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PERLE Lattice Update	
and Specifications of Magnets

Three Dipole Merger  ( symmetrical  Diagnostic Line ) 
Fabry Perot (IP1)  on the same side as Linac 
Single Turn  layout and optics
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PERLE  Timeline

Prepare to Build phase (P2B): TDR and prototyping

Phase 3: PERLE 500 MeV 
version

Possible Single turn ERL phase 
under evaluation ➞ 	

Phase 1 to be extended to 2028

Phase 2: PERLE 250 MeV version

Phase 1: Injection line Installation

Installation phases
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Updated PERLE Lattice  250 MeV version
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253 

Symmetrical Diagnostic Line 
to know the beam parameters 

before the 1st acceleration

Fabry Perot (IP1) on the same side as Linac 
(determined by X-ray extraction line)
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Three Dipole Merger 

PERLE - France # 4
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3 Dipole Merger:   CBETA Design Report  

Symmetrical Diagnostic Line 
to know the beam parameters 

before the 1st acceleration

Unavoidable over-focusing 
before the 1st acceleration of


Space-Charge dominated beam

CBETA example
PERLE optics



04/01/2023 Alex Fomin Filling Pattern for PERLE PERLE réunion de rentrée, Orsay19/06/2024 Alex FominPERLE - France #4 Universite Paris-Saclay, CNRS/IN2P3, IJCLab (Orsay, France) 6

Injector/merger design and initial space-charge studies 

7.4. MERGER OPTIMISATION 115

schemes. Firstly the dogleg and 4 dipole dogleg exhibit larger chirps in the

core of the bunch. This is because they are longer than the other two schemes

so there is more time for the space charge induced chirp to build up. Secondly

the 3 dipole scheme shows debunching in the core. This is due to magnetic

debunching and is expected as the 3 dipole scheme has an order of magnitude

larger R56 than the other schemes. The debunching is mostly localised to the

core where the space charge induced chirp is mostly located.

Figure 7.12: The longitudinal phase spaces of the bunch at the entrance flange
of the main linac. The densities are normalised separately for all four schemes
not with a common normalisation value.

Conclusion and merger scheme selection

From looking at the performance of the four merger schemes it can be seen

that two of them meet the required specification for PERLE. The two viable

schemes are the U-bend and the three dipole scheme. When deciding which

scheme is preferred for PERLE both the final transverse emittances and the

R56s of the mergers need to be considered. Looking first at the transverse

emittances the U-bend has emittance growth in both planes to 4.3 mm mrad

in horizontal plane and 4.4 mm mrad in the vertical plane. In contrast the three

dipole scheme has an emittance reduction due to emittance compensation in

the vertical plane down to 3.2 mm mrad but significant emittance growth in

the horizontal plane to 5.9 mm mrad. The emittance growth in the horizontal

plane for the three dipole scheme is to a value close to the upper bound of the

emittance specification of ¡6 mm·mrad. While the largest transverse emittance

for the U-bend 4.4 mm ·mrad comfortably within the specification. The other

factor that needs to be considered when deciding which scheme is preferred is

the R56 of the merger and its longitudinal dynamics. In the case of PERLE it

is not considered desirable to be able to use the merger as a bunch compressor

100 CHAPTER 7. MERGER

Figure 7.3: The layout of the four merger schemes. Dipoles are depicted in
blue and quadrupoles in red.

and bunch length as independent as possible may aid longitudinal matching

through the merger. This would however be a disadvantage in the case of an

ERL design where compression in the merger is desired. The scheme does also

require a strong central quadrupole to cancel the dispersion.

The other two dipole scheme is the S-bend. This scheme is slightly more

complicated than the U-bend with two extra quadrupoles in the dispersive

region. However the central quadrupole is located at the point where the

dispersion crosses the axis and zero. So it can be used to control the Twiss

parameters without a↵ecting the dispersion. Which allows for more flexibility

in the matching. This scheme does mean that the booster linac will be o↵set

to the main linac but will not be angled. Depending on the amount of distance

required between the main ERL loop and the booster linac this might mean

that this schemes either needs to be quite long or the dipole bending angles

might need to be large. Which is not ideal and may lead to lower beam quality.

