA (@ =500 pC, tu = 25ns) € .
171 MeV
RF Cavity (vre=801.58 MHz) Linj=20Are (Ane = 34.7 cm) A
7 MeV
20 mA A
rc 6
Pass Lengths Linac 1 + Arcj + Linac 2 + Arc k Arc 4
Arc 2 i
Injection l
Pass | Arcs | L Arcs, A | L Pass, Arr | Ninj | A, Age | At, ps
1 142 | 56 + 57 167 8 7 0.209
2 3+4 | 56 + 56 166 16 | 13 | 0.416 %3
3 5¢6 | 56+605 | 1705 | 25 | 35 | 0.629
; 2
'
*4
\_ J
o IR1
Filling Pattern 20 mA
20 16x20+13 8x20+7 0 40mA
1717 oass 3 500+-336 Pass2 336+171 Pass 1 1717 20 mA
N N N
7 6 3.5 3.5 | | =°
\J U RA OmA
336500 7 MeV
25x20+3.5

21/09/2023

the PERLE project

Alex Fomin

Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)



Forming the Filling Pattern. Passe

Linac 1 (£82MeV) 100mA -
Passes 1-5 - ; ;
IR2 | e 3 )
500 MeV__ 4 - 8 ! : Q 5 é 40 mA
iect 336 MeV - | i N 40mA
Injection (vin~ 40 MHz) 1=20mA (@ =500 pC, tir;= 25 ns) . ; : ;
171 MeV : ! 20mA
. 1 | :
RF Cavity (vr-=801.58 MHz) Lin=20Arr (Are = 34.7 cm) ) L | ;
72;\/13\/ /i 2.5\ 1.5 E - o
m > >
N o ! Arc 6 Arc 5 r
Pass Lengths Linac 1 + Arcj + Linac 2 + Arc k Arec 4 Arc 3
Jv o Arc 2 | i Arc 1
+ Injection R TR R ' *3
~<
Pass | Arcs | L Arcs, A | L Pass, Arr | Ninj | A, Age | At, ps © 5
1 142 | 56 + 57 167 8 7 0.209 +5
3
2 | 3+4 | 56 +56 166 16 | 13 | 0.416 ¢ < l00mA (£82MeV) Linac 2 2
3 5¢6 | 56 +605 | 1705 | 25 | 3.5 | 0.629
= %
4 5+4 | 56 + 56 166 33 | 95 | 0.837 S #4
5
'
*4
o J ~N
I IR1 e
Filling Pattern 20 mA 418 MeV
253 MeV
16x20+13 8x20+7 0 40mA .
1717 oass 3 500+-336 Pass2 336+171 Pass 1 1717 40 mA 89 MeV
m o)
3 5 3.5 2 Y,
\/ \/ \ U ge? < OmA -
171336 Pass4 336500 7 MeV
33x20+9.5 25x20+3.5

21/09/2023

Alex Fomin
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Forming the Filling Pattern. Conti

Linac 1 (£82MeV) 120maA >
Passes 1-6 - ; ;
1R2 | i 3 4 )
4 « 3 1 1
500 MeV o 3 : : C 5 ' 40 mA
2 : : 40 mA
. . 336 MeV ! !
Injection (vij~40MHz) /=20 mA (Q=500pC, tu=25ns) = - . ; | ‘ Q T \
171 MeV . : ! 40 mA
. 1 | \
RF Cavity (vr-=801.58 MHz) Lin=20Arr (Are = 34.7 cm) ) 9 | ;
725\/1?/ / E 2.5\ 1.5 ! ~ 4
m R e -
Arc 6 Arc 5 a N
Pass Lengths Linac 1 + Arc j + Linac 2 + Arc k Arc 4 Arc 3 %
o Arc 2 : | Arc 1
Injection N e e meemmemmemmemm—ee—eaaaf l b3
Pass | Arcs | L Arcs, A | L Pass, Arr | Ninj | A, Age | At, ps
1 142 | 56 + 57 167 8 7 0.209 +5
3
2 | 3+4 | 56+ 56 166 | 16 | 13 | 0.416 ¢ < l2mA (E82MeV)  inac 2 2
3 5¢+6 | 56+605 | 1705 | 25 | 3.5 | 0.629
4 5+4 | 56 + 56 166 33 | 95 | 0.837 S Lr“
5 3+2 | 56 + 57 167 41 | 165 | 1.046 )
6 1 56 — — — . '
*4
Ny J
[ ] [ ] IR]_
Filling Pattern 20 mA 418 MeV
253 MeV
20 16x20+13 8x20+7 0 40mA
1717 oass 3 500+-336 Pass2 336+171 Pass 1 1717 40 mA 89 MeV
N N N N 6
3.5 3.5 3.5 2.5 3.5
U U U U U 20mA
7171 Pass5 171336 Pass4 336500 7 MeV
41x20+16.5 33x20+9.5 25x20+3.5

