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Future Rings /Q\l ﬁ

BERKFLFEY LAB

¢ Greater demands on performance of present and future
accelerators

Lower emittance

Higher current

Shorter bunches

Top-up mode

Bunch trains (gaps)

Reduced damping time

SO OO

—

¢ All tend to push limits of beam stability
— Single-bunch
— Multi-bunch
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Comparison of ring parameters /J\’ ﬁ

BERKFLFEY LAB

¢ Synchrotron Light Sources

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

¢ New light sources
> DIAMOND, SOLEIL, SSRF, ....

¢ Damping ringsfor linear colliders
> NLC, TESLA, CLIC
—Similar to 3rd generation light sources
—>Pushing some parameters
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Comparison of ring parameters—-m\

BEFERKELFEY

AF NC ac TESA
AS HETRA FRC | ESw gsS dmipgrirg| SAH. DIM @WN SIF |danipgrirg|damipgrirg|damipgrirg

Eegy Qv 15 2 15 0.808 24 154 25 3 35 198 198 5
Mom gumcom pon 100E G 143 159 6.78 235 0.7 193 0472 843 071 0.66 028 012
Eegy 3r ed % 0.08 0.08 0.075 005 009 0.072 0.0924 0.0923 009 0.078 013
Brc He gth ps 12 187 30 170 133 16.7 1167 162 127 10 20
Nor mized X eittac e mad 120E6 | 2706 | 62866 | 214£@ | 20/E6 | 4306 | 1476 | 83%E6 | 8156 | 3006 | 150E6 | 800E 6
Nor mizd Y eittac e mad 120EQ@ | 220E@ | 1256 | 4630 3.00E 8 300E 8
X/'Y dnipgtime ns 17 13 49/ 94 14 9 6.8/9.1 873 717/ 714 52 83 28
Longitudrel dam jpgtime s 80 5.7 7 5 55 435 356 25
Nm & of bunches per tran 320 338 150 7 10-60 3% 9% 154 2820
Burc hyp ang ns 2 2 2 28 56 284 2 28 0.667 20
Mitibun bar et m 400 320 200 1000 400 600 500 300 300 800 820
Srgebuchar & m 20 30 10 400 10 5
Ratides per bunch 50009 1 3810 160E10 | 4208409 | 2.00EH10
Gr omdr ec e m 1968 283 1386 337 407 334 297 239 17000
Ryp dtionrat e H 25 120 150 5
Be appe redus cm 5 10 9 1 12 125 1 23 16

Exiting mec hres R pose dight sour es P pose ddam jog rirgs
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|nstabilitiesin rings /J\l ﬁ

BERKFLFEY LAB

¢ Coupled-bunch motion
¢ Bunch-to-bunch energy spread
— Broaden undulator harmonics
— Energy spread in extracted bunch trains
¢ Movement of source point
¢ Increasein beamsize
¢ Beamloss

> Damp resonances

= Cavities, BPM’s, septa,
kicker magnets, ...

> Feedback systems
— Control residual motion
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|nstabilitiesin rings /J\’ ﬁ

BERKFLFEY LAB

¢ Single-bunch effects
¢ Increase in beamsize (transverse and longitudinal)
- Instabilities
> |mpedance driven, two-beam driven
- 1BS
¢ Beamloss
¢ “Bursting” phenomena particularly difficult

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

¢ Requiresvery careful vacuum chamber design
> Reduce short-range wakefields
—=Understand wakefield / impedance model
—Understand instability models
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Emittance requirements /J\l ﬁ

BERKFLFEY LAB

¢ Light sources ¢ Dampingrings
¢ High brightness radiation beams ¢ High luminosity collisions
- yg " 10 pmrad, yg, " 100 nmrad - yg " 1pmrad, yg, " 10 nmrad

O Extracted beam emittance

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

Eextracted = Einjected Nt + Eequilibrium(l B e'ZNTt)

Small beams 0 Positron beam requires pre-damping
ring
— Large emittance from target

Small vacuum chambers
Srong short-range wake
High cut-off frequency

®* & o o
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Ring Parameters /J\’ ﬁ

BERKFLFEY LAB

¢ Luminosity determined by repetition rate of bunch trains

¢ Damping time determined by required rep rate, # trains, store

time per train 1 &1 Niran
frep NT

¢ Three orders magnitude reduction in vertical emittance

¢ Need E > 2.8 GeV with iron magnets
¢ Expensive T
- Increase damping rate using wiggler

