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Abstract

Design work is underway for the upgrade of the Ad-
~vanced Light Source (ALS-U) to a diffraction-limited soft
§ x-rays radiation source. It consists of an accumulator and a
g storage ring. In both rings, coupling-impedance driven in-
5 stabilities need careful evaluation to ensure meeting the
5 machine high-performance goals. This paper presents the
g broad-band impedance budget of the accumulator ring both

£ longitudinally and transversely. The budget includes the re-
= £ sistive wall impedance as well as the geometric impedance

from the main vacuum components. Our calculations pri-
“ marlly rely on electromagnetic simulations with the CST
-£ code; when possible validation has been sought against an-
E alytical modeling, typically in the low-frequency limit, and
2 good agreement generally found. Collective-instability
< current thresholds are also discussed.
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INTRODUCTION

ALS-U is under design to upgrade the existing Advanced
g Light Source (ALS) at LBNL to a diffraction-limited soft
5 x-rays radiation source, with brightness about tow orders
‘E of magnitude higher than that of ALS. The upgrade pro-
5 gram includes the replacement in the storage ring (SR) of
Z the existing triple-bend achromat with a multi-bend achro-
mat lattice and the installation of a new low emittance ac-
= cumulator ring (AR) in the existing tunnel, with the pur-
A pose of enabling swap-out injection into the SR small ap-
< erture [1].

One of the significant factors potentially limiting perfor-
.S mance in a ring is the beam’s interaction with electromag-
O netic fields induced in a vacuum chamber by the beam it-
>4 self, which is described with short-range wakefield (time
2 domain) or, equivalently, broad-band (BB) impedance (fre-
U quency domain) [2]. BB impedance in the ring is caused by
£ resistive wall as well as the localized elements such as
O BPM, RF cavity, pump screens, etc. BB impedance can af-
E fect the machine performance/operation in several ways in-
; cluding overheating of vacuum chamber components and
S giving rise to instability of beam motion, leading to deteri-
3 oration of the beam quality and limitation of the beam in-
S tensity [3].

3 In this paper, the BB impedance budget of the AR in the
5 ALS-U has been extensively surveyed using a combination
>,of analytical models and numerical simulations. The total
E impedance budget has been computed for the beam with
=- nominal bunch length of 5 mm rms. We also calculated the
i short range wakefield of a Imm rms drive beam to serve as
£ the pseudo-Green function for beam dynamics study. The
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collective-instability study to determine the single bunch
current thresholds for both longitudinal and transverse in-
stability is performed by elegant [4].

IMPEDANCE MODELING

The BB impedance comes from the resistive wall and the
geometric components. We calculate the resistive wall im-
pedance with analytical formulas [5] and determine the ge-
ometry impedance with the numerical solver CST Particle
Studio [6].

Resistive Wall Impedance

The resistive wall impedance is an important part in the
impedance model. The lattice design of the accumulator
ring is TBA periodic structure, with three bending magnets
in each sector. There are 12 sectors and the total the cir-
cumference C~182 m. Figure 1 shows the layout of a nor-
mal arc section and Table 1 shows the characteristics of the
three different types of vacuum chamber sectors for the
sector shown in Fig. 1.

We adopt the common infinite-thickness wall, DC con-
ductivity resistive-wall model. In an elliptical chamber the
impedance in longitudinal and transverse plane are [4]:

Z(w) = (Slgn(w) — 1) X Fyogova (1)

411:b

ZoSw , . .
Z,(w) = 22 ba; (sign(w) — 1) X Fyogoya,» (2)

with b is the smaller chamber half-axis, § = /2/uq0.|w|
the skin depth depending on the material conductivity,
Fyokova the Yokoya geometry factors [7]. For AR dipole
chamber with 2a = 40mm major and 2b = 14mm minor
axis, the Yokoya’s foctors are Fz = 0.98 (longitudinal),
Fd,x = 0.43 (dipole, horizontal), Fd,y = 0.83 (dipole, verti-
cal), and Fq = 0.4 (quadruple).

Table 1: Types and Features of the Normal Arc Section in
the Accumulator Ring as Shown in Fig. 1

Type ID (mm) Profile Length (m) Material
Dipole 14(y) 40(x)  ellipse 3.0 Aluminum
Arc 28 round 7.8 Stainless steel
Straight 47 round 4.2 Stainless steel
e :

Figure 1: Layout of a normal arc section.
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Geometric Impedance

The majority of the relevant AR components have been
simulated by the numerical solver CST Particle Studio.
These include two RF cavities, button-type BPMs, inline
pumps, pump screens, transitions between the vacuum
chambers with different ID such as the transition from arc
chamber to dipole chamber (“transition_ AD”), or the tran-
sition from the straight section to the arc section (“transi-
tion SA”), flanges, bellows, etc. The types and quantities
of each component are listed in Table 3.

In CST simulations, EM models are built directly from
the imported mechanical CAD models. CST calculates the
wakefield in time domain and derives the impedance in fre-
quency domain by Fourier transform. The CST simulation
has been cross-checked with analytical formulas as much
as applicable [8]. Table 2 summarizes the comparison be-
tween the value of longitudinal Im(Z/n) of the inductive
components in the low-frequency limit as determined with
CST and analytical formulas.

