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Introduction 
• ERL concept 
• Main objectives of PERLE 
• Project status 

Optics matching & solution search 
• Single- and three-turn configurations  
• Common section: basic solution and extra freedom 
• Systematic search for matching solutions 
• Compact merger:  constraints and space-charge compensation 
• Turnaround loops: Top / Mid / Bot 

New optics flexibility & diagnostics 
• Straight section: 

       transverse and longitudinal phase control 
• Mirror Diagnostic Line: 

       longitudinal phase-space measurement 

Summary

Outline 



Why ERLs ?
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Storage rings:    ✓  better luminosity       ✘  e- beams degradation due to collisions
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Synchrotron Radiation
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Development of Energy Recovery Linacs
A Contribution to the European Strategy of Particle Physics

Performance of a 55 year old idea with the technology of today and tomorrow: 
M Tigner A Possible Apparatus for Electron Clashing-Beam Experiments, N.Cim 10(1965)1228 

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 Einj: 
a high luminosity (1000 ELI, 1000 HERA), ‘powerful’ green accelerator concept for 21st century 

Introduction to a Symposium, June 4, 2021

Max Klein

on behalf of the ERL panel

M Klein ERL 4.6.2021

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

…to recycle kinetic beam energy  
of a decelerating beam for acceleration 

of a newly injected low energy beam.

Energy Recovery Linac 
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Development of Energy Recovery Linacs
A Contribution to the European Strategy of Particle Physics

Performance of a 55 year old idea with the technology of today and tomorrow: 
M Tigner A Possible Apparatus for Electron Clashing-Beam Experiments, N.Cim 10(1965)1228 

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 Einj: 
a high luminosity (1000 ELI, 1000 HERA), ‘powerful’ green accelerator concept for 21st century 

Introduction to a Symposium, June 4, 2021

Max Klein

on behalf of the ERL panel

M Klein ERL 4.6.2021

“The energy efficiency of present and future accelerators … should remain an area requiring constant attention.”  
 A detailed plan … for the “saving and re-use of energy” should be part of the approval process for any major projects.

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

…to recycle kinetic beam energy  
of a decelerating beam for acceleration 

of a newly injected low energy beam.

Energy Recovery Linac 

Applications: 
• FELs 
• Lepton colliders 
• Nuclear physics

Update of the European Strategy for Particle Physics (2020) :
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How does 
Energy Recovery 

works



2.2 The PERLE elliptical cavity

(a) Electric field (b) Magnetic flux density

Figure 2.5: Electric (a) and magnetic (b) field distributions for the fundamental mode of
the PERLE cavity simulated using CST. The field magnitudes are scaled to the nominal
accelerating gradient of 22.4 MV/m.

The beam pipe radius Rbp is selected in an RF cavity to ensure that the FM cuto!
frequency f

(TM01)
cut of the considered beam pipe resides above the FM frequency of the

cavity. This keeps the FM electromagnetic field inside the cavity, with minimal leakage
into the beam pipe. Referring to the more generalized case of a cylindrical resonator [33,
pp. 30-32], the cuto! frequencies of the TMmn and TEmn modes for a beam pipe with
radius Rbp can be derived from the equations (1.51) and (1.52) as

f
(TMmn)
cut = c

umn

Rbp
, (2.2)

f
(TEmn)
cut = c

u
→
mn

Rbp
. (2.3)

The nth root of the mth order Bessel function, umn, and its derivative, u→
mn, are reported

in Table 2.3 for m = 0, 1, 2 and n = 1, 2, 3.

Table 2.3: Zeros of the mth order Bessel function and its derivative.

umn u→
mn

m
n 1 2 3 m

n 1 2 3

0 2.405 5.520 8.654 0 3.832 7.016 10.174
1 3.832 7.016 10.173 1 1.841 5.331 8.536
2 5.136 8.417 11.620 2 3.054 6.706 9.970
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Acceleration in an RF cavity via Standing Wave

RF cavity — a metal resonator that sustains a standing E-M wave: 
• electric field — aligned along the beam axis to accelerate particles

• magnetic field — circulates around that axis

2.2 The PERLE elliptical cavity

flatness. The simulated field profile of the TM010-ω mode of the 5-cell PERLE cavity
is depicted in Figure 2.6. The main RF parameters of the 801.58 MHz five-cell bare
cavity, i.e., without external damping mechanisms, are summarized in Table 2.4.

