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Basic APS Parameters

Energy [GeV] 7.0
Circumference [m] 1104
RF frequency [MHZz] 351.9
RF harmonic no. 1296
Nominal RF voltage [MV] 9.5
Momentum compaction 2.9x10-4
Synchrotron tune 7.0x10-3
Emittance H [nm-rad] 2.4
Coupling [%0] 3%
Nom. chromaticity,&* H / V 5/7
Damping time H/V/L [ms] 95/95/4.7

&= Av/(Ap/p)
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Advanced Photon Source site
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25 of 40 sectors are occupied with photon
beamlines: bending magnet and insertion
device (ID) synchrotron radiation
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Typical APS storage ring sector
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Insertion Device (undulator magnet)
with ID chamber
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Small-gap ID chamber
(8-mm or 5-mm vertical
height, 5 m long)
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One Sector of the Advanced Photon Source Storage Ring

INSERTION DEVICE BEAM

BENDING MAGNET BEAM
—

| e LTI

M1 sb Q4 Q5 Q@5 Q4 SD M2 P 2]
s2 . s2 STORAGE RING BEang
Top view

INSERTION DEVICE

Q1

. QUADRUPOLE MAGNET - DIPOLE (BENDING) MAGNET D SEXTUPOLE MAGNET I DIPOLE (CORRECTION) MAGNET

HViGQf HV2 a2 S1 @3 52 M1 SD Q4 HV4 Q5 S1 Q5 HV4 Q4 sD M2 52 @3 S1 Q2HV2 Q1 HV2

Girder #1 Girder #2 Girder #3 Girder #4 Girder #5 Insertion Device

Side view

Small-gap ID chambers are located in 5-m straight sections
(total no.: 22 with 8-mm gap, 2 with 5-mm gap, 1 with 19.6-mm gap)
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A word on SR User operation

« Standard (~75%) (Tt ~ 7-9 h)
o 100 mA
o Low emittance lattice (2.4 nm-rad)
0 23 bunches spaced at h/24 (one missing) (4.3 mA/bunch)
o Topup
» Special operating modes (typ. 1-2 weeks ea. per run)
o High emittance, non-topup (7.7 nm-rad) (t ~ 20 h)
o Hybrid mode (1 or 3 + 56) (1 ~ 20 h)
o Many-bunch mode (324 bunches) (t ~ 100 h)
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Near-term Issues

» Typically deliver 100 mA electron beam in 23 bunches (4.3 mA/bunch) for normal
operation for users

» Horizontal instability (centroid oscillations) observed above about 5 mA/bunch — this is
above the transverse mode-coupling instability (TMCI) threshold

* Normal operation with high positive chromaticity allows a single bunch intensity limit
> TMCI limit: up to about 10 mA. However, beam properties degraded (effective
emittance).

« Addition over time of small-gap insertion device chambers, our major source of coupling
impedance, has

o lowered single bunch instability and intensity limit

0 required operation with higher chromaticity and smaller beta functions to restore
* Need to understand physics and how to control instability in order to

o satisfy anticipated future user requirement for higher bunch current

o anticipate effect of additional small-gap insertion device chambers and influence
design

0 mitigate instability while preserving beam quality, in particular, beam lifetime (e.qg.
effect of high chromaticity)
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Single bunch instability: transverse mode coupling instability
Force due to transverse wake defocuses beam, i.e., detunes betatron frequency.

When vg crosses (mvs) modulation sidebands, synchrotron motion can couple to transverse
plane and beam can be lost unless chromaticity sufficiently large/positive.

Tune slope increases with no. of small gap chambers: mode merging threshold decreases.
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(data courtesy of L. Emery [K. Harkay et al., Proc. of 1999 PAC, 1644])
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Transverse Mode-Coupling Instability
(a.k.a. strong head-tail, fast head-tail, transverse turbulence)

from A. Chao, Physics of Collective Beam Instabilities in High Energy
Accelerators, John Wiley & Sons (1993):

1
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Figure 8.36. Transverse mode frequencies (1 —wy) /w, versus the parometer T* for on
oir-bog beam with the impedance (8.224). The instability threshold is located of Ty, = 0.28,
where the modes | =0 and — 1 become degenerote. The dashed curves give the imoginary part

of the mode frequencies for | =0 and [ = - 1.
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where R = ring radius, Z(«) = effective impedance
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Two instability modes observed above TBCI; not observed elsewhere with £ >0
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Early data using beam position monitor turn-by-turn histories showed horizontal centroid oscillations
whose bunch intensity instability onset and mode (bursting vs. steady-state amplitude) varied with
rf voltage (chromaticities: & = 1.3, &, = 3.9) (2/15/1999)
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Large <x> oscillations above mode-merging threshold (Vi 9.4 MV case shown):
some Users will observe an effective emittance blowup, Ag
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(e« decoherence NOT 100% of <x> oscillation amplitude; o, = 220 um (7.5 nm-r lattice))
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Variations with different machine parameters

