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Damping Ring Questions

1. How many bunches?
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Number of bunches and Circumference

RDR 2007 TDP
TILC08

SB2009

# of bunches 2684-5412 2610-5265

Bunch population 2-1 . 1010 2-1 . 1010

Bunch distance (ns) 6.2-3.1 6.2-3.1

C (m) 6695 6476

h 14516 14042

Kicker frep MHz 
(1ms linac pulse)

2.8-5.5 2.7-5.4
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Which bunch distance?

RDR

Bunch dist (ns) 3 6

Stripline length 
(cm)

30 60

Stripline voltage 
(KV)

± 5 ± 5

# of e+ injection 
striplines

20 10

Kicker frep MHz 
(1ms linac beam 
pulse)

5.5 2.8

e+ Injection kickers
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Pulse source(FID FPG 10-6000KN )
Specification
Maximum output voltage + 10 kV

- 10 kV
Rise time @ 10-90% level - < 1 ns
Rise time @ 5-95% level - < 1,2 ns
Pulse duration @ 90% - 0,2-0,3 ns
Pulse duration @ 50% - 1,5-2 ns
Output pulse amplitude stability - 0,5-0,7%
Maximum PRF in burst - 6,5 MHz
Number of pulses in burst - up to 110
PRF of bursts - up to 5 Hz 

Beam kick profile from the beam 
oscillation amplitude

T. Naito, TILC09
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Bunch distance and e-cloud

Increasing the bunch spacing (OCS and 2xOCS) strongly reduces the e-
cloud density (Configuration recommendation Feb. 2006)

At present a 3.1ns bunch distance seems feasible with proper choice of 
mitigation techniques

OCS        6 ns

2xOCS  12 ns

2 1010 part./bunch



5/29/09        AD&I, DESY 7

Number of bunches and Circumference

RDR 2007 TDP
TILC08

SB2009 ?

# of bunches 2684-5412 2610-5265 1305-2632 1300

Bunch population 2-1 . 1010 2-1 . 1010 2-1 . 1010 2 . 1010

Bunch distance (ns) 6.2-3.1 6.2-3.1 6.2-3.1 3.1

C (m) 6695 6476 3238 1600

h 14516 14042 7021 3500

Kicker frep MHz 
(1ms linac pulse)

2.8-5.5 2.7-5.4 1.4-2.7 1.4
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Number of bunches and Circumference

• For 1300 bunches one could design a very 
short ring, as the SuperB one (~1600 m) 
without wigglers

• Wigglers give the main contribution the e-
cloud density

• Cost would be reduced by ~1/4 
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Minimum Machine: New 3 Km layout

M. Biagini

Arcs based on SuperB-like cells

Same straight sections as the 6 km ring

Cost estimate for TDP-2: straight sections scale 
directly from the 6 km ring, for the arcs use 

information from the SuperB TDR

1000 m

400 m
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Ring

Curly H

ArcsArcs Original, 6Km
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Features
• Arcs contain alternating cells with different phase 

advances:
– cell #1: L=20 m, μx = 0.72, μy = 0.27
– cell #2: L=21 m, μx = 0.5, μy = 0.2

• Emittance can be tuned by changing the x-phase 
advance/cell in cell#1

• Same is true for momentum compaction

SuperB-like cells
Lattice and 

Dynamic Aperture 
optimization in 

progress
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A. Wolski, ILC DR Webex, 4 March 09

Lattice Design at CI (6 km)

Modifications have been made to the straight sections according to the 
requirements for the central injector integration scheme proposed for the 
“Minimum Machine”:

Injection and extraction are now in a single straight in each ring

Beams circulate in opposite directions in the two rings

(apply also to 3 km)
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What changes with the number of bunches

Assuming:
• Same bunch distance
• Same charge/bunch
• Same damping time

same current
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What changes with the number of bunches

Half circumference

Half RF cavities

Half wigglers
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Magnet counts
DSB (3km) DCO (6km)

Arc dipole length 5.4 m 2.0 m
Arc dipole field (2 types) 0.178/0.243 T 0.273 T
Number of arc dipoles 128 192
Number of 2 m dipoles 4 8
Number of 1 m dipoles (in chicanes) 36 48
Total number of quadrupoles 502 690
Maximum quadrupole gradient 7.5 T/m 12.0 T/m
Total number of sextupoles 192 384
Maximum sextupole gradient 145 T/m2 215 T/m2

Number of magnets reduced by 0.5÷0.7

Half cable lenght
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What changes with the number of bunches

• Lattice and DA
– Different lattices can fulfill the requirements in both 

cases
• LET

– Reevaluate for the different lattice
– We expect ~ half bpms and correctors

• Space charge incoherent tune shift 

• E-cloud and other instabilities
– Depend on bunch distance, peak and average current ~ 

same results
• Fast ion

– Shorter gaps between trains
– Reconsider the fill patterns

ΔQy ≈
reNC

2π( )3 2 γεxγεyσ zγ
2 ~ half
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What changes with the number of bunches

CFS:
• Half tunnel length
• Half space for RF and wigglers
• Same number of shafts (1 for RF and 

wigglers, 1 for injection/extraction)
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Risk 
analysis

RDR
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Risk 
analysis

SB2009
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Plans
• R&D in progress is useful for both
• Beam dynamics: repeat evaluation for the 

new lattice
• TD and Cost evaluation

– Work done for the 6 km ring straight sections 
can be used for the 3 km

– Work done for the arcs has to be updated 
(using SuperB information)

• Schedule a webex meeting to update DR 
plan and  prepare for discussion at 
Albuquerque
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Conclusions

• CONS
– Half bunches

• PROS
– Half cost
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Damping Rings Fill Pattern
Sendai 2008 RDR 2007
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