Figure 2.6: Normalized on-axis electric field amplitude of the TM010-ω mode at 801.58 MHz
in the 5-cell bare-cavity for PERLE.

Table 2.4: RF figures of merit of the 5-cell cavity for PERLE.

Parameter Symbol Unit Value

Operating frequency f0 MHz 801.58
Number of cells Ncell 1 5
Active length Lact mm 917.92
Equator radius Req mm 163.98
Iris radius Ri mm 65
Beam pipe radius Rbp mm 65
Wall slope angle of the cell εw degree 90
Nominal accelerating gradient Eacc MV/m 22.4
Nominal accelerating voltage Vacc MV 20.6
Quality factor at nominal gradient Q0 1 3 →10

10

Longitudinal geometric shunt impedance of FM (ϑ = 1) (R/Q)→,0 ! 523.6
(R/Q)→,0 per number of cells (R/Q)→,0/Ncell ! 104.7
Geometry factor G ! 274.6
Power dissipated by the FM in the cavity walls Pc,0 W 26.9
Total longitudinal loss factor (ϖz = 3 mm) k→ V/pC 2.304
Cell-to-cell coupling factor kcc % 2.93
Field flatness ϱ! % 99
N2

cell/kcc ratio N2
cell/kcc 1 854

Epk/Eacc ratio (middle cell) Epk/Eacc 1 2.26
Bpk/Eacc ratio (middle cell) Bpk/Eacc mT/(MV/m) 4.3
TE11 cuto! frequency for Rbp f (TE11)

cut GHz 1.35
TM01 cuto! frequency for Rbp f (TM01)

cut GHz 1.77
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Accelerating and decelerating field in the cavity

λRF — wave length  (λRF = c / fRF)  can be from ~1mm to ~1m

λRF
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φ = π/2φ = 0 φ = π
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E = Emax E = 0 E = Emax

Acceleration in an RF cavity via Standing Wave

4

E(z, t)= E(z)cos(ωt)    ωt ≡ φ
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Acceleration on crest 

Acceleration in an RF cavity via Standing Wave

4

E(z, t)= E(z)cos(ωt)    ωt ≡ φ
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E(z, t)= E(z)cos(ωt)    ωt ≡ φ

deceleration  
λRF = c / fRF ≈ 3 108 m/c  / 800 MHz = 37.5cm

Acceleration in an RF cavity via Standing Wave
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🟡
Emax

🟡

Emax

z0 = 0

z0 = λRF/2

deceleration  

Acceleration in an RF cavity via Standing Wave

RF cavity — a metal resonator that sustains a standing E-M wave

Lorentz equation:

⃗F = q ⃗E +q ⃗v × ⃗B = ⃗FE + ⃗FB

Acceleration — work of the electromagnetic Force 

,         

the goal of PERLE:   P = ΔE I = 250 MeV 20 mA = 5 MW

ΔW =
tout

∫
tin

δW dt δW = ⃗F elec . ⃗v dt = q ⃗E . ⃗v dt

5



2.2 The PERLE elliptical cavity

flatness. The simulated field profile of the TM010-ω mode of the 5-cell PERLE cavity
is depicted in Figure 2.6. The main RF parameters of the 801.58 MHz five-cell bare
cavity, i.e., without external damping mechanisms, are summarized in Table 2.4.

Figure 2.6: Normalized on-axis electric field amplitude of the TM010-ω mode at 801.58 MHz
in the 5-cell bare-cavity for PERLE.

Table 2.4: RF figures of merit of the 5-cell cavity for PERLE.

Parameter Symbol Unit Value

Operating frequency f0 MHz 801.58
Number of cells Ncell 1 5
Active length Lact mm 917.92
Equator radius Req mm 163.98
Iris radius Ri mm 65
Beam pipe radius Rbp mm 65
Wall slope angle of the cell εw degree 90
Nominal accelerating gradient Eacc MV/m 22.4
Nominal accelerating voltage Vacc MV 20.6
Quality factor at nominal gradient Q0 1 3 →10