21/09/2023

Alex Fomin

the PERLE project

Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)




M Filling pattern 500 vs 250 MeV ver

0 160+7 320+13 20
500 MeV
/=171 Pass 1 171336  Pass? 336—500 Pass 3 /=171
Full length of one turn: (160 + A) Arr W NN NN ('\ NN NN ('\ N N N -0 (’
chosen shift: A=7,6,10.5,6,7 ) SRVAVAVRVAVAVRVAVRURVAVRVAVAVRVAVAY \_J b
— 2.7 m at IPs (28.6 m total ) v v v
, o _ 500—336  Pass-2 336—171 Pass -1 1717
studies by A. Bogacz, P Williams, R.Apsimon,
520+3.5 680+9.5 740+16.5
and K. Andre
250 MeV -20 360-14 180-7 0
(89«7) > 253171 Pass 2 171+89 Pass 1 (89+7)
Full length of one turn: (180 - A) Arr 022
Annnnninonnnnninnnnnnf
optimal shift: A=7,7,25,7,7
— bunches of lowest energies are separated VAAVIRY v J U VU U\Vy v U U U U U \l) v U U
(more important than for 500 MeV version) rass 2 171253 (7‘_89) rass 89171 rass -2
540-16.5 920-10.5 740-3.5
— more detailed studies will follow)

— 29.9 m of total length

(177.5—170.5) A\ar /2 = 3.5 Are = 1.3 m

(ArF = 37.4 cm)

21/09/2023 Alex Fomin

the PERLE project

Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)




Lattice Design and B *PERLE

Optics

28.6 M

Injection @ 7 MeV M 4 MeV \b

500 MeV * 782 MeV 353 Mev ’
— Z

y\l X

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)



O S
e PERLE

% Linac, Cryo-module - Layout

PERLE cavity string inside the SPL cryomodule (work by A. Bogacz)

;! I
I I
| |' = |
: N :
. 1 549.54 1 1490.5 ' .
! | > s |
l&e >

o

Linac length: 27 X Age

E

>

o3

><I e —

<

I

o)

3 X Arr
e 00~ P00 ~d0R0- ~dedde-
0 BETA_X BETA Y 10.098
I I e I I I I L I I
Y / \ v y;
Re-injection SPL Cryo-module (7.53 m)
chicane
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e PERLE

% Linac, Cryo-module - Layout

(work by A. Bogacz)

801.58 MHz RF, 5-cell cavity:

Arp = 37.40 cm

L. = 5Aire/2 =93.50 cm

Grad = 22 MeV/m (20.5 MeV per cavity)
AE= 82.2 MeV per Cryo-module

0

Linac length: 27 X Agf

[m]

|

BETA_X&Y

3 X Arr
e 00000~ ~00R0e- —000e- eeei-
0 BETA X BETAY 10.098
I I . I I I I I — I I
Y / \ v )
Re-injection SPL Cryo-module (7.53 m)
chicane

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)



.".
®PERLE
P,

% Linac 1-st pass, Tunability

(work by A. Bogacz)

15
5

[m]
[m]

S
o3 e
g
m &
11] (]
O — o
7 MeV 0 BETA_X BETA_Y DISP_X DISP_Y 9.25
[ | 1 | | | | 1
J \ J
' Y
Merger end

