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FCC_ee Injector complex: general layout

Project structure:
● WP1/2: Electron Source, Electron and Positron Linacs
● WP3: Positron Source: Target and Capture System 
● WP4:WP4: Damping Ring and Transfer Lines Damping Ring and Transfer Lines
● WP6: PSI Positron Production (P3) Project
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FCC_ee Injector: WP4 task list

1) Damping Ring design (coord. C. Milardi) 
● A. De Santis,
● O. Etisken,
● Y. Dutheil (Injection equipment: septa & kickers)
● CERN collaboration on RF systems.

2) Transfer Lines design (coord. A. De Santis):
● C. Milardi,
● S. Spampinati.

3) Energy/Bunch Compression design (coord. S. 
Spampinati):
● C. Milardi,
● A. De Santis,
● CERN collaboration (e+ LINAC group)
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WP4: design status
pTLi: positron transfer line injection in DR

pTLe: positron transfer line extraction from DR

pDR: positron Damping Ring

cBD: common diagnostic 
Beam Dump pBD: positron diagnostic 

Beam Dump

pTLi/e will be covered by S. Spampinati
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Transfer lines pLINAC - pDR

Topic covered in the S. Spampinati talk 
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Energy Compressor optimization

R56 + zero-crossing cavity transform: 

VRF and R56 parameter scan:

Maximize the fraction of particle 
within 2% of the central energy.

Result (only analytical):
VRF = 100 MV
R56 = -0.35 m  

Results with Elegant simulation 
slightly different.

Analitical approximation
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Positron Damping Ring
Baseline @1.54 GeV
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Damping ring layout
Parameter FCC_ee DR

Circumference 239.2 m
Harmonic number 319

Eq. Emittance (x/y/z) 1.01 nm/ - / 1.46 
mm

Dipole length, Field 0.21 m, 0.66 T
Wiggler #,Lenght, Field 4, 6.64 m, 1.8 T

Cavity #, Lenght, Voltage 2, 1.5 m, 4 MV
Bunch stored #, charge 18 , 4.0 nC
Damping Time (x/y/z) 10.8 / 10.8 / 5.4 ms

Store Time 42.5 ms
Energy loss per turn 0.227 MV

SR Power Loss (WGL ) 15.7 kW

Current DR shopping list:

● 232 BEND (21 cm each) in the arcs
● 258 QUADRUPOLE (20 cm each mostly in the arcs)
● 232 SEXTUPOLE (8 cm each mostly in the arcs)
● 4 WIGGLER (6.7 m each: 44 poles of 5 cm each)
● 2 Straight section hosting RF Cavity and Injection/Extraction equipments 
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DR optics details

DR DBA Cell

Straight section details. 
Two of the four wigglers are 
shown.
Straight sections are designed 
to host RF cavities
and  Injection/Extraction 
equipments.
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DR dynamical aperture

The stability region in the transverse plane have been evaluated for different energy deviation, 
in the range between ±2%.

Contours represents regions where at leas 90% of the initial conditions leads to a succesfull 
tracking. A probability definition is needed in order to take into account the average value over 
the surface.

Tracking has been performed with PTC 
(MAD-X interface).
2000 turns has been tracked (~15% 
damping time). The estimated loss of 
accuracy is below 1% at the nominal 
energy. 

The phase space have been sampled 
up to 3x3 cm2 in the transverse plane.

Radiation damping not enabled



11 Jun 2024 A. De Santis - FCCWeek -  DR Summary 12/47

DR Beam Dynamics Parameters
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DR collective effects estimate
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pDR: Acceptance of the pLINAC particles

Survived particles at 10k turns: 59794/71800 = 83%

Start2End simulation: from positron source to Damping Ring stored beam
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Further developments for Damping Ring

`
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Positron Damping Ring
2.86 GeV
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High-Energy DR option

Sketched layout 
becomes

High-Energy DR option
200Hz

200Hz
200Hz

200Hz

P. Craievich / M. Benedikt
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CLICK PDR

Y. Papaphilippou: 
”Shortened with SC WGL. Proper emitance with retuning TME. Impact on DA” 

FCCee < 10 mm mrad
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pDR(@2.86 GeV): alternative design 

Arc: 18 FODO Cell

Length [m] 385

Emittance [nm rad] 1.20

Damping time [ms] 6.4

Energy loss [MeV] 1.13

Here FODO optimized for the 
Minimum emittance
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Some preliminary comparison
Parameters CLICK PDR TPDR (v3)

Energy [GeV] 2.86 2.86
Shape Racetrack Triangle
Lattice TME FODO
# Bending 38 144
Dipole length [m] 1.31 0.65
Dipole field [T] 1.2 0.94
Bending angle 9.47 2.5
# Quadrupole 196 186
# Sextupole 110 96
Filling factor 0.4 (inc. WGL) 0.24
Damping WGL 108 m/ 1.9 T 36.5 m / 2 T
Length [m] 389.15 384.87
Emittance [nm rad] 9.6 1.2

Damping time [ms] 2.68 6.4
Energy loss (SR) [MeV] 2.75 1.13
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FODO scan

Tunes of the ring have been varied to find the best solution for resonances and aperture.
The scan has been performed by varying the FODO phase advance.