10

Longitudinal geometric shunt impedance of FM (ϑ = 1) (R/Q)→,0 ! 523.6
(R/Q)→,0 per number of cells (R/Q)→,0/Ncell ! 104.7
Geometry factor G ! 274.6
Power dissipated by the FM in the cavity walls Pc,0 W 26.9
Total longitudinal loss factor (ϖz = 3 mm) k→ V/pC 2.304
Cell-to-cell coupling factor kcc % 2.93
Field flatness ϱ! % 99
N2

cell/kcc ratio N2
cell/kcc 1 854

Epk/Eacc ratio (middle cell) Epk/Eacc 1 2.26
Bpk/Eacc ratio (middle cell) Bpk/Eacc mT/(MV/m) 4.3
TE11 cuto! frequency for Rbp f (TE11)

cut GHz 1.35
TM01 cuto! frequency for Rbp f (TM01)

cut GHz 1.77

36

🟡
Emax

🟡

Emax

z0 = 0

z0 = λRF/2

deceleration  

2.2 The PERLE elliptical cavity

(a) Electric field (b) Magnetic flux density

Figure 2.5: Electric (a) and magnetic (b) field distributions for the fundamental mode of
the PERLE cavity simulated using CST. The field magnitudes are scaled to the nominal
accelerating gradient of 22.4 MV/m.

The beam pipe radius Rbp is selected in an RF cavity to ensure that the FM cuto!
frequency f

(TM01)
cut of the considered beam pipe resides above the FM frequency of the

cavity. This keeps the FM electromagnetic field inside the cavity, with minimal leakage
into the beam pipe. Referring to the more generalized case of a cylindrical resonator [33,
pp. 30-32], the cuto! frequencies of the TMmn and TEmn modes for a beam pipe with
radius Rbp can be derived from the equations (1.51) and (1.52) as

f
(TMmn)
cut = c

umn

Rbp
, (2.2)

f
(TEmn)
cut = c

u
→
mn

Rbp
. (2.3)

The nth root of the mth order Bessel function, umn, and its derivative, u→
mn, are reported

in Table 2.3 for m = 0, 1, 2 and n = 1, 2, 3.

Table 2.3: Zeros of the mth order Bessel function and its derivative.

umn u→
mn

m
n 1 2 3 m

n 1 2 3

0 2.405 5.520 8.654 0 3.832 7.016 10.174
1 3.832 7.016 10.173 1 1.841 5.331 8.536
2 5.136 8.417 11.620 2 3.054 6.706 9.970
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Acceleration in an RF cavity via Standing Wave

Acceleration — work of the electromagnetic Force 

,         

the goal of PERLE:   P = ΔE I = 250 MeV 20 mA = 5 MW

ΔW =
tout

∫
tin

δW dt δW = ⃗F elec . ⃗v dt = q ⃗E . ⃗v dt

RF cavity — a metal resonator that sustains a standing E-M wave

5

Bunch energy → Wake fields → E-M wave
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PERLE main objectives:

Total 
circumference 

~ 9 km

LHeC🟣

PERLE🔵

The same 
bunch 

parameters

Injection rate:  40 MHz 

Bunch charge:  500 pC

Target current:  20 mA

RF cavities:  801 MHz 

~ 30 m

IP2 (DESTIN)

IP1 (FP)

1. Demonstrate multi-turn and high current operation 

2. Validation of technical choices:  DC electron gun,  800 MHz SRF,  non-invasive diagnostics 

3. Host experiments:  Fabry–Perot inverse Compton source, DESTIN (inelastic eA scattering)

Chapter 2

ERL—Facilities and Current Status

This section addresses the ERLs that have closed, those that are active, and those that are fully
funded and under construction. In order to limit the history, only those ERLs that still hold a record
for at least one parameter have been retained. Figure 2.1 shows where all the facilities lie on a plot
of energy versus circulating current.

10−3 10−2 10−1 100 101 102 103
100
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10kW
100 kW

1MW

10MW

100MW
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100GW

CEBAF
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JLab FEL

ALICE

CBETA
(1-pass)

cERL

S-DALINAC
(2-pass)

MESA

Recup.
(1-pass)

Recup.
(4-pass)

EIC CeC

PERLE

CEBAF
(5-pass)

bERLinPRO

FCC-eh
ERLCCERC

LHeC

EXMP
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En
er
gy

in
M
eV

Completed
Ongoing (cold)
Ongoing (warm)
In progress
Proposed

Figure 2.1. The landscape of past, present, and proposed ERLs. The dashed lines are contours of constant
beam power.