SPL Cryo-module (7.53 m)

Initial Twiss: BetaX[cm] = 1170
BetaY[cm] = 1170

AlfaX = 5.74
AlfaY = 5.74

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)



.‘
e PERLE

% Linac 1-st pass, Tunability

(work by A. Bogacz)

15

E
e
X
L
o
0 BETA_X  BETA_Y  DISP_X DISP_Y 9.25
[ ] l l | | | | 1
Y / — \ )
Merger end N
Quad SPL Cryo-module (7.53 m)
doublet
QL1F L[cm] =5 G[kG/cm] = 0.080 Initial Twiss: BetaX[cm] = 744
QL1D Lcm]=5  G[kG/cm] = -0.068 BetaY[cm] = 1016
AlfaX = -1.29
AlfaY = 1.25

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)



o ®
e PERLE

¢
% Multi-pass ER Optics

(work by A. Bogacz)

15

2 A3

l

4 A A

| 1 x

/‘ \/ | ‘\‘ \/ \/ \/ \-/

| |

[m]

BETA_X&Y

Acceleration Deceleration

Yy BETA X BETA Y DISP_X DISP_Y 59 74 Cryo-module 1

Il e s - o eos eses (Il ooes = - o es es s (IEEIl e e - N S . lll-/
7 MeV 89 MeV 171 MeV 254 MeV 336 MeV 418 MeV 500 MeV

Cryo-module 2
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¢
% Benchmarking CODAL (analitical) wi

- damping free ring = multi-turn without reaching steady-state;:
CODAL (home-made code, ping f g . aching steady (work by C. Guyot)
courtesy of A. Loulergue) for small ring = exact transverse integration of the dipoles
developed for: short electron bunches collective effects — short range effects studies

analytical free particle tracking — fast execution

added a 6D RF cavity analytic model 0.9 | | | | 0.7
150 | | | I I | | 1
——ASTRA 0.8} ol Codall 1 e
—— CODAL o | Astra .
0.71 ) 0.1 Codal| |45
— 100 - _ 06F o, | Astra —_
o £ 0.4 @
= £ 05} £
= x 10.3 -
= ) _ g
S 50 | | 0.4 5
0.3} 0.2
m 0.27¢ LS " 10-1
O , , i | , | il ,[ yif ‘I""nl.,'_"l. -,i,i"l. AL
0.1 1 I 1 1 1 I — — 1 0
0 1 2 3 4 5 6 7 8 9 0 > 4 5 3
S [m] S [m]

[5] J.Rosenzweig and L.Serafini. Transverse Particle Motion in Radio-Frequency Linear Accelerator. Phys. Rev. E, 49:1599-1602, Feb 1994

[6] T.Vinatier, C.Bruni, P.Puzo. Analytical modeling of longitudinal beam dynamics in an rf-gun : from almost zero to relativistiv veolcities. Nuclear Instruments and
Methods in Physics Reasearch. Section A : Accelerators, Spectrometers, Detectors and Associated Equipement, 953:162914, 2020.

[7] C.Guyot and al. “modeling of standing wave cavities for tracking through multi-pass energy recovery linac”, IPAC’23 proceedings (2023)
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¢
M Symmetry of the common section

/ symmetric betas \

' / .
)% IS74 89 MeV
R WV AC 171 MeV
Z2\°, S
O Cryo Module A 253 MeV
‘I
|
|
|
: . ' i i
BCom (vert) : Chicane magnets (hor) ] |y Chicane magnets (hor) : BCom (vert)
N3 T N2 v T INj1
> 253 1
171
S8 T e
w7
12 7 <
10 '///‘\\\\\ A === hor === hor.
c 8 i \\\Z:\\\ gz b \:: e yert ---  vert
-I(-U: 6 bl ———— :: \\::: ~~~~~~~
v e TS S STEEEEEEaE e
m 4 === = =
2
0
12.0 12.0 10.0
As, m

