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Abstract unit charge squared is
Loss factor measurements were carried out for various stor- 1 [
age ring vacuum components using the synthetic pulse k(ov) = 4_2/_00 IV (t)dt, (1)

technique. The measurement was done for bunch lengths

(0;) ranging from 7.1 to 30 mm. The measured devicewhereV (), I(7), ¢, ando, are bunch wake potential [V],
were elliptical and circular photon masks, bellows witteurrent distribution [A], rms pulse length in time, respec-
elliptical and circular cross sections, ellipse-to-diamontively. The broadband impedance can be calculated from
transition, ellipse-to-ellipse transition, beam position morthe loss factors using a broadband resonator model. When
itor chamber, and circular T-piece. Broadband impedanc#godeled as a parallel resonant circuit with small quality
were obtained by fitting the measured loss factors to broat&ctor[2], the impedance of the resonator is

band resonator model. The total broadband impedance of R

250 devices was 0.17 ohm, which is a small fraction of the Z(w) = o 'Q(; —=y ()
total machine impedance budget as expected in the calcu- TRl T

lation. whereR,, w,, and@Q are shunt impedance, resonant angu-

lar frequency, and quality factor, respectively. The quality
factor is fixed to 1 in this study. The impedance and the

1 INTRODUCTION
. ) _ . loss factor for Gaussian pulse shape are related by[3]
The Pohang Light Source(PLS) is a 2 GeV, third-generation

synchrotron radiation source which was designed to pro- _ l o —w?o?
duce ultraviolet and X-rays with critical photon energy of ko) = T Jo Zr(w)e d, 3)
2.8 keV.

In the case of the broadband impedance of the PLS rin 'hereZR is the real part o/(w). The shunt |mpe_d§1nce
no detailed investigation had been performed before t d the resonant frequ_ency can be found by fitting the
present work. So far, broadband impedances were eg_{r?_easured loss f_actors in Eq. (3). Then, the broadband
mated based on over-simplified analytical formula and d@pedance} Z[n|is calculated from
a result a budget table for the PLS broadband impedance
has been provided as shown in Table 1[1]. It was therefore
needed to check out the validity of the analytical estimation
and this motivates our work. wherew is the revolution angular frequency.

Loss factor defined as the energy loss by charge q per!n this article, we describe the experimental setup of
loss factor measurement by synthetic pulse technique and
show measured results for various vacuum components and
broadband impedance of the storage ring obtained by mea-
suring the betatron tune shift as a function of beam current

7 w
| 2 |= R =2, (4)
n w

r

Table 1: PLS Impedance budget

ltem Broadband Impedance in single bunch operation
RE cavity (4) |Zc< 7;| .
cavity .
Synchrotron radiation > 2 EXPERIMENTAL ARRANGEMENT
Space charge 1.3 x 107 Loss factor can be measured either by the real pulse tech-
Resistive walll 0.02 nique [4] or by the synthetic pulse technique[5]. The lat-
Steps and transitions 0.17 ter is used in this study, in which frequency domain data
Bellows (shielded) 0.01 are converted to the synthetic pulse by the inverse Fourier
BPM chamber 0.015 transformation with Hamming window.
Ceramic chamber coating 1x107* The whole measurement system is shown in Fig. 1.
Other components and The measurement system consists of APC-7 connectors,
safety mlargin 1.0 space ducts, transitions between them, the device-under-
Total ~ 2

test(DUT), and the reference(REF). The REF was an ex-
tension from one space duct to another to be used in place



The transverse ring impedance can be deduced from the
measured betatron tune shift data assuming that the low-
est head-tail mode is dominant in measuring current range.
The transverse tune shift is expressed as [9]

TRANSITION

NETWORK ANALYZER
ETJ/?:%'E AQL = _4f/ﬁ;E}fJ’l Z1 Ay, (6)
s — wheree, Z,, 31, R, E, andAI, are the electron charge,

[ e Control Unt the transverse coupling impedance, the average transverse
conce | PO betatron function, the average radius of the ring, the ma-
puct L festset | chine energy, and the variation of beam current, respec-

conT tively. The broadband impedance of storage ring can be
obtained from transverse impedance by Panofsky-Wenzel

TRANSITION — Sénggig:gﬁrce theorem
- R |Z
== |— 7
+ b | n (7)
T ore whereb, is the length of the transverse axis of the vacuum
4‘7 chamber andlZ /n| is the broadband impedance of the ring.
PRINTER — COMPUTER PLOTTER