To date, CW facilities have been limited to ! 2MW (the Jefferson Lab FEL) for a single-pass
ERL. BINP has pursued a different strategy with a pulsed, normal-conducting acceleration system.
They have achieved 5MW of peak pulse power in a four-pass ERL, the highest power achieved
anywhere. Normal-conducting ERLs may have a place in the future landscape, but probably not for

– 1 –

🟣

🟣  Proposed 
🔵  In progress 
🟢  Ongoing 
🟠  Ongoing (warm) 
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above 1GW

🔵

PERLE

LHeC

A. Hutton, Nat Rev Phys 5, 708–716 (2023). https://doi.org/10.1038/s42254-023-00644-6 

https://doi.org/10.1038/s42254-023-00644-6
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PERLE — Powerful Energy Recovery LINAC for Experiments

06.2012 — First Idea  (Erk Jensen and Rama Calaga) 
                                   Test Facility → ERL injector of LHeC ERL 

08.2012 — First Lattice Design  (Alex Bogacz) 

06.2015 — Powerful ERL for Experiments
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PERLE — Powerful Energy Recovery LINAC for Experiments

Implantation 
in IGLOO building

20
 km

06.2012 — First Idea  (Erk Jensen and Rama Calaga) 
                                   Test Facility → ERL injector of LHeC ERL 

08.2012 — First Lattice Design  (Alex Bogacz) 

06.2015 — Powerful ERL for Experiments 

10.2016 — PERLE at Orsay  (Achille Stocchi and Max Klein) 
05.2017 — Conceptual Design Report
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PERLE status

20
 km

This work received government funding managed by the Agence Nationale de la Recheche (ANR) in the France 2030 framework - reference ANR-24-RRII-0001

06.2012 — First Idea  (Erk Jensen and Rama Calaga) 
                                   Test Facility → ERL injector of LHeC ERL 

08.2012 — First Lattice Design  (Alex Bogacz) 

06.2015 — Powerful ERL for Experiments 

10.2016 — PERLE at Orsay  (Achille Stocchi and Max Klein) 
05.2017 — Conceptual Design Report 

03.2024 — Start of building phase 

04.2026 — HV conditioning up to 350 kV (ongoing) 
🔗  WEP5090 (R. Roux) 

04.2026 — CsK₂Sb synthesized, QE = 6.5% 
🔗  THP2102 (M. De Vos) 

🔗  THP2104  (M. Baylac)

https://indico.jacow.org/event/95/contributions/14237/
https://indico.jacow.org/event/95/contributions/13420/
https://indico.jacow.org/event/95/contributions/13616/
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PERLE status

06.2012 — First Idea  (Erk Jensen and Rama Calaga) 
                                   Test Facility → ERL injector of LHeC ERL 

08.2012 — First Lattice Design  (Alex Bogacz) 

06.2015 — Powerful ERL for Experiments 

10.2016 — PERLE at Orsay  (Achille Stocchi and Max Klein) 
05.2017 — Conceptual Design Report 

03.2024 — Start of building phase 

04.2026 — HV conditioning up to 350 kV (ongoing) 
🔗  WEP5090 (R. Roux) 

04.2026 — CsK₂Sb synthesized, QE = 6.5% 
🔗  THP2102 (M. De Vos) 

11.05.2026   First Electrons !!! 
🔗  THP2104  (M. Baylac)  

      Next day — 2.5 mA  (in the Faraday cup)

20
 km

This work received government funding managed by the Agence Nationale de la Recheche (ANR) in the France 2030 framework - reference ANR-24-RRII-0001

First electrons

https://indico.jacow.org/event/95/contributions/14237/
https://indico.jacow.org/event/95/contributions/13420/
https://indico.jacow.org/event/95/contributions/13616/
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PERLE in a nutshell

IP2

IP1

Phase 2: PERLE Single Turn

Phase 3: PERLE 250 MeV

Phase 1: Injector Line

TDR and Prototyping Phase

Supported by National 
Program France 2030 / ANR

Supported by EU Program iSAS + 
IN2P3

Main target parameters:
Injection energy 7 MeV

Electron beam energy 250 MeV

Normalised Emittance 6 mm mrad

Average beam current 20 mA

Bunch charge 500 pC

Bunch length 3 mm

Bunch spacing 25 ns

RF frequency 801.58 MHz

Duty factor CW





04/01/2023 Alex Fomin Filling Pattern for PERLE PERLE réunion de rentrée, OrsayAlex Fomin French-Ukrainian Workshop 2026 (Orsay, France)PERLE at IJCLab12 October 2026 9

