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LONGITUDINAL IMPEDANCE TUNER
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Absvt\;:crt]a e succeeded in canceling longitudinal s aCké—|z), and |_ is the inductance at that frequency.
Ve su ! Ing fongrtuai P The impedance tuner is installed in the KEK PS main

charge effects using the ‘impedance tuner’[1][2][3] at the. : . .
KEK-PS. The impedance tuner consists of the new ma:ﬁr_\g. Let us first calculate the space charge impedance. Since

rial, ‘FINEMET[4][5][6][7] which has large permeability ffie size of beam pipe is about 150 mm and the average beam

over the beam spectrum region. A frequency shift of Cohesize is about 60 mm, the form factgy becomes 2.8. To-
v pectru gon. quency shitt of .réether with the other parameters of a 500 MeV beam, the
ent quadrupole mode is measured to infer the modified i

edance. It turns out that nonlinearity unavoidable in a los_bace charge impedance becom¢810Q.
pedance. Y ; " order to observe space charge effects and its compensa-
gitudinal rf bucket has to be treated carefully in order

tP . . . .
. . ) ! lon with the impedance tuner, an experiment was carried
digest observed beam signals. We will describe how to meg-, using beamz at the injection energy

sure the impedance from the beam signal, how to analyze We take the revolution frequency and characterize the

the effect of impedance tuner, and how to succeed in “AMipedance by it because we observe the effects of the im-
celing space charge effects.

pedance tuner on a single bunch whose fundamental fre-
guency is the revolution. In order to cancel space charge
impedance of-j310Q completely, the total inductance of
In a high intensity proton synchrotron, some of the emitz?’jm_| should be prepared with FINEMET.

’ The FINEMET is wound to a toroidal core with the outer

tance growth and beam instabilities are caused by SPa%i&meters of 340 mm, the inner diameter of 140 mm, and

charge effects. In the longitudinal _phase space, the sp & thickness of 25 mm. We measured the inductance of
charge forces weaken the rf focusing force. When a sh NEMET as a function of frequency is inductive imped-

bunch is required, for example in a proton driver of a MUON ce is abou§25.5Q at the injection revolution frequency.

collider, the effects are further enhanced and they limit thﬁwerefore the total of 12 pieces of FINEMET core are nec-

minimum bunch length. .
. . - . ssary to fully compensate space charge impedance.
An inductive device in a ring should be able to canceei y y P P 9 P

the space charge force. Recently a very high permeability
material, FINEMET, becomes available. It turns out that 3. EXPERIMENTAL SET UP
the material has enough permeability at the beam frequency

: ) . The impedance tuner consists of identical three units
region and possibly cancels the space charge |mpedan%§d each unit has 4 pieces of FINEMET core, ceramic gaps
We designed a device, and named it “impedance tuner”. :

. . . ﬁd cooper shields as shown in Fig.1. All of the FINEMET
(ris)ani?]lsr‘itr?gm FINEMET cores and is installed in the KEK P ores are placed outside of the ceramic gaps. There are short

to observe the difference between with and without the short
2 ESTIMATE OF IMPEDANCE bars. The total length is 1.2m.

The space charge impedance is negative inductance and
written as, '

Z, . 0,2
—_ = —] O—g, (l)
n 2By
where Z, is the free space impedanggand y are Lorenz
factors, andg, is a form factor defined by
a
9 :1+2In6, )

Here a is the radius of beam pipe amdis the transverse
beam radius.

On the other hand, FINEMET has positive inductive
impedance. The inductive impedance is expressed as

1. INTRODUCTION

Zig _ -
Td_]wOLv (3)

where w, = 27tf, and f, is the revolution frequency (667

Fig.1 Impedance tuner installed in the KEK PS.
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4. RADIATION EFFECT The frequency of the quadrupole oscillations is mea-
sured as the envelope oscillations of a bunch signal from a
This is the first time to apply FINEMET to an accelerawall current monitor.
tor. It may happen that radiation due to beam loss causes aThe frequency of the quadrupole oscillations was mea-
deterioration in the characteristic of FINEMET. We haveured as a function of beam intensity using impedance tuner
proved that the radiation dose not affect the impedance arid shown in Fig.3. The solid line is a fitted line of the data
FINEMET with the following procedure. A small samplewhen all of the ceramic gap were shorted. The dashed line
of FINEMET was placed for three weeks at the section a$ the one when one ceramic gap was shorted and the rest of
the beam extraction where the radio activation becomé®e gaps were opened. The long-dashed line is the one when
maximum in the main ring. Then the impedance was meal of the gaps were opened.
sured with a network analyzer. The same procedure was We estimate the non-perturbed quadrupole fre-
repeated every three weeks. quencyf,,, by extrapolating the measured frequency to that
Figure 2 show the imaginary part of the impedance. Farf zero beam intensity, and list the results on the Tablel.
nine week, the total neutron flux applied to FINEMET wad he average synchrotron frequency is 10.27 kHz. The reac-
1.83x10%[n[em™]. We could conclude that the imped-tive impedance on each condition is derived from the slope
ance of the FINEMET was not changed by the total neutrarsing the average synchrotron frequency and listed in Table2.
flux of 1.83x10%[n&m™]. The impedance tuner were As expected, the more inductance is installed, the lower
installed in the place where the beam loss was much lessgnitude of impedance is obtained. That demonstrates the

than the beam extraction section. space charge impedance is compensated with the imped-
ance tuner.
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Fig.3 Quadrupole oscillation frequency estimated from

frequency [MHz] the bunch envelope measurement.