— 2.88x 1012 T orbit
Boy*

¢ Long, narrow gap insertion device
¢ Limiting aperture
¢ Increases short-range wakefield
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Ring Parameters /J\l ﬁ

BERKFLFEY LAB

¢ Energy
¢ Adequate damping at minimal cost
¢ Preserve spin polarization
_, Spin-tune is half-integer E= (” * %) 440 MeV
o " 2GeV

¢ Intra-beam scattering
¢ Instability thresholds

¢ Bunchtrains
¢ Continuous injection / extraction
¢ Requiresvery stable and fast injection / extraction kickers
— Sets machine circumference

¢ Transients excite all bunch trains in machine
¢ Phase transient along bunch train
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Ring Parameters /=\| ﬁ

¢ Small momentum compaction
¢ Sengitivity to orbit changes
- Increase RF voltage to maintain short bunches
¢ Incorporate chicane to control circumference £ few mm
—~Wiggler on/ off ¢ Decreasesinstability thresholds
— Other effects

¢ Bunch length
¢ Short
— Maintain peak current below instability thresnolds
— Avoid excessive intra-beam scattering

> Harmonic cavities | o ghort bunch - lower instability

=L ight sources threshol ds
=CLIC
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NLC - The Next Linear Collider Project
-

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 focusfor small spots
¢ two IPsfor aternate experiments

IS BERKELEY LAB
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NL C Damping Rings Complex — ]

'EET Boode
. 4 ot . . aac
¢ Reduce emittance of low-energy e* e |
. . . . . S1.524F
Stable platform for injection into linacs
. . . . -1.528F
¢ Similar to 3rd generation light sources 153
Pre- dmpingring  Main dwping rings 't:‘:i [
-1.534}
Enerd@ey 19-2.1 19-2.1 -1.536F
Circ umfe en ¢ em) 214 297 -1.538}
B uchspaiagn $ 2.8 2.8 -L34 . . . . i
Fill p gtern 2trains 95 bunclBdrsins 95 bunches { DT - 00
2gaps hGO 3gaps 68
D anping time (Ms) <5.21 <5.21 x 14 . I—I:F".rnnlmn:, .
Npa/bunch 1.9x10" 1.6x10" Lsasl
C ureht (mA) 800 750 L5336}
Inje ¢e demitta we X/Y (m-rad) <9x10?% (e Yy < 150x10°® (rms) 1534l
Ex tated mittanceXY (m-rad) < 1x10* <3x10%/ 0.03% 10 sl
RF voltag gMV) 2 15 sal
M anen ton ¢ anp atton 0.0051 0.00066 Lsanl
En e r gsywe a %) 0.09 0.09 s3]
B uchlenth (mm) 8.4 38 |-524-
Wiggler field (T) 2 2 -
Sy nclhadation p erwresctio n(k W 25 25 L322}
Vacuopresur €Tor) 1x10° 1x10° LA2F
Maxim unrep . feqHz ) 120 120 e T' S0 350
om elers
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NLC - The Next Linear Collider Project

Damping Rings RF Systems

¢ Main damping rings Ener gy 198G ey

Circunfeence 297m
RF Fregency 714MH z
H amonic Nu m é&r 708
B uch sp aing 28ns
Beam Cuernt 0.75A
O¢ 0.09 %
S8 =) ol - oz 4 mm
a 0.00066
LrT"—‘ Hlv Usr. 750 k e Yturn
Frowen oo UHowm's 5.6 k e Yturn
Upa asi ic 36 k e Yturn
— —— oy VRE 15MV
oscnaer [ REC ] K e [~ N unb e & Cavties 3
L°=U¢|;. Nube dkly srons 1
Coad Cav ty W &l Dissip éion 42 k Wc aiy
[me Kly $ron P 0 er 1MW
Cavity Shunt Imp ed aen c 3.0MZ/ c aiy
¢ Unoad e 25500
Co uimg Factor 5.8
SynchnoWwdase Aleg 32°
O gimum D ¢uning at Full Curent 106 kH z
Syncabtroregency 6.9kHz
Load &l 3777
Energaceptance 1. &
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HOM Damping

BERKFLFEY LAB
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¢ Longitudinal modes