On the lower row of the figure the first scheme is the three dipole scheme.
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Figure 7.3: The layout of the four merger schemes. Dipoles are depicted in
blue and quadrupoles in red.

and bunch length as independent as possible may aid longitudinal matching

through the merger. This would however be a disadvantage in the case of an

ERL design where compression in the merger is desired. The scheme does also

require a strong central quadrupole to cancel the dispersion.

The other two dipole scheme is the S-bend. This scheme is slightly more

complicated than the U-bend with two extra quadrupoles in the dispersive

region. However the central quadrupole is located at the point where the

dispersion crosses the axis and zero. So it can be used to control the Twiss

parameters without a↵ecting the dispersion. Which allows for more flexibility

in the matching. This scheme does mean that the booster linac will be o↵set

to the main linac but will not be angled. Depending on the amount of distance

required between the main ERL loop and the booster linac this might mean

that this schemes either needs to be quite long or the dipole bending angles

might need to be large. Which is not ideal and may lead to lower beam quality.

On the lower row of the figure the first scheme is the three dipole scheme.

Four merger schemes
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Initially preferred scheme 

A conceptual design of the PERLE injector 
was made within a collaboration between 
AsTeC-Daresbury, UoL and IJCLab. 

CBETA choice 
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3 Dipole Merger:   Tuning M56 & closing dispersion bump
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Tuning M56 at 
Dog-Leg Merger:

Q1 → tune the dispersion at D2 → control M56 ∈ [-10, 5] cm


Q2 & Q4  →  closes the dispersion bump (dx, dpx = 0)

D2Q1 Q2 Q4

D2Q1

 M56 =
L

∫
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3 Dipole Merger:   Controlling the beam size, dispertion & M56
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3 Dipole Merger:   vertical separation  (Diag. Line is under the ERL)
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PERLE:  Single-Turn version 

Arc2

Rec1

Cryo 
+ 82 MeV

Straight 1

Spr1

Arc1

Merg β

β

Injector 7 MeV

?

?

Common section

Cryo 
- 82 MeV

Dump 
@ 7 MeV

PERLE - France # 4
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PERLE  Single-Turn  version

• Would require less for 250 MeV upgrade 
• one Arc has to be shifted by 𝜆RF/4 ≈ 9.4 cm


• higher energy lines could be attached on top at the B-Com magnet


• Is bigger than simple Single-Turn, with more complicated optics (+ vertical plane) 
• +16 m to the path length


•  +2  B-Com magnets of 33 cm, 0.451 T (vertical) with 1 (of 2) upgradable to 0.866 T (for 500 MeV version)


•  +6  S-Bends of 33cm, 0.472 T (vertical deflection)  with 3 (of 6) upgradable to 0.907 T (for 500 MeV version)


•  +6  quadrupoles  ( < 7 T/m )

• The simplest design to test the performance of cavities in ERL mode 
• minimal number of element (magnets, diagnostics)


‣ 12  S-Bends of 33cm, 30° horizontal (0.472 T with 6 (of 12) upgradable to 0.907 T (for 500 MeV version)


‣ 2  R-Bends of 15cm, 15° horizontal deflection ( 0.040 T ) 


‣ 2  R-Bends of 30cm, 30° horizontal deflection ( 0.040 T )

• smaller footprint:  21 m ( vs 30 m )


• Requires more for 250 MeV upgrade 
• Both Arcs would have to be relocated horizontally  (by a few meters) and vertically (by 90 cm)

-94 mm

-94 mm

Single-Turn  “Simple” Single-Turn  “with B-Coms”
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Single-Turn  “Simple” Single-Turn  “with B-Coms”

PERLE  Single-Turn  version optics:   “Simple”  →  “with B-Com”
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Single-Turn “Simple” 250 MeV version (Arc1)

PERLE Optics:  M56 compensation in the Arc  ( ST vs 250 & 500 MeV )

