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Future Rings

♦ Greater demands on performance of present and future
accelerators
� Lower emittance
� Higher current
� Shorter bunches
� Top-up mode
� Bunch trains (gaps)
� Reduced damping time

→
→
→

♦ All tend to push limits of beam stability
→Single-bunch
→Multi-bunch



John Corlett February 2000 Slide 3

NLC - The Next Linear Collider Project

Comparison of ring parameters

♦ Synchrotron Light Sources

� Existing 3rd generation light sources
> ALS, NSLS, ESRF, ELETTRA, APS, …..

� New light sources
> DIAMOND, SOLEIL, SSRF, ….

♦ Damping rings for linear colliders
> NLC, TESLA, CLIC

�Similar to 3rd generation light sources
�Pushing some parameters
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Comparison of ring parameters

ATF NLC CLIC TE SLA
ALS ELETTRA SRR C NSLS- vuv SLS dam ping ring SOLEIL DIAM O ND SSRF dam ping ring dam ping ring dam ping ring

Ene rgy GeV 1.5 2 1.5 0.808 2.4 1.54 2.5 3 3.5 1.98 1.98 5
Mom entum com p action 1.00E- 03 1.43 1.59 6.78 23.5 0.7 1.93 0.472 8.43 0.71 0.66 0.28 0.12
Ene rgy spr ead % 0.08 0.08 0.075 0.05 0.09 0.072 0.0924 0.0923 0.09 0.078 0.13
Bunc h le ngth ps 12 18.7 30 170 13.3 16.7 11.67 16.2 12.7 10 20
Nor m alized X e mittanc e m rad 1.20E- 05 2.70E- 05 6.28E- 05 2.14E- 04 2.07E- 05 4.30E- 06 1.47E- 05 8.39E- 05 8.15E- 05 3.00E- 06 1.50E- 06 8.00E- 06
Nor m alized Y e mittanc e m rad 1.20E- 07 2.20E- 07 1.25E- 06 4.63E- 07 3.00E- 08 3.00E- 08
X /  Y dam ping tim e ms 17 13 4.9 / 9.4 14 9 6.8 / 9.1 8.73 7.17 / 7.14 5.2 8.3 28
Longitudinal dam ping tim e ms 80 5.7 7 5 5.5 4.35 3.56 2.5
Num ber  of bunches per train 320 388 150 7 10 -  60 396 95 154 2820
Bunc h sp acing ns 2 2 2 2.8 - 5.6 2.84 2 2.8 0.667 20
Multibun ch cur rent mA 400 320 200 1000 400 600 500 300 300 800 820
Single bunch cur ent mA 20 30 10 400 10 5
Pa rticles per  bunch 5.00E+09 1 -  3 E+10 1.60E+10 4.20E+09 2.00E+10
Cir cum fer enc e m 196.8 288 138.6 337 407 384 297 239 17000
Rep etition rat e Hz 25 120 150 5
Be a mpipe radius c m 5 10 9 11 1.2 1.25 1 2.3 1.6

Existing mac hines Pr opose d light sour ces Pr opose d dam ping rings
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Instabilities in rings

♦ Coupled-bunch motion
� Bunch-to-bunch energy spread

→Broaden undulator harmonics
→Energy spread in extracted bunch trains

� Movement of source point
� Increase in beamsize
� Beam loss

> Damp resonances
� Cavities, BPM’s, septa,

kicker magnets, …

> Feedback systems
� Control residual motion
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Instabilities in rings

♦ Single-bunch effects
� Increase in beamsize (transverse and longitudinal)

→Instabilities
> Impedance driven, two-beam driven

→IBS
� Beam loss
� “Bursting” phenomena particularly difficult

→SLC - “sawtooth”, NSLS - coherent radiation bursts
> Severe consequences downstream of damping rings

� Requires very careful vacuum chamber design
> Reduce short-range wakefields

�Understand wakefield / impedance model
�Understand instability models
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Emittance requirements