Mrg   7 MeVInj   350 keV → 7 MeV Dmp    7 MeV

Top                 no /  89 MeV

Bot                 89 / 253 MeV

Mid                no / 171 MeV

Mir         7 MeV

Injector (DC-Gun to Booster) Merger

Mirror Diagnostic Line

Main Beam Dump
Common Section

Three Return Loops

Com    Δ Ε = ± 82 MeV

Switching the operation modes 
by changing the field in BCom: 

B = 0.16 T  →  “Single turn” (89 MeV) 

B = 0.45 T  →  “Three turn” (250 MeV)

Single Turn  &  Three Turn  configurations
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Side 
view

Top 
view

Three Turn configuration layout  —  6 passes (↑↑↑↓↓↓)  

Side 
view

Common Section

Mir. Diag. Line

Dump

Merger

Turnaround Loops  (Top/Mid/Bot)Turnaround Loops

30 m

5.
5 

m

± 82 MeV

7 MeV

89  MeV 
171 MeV 
253 MeV

7 MeV

10

IR1

IR2

IR1

89  MeV 
171 MeV 
253 MeV

7 MeV

IR2
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Optics matching.  Turn = twiss reflection.  Common section - basic solution

7 

7 

89—253 MeVBCom
Cryo-Module

Top view
7—253 MeV BCom

171→ 253 MeV89→ 171 MeV7→ 89 MeV

Pass 3Pass Pass 

Turn 1

Pass  Pass  Pass 

253 → 171 MeV 171 → 89 MeV 89 → 7 MeVTurn 2 Turn 1Turn 3Turn 2
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Tuning the twiss parameters at injection  →  beam size optimisation  in the Cavities  or  in the Spreader

171→ 253 MeV89 → 171 MeV7→ 89 MeV

Pass 2Pass 1 Turn 1 Pass 4 Pass 5 Pass 6
253 → 171 MeV 171 → 89 MeV 89 → 7 MeV

Turn 2 Turn 1Turn 2 Turn 3Pass 3 Dump

Smaller beam 
in Spreader

Smaller beam 
in Cavity

Smaller beam 
in Cavity

Optics matching.  Turn = twiss reflection.  Common section - extra freedom
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Find all possible solution (with necessary constrains) for Merger, Turns 1, 2 and 3

171→ 253 MeV89 → 171 MeV7→ 89 MeV

Pass 2Pass 1 Turn 1 Pass 4 Pass 5 Pass 6
253 → 171 MeV 171 → 89 MeV 89 → 7 MeV

Turn 2 Turn 1Turn 2 Turn 3Pass 3 Dump

1) Find all possible solution for Merger

2) Find all possible solution for Turn 1

3) Find all possible solution for Turn 2

4) Find all possible solution for Turn 3

Optics matching.  Turn = twiss reflection.  Search for all solutions



04/01/2023 Alex Fomin Filling Pattern for PERLE PERLE réunion de rentrée, OrsayAlex Fomin French-Ukrainian Workshop 2026 (Orsay, France)PERLE at IJCLab12 October 2026 14

Beam size at 7 MeV

Beam size at  E↑

M56 η, η’

Merger space-charge dominated 

( > 100 pC  @  7 MeV  ) 

Matching with tracking Bmad ~1h 

|G| ↑  ~ 9 % in four quads 
G correction < 3 % in the rest five 

Symmetric quads in Com.Out

Optics matching.  3-dipole merger.  Space-charge compensation
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Beam size at 7 MeV

Beam size at  E
↑

Solution search 

Beam size + disp. + M56 
    + 
Scanning final twiss: 
 βx, βy, αx, αy 

Multiple pass scan: 
using neighbor init. tune 

Optics matching.  Merger + 1st acceleration.  Solution search
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Optics matching.  Merger + 1st acceleration.  Solution search (4D)

βy = 24 m 

αy min 

βy = 6 m 

αy max αy mid 

βy = 8 m 

βy = 12 m 

βy = 16 m 
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Turn 1

Turn 1

Arc 1 Straight Arc 2Spreader Recomb.