500 MeV version (Arc1)

Disp ～ 0  at dipoles Arc compensates	
the Spreader Arc compensates	

the Spr & Recombiner

 M56 =
L

∫
0

D
ρ

ds
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Switchyards:   Geometry  vs  Cavity boost  ( 82 ➝ 18  MeV / pass)
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45
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81.5

10.1°15.1°

Switchyards:   Geometry  vs  Cavity boost  ( 82 ➝ 41  MeV / pass)

Test the Linac performance at Single Turn  ➙  Finalise the geometry
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Upgradability to 250 & 500 MeV 

PERLE:  Single-Turn version  
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PERLE  Upgradability for 500 MeV  —  Types and Number of Dipoles

Versions

Angle, pl. 30° hor. 15° hor. 30° hor. 30° vert. 30° vert. …

Type S-Bend R-Bend B-Com S-Bend …

Length 33 cm 66 cm 15 cm 30 cm 33 cm 33 cm …

Place Arc1 Arc2 Arc3 Arc4 Arc5 Arc6 Inj & Dump chicane Spreader Spr. Arc1 Spr. Arc2 …

Single-Turn (simple)

Field, T

0.47 0.47

0.04

Single-Turn (with B-Coms) 0.47 0.47 0.45 0.47 0.47

250 MeV (3 turns, 1 cryo) 0.47 0.47 0.91 0.45 0.67 0.67 0.45 0.47 0.47 …

500 MeV (3 turns, 2 cryo) 0.47 0.91 1.34 0.89 1.11 1.32 0.89 0.47 0.91 …

1.34 1.32 0.91

Single-Turn (simple)

Number

12 5 2 0 0 0

Single-Turn (with B-Coms) 12 5 2 2 6 0

250 MeV (3 turns, 1 cryo) 18 18 5 2 2 6 …

500 MeV (3 turns, 2 cryo) 18 18 5 2 4 12 …

We propose to group S-Bend dipoles of the Arcs in 3 types:	
• type 1: 18 dipoles (12 for Single-Turn), magnetic length: 33 cm, deflection angle: 30° horizontal, magnetic field range: 0.47–1.34 T


• type 2: 18 dipoles ( 0  for Single-Turn), magnetic length: 66 cm, deflection angle: 30° horizontal, magnetic field range: 0.45–1.32 T


• type 3: 12 dipoles ( 6  for Single-Turn with B-Com),  L = 33 cm,  deflection angle: 30° vertical, magnetic field range: 0.47–0.91 T

Is it worth combining the groups?	
• type 1 + type 2:  45 cm,  30°,  with wider field range


• type 1 + type 3:  30 cm,  30°,  same design for hor. and vert.
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Total number of dipole 

• 19 dipoles for Single-Turn version (simple)


• 27 dipoles for Single-Turn version (with B-Coms)


• 61 dipoles for 250 MeV version


• 79 dipoles for 500 MeV version

Types of dipoles for PERLE defined by geometry and size

Type Name Plane Number Function Geometry L, cm |B|, T I, mA

ST ST+BC v.250 v.500 min max max

1 Chicane 15cm hor. 4 4 4 Injection and Dump merger/correctors/spreader R-Bend 15 0.040 120

2 Chicane 30cm hor. 2 2 2 corrector with double length and inverted field (w.r.t. Type 1) R-Bend 30 0.040 120

3 B-Com 3-lines vert. 0 2 2 4 spreaders/mergers for 3 energy lines (for all Arcs) R-Bend 33 0.451 0.866 120

4 B-Com 2-lines vert. 0 0 2 4 spreaders/mergers for 2 energy lines (for Arcs 3, 5 & 4, 6) R-Bend 33 0.451 0.866 80

5 R-Bend 33cm vert. 0 0 8 16 spreaders (one energy line) for Arcs 3, 4, 5 & 6 R-Bend 33 0.451 0.873 40

6 S-Bend 33cm
vert. 0 6 6 12 spreaders (one energy line) for Arcs 1 & 2 S-Bend 33 0.472 0.907 40

hor. 12 12 18 180° turn of the Arc 1, 2, 3  (6 dipoles per Arc) S-Bend 33 0.472 1.342 40