7.5 nm lattice, Vrf = 7.3 MV, &, = (3,6)
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Dual-sweep streak camera image of single bunch undergoing coherent horizontal
oscillations in bursting mode: bunch does not completely decohere

[data courtesy of B. Yang; K. Harkay et al., Proc of 1999 PAC, 1644]
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Measured bunch lengthening vs Vy
(L. Emery, M. Borland, A. Lumpkin)
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Maximum amplitude of horizontal centroid

K. Harkay, ANL

oscillations as a function of Vrf

/
P B I T T

4 6 3
[ntensity

] 7.3MV
1 8.5MV
1 9.4mv
110.1MV

CASA Seminar, JLab



ADVANCED PHOTON SOURCE

W 1=2.4mA
j
a ETE] I

i — i —

f (Hz)

Bearm Spectrumls

f (Hz)
Beom Spectrumls

!.=§.1 .9[’1‘1.:&.

“I

A il s A

f (Hz)
Beam Spectrumlis

K. Harkay, ANL

Sgweis (9Bm)

_f

Sanninim [oim]

Specrue ol )

Ii=:3__11mﬁ-‘

N

A

5 o

Spacins [d8m)

A — i G——

f (Hz)
Bearn Spectrumis
- J=7.5mMA

Al AR AR em—

f (Hz)
Becrn Specirumis
|=8.35m A
-
E
S .15
I;-“b

f (Hz)

Bearmn Spectrumis
w i=12.8mA

f (Hz)
Bearm Spectrumls

|=13.8mA

- |

e
=

f (Hz)

Beam Spectrumlis

f (Hz)
Beam Spectrumls

Spoctum [diem)
: £ & &

&
H

e

f (Hz)

Begm Spectrumis

=9.2mA _

SRR .

I
e
i

t
4

[ 1

£

|

“E

Coacbum [afm)

A A b Ad—

f (Hz)

Beam Spectrumls

- =10.2mA
. b
- ¥
f -
E
B =i
$
i

| AT . |
f (Hz) f (Hz)
Bearm Spectrumis Beorn Spectrumis
L 1=14.8mA |=16.0mA

Saecrum (B}
]

|
AR}

Spechuem [eBa)

f (Hz)
Beamn Specirumis

CASA Seminar, JLab

f (Hz)
Beom Specirumis

T
m )
I
:
&=

L e m——

f (Hz)

Beam Spectrumls

o 1=11.0mA

f (Hz)

Bearm Spectrumis

Y. Chae ‘
J. j’mé%- t’f/*/*)

{Stm -:;*.;;; oy

Ve =9 1V
La gé_/f = {flff‘.r"

Jan. 31, 2003



ADVANCED PHOTON SOURCE

Main Sources of Impedance in the SR

Single bunch instabilities

« small-gap ID chambers

o resistive wall impedance

0 geometric impedance (transitions)
» other discontinuities: rf fingers, kickers, scraper “cavity”
» “trapped” chamber modes?

Multibunch instabilities

 rf cavity higher-order modes
» other discontinuities: scraper “cavity”
» “trapped” chamber modes?
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APS Storage Ring chambers
Standard

antechamber radiation slot beam chamber

5-mm gap ID chamber
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ID chamber transitions

84.76

(Fig. courtesy of S.-B. Song)
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Impedance and Instabilities Plan

* Machine impedance database (Chae et al.)
o0 MAFIA calculations (Zxy, PACO1 — Z,)

o Local tune shift using lattice model(V. Sajaev, C.-X.
Wang — Zy,)

0 Local bump method (PACO1 — Z,)

« Characterize longitudinal instability experimentally —
validate Z;

o Apply Z, calculated from MAFIA to model with elegant
code to reproduce bunch lengthening, Acy/Al, and
microwave instability, Ad/Al

» Characterize transverse instability experimentally —
validate Z

o Instability threshold, growth rate, and saturation
amplitude vs Vi, &, Av,/N,?, dispersion

 Instability photon diagnostics

0 Details of decoherence over bursts
» Other supporting studies

o Nonlinear dynamics

0 Measure frequency spectrum evolution to look for
mode-coupling and/or parametric resonance signatures
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Impedance Database

= Goal
Wakepotential (APS Storage Ring) =
20*(8mm ID Chamber) + 2*(5mm ID Chamber) +

400*(BPM) + 80*(C2 Crotch Absorber) +

» Standardize Wakepotential

1. Data in SDDS format
- S, Wx, Wy, Wz

2. Uniform simulation conditions
rms bunch length = SIGz =5 mm,
mesh size = dz = 0.5 mm,
wakelength = SBT = 0.3 m

3. Deposit the authorized wakepotentials in
~aps/ImpedanceDatabase/SR
=» Available to everyone to read files

Y.-C. Chae
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Impedance Database (cont.)