21/09/2023

Alex Fomin

the PERLE project
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% PERLE Optics: from Injection to Dum

o N N S o N
S N & Turm3 N S >
s S S ¢ S S
1 5@ a X2 + X2 X2 N 3%
& O & O L&V P > F LPLP N\ LS LIS P &L & O &L K

E, MeV
-
~
=

b
h

Disp, cm
o
g
-—
L=
=

v A 7 i J V
~70 '

_:: W‘M ' 'L‘H“H H‘H H ' H PHJ’I' HH‘H 1 }H‘}H P

| / W\ NA I WINAA M w /
!'\Hm}\ “HH/ 4\ \\“(’ ‘NH/ 4\ \\ﬂl’ V'\le}\

9163l 12.0 l621701 243 ls1le2l 120 65811 250 Is1l65! 12.0 1621701 243  I81le2l 12,0 1631701 242
As, m

Grad., T/m
%
%

2.0 1

1.5

1.0-

Size 30, mm

0.51

0.0
112 1631791 242

~ 335 m
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o ®
of
e PERLE

PERLE Optics: Turns ( 500 & 250

500 MeV (Arc1,

89 MeV ) 250 MeV (Arci+Arc2, 89 MeV) 500 MeV (Arc2, 171 MeV)

Sprl Arcl

El\u&“ WW “v«v il
o LTS Kot RS TSS S e | NS

Straightl | Arc2 Recl Spr2 Arc2

AA AN
Y M)

8

or. vert. W
6
~.—||—|']— 0-
—6
less quads & dipoles _12

I> 7& ) A
IV N R
\
N
\/

\
/
AN LR

W oMo MA Y

il I | —— | I
g L\ I WAN L AN N LM
ANV VY ANV W Ao desdM T\

567/\ m 67
\V \/ \/ _° v/ \/
B L 01 1 [EI M1 [ _

6.5

21/09/2023

7.9

the PERLE project

By M- 0

H

6.3

Alex Fomin

7.9

7.9

Universite Paris-Saclay, CNRS/IN2P3,

-0.4

6.7

7.9

IJCLab (Orsay, France)
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M PERLE Optics: Turns ( 500 & 250 o PERLE
500 MeV ( Arc3, 253 MeV ) 250 MeV (Arc3+Arc4, 171 MeV) 500 MeV (Arc4, 336 MeV)
Spr3 Arc3 Rec3 Spr2 Arc3 Straight2 Arc4 Rec2 Spr4 Arcd Rec4

f—o—N | | |
A = — \Mﬂz N0

Size 30, mm
o = N
z,>

w
N

__Iﬂi:_
——
—
—_—

I
w
o

N
o

>34 T/m (4 quads )

N W
AN
————
e —

S
: | " ,/Yj N % N——X—  —\\ W A S
. WMo o NSNS NSV \ I
67
S
: TV ~J % il /\V/\“/\ N v N

I
o
~

W T

NS———] e ]/

Mse
o o
o i

‘—\_\

|
o
=

6.5 7.9 6.5 6.2 7.9 24.3 8.1 0.2 0.4 8.1 0.4
As, m As, m As, m
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¢ O
: o
Ou PERLE Optics: Turns ( 500 & 250 M o PERLE
500 MeV ( Arc5, 418 MeV ) 250 MeV ( Arc5+Arc6, 253 MeV) 500 MeV ( Arc6, 500 MeV )
Spr5 Arc5 Rec5 Spr3 Arc5 Straight3 Arc6 Rec3 Spré Arc6 Rec6
e 2 A A hor. — vert.
=
- OWWWU‘\ oot \/ XX w
Fipie X
§ 34
b R B e i s e il
40
/ \
el A | TN |
& . \ l <\ /J N\ \ ~J > _ \ (
N AL\ YOV Y ad N\ N N/ oA S | LI .
67
0 (L 1 ANA DU G I
o &7 ° 00
5 quad (> 3
2 004 N AL A / LAl / n
= TR T it / /
e 6.4 8.1 6.£AI 6.5 8.1 25.0 8.1 6.5A 7.2 8.1 7.2A
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1 Lattice Desigh and Be e PERLE