7 S-Bend 66cm hor. 0 0 18 180° turn of the Arc 4, 5, 6 S-Bend 66 0.453 1.323 40

Total 18 26 60 78

Dipoles for PERLE  v2.1   Types of dipoles (for ERL only) 

There are 7 types of magnets defined by geometry and size 

• the required magnetic field might vary by the factor 2—3 within the same Type of dipole


• “S-Bend 33cm”  at the Spreader/Merger sections is in vertical orientation and in 

horizontal at the Arcs — Can it have the same dipole design?
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T/m 0.2 2.6 6.4 8.2 19 23 total

7 MeV 15

89 MeV 9 34

171 MeV 2 9 6 26

253 MeV 6 28 7

All 26 43 12 54 7 142

T/m 0.2 2.6 6.4 8.2 19 23 43 56 total

7 MeV 15

89 MeV 4 21

171 MeV 4 4 4 13

253 MeV 2 14 2 8

336 MeV 12 2 12

418 MeV 6 2 12

500 MeV 2 2 12 10

All 23 27 18 33 8 44 10 163

500 MeV

250 MeV

Number of quadrupoles for PERLE ( 250 & 500 MeV versions )

Air cooled quadrupoles	
• Dimensions, cm: 15 x 15 x 15 

• Gradient, T/m:  0.2 < … < 2.6 

• number: 26 (for 250 MeV) and 23 (for 500 MeV) 

Water cooled quadrupoles 	
• Dimensions, cm: 15 x 15 x 15 

• Gradient, T/m:  2.6 < … < 6.4 

• number: 43 (for 250 MeV) and 27 (for 500 MeV) 

• if gradient of < 8.2 T/m is ok 

➡ number of quads for 500 MeV is 45

2.5
S
p
litters

(S
1-4,

R
1-4)

Table 2.5.1: Operational parameters for the splitter dipole, quadrupole and vertical corrector magnets. The values include the
required adjustment margins on the maximum field values of 10% for the dipoles and 20% for the quadrupoles.

Parameter H-Dipole H-Dipole Quad-Air Quad-Water V Corr 1 V Corr 2

21x31x16 21x31x31 15x15x15 15x15x15 12x7.5x10 12x7.5x5

Number of magnets 24 12 44 20 16 16
Gap or Bore (cm) 3.6 3.6 4.5 4.5 4.4 4.4
Steel height (cm) 30.5 30.5 15.0 15.0 8.6 8.6
Steel width (cm) 21.0 21.0 15.0 15.0 12.0 12.0
Steel length (cm) 16.0 31.0 15.0 15.0 10.0 5.0
Width including coil (cm) 21.0 21.0 15.0 15.0 12.0 12.0
Length including coil (cm) 24.1 37.4 15.0 15.0 15.0 8.5
Pole width (cm) 7.66 7.66 3.57 3.57 5.0 5.0
Field (T)/Gradient (T/m) 0.035-0.611 0.412-0.649 0.01-2.63 2.96-6.28 0-0.016 0-0.016
Field/Gradient Integral
(T-m/T) at X=0/1 cm