♦ Light sources
� High brightness radiation beams

→ γεx "  10 µmrad, γεy "  100 nmrad

♦ Damping rings
� High luminosity collisions

→ γεx "  1 µmrad, γεy "  10 nmrad
� Extracted beam emittance

→Evolves from the injected beam
emittance, and the natural
equilibrium emittance

� Positron beam requires pre-damping
ring

→Large emittance from target

εextracted = εinjectede-2Nτt + εequilibrium 1 - e-2Nτt

♦ Small beams
♦ Small vacuum chambers
♦ Strong short-range wake
♦ High cut-off frequency
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Ring Parameters

♦ Luminosity determined by repetition rate of bunch trains
♦ Damping time determined by required rep rate, # trains, store

time per train

� Three orders magnitude reduction in vertical emittance

♦ Need E > 2.8 GeV with iron magnets
� Expensive

→Increase damping rate using wiggler
τ = 2.88x1012 Torbit

B0 γ2

τ Š 1
frep

 Ntrain
Nτ

♦ Long, narrow gap insertion device
� Limiting aperture
� Increases short-range wakefield
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Ring Parameters

♦ Energy
� Adequate damping at minimal cost
� Preserve spin polarization

→Spin-tune is half-integer
� "  2 GeV

♦ Bunch trains
� Continuous injection / extraction
� Requires very stable and fast injection / extraction kickers

→Sets machine circumference

E = n + 1
2

 440 MeV

♦ Intra-beam scattering
♦ Instability thresholds

♦ Transients excite all bunch trains in machine
♦ Phase transient along bunch train
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Ring Parameters

♦ Small momentum compaction
� Sensitivity to orbit changes

→Increase RF voltage to maintain short bunches
� Incorporate chicane to control circumference ± few mm

→Wiggler on / off
→Other effects

♦ Bunch length
� Short

→Maintain peak current below instability thresholds
→Avoid excessive intra-beam scattering

> Harmonic cavities
�Light sources
�CLIC

♦ Decreases instability thresholds

♦ Short bunch - lower instability
thresholds
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NLC

♦ Consists of:
�  e+ source and polarized e- source to

produce high-current bunch trains
� damping rings for small emittances
� bunch compressors for short bunches
� X-band linacs to attain high gradient

acceleration for high energy
� collimation section to remove large

amplitude particles
� final focus for small spots
� two IPs for alternate experiments
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NLC Damping Rings Complex

♦ Reduce emittance of low-energy e+ e-

♦ Stable platform for injection into linacs
� Similar to 3rd generation light sources

Pre- d amping ring Main  d amping rings

En e r g y (G e V) 1.9 – 2 . 1 1.9 – 2 . 1
Circ umfe ren c e  (m) 214 297
B u nch sp a cin g  (n s) 2.8 2.8
Fill p attern 2 trains 9 5  b u n c h e s

2 g a p s  1 0 0 n s
3 trains 9 5  b u n c h e s

3 g a p s  6 8 n s
D amping time (ms) < 5 . 2 1 < 5 . 2 1
Nmax/b u n c h 1.9x1010 1.6x1010

C urre nt (mA) 800 750
Inje cte d emitta nce  X/Y  (m-ra d ) < 9x10-2 ( e d ge) < 150x10-6 (rms)
Ex tra cted  emitta n c e  X/Y (m-ra d ) < 1x10-4 < 3x10-6 /  0 . 0 3 x 1 0-6

RF voltag e (MV) 2 1.5
M omen t um c omp a ction 0.0051 0.00066
En e r g y s pre a d (%) 0.09 0.09
B u nch le n gth (mm) 8.4 3.8
Wiggler field  (T) 2 2
Sy n c h. ra diatio n  p o wer  p er sectio n  (k W) 25 25
V a c u um pre ssu r e  (To rr) 1x10-9 1x10-9

Maxim um rep .  R ate (Hz ) 120 120
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Damping Rings RF Systems

♦ Main damping rings En e r g y 1.98 G e v
Circ umfe ren c e 297m
RF Fre q uen c y 714 M H z