Beam Dynamics Studies
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M Injector/merger design and initial space-ch

HV tank

Photocathodes loading chamber (Sb-based photocathodes) ( P h D Of B H oun SEI I )

4 Buncher Four merger schemes
{ /I\ ¥
'“/ "",' &) ; i - U-bend Dogleg Three dipole Four dipole dogleg
350KV & & ey Merger

DC gun ‘ ‘_.’fm | { \} —— - /) AP .
Light box : .
Booster: 5 single-cell cavities
Green laser 40 MHz (802MHz) individually powered f % Y\,\,\,\-W-H

A conceptual design of the PERLE injector

was made within a collaboration between % . g
AsTeC-Daresbury, UoL and IJCLab. o . 4
g
: J J/
/ 4
§ Spec
—40 20 —40 —-20 0 20 —-40 —-20 0 20 —-40 —-20 0 20
- arrival time/ ps
ex/ mm-mrad 5.2 5.9 4.7 <6
ey/ mm-mrad 4.5 3.2 7.0 <6
Mismatch factor 0.72 0.05 0.11
R56/ m 0.0185 -0.155 0.031 0

Preferred scheme

21/09/2023 the PERLE _ Alex Fomin Universite Paris-Saclay, CNRS/INZI_(Orsay, France)




¢
M Merger: Ubend v2 update propos

Beta Match Achromat N Beta Match Achromat Com. Cryo
&
£ /\ /\ T~ S —— hor. —— vert.
€ 6 .- \g
,\ >—/ 5 9 [~
N \
N —— hor. —— vert. n
o—=2 1 1§ = .. . &I | s 0
& = 1.2
= 1.2 I_l I_l - .
> 0.0 - 0.0
s . I I g
c - —=1.2
5 -12 5
c c 24
© f: 18
)\ 6
0 0
£ 30 € 30
a -30 A -30
£ 3 £ 3 — .
g 0 1T g 0
Em =31 04 02 o4 02 04 0.85 03 03 0.85 02 015 0.4 s 3 0.6 0.3 0.6 0.3 0.45 1.0 1.0 0428 0.15 0.2
1.8 2.8 0.8 2.4 2.4 0.9 1.3
As As, m
Y0
2 Two quads — control the beam size
J0 .
2 Reduced drift length = smaller beam UBEND v1 first proposal by B. Jacquot
g Y0
©
- 76 ~

UBEND v2 update proposed by A. Fomin

30

more space needed for diagnostics

21/09/2023

507 cm
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¢
h Merger: Ubend v2 update prop

@ Beta Match Achromat Com.
E /\ /\ _— i 14 4 — BetaX
6 ,\ >—/ /"\__)\ 5 g
/ GE) 3 N~ \/A\’h —— BanCk
N — hor. — vert. 12 4 —— Byrack
0 £
£ 12 2
~ 00 | [ S
R , | I ol
5 —-1.2 T
-4
; / \ / \/ \ :
2 6+
° =
g 30 g
s 0 - — 5
o -30 e
c &
3
s 0 —— 2 -
Em -3 0.4 0.2 0.4 0.2 0.4 0.85 0.3 0.3 0.85 0.2 0.15 0.4
1.8 2.8 0.8
As, 0 -—
Y0 . 0
2 Two quads — control the beam size
<,
2 2% | Reduced drift length = smaller beam
£ . . .
° 4 =N BMAD simulation by J. Michaud
2
85 - - e= - -
10 20I15I 40 ! ) Significant SC effect potentialy from over-focusing
30 15 30 15 -
<
507 cm
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¢
% Multi-bunch tracking (work b