Fig.2 Imaginary impedance of the FINEMET.
Tablel: synchrotron frequency ( at zero intensity)

condition f, [kHz]

5. MEASUREMENT without cores 10.34

with 1/3 of total cores 10.25

The frequency, of synchrotron oscillations is per- With total cores 10.21

turbed with the potential of the space charge and the induc- o o
tive impedance. We will measure the shift of synchrotrohable2: Reactive impedance on each condition is

frequencyAf, as a function of beam intensity and obtain derived from the slope.

total impedance as a coefficient.[8] condition reactive impedance)[]
In fact, the shift of incoherent synchrotron oscillationgvithout cores —]2475

can not be measured directly. However, the incoherent fr&ith 1/3 of total cores ~ —]1554

quency shift can be inferred from the coherent quadrupoféth total cores -j1182

oscillations. If we takehf,, as a frequency shift of the qua-
drupole oscillations, there is the following relation with the 6. EFFECT OF THE RF NONLINEAR

incoherent shift[9].  af, 1 Af, FIELD

(4)
4 Ty We have observed that the measured space charge im-
where fo is the coherent quadrupole frequency at zerpedance was reduced fronj2475Q to —j1182Q by the
beam intensity. impedance tuner which consisted of 12 pieces of the

stO
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FINEMET cores. However, the measured impedance @ influenced by the RF nonlinear field strongly, the imped-
—j2475Q was 8 times as large as the impedancej80Q  ance has been over estimated.

obtained from the calculation. Moreover, the quadrupole

frequency at the zero beam intensity was lower than the We have tried again the impedance analysis consider-
frequency, 12.44kHz, estimated by the following equatiomg the RF non-linear effect. As a result, the impedance be-
(5) and Table 3. came-j697Q and was closed to the result of the calculation

[ -nh as shown in Fig.4. The detail has been discussed in ref.[10].
f250 =2x st =2x frev J“—zevo COs @ . (5)
\“ 2rp7e, 4 10° Py
Table 3: Nominal values of the KEK PS main ring at o \
injection. s 0T 1
§ 310° B
symbol nominal value =
R; machine average radius 54m T 2510° *
n; slippage factor -0.42 § .
V,; RF voltage 120KV 3 2w ; ]
h: harmonic number 9 . | | g ® | |
(05; SynChronous phase Odeg te 10-200 0 200 400 600 800 1000 1200 1400
f.o; revolution frequency 667kHz impedance[ohm]
Fig.4 Analyzed impedance including RF non-linearlity.
These two inconsistencies were causes by the 7. SUMMARY

nonlinearity of the RF field. The equation (4) and (5) are

based on the assumption that an RF field is linear. The eq.(4) We designed the impedance tuner consisting of the in-
also assumes that the particles distribution matches to thective material, FINEMET, to cancel the space charge
RF bucket shape. However, the bunch occupies the mostmpedance in the longitudinal direction. It was installed in

the RF bucket area and not matches to it under the opeitae KEK PS main ring.

tional condition of the KEK PS main ruing. We have exam- We observed the frequency shift of the coherent qua-
ined the difference between linear and non-linear effects lyupole oscillations and inferred the shift of the incoherent
the multiparticle simulation. The results of the simulatiorsynchrotron oscillation. Total reactive impedance can be

are shown as follows. estimated as the coefficient between the shift and beam in-
_ ) o _ tensity. The measured impedance is reduced frp2475Q
6.1 Simulation with linear field to —j1182Q by the impedance tuner which consists of 12

rpieces of the FINEMET cores. We demonstrated the space

Assuming a linear field without space charge (zero in- . ) :
tensity), the frequency of the envelope oscillation (the Cc():_hargg |mpedalnce.|s compensated by the |mpgdance .tuner.
' This is the first time for FINEMET to be equipped with

giirelr;t q;i;jcﬁipﬂst{giq;e&cgzgt:fctr\]NI(iCr?cforiglsz:tc %’rg ancas an accelerator component. We have proved that the ra-
glep q diation dose not affect the FINEMET even with the total

fy), which is 12.46kHz. 1 > R :
Assuming a linear field with space charge, the relatioﬂeutron dose of.83 x 10'*[nLem™]. which is considered

. . as the highest dose of the main ring.
of the frequency shift agree with the eq.(4). We have analyzed the RF non-linear effect in detail with

6.2 Simulation with non-linear field calculation and simulation.
It turns out that assuming the non-linear field without 8. REFERENCES
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