Table 2: Low Frequency Limit of Im(Z/n) with CST and
Analytical Models [7]

Element CST (mQ)  Model (mQ)
Inline pump 0.03 N/A
Pump screen 0.08 0.08
Arc pump screen 0.07 0.07
BPM 0.05 0.04
Flange 0.11 0.13
Straight Transition 2.01 2.02
Arc transition 0.85 0.76
Cavity transition 231 2.78
LFB transition 2.47 2.37
IMPEDANCE BUDGET
Longitudinal Budget

After calculating the short range wakefield and corre-
sponding broad-band impedance of each components, we
add them up with the quantity factor in the ring to get the
total budget as shown in Fig. 2.
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Figure 2: Short range longitudinal wakefield potential in-
duced by the AR Smm beam. Individual components and
total (magenta)

The loss factor and normalized impedance (both real part
and imaginary part) of each type of component are list in
Table 3. The total loss factor is calculated as k =
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fjooo W (s)A(s)ds, and equals 13.3 V/pC for the AR 5 mm

beam. The three main dominant contributions are from the
bellows, RF cavities and the resistive wall. We can also get
an effective impedance of each components shown in Table
3 by fitting the total short range wakefield curve against the
R + L model following K.Bane’s method [9]. According to
this model, the longitudinal charge distribution of the drive
beam is A(s), then the wakefield potential curve is fitted to
the sum of a purely resistive wake—yielding a wakepoten-
tial shape is similar to A(s), plus a purely inductive wake-
yielding a wake shape is similar to the derivation of the
current A'(s): Wr,, (s) = —cRA(s) — c2LA'(s), where R is
the resistance, and L is the inductance. For the total short
range wakefield we find that the fitted R = 783.0 Q, L =
12.4 nH. Then we can extract an effective impedance of
|Z/n| from the model fitting using:

Z woOo .
= ==Z2R + iw,L
n c

A3)
having chosen o to be a representative frequency, e.g. cor-
responding to the nominal bunch length o, = 5 mm and

where n = w/wy with w, the revolution frequency. We
find |Z/n| = 0.19 in total.

Transverse Budget

Similarly, we can establish the transverse impedance
budget. One of the key parameters for transverse budget is

the effective impedance defined as: z/ = 2vmo,x, |
where o, is the bunch length in time, and k, =
fjooo ImZ, (w)F(w)dw the transverse kick factor. The

driving terms of these transverse instabilities scale as the
product of the local dipole impedance with the beta func-
tion. The corresponding induced tune shift reads v =
—QPx, /(4rE /e) with Q =1.15 nC, and E=2 GeV for the
AR beam. We summarize the transverse impedance budget
as well as the tune shift of Smm beam for each type of com-
ponent in the AR beam in Table 3.

We show the beta-weighted imaginary part of the imped-
ance in the vertical plane in Fig. 3. The main contribution
to the tune shift comes from the transitions between dipole
chamber and the arc chamber (36 transition pairs in total,
from radius 7 mm to 14 mm in the vertical plane).
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Figure 3: Beta-weighted imaginary part of the vertical im-
pedance, for the individual components and their sum.
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INSTABILITY STUDY

We apply the macro-particle simulation code elegant to
= simulate beam dynamics in the presence of wakefields.

> Longitudinal: Microwave Instability

elegant simulations of single-bunch longitudinal dynam-
ics indicate an 11 nC/bunch threshold for the onset of a mi-
S crowave-like instability as shown in Figure 4 [10]. Simu-
= 1 tlons with a Vlasov solver (not shown here) give a very

[11].
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Figure 4: The rms bunch length a) and relative energy
E spread b) as functions of bunch charge after about 2.5
2 damping times (starting from the zero-current equilib-
£ rium).

Transverse Mode Coupling Instability (TMCI)

The transverse simulations are carried out with starting
° with a beam with an initial 1 mm offset. The evolution for
O the beam centroid is monitored looking for the onset of ex-
Z ponentlally growth. The instability thresholds occurs at
Z about 12 nC/bunch as shown in Fig. 5.
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Figure 5: Bunch vertical centroid vs. no. of passes, for dif-
ferent bunch charge in the presence of short-range wake-
fields.

CONCLUSION

The broad-band impedance of the ALS-U AR has been
extensively analyzed using numerical and analytical meth-
ods. The majority of the impedance sources have been con-
sidered. The impedance model will continue to be updated
as the vacuum components design reaches full maturity.
Based on the current impedance model, simulations show
a ~10-fold margin for single bunch instability thresholds in
both longitudinal and transverse planes.
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5 Table 3: Impedance Modelling of the AR Ring for Nominal 5mm Bunch Length

OS Component No. Loss Re(Z/m) Im(Z/n) *7 off)X *7 o ff Tune Tune
] factor (mQ)  (mQ) EEQ)G ) EEQ)G Y hifixx  shift yx
Q (V/pC) 10~* 10~*
Q ..

2 Transitions AD 36 14 66 3137 8.74 34870 -0.07 -2.70
2 ..

= Resitive wall 1 1.60 1623 24.01 20.82 57.94 -0.16 -0.45
E Transitions_SA 12 (.49 4.96 2531 58.53 22.83 -0.45 -0.18
9 Flange* 240 0.08 3.13 28.41 20.66 22.40 -0.16 -0.17
£ Pump screen 48 0.03 0.28 5.44 1.33 17.17 -0.01 -0.13
E BPM 72 0.10 1.02 2.87 6.88 10.80 -0.05 -0.08
§ Inline pump 48 001 006 1.55 13.31 5.62 -0.10 -0.04
2 Bellow™ 84 8.5 82.62 21.00 10.37 4.49 -0.08 -0.04
< Cavity 219 1986  -1419  13.83 4.61 -0.11 -0.04
g Cavity transition 2 0.18 1.80 3.95 4.61 1.54 -0.04 -0.01
5 LFB kicker 1 0.49 4.97 -3.38 4.52 1.51 -0.04 -0.01
% LFB transition 1 0.08 0.77 1.62 2.04 0.68 -0.02 -0.01
= Stripline kicker 1~ 0.01  0.09 ~0.00 051 0.17 0.00 0.00
S Ring total 13.3 136.4 128.0 166.2 498.0 -1.29 -3.85
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