Equilibrium emittance varies as expected as a function 
of the FODO phase advance (round beam)

The requirement of 10 mm normalized emittance imply
egeom ≤ 1.7 nm rad

26x27 = 702 configuration
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Acceptance
ON ENERGY

For each configuration tracking has been performed using a matrix of ~50 point in the 
Transverse plane (7x7 point spanning between +/- 3s in the transverse plane)
Raw definition of acceptance: Nsurv/Ntry 

ALLOWED
REGION

Color Map
Represent the number 
of config in the bin
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Best configuration
ONLY 9 ConfigONLY 9 Config

Energy acceptance: 
185/240 total

egeom = 1.9 nm rad

ARC FODO CELL
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Conclusions

● Damping Ring  and Transfer Lines design has been 
completed (Baseline@1.54).

● DR acceptance of the order of 83% including Energy 
Compressor before the pDR injection.

● A Bunch Compressor has been included between the 

pDR and the Common LINAC. 
● A preliminary costs estimate has been delivered.

● Higher Energy pDR design work just started.
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Spare slides
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pTLi: Injection Transfer Line
from pLINAC to DR
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Transverse emittance @ pLINAC

Data from M. Schaer @ Jan23
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Energy compressor layout
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Simplified Energy Compressor optimization

R56 + zero-crossing cavity transform: 

VRF and R56 parameter scan:

Maximize the fraction of particle 
within 2% of the central energy.

Result (only analytical):
VRF = 100 MV
R56 = -0.35 m  

Results with Elegant simulation 
slightly different.



11 Jun 2024 A. De Santis - FCCWeek -  DR Summary 30/47

TL Injection/Extraction Section
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Transfer lines pLINAC - DR

Topic covered in the S. Spampinati talk 
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EC Tracking with Elegant
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pDR: positron DR 
1.54 GeV
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Tune diagram

Nominal 
value
Qx: 0.1897
Qy: 0.5816

DE > 0

DE < 
0

Tune variation as a function of
energy deviation for the nominal 
lattice
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Separatrix
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DR dynamical aperture: Tracking study

Tracking has been performed with PTC (MAD-X interface) for 10k turns.  
Initial distribution are Gaussian  with nominal emittance (CDR ex:1.29 ey:1.22 10-6m rad). 
Complete tracking has been performed, including radiation loss and RF effects.
In the table the numbers refers to the particles lost at a given turn (1k width). The first column 
is the number of initial particles. The range of energy considered is quite large in order to 
estimate the acceptance as a function of the energy deviation.
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DR: particle loss distribution

End of DR

Tracking has been performed starting with nominal ECS + Injection DogLeg pLINAC 
transformation
The plot shows the distribution of losses around the ring (lattice on top)

Particle loss at first turn
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DR dynamical aperture

For larger energy variations (±4%) the stability region shrinks considerably and it is clearly not 
symmetric w.r.t. the energy variation itself in the transverse plane being considerably smaller 
at higher energy (blue) w.r.t. lower energies (red). For reference the stability region at the 
nominal energy has been reported. 

Tracking has been performed with PTC 
(MAD-X interface).
2000 turns has been tracked (~15% 
damping time). The estimated loss of 
accuracy is below 1% at the nominal 
energy. 

The phase space have been sampled 
up to 3x3 cm2 in the transverse plane.

Radiation damping neglected
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Preliminary evaluation of collective effects
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PDR eCloud: DAFNE benchmark

S. Ozdemir et al
10.18429/JACoW-IPAC2024-WEPR08
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Emittance evolution with IBS

The IBS has been evaluated using 
MAD-X module.

The initial emittance is 3 mm mrad 

The bunch charge is 4 nC 

ex(ext) = 1.29 nm rad
ey(ext) = 1.03 nm rad
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Alignment errors

Orbit variation for 100 mm average alignment error on quadrupoles (H/V).
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Positron Damping Ring
2.86 GeV
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Best configurations

157
161

144

185 166
184

Emit= 1.932e-09
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Best config Twiss output
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Potential configs
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