H armonic  Nu m ber 708
B u nch sp a cing 2.8 n s
Beam C urre nt 0.75 A

σε 0.09 %
σz 4 mm
α 0.00066

Us.r. 750 k e V/turn
UHOM's 5.6 k e V/turn
Upa rasi tic 36 k e V/turn

VRF 1.5 MV
N umb er of Ca vitie s 3
N umb er of kly stro n s 1

Cav ity W all Dissip ation 42 k W/c a vity
Kly stron P o wer 1 M W

Shunt Imp e d a n ce 3.0 Mž/ c a vity
U nlo a d e d Q 25500

C o u pling Facto r 5.8
Sy n c hro n o u s P has e  A n gle 32°

O ptimum D etuning at Full Cu rre nt 106 k H z
Sy n c hrotr o n Fr e q uen c y 6.9 k H z

Lo a d e d  Q 3777
En e r g y a c cepta n c e ± 1 . 8  %
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HOM Damping

♦ Longitudinal modes
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♦ Transverse modes

∆ω = j Ifrf
2E

e
 αp f0fs

 Zeff
long.

∆ω = - j I f0
2E

e
 βx,y Zeff

trans.

→Damp higher-order modes
> Transverse feedback system required

�HOM’s, two-beam instabilities, and resistive wall
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Gap Transient Effects

♦ Bunch-to-bunch synchronous phase variation
� Leads to energy variation after bunch compression
� 4° / 30 ps

♦ Compensation techniques
� Adaptive-inverse feedforward with broadband klystron (? f "  10 MHz)
� Harmonic cavities
� Ring off-frequency (･ f "  40 kHz)
� High-stored-energy cavities

∆φ - 
2kIoTgap

Vcavity sinφsynch
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NLC Impedance Model

♦ Longitudinal wake
� Major vacuum chamber components

→RF cavities
→Resistive wall

> Small vacuum chamber
→BPM’s

> High-frequency resonances
→Ante-chamber slots
→Bellows shields
→Injection and extraction magnets

♦ Similar impedance model for transverse wake
�Cho Ng talk
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ZDR - Longitudinal single-bunch

♦ Potential well distortion

♦ Microwave instabilities
� Z/n "  0.025 !
� Strong threshold estimate

→Threshold "  2 x operating current
� Simulations

→Threshold "  4 x operating current

Ip = 
2π η  E

e  βσp
2

Z||
n eff
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ZDR - Transverse single-bunch

♦ Transverse mode coupling instability (TMCI)
� Simulations

→Threshold "  10 x operating current

Ib = 
4 E

e  νs

Im Z⊥  β⊥  R
 4 π

3
 σl



John Corlett February 2000 Slide 19

NLC - The Next Linear Collider Project

ZDR - Fast ion instability

♦ Interaction between intense electron beam and ions gives
rise to fast transverse instability

♦ Growth time <"  1 ms
♦ Experimental evidence from ALS and PLS

� Maintain average pressure < 1 nTorr
� Bunch-by-bunch feedback system
� Additional gaps in bunch trains
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ZDR - Electron cloud instability

♦ Intense positron beam produces cloud of photoelectrons
and secondary electrons

♦ Experimental evidence at BEPC
♦ Desorbs gas from surfaces
♦ Interaction between positron beam and electron cloud

gives rise to fast transverse instability

� Low secondary emission coatings
� Bunch-by-bunch feedback system
� Solenoidal magnetic fields
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ZDR - Lifetime and IBS

♦ Gas-scattering lifetime several hours

♦ Touschek lifetime few minutes
� Increase bunch volume for commissioning studies

♦ Intra beam scattering (IBS)
� significant at lower energies

→Higher energy preferable
> Reduced growth from IBS
> Reduced damping time
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Conclusions

♦ Damping rings and synchrotron light sources face similar
problems with collective effects
� Intense beams
� Small vacuum chambers

→How good is the impedance model?
→How good are the impedance calculations and

measurements?
→How good are the instability models and analyses?

�Subjects of this workshop