0.008-0.120 0.142-0.224 0.002-0.394 0.445-0.941 0-0.00224 0-0.00150

Good Field Region (mm) ± 15 ± 15 ± 5 ± 5 ± 18 ± 18
Central Field Unif (%) ± 0.03 ± 0.03 ± 0.05 ± 0.05 ± 3.0 ± 3.0
Field Integral Unif (%) ± 0.03 ± 0.03 ± 0.05 ± 0.05 ± 3.0 ± 3.0
Bend Angle Unif (%) ± 0.1 ± 0.1 – – ± 3.0 ± 3.0
NI per coil (Amp-turns) 583-9131 6073-9588 2-535 603-1277 0-570 0-570
Turns per coil 4 x 13 4 x 13 82 11 57 x 10 57 x 10
Coil cross section (cm x cm) 2.44 x 8.58 2.44 x 8.58 0.9 x 7.5 2.5 x 2.1 9.2 x 1.5 9.2 x 1.5
Cond. cross sect (cm x cm) (0.56x0.56)/0.36-diam hole 0.12 x 0.4 (0.56x0.56)/0.36 AWG 17/0.115-diam
Cond. straight length (cm) 16.4 28.6 10.0 10.0 10.0 5.0
Cond. length/turn, avg (cm) 59.78 84.2 32.2 32.7 28.4 18.4
Rcoil (⌦) 0.0229 0.0322 0.107 0.0030 2.8 1.8
L (mH) 2 x 10.0 = 20.0 2 x 17.0 = 34.0 4 x 0.11 = 0.44 4 x 0.11 = 0.44 22.4 15.8
Power supply current (A) 11.2-175.6 97.8-184.4 0.0-6.5 54.8-116.1 0-1.0 0-1.0
Current density (A/mm2) 0.5-7.6 4.24-8.0 0.0-1.4 2.6-5.5 0-0.4 0-0.4
Voltage drop/magnet (V) 0.5-8.0 6.3-11.9 0-2.8 0.7-1.4 0-2.8 0-1.8
Power/magnet (W) 3-705 621-2188 0-18 36-162 0-2.8 0-1.837

from CBETA TDR:

  PERLE project could use:        26                        20+
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PERLE Lattice Update  and  Specifications of Magnets

Three Dipole Merger	
• Symmetrical Diagnostic Line  ➙  know the beam parameters before the 1st acceleration 

• Possible to control compaction factor 

Fabry Perot (IP1) on the same side as Linac	
• Determined by X-ray extraction line 

• Spreader is extended to host Fabry Perot ( 2.4m space available ) 

• Recombiner is shortened, Arcs are aligned (optimal space occupancy) 

Single Turn layout and optics	
• Arcs are tuneable (M56 compensation) for all version  

• Test the Linac performance at Single Turn  ➙  Finalise the geometry 

• 67% less magnets needed 

Ongoing	
• Define the dimensions of Booster Cryo-Module 
➡ adjust the lattice to fit in the IGLOO building 

• Implementation of diagnostics to the lattice
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Thank you ! 

PERLE:  Lattice design and beam dynamics studies
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Back Up 

PERLE
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PERLE Lattice  with symmetrical  Diagnostic Line & Fabry Perot (IP1)

Arcs

Cryo-Module

7 MeV

89 
171 

7 MeV

Arcs

IP1 (FP)

Injection Dump

Merger

Diag. Line

Booster

IP2

253 

Recombiner Spreader Common Section 
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Dog-Leg  Merger:   Tuning M56 & closing dispersion bump

Chicane	
Magnets

HV HHV

7 MeV

89 MeV

7 MeV

7 M
eV

89 MeV

171 
253 

Diag. Line

89—253 MeV

BCom

BCom

Cr
yo
-M

od
ul
e

Top view

Side view

Cr
yo
-M

od
ul
e7—253 MeV

7—253 MeV

D2Q1 Q2 Q3

Tuning M56 at 
Dog-Leg Merger:

Q1 → tune the dispersion at D2 → control M56 ∈ [-10, 5] cm


Q2 & Q3  →  closes the dispersion bump (dx, dpx = 0)

D2Q1 Q2 Q3

D2Q1
Q2

Q3
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Section Subsection E3 E2 E1 E0

Common C1

A Inj. chic. x, px
bC1A1_#
bC1A2_#
bC1A3_#

B 2q β
qC1B1_#
qC1B2_#

C SRF ΔE

cC1C1_#
cC1C2_#
cC1C3_#
cC1C4_#

D 2q β
qC1D1_#
qC1D2_#

E
Dump 
chic.