Longitudinal phase space curvature from the RF field

— .10-3 — -
; 6ini=6-10"7 g.=0.6 mm . Oini = 3.6-107° 0;=1.0 mm ) 6ini=2.6:10"% || 0s=1.4 mm 8ini=2.2"10"2 || 0.=1.6 mm
Lo . 'lnjectio.n at 7.0 MeV » Injection at 7.0 MeV o Inj'ection‘ at 7.0 MeV . | Injection at 7,0 MeV ;
21" = Dump at 7.0 MeV B B v+ Dumpat7.0MeV - 44 + Dumpat7.0MeV 157 . Dumpat 7.0 MeV
§ =¥ 0, DAR oi ?’E : | 2 é ! ! ! ' : § o : .
o 1 % - 17 S - =
© - e o . © ©
v ° . P, 5 o4 o6, - o
g 01 < " 0 q&'. * Y &
> 0. . 3 ve ; > >
= -] F---- ‘- — e L] 4 - - SV Y e~ - T~ - 2 2
@ e ] @
C < c C
v v o ] o' @
-2 = - —4 - ~
-3 r T T 1 T -3 T T T T T -6 i i T ; ; ; T T T T
-3 -2 -1 0 1 2 3 —4 -2 0 2 - -6 -4 =2 0 2 4 6 -5 0 5
bunch length [mm)] bunch length [mm] bunch length [mm] bunch length [mm]
6”'":2-0'10-3 II 05=1.8 mm 6”":1-8'10-3 “ 05=2.0 mm 6jn’=1.2'10—3 II 03=3.0 mm
. Injection at 7.0 MeV ’ « Injection at 7.0 MeV ' ’ g0dl ° Injection at 7.0 MeV | J
W13 Dumpat7.0Mev 607 . Dump at 7.0 MeV - ' «  Dump at 7.0 MeV ' :
E 30 g — 9 —
B a0 do
@ 10 - | " & &
> : .{ > >
24 ' 24 24
] 01 * @ @
@ @ @
-10 - & v |
L e R ‘
-5 0 5 10 -5 0 5 10 15 -10 -5 0 5 10 15
bunch length [mm] bunch length [mm] bunch length [mm]

A hook shape forms and bunch elongation is visible as the initial bunch length increases. A longitudinal matching can mitigate the bunch elongation.
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¢
h Collective effects

benchmarking

Initial distribution : 3x2D gaussian distribution at the beginning of the first linac

Tracking : from first linac to dump

PLACET2 (K. Andre)

4 5ini=2.6-1073 || 0s=1.4 mm || = = 25 mA
' ‘ ’ 7.5 -
7.5 7.5 1 - 0.8
— 7.0 -
— 7.0 - ~ 7.0 - %
> ! = 6.5
= 6.5 = 6.5 - - 0.6
= > o
2 5 6.0 ¢ 6.0
e 6.0 7 5 @
g o - 0.4 X - 0.4
S 5.5 - 0.4 E’ 5.5 - . v 5.5 1
£ = .
] o 8
2 5.0 - S 504 5.0 4 -
- 0.2 - 0.2 -0.2
4.5 4.5 - 4.5 1
4.0 T T . . . 1 T ; 0.0 4.0 . T T 0.0 4.0 T ; - . - - - T 0.0
-6 -4 =2 0 2 a4 6 8 10 2 4 3 8 10 -6 -4 =2 0 2 4 6 8 10
bunch length [mm] bunch length [mm] bunch length [mm]
6o Oini=2.6e77|| 0,=1.4mm || I = 10mA a0 6ini=2.6e7? || 0,=1.4mm || .= 15mA 8.0 Oy = 2.6€ 2 || 0; =1.4mm || [, = 25mA
7.5 7.5 7.5
— o~ 7.0 f 7'0‘
S S >
(! a g
Z6.5 = 6.5 < 6.5
> - >
g o o
¢ 6.0 g 6.0 3 6.0
a a a
)
ﬁ 5.5 3 5.5 U 5.5
5 I 5 5
5.0 Mﬁ , \ %50 ” “} 5.0 |
l . l
J P |‘\“
4.5 f"\ l W\. 4.5 \"\r \r\l ‘J 4.5 A“ m’. \fLﬂ/\ 7
//w\ M A \ Im ..M"‘ J U : ",
40 | - . 40— _,/“‘ I B SN I 40— S m .
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Need to specify an optimum bunch length for simulations and injector

1,4mm optimal value from K. Andre simulations
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Q : Possible corrections of RF curvature effects ?
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Lattice Désign and Beam