Vacuum Chamber Components

« Old components (experience)
- Insertion Device Chambers
- RF Cavities + Transition
- Crotch Absorbers
- Horizontal/Vertical Scrapers
- Septum Intrusion

- Stripline Monitors .......

= New components
- BPMs
- SR absorber between rf cavities

- Vacuum port (slotted rf screen)

- Shielded bellow
Y.-C. Chae
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Impedance Database (cont.)

Example: Insertion Device Chambers

. Insertion Device Chambers

- 5-mm-gap chamber
- 8-mm-gap chamber
- 12-mm-gap chamber

. Steps taken for 3-D Wakepotential

|. 2-D ABCI calculation for circular chamber
(High confidence)
lI. 2-D ABCI vs. 3-D MAFIA for circular pipe
(Compare)
lll. 3-D MAFIA for elliptical chamber (Final result)

Y.-C. Chae
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Impedance Database (cont.)

2-D ABCI vs. 3-D MAFIA (Compare)

Geometry

MAFIA ID gap chamber constriction. (gap=8mm)
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Impedance Database (cont.)

3-D MAFIA Results for Elliptical ID
Chamber (Wakepotential & Impedance)
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8-mm gap ID vacuum chamber impedance

Z, (effective) estimated five ways:

1. Zy = (Zrw + Zgeom) determined experimentally from change in
tune slope, Av/Al, as a function of no. of chambers [N. Sereno et al,
Proc. of 1997 PAC, 1700].

Zy = 53 kQ/m per chamber x 20 = 1.1 MQ/m

2. Simulations with Z, represented by broad-band resonator
Impedance model reproduced measured tune slope and
intensity threshold for TMCI at low chromaticity [K. Harkay et al,
Proc. of 1999 PAC, 1644]:

exp: Av,/Al = -8x107/mA Avy/Al = -2.6x10°/mA
model: 0.2 MQ/m 1.2 MQ/m
ltmer thresh: 4.4 mA 2.2 mA

3. Impedance calculated: resistive wall and geometric
a. resistive wall 0 1/b®

ZL

w _ Cl+sgn(w) ] 0 kQO_ . 25500
y = 2 G 1 z = (1+sgn(w G
L o e * Hm B (L+son( )J)b[mm]34/f|MHz| b

f = cutoff frequency = ¢/2mb = 13 GHz

G1y = 0.825 [Gluckstern and van Zeijts, CERN SL/AP 92-25, Jun 1992]

Zrw (per 8-mm chamber, L =5 m) = 3.4 kQ/m
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b. geometric (transition): assuming a perfectly conducting

circularly cylindrical tube of half-height b=4 mm, angle 6 [Bane
and Krinsky, Proc. of 1993 PAC, 3375]

2 2

ZqC PO 1 S 14 .

W, =LE& ex 4 x10~" Q/m-s per transition
T Dﬂg V2o, p@agﬁz P

Zg =2 % (0s/C)Wp = 26 kQ/m (5-mm: Zg = 55 kQ/m)
Zg =20 x 26 =0.5MQ/m

c. totals

8-mm chamber: Zy=Zrw+ Zg=3.4+26=30kQ/m

5-mm chamber: Z,=Zrw +Z5=12 + (2.1 x 26) = 70 KQ/m

4. MAFIA calculations of wake potentials: Zg from extracted tune
slopes for geometric component (Y.-C. Chae)

8-mm ID: 20 kQ/m
5-mm ID: 80 kQ/m

5. Local bump method Z, measurements [L. Emery, G. Decker, J.
Galayda, Proc. of 2001 PAC, 1823]

8-mm: Zy, = 16 kQ/m

5-mm: Z, [KQ/m] = 96 + 8 kQ/m (ID3); 78 + 14 kQ/m (ID4)

6. Local betatron phase shift [v. Sajaev and C.-X. Wang]

Work in progress: prelim. results agree with #4 & #5
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Other R&D topics (sample)

» Collaboration of Accelerator Physics at Argonne
(CARA) (Kwang-Je Kim)

o APS
0 ATLAS (Rare Isotope Accelerator)
o Advanced Wakefield Accelerator
0 Intense Pulsed Neutron Source
» Electron cloud-induced multipacting resonance
 |onization cooling
» Interleaved SR/FEL operation
* Injector development
» Ultrafast Thompson source, gamma source

* Frequency-Resolved Optical Gating (FROG) FEL
analysis

e CSR microbunching at SURF
« Beam halos
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Summary

» AP Group pursuing accelerator physics R&D in a
number of areas

» Highest-priority topics address near-term anticipated
User requirements

e.g. characterize and mitigate single-bunch
instability

» Also pursuing general accelerator physics topics for
far-term light source development

e.g. lattice characterization tools and source
development
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