x, px
bC1E1_#

bC1E2_#
bC1E3_#

Spreader

S1

S2

S3

A B-Coms y
bS3A1_#
bS3A2_# bS1A2

B 3q dy
qS2B1 qS1B1
qS2B2 qS1B2
qS2B3 qS1B3

C 2b y
bS3C1 bS2C1 bS1C1
bS3C2 bS2C2 bS1C2

D 4q β

qS3D1 qS2D1 qS1D1
qS3D2 qS2D2 qS1D2
qS3D3 qS2D3 qS1D3
qS3D4 qS2D4 qS1D4

E 3q IP
qS3E1
qS3E2
qS3E3

Section Subsection E3 E2 E1

Odd Arcs
A1

A3

A5

A b + 3q

x,

dx,

β,


r56 

bA5A1 bA3A1 bA1A1
qA5A1 qA3A1 qA1A1
qA5A2 qA3A2 qA1A2
qA5A3 qA3A3 qA1A3

B b + q
bA5B1 bA3B1 bA1B1
qA5B1 qA3B1 qA1B1

C b + 3q

bA5C1 bA3C1 bA1C1
qA5C1 qA3C1 qA1C1
qA5C2 qA3C2 qA1C2
qA5C3 qA3C3 qA1C3

D b + q
bA5D1 bA3D1 bA1D1
qA5D1 qA3D1 qA1D1

E b + 3q

bA5E1 bA3E1 bA1E1
qA5E1 qA3E1 qA1E1
qA5E2 qA3E2 qA1E2
qA5E3 qA3E3 qA1E3

F b bA5F1 bA3F1 bA1F1

Lines
L1

L2

L3

A 2q

βB 3q

C 2q

D 2q IP

Section Subsection E3 E2 E1

Even Arcs
A2

A4

A6

A b + 3q

x,

dx,

β,


r56 

bA6A1 bA4A1 bA2A1
qA6A1 qA4A1 qA2A1
qA6A2 qA4A2 qA2A2
qA6A3 qA4A3 qA2A3

B b + q
bA6B1 bA4B1 bA2B1
qA6B1 qA4B1 qA2B1

C b + 3q

bA6C1 bA4C1 bA2C1
qA6C1 qA4C1 qA2C1
qA6C2 qA4C2 qA2C2
qA6C3 qA4C3 qA2C3

D b + q
bA6D1 bA4D1 bA2D1
qA6D1 qA4D1 qA2D1

E b + 3q

bA6E1 bA4E1 bA2E1
qA6E1 qA4E1 qA2E1
qA6E2 qA4E2 qA2E2
qA6E3 qA4E3 qA2E3

F b bA6F1 bA4F1 bA2F1

Recombiner
R1

R2

R3

A 4q β

qR3A1 qR2A1 qR1A1
qR3A2 qR2A2 qR1A2
qR3A3 qR2A3 qR1A3
qR3A4 qR2A4 qR1A4

B 2b y
bR3B1 bR2B1 bR1B1
bR3B2 bR2B2 bR1B2

C 3q dy
qR2C1 qR1C1
qR2C2 qR1C2
qR2C3 qR1C3

D B-Coms y
bR3D1_# bR1D1
bR3D2_#

New labelling convention. Table:  Section, Subsec. (objective), Name
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Diagnostic Line  after the booster
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Diagnostic Line at the Dump.   Using chicane as Spectrometer
Scr

7 M
eV

Dump	
Chicane

Cryo-
Module

Dum
p

Spreader

Beta vs Dispersion (horizontal plane)

• quad-scan with quad-
doublets after the 
chicane ➞ measure 
transverse emittance  
and energy spread


• space charge (7 MeV)


• work in progress
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Arc2 Mrg1
Acc

ele
rat

ion 2

Spr2
Arc3 Arc4 Mrg2

Acc
ele

rat
ion 3

Spr3
Arc5 Arc6 Mrg3

Dec
ele

rat
ion 1

Spr2
Arc3 Arc4 Mrg2

Dec
ele

rat
ion 2

Spr1
Arc1IRs (

βx,y
=30

cm
)

Injec
tio

n

Acc
ele

rat
ion 1

Spr1
Arc1 Arc2 Mrg1

Dec
ele

r. 3

Dump

PERLE Optics:  from Injection to Dum  ( 250 MeV version )

~ 335 m

Turn1 Turn2 Turn2 Turn1

Turn3