¢ Transverse modes

| | | | | 200x10 8 I I I I
10000 Cavity with spherical mid section (714m)
Cavity with 30° spherica mid section (714m) 3 dumbell waveguides at 30°,
30° nosecone, 3 dumbell wgs @30°, offset pep-type coupler dipole modes, offset pep-type coupler
(714 MHz, 100m wake, 3 cm sigma) (714 MHz, 100m wake, 3 cm sigma, x=3cm)
8000 — — 150 |
—— nlc_714m_opc30_zb
-~ - - threshold, damping ring (3 cavities) o —— nlc_714m_opc30_dip_zt
- - —- threshold, pre-damping ring (4 cavities) 8 -~ threshold, damping ring (3 cavities)
6000 — — N —-—- threshold, pre-damping ring (4 cavities)
Cfyp f B
o= A1t g0 Aong o | -
2= S —_; 170 trans.
4000 € Aw=-] Zeﬁn
G
g 50 n
2000 — —
£
— LIl
0 | | 1 | R 0 T | |
0 1 2 3 4 5 6x10 ° 0 1 2 ¥ 3 4 5 6x10 °
frequency (Hz) E; frequency (Hz)
— Damp higher-order modes
> Transver se feedback systemrequired
y . e . .
—=HOM'’s, two-beam instabilities, and resistive wall
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NLC - The Next Linear Collider Project

Gap

ransient Effects

Frrrreer

¢ Bunch-to-bunch synchronous phase variation
¢ Leadsto energy variation after bunch compression

¢ 4°/30ps

¢ Compensation techniques
¢ Adaptive-inverse feedforward with broadband klystron (?f " 10 MHz)

¢ Harmonic cavities

¢ Ring off-frequency (- f " 40 kHz)

¢ High-stored-energy cavities

Shunt impedance (M£2)
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NL C Impedance M odel /=\' ﬁ

BERKFLFEY LAB

Breakdown of longitudinal wake
T T T

¢ Longitudinal wake -
O Major vacuum chamber components | Eg‘”‘ﬁ“"“
. RF cavities T e
~Resstivewal T |
el vt e E :
LBPM’s o

> High-freguency resonances
— Ante-chamber dots
— Bellows shields
— Injection and extraction magnets

1 1 1 1 1 1 1
o 0.005 oo 0.015 0.02 0.025 0.03 0.035 0.04
s(mj

¢ Similar impedance model for transverse wake
—Cho Ng talk

BERKELEY LAB
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/DR - Longitudinal singlebunchi'—’)'%

o

¢ Potential wdll distortion 010

@ ®) |
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¢ Microwave instabilities

¢ Z/In" 0.025! —
¢ Strong threshold estimate NN ] | j
. 2in| (] (Boy L

P Z, B L1 |

N st S R |

S Threshold" 2 x operating current | NS

¢ Simulations OIII** i
— Threshold " 4 x operating current o . - 2 e
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ZDR - Transverse single-bunch

¢ Transverse mode coupling instability (TMCI)
¢ Simulations

= 4(§)vs Al
8. 625 =] I 1 1 T T T (lm(ZEI)BD>R 3

8.620
8.615\ ]

g
d
1} \
© | i
8.610[ -]
8 E05 I | I | i i I | i
0 0.01 0.02 0.03 0.04 0.05
5-96 I; (A) 80478503

— Threshold " 10 x operating current
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/DR - Fast ion instability /J\’

BERKFLFEY LAB

ﬁ

¢ Interaction between intense el ectron beam and ions gives
rise to fast transverse instability

¢ Growthtime<" 1ms
¢ Experimental evidence from ALSand PLS

¢ Maintain average pressure < 1 nTorr
¢ Bunch-by-bunch feedback system
¢ Additional gapsin bunch trains
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ZDR Electron cloud mstablllty::’>l ﬁ

BERKFLFEY LAB

¢ Intense positron beam produces cloud of photoel ectrons
and secondary electrons

¢ Experimental evidence at BEPC
¢ Desorbs gas from surfaces

¢ Interaction between positron beam and el ectron cloud
givesrise to fast transverse instability

Photoelectron
/

¢ Low secondary emission coatings
¢ Bunch-by-bunch feedback system <
¢ Solenoidal magnetic fields - Secondary electrons
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NLC - The Next Linear Collider Project

ZDR - Lifetimeand IBS

¢ Gas-scattering lifetime several hours

¢ Touschek lifetime few minutes

¢ Increase bunch volume for commissioning studies

¢ Intrabeam scattering (I1BS)
¢ gignificant at lower energies

— Higher energy preferable
> Reduced growth from IBS
> Reduced damping time

6 T

Yex (mm—mrad)

—

N=1.5x1010

“.~TY
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NLC - The Next Linear Collider Project /a\i
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Conclusions ﬁ

BERKFLFEY LAB

¢ 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?

= ubjects of this workshop
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