3 RESULTS AND DISCUSSION

Figure 1: A layout of the loss factor measurement systerPUTS with different shapes of cross sect|0r_1 for the input
and output ports were measured by connecting two of them

in cascade where the end with smaller cross section of two
of the DUT. A copper tube with 3 mm in diameter was usegame DUTs were connected together to eliminate the pos-
as the center conductor. The length of the space duct wgible resonance effect. The loss factors for the nine DUTs
selected as approximately 1.5 times the length of the Dudre shown in Fig. 2.
to remove the effect of multiple reflections in time domain
gating method. The measurement system was set up verti- 0.07 , , , , ,
cally to prevent center conductor from sagging. A good re- B e ey v

Bellows with elliptical cross section(28x120) --+---
Bellows with elliptical cross section(28x88)

peatability was achieved by APC-7 connectors, semi-rigid Ayl BPM chamber -x--

181 Bellow with circular cross section -

cable, fine machining, and careful treatment of the center oos| Photon mask with Gircular crose section —s—- 1
conductor. Also, the tension of the center conductor wag; i T o oo osiibon o
carefully adjusted to almost be constant during the meas  **[ = Transition ellipse-to-diamond -=—
surement. &
Equation (1) is arranged to calculate the loss factor fro

the measured current pulse as

*
0.06 - g,

0.03 |-

0.02

Los?Facto

0.01 |
2% Io(t)AI(t)dt, (5) 0

? J_w

k(o) =

o0l ‘ ‘ ‘ ‘ ‘
where 7, is the characteristic impedance of the coaxial 5 10 15 25 30 35

line composed of REF and the center conductaf(t) =
Io(t) — I1(t) is the current difference (¢), 11 () are the - Figure 2: Loss factors for all nine various vacuum compo-
output current through the REF, and the DUT, respectivelyients used as DUTSs in our measurements. Note that photon

The characteristic impedance was calculated analyticalifasks and bellows are showing relatively higher values.
for circular and elliptical cross sections[6] and numeri-

cally for the diamond shape cross section using the MAFIA The BPM chamber, circular T-piece with longitudinal
code[7]. pumping slots, and two kinds of transitions pieces show
Since it was difficult to make the REF and the DUTsmall loss factors as expected since they all have small lon-
with exactly the same length, the measufe() was time gitudinal variations. In the contrary the photon masks and
shifted to coincide rising edge with () as suggested by the bellows show the higher loss factors, and the result sug-
Izawa[8]. gests that it might be better to make the photon mask longer
Total of 9 different DUTS, including two kinds of pho- if space is permitted.
ton masks, three kinds of bellows, T-piece, beamitjmos The broadband impedance are calculated from Eq. (4)
monitor(BPM) chamber, and two kinds of transitioepés after some numerical manipulations. In Table 2, the cal-
were prepared for measurement. culated broadband impedances are listed as well as the
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total number installed around the PLS storage ring.
should be noted that the absolute value of the the broadb
impedance below x 10~ is not significant and that for
transition, BPM chamber and circular bellows, the mea=
sured impedance is very low below the significant level.
The order in magnitude of the calculated impedances gen-
erally agrees well with that of measured loss factors, except
for the case of the ellipse-to-diamond transition.

The total accumulated broadband impedance for nine
sort of chambers installed in the PLS storage ring turned Bellows with
out to be 0.17 ohm. The rest part of the ring consists of the elliptical
main vacuum chambers, kicker ceramic chambers and RFcross sections
cavities. Comparing values in the Table 1 and 2, for tran- (28 x 88) 36 2 OE-3 7 2E-2
sitions, bellows and BPM chamber, somewhat large dis- Bellows with
crepancies are observed between measurements and calcu- elliptical
lations. However, the share of the total impedance by theseCross sections
components is small enough in both cases. Even though (28 x 120) 12 1.0E-3 1.2E-2
no measurement has been made for the rest of ring compo- Transition
nents, it is easily assumed that the main vacuum chamber (ellipse-to-
with ante-chamber configuration has small impedance[10] ellipse) 24 1.15E-4 2 76E-3
as well as the ceramic coated chamber as seen in Table 1 Transition
and obviously the straight section chamber. It is also ob- (ellipse-to-
vious that from both measurement and calculation the RF diamond) 48 1.39E-4 6.67E-3
cavities are the major source of the ring impedance. BPM chamber 108 41E-4 4 43E-2

The measured ring impedance was 1.3 ohm at the worst _Piece with
case. Even though the measured broadband impedance umping port) 2 2 55E-4 5 1E-4
the ring has quite large uncertainty due to the impurity in Photon mask
the single bunch and the bunch length, the result confirms with
that the broadband impedance is within the impedace bud- circular

get. Cross sections 2 1.3E-3 2.6E-3
Bellows with

4 CONCLUSIONS circular

Loss factors for various vacuum components used in theCroSS sections 6 8.4E-4 5.04E-3
PLS storage ring were measured by synthetic pulse tech- Total  0.17Q
nique. As expected, the devices with small longitudinal

variations showed very small loss factors. The photon
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