Pass 1Merger

Spreader :   beam size  +  vert. disp. 

Arc 1 :          beam size  +  hor. disp.  +  M56 control 

Straight :     symmetric twiss  +  enough space 

Arc 2 :          identical to Arc1 →  tuning  Spr + Arc + Rec 

Recomb. :   twiss match,  2nd part sym. to Spr

Optics matching.  Turn 1  ( Spreader + Arc 1 + Recombiner )

Beam size

M56

η, η’ η, η’
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Optics matching.  First turnaround loop (Top).  Solution search

Merger 1st Acceleration Spreader Arc 1 Recomb.

Beam size in Arcs

Beam size

Low β solutions are prioritized

 + η, η’, M56
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βx

Acc. 1 Turn 1 Turn 2 Turn 3

 Acc.1 Turn 1 Turn 2 Turn 3 Dmp
Mrg

Optics matching.  All turnaround loops  Top / Mid / Bot

Optics matched with simple scheme 

Spreader + Arc 1 + Recombiner 

• Symmetric twiss 
• Closed dispersion and M56  
• Minimal beam size



04/01/2023 Alex Fomin Filling Pattern for PERLE PERLE réunion de rentrée, OrsayAlex Fomin French-Ukrainian Workshop 2026 (Orsay, France)PERLE at IJCLab12 October 2026 20

Top

IR2

IR2

Mid
Bot

Structure 
• Top.Lin ( 89  MeV) : symmetric, 4 quadruple triplets → 12 quads


• Mid.Lin (171 MeV) : symmetric, 4 quadruple triplets → 12 quads


• Bot.Lin (89, 253 MeV) :  2  +  3  +  3  +  3  +  2  +  3  → 16 quads


• All Lines :                 chicane sections  +  4 screens  →  9 dipoles + 16 screens


Capabilities: 

• Flexible matching for all valid compact-section optics solutions


• Transverse phase control : full 180° rotation in x/y planes → beam tomography + best transmission


• Longitudinal phase control :  ± 20° (± 20.8 mm)      → optimization for transmission and experiments

Cam.1Cam.2Cam.3Cam.4
Chicane section Arc1Arc2

300°

495°

Straight Line section.  Transverse and longitudinal phase control
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Top

IR2
Mid
Bot

Cam.1Cam.2Cam.3Cam.4 Chicane section Arc1Arc2

300° 495°

Straight Line section.  Transverse phase control : full 180° rotation in x/y planes

Initial distribution (x,px)  
courtesy of C. K. Monaghan

OPAL 
simulation 
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Bo
os

te
r

22

         Com.In

Mrg.Line

Mrg.Disp

Mir.Disp

Mir.DiLi

M
ir.In

ERL

Mirror Diagnostic Line — Longitudinal Phase-Space Measurement

Turnaround loops
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Mirror Diagnostic Line — Longitudinal Phase-Space Measurement

βx↓ 
βy↓

ηx~80 cm

Triplet with embedded Bend 
+ deflti

Cam.1  
(focused) Cam.2

30° 
+ 

400kV

(z, pz)

Booster 
chirp

Current

Cam.1  
(focused) Cam.2(z, pz)

Cam.1  
(focused) Cam.2(z, pz)

30° 
+ 

400kV

30° 
+ 

400kV



Conclusions 

• Multiple optics solutions found for the space-constrained sections


• Flexible straight sections provide transverse and longitudinal phase-advance control


• Mirror Diagnostic Line enables longitudinal phase-space measurements without enlarging the merger


• Combined flexibility and diagnostics support commissioning and optimisation of the PERLE lattice



Thank you!

Conclusions 

• Multiple optics solutions found for the space-constrained sections


• Flexible straight sections provide transverse and longitudinal phase-advance control


• Mirror Diagnostic Line enables longitudinal phase-space measurements without enlarging the merger


• Combined flexibility and diagnostics support commissioning and optimisation of the PERLE lattice
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PERLE Optics:  Multi-turn tuning
Turn 1

Turn 3  (250 MeV)

Turn 2 Turn 3

➡ Tuning M56 in the Arcs with minor change of beam 
properties or introduce a local bump of M56 = ± 80 cm

 M56 =
L

∫
0

D
ρ

ds

Pass 1 Pass 2 Pass 3Merger