Historic perspective and PERLE timeline

e the idea of TF that can become the LHeC ERL injector ERL ( Rama Calaga and Erk Jensen in 2012)
e current status and the roadmap for the PERLE project at Orsay ( injection line by 2027, 500 MeV by 2031)

Lattice design and Optics (compatible with the phasing: 250 MeV and 500 MeV versions)

o 250 MeV version using the same main elements, optics is simpler with less constraints on the magnets
e reduced immediate expenses (second cryo-module, 18 dipoles and 21 quads can be purchased later )

e 250 MeV phase — demonstration of ERL with 6 paths at high current ( same as in 500 MeV, but with half of the power)

Beam Dynamics Studies (work in progress)

e RF curvature vc CSR
e QOver-focusing in the merger
e Start to End simulation from the injector cathode to the dump

e Beam diagnostics and correctors (tbd for the ERL part)

21/09/2023 the PERLE project Alex Fomin Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France)
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Lattice Desigh and Be "T:ERLE

Special Thanks to:

L

Alex Bogacz
Luc Perrot
Achille Stocchi
Guillaume Olry
Carmelo Barbagallo
Coline Guyot

Julien Michaud
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1 Lattice Desigh and Be e PERLE

Thanks for your attention!
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Back Up
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Tolerable beam losses (100 W)

o] NN

AN 7 MeV 20 mA

—— 2D (radial sym.)

— 2D (no cor.)
© 104 - \ -
g \

— 1D

89 MeV 40 mA

\ \ 253 MeV 20 mA

A\ 171 MeV 40 mA

1075 - 500 MeV 20 mA
: - I

I A S }A-- | 418 MeV 40 mA
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¢
M vy beam properties from PERLE

from E. Jensen: Concept of PERLE presentation at LHeC Workshop 2015

Goal: generation of high-energy, monochromatic, polarised photons
via Compton scattering (for nuclear physics research)
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Several comparisons with other codes have been done, S g

including :

0.02

0.01

- free particle tracking for highly off-momentum and off-

axis (laser-plasma) beams compared with TraceWin [1] |
10 * Discrepancy

h : I3t f Iativicti lect between TraceWin and Sy
— Space charge simulation 1or relativistiC electrons CODAL projections 50 40 30 20 -10 0 10

benchmarked with ASTRA [2] S [um]

1
— used as a comparison on LPA studies [3-4] »
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BMAD CSR calculation methods :

}p
1-Dim CSR calculation :
* The particle-particle CSR kick is calculated by dividing the e ) \
bunch longitudinally into a number of bins -
* Triangular densities distributions e
:::::Af’:‘:/::':/“/bms >
Slice Space Charge calculation : T N Y g
‘\"‘\shiftedbins

« The particle-particle CSR kick is calculated by dividing the
bunch longitudinally into a number of bins

 Longitudinal + transverse kick High Energy Space Charge :

FFT_3D Space Charge Calculation: » Totally different formalilsr-n that other methods
* Very fast as more statistical

» Acceptable for storage rings at relatively high
energy but not accurate in other situations

 Uses OpenSC package from someone else

3D grid with FFTs
 Slower method, but handles low energy space charge
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h HR involvement and projection

Significant increase in 2022 of the forces contributing to PERLE that will continue in the coming years according to the
phasing strategv.

30 FTE Main Accelerator Projects THOMIX
w=@==ESS
50 FTE — o MYRRHA Up to 20 FTE secured.
lIJCLab/ France has to increase
PALLAS
that.
=@ [CC
10 FTE NPC BUT
a——o——— —o—I|LE We need similar exercise from the
’ N o —l)-
— “‘A—& ——PIP | other partners.
0 FTE —— O\
2020 2021 2022 2023 2024 2025 2026 2027 Action on going.

- Here the evolution of 1JCLab manpower implication on the project in the past three years and an estimation for the 3

upcoming ones:
Year | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
19 3 7 16 18 20

* For the past years, the table do not include other French lab involvements (LPSC + GANIL) + a split site PhD with Liverpool University.
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