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Abstract
2 EXPERIMENTAL STUDY OF CAVITY

Results of experimental test of a modernizéd0 During experimental studies afavity [1], at the
cavity are presented. Theavity wasreconstructed from certain design of additional loops, a shift of tawity RF
fundamental to the second-harmonic one at the samghge enabling to operate at the second harnipri¢l11
geometryandtype of aferrite. The increase of tunable . 12.2)MHz wasachieved. Contrary to therevious step
resonanfrequency is achieved by inclusion of additionaf1] additional copperoops with arectangularcross
loops in RFmagnetic field. The inductance cdvity was  section sized of 58 1 mnf wereused. Thdoop length
reduced by an order of magnitude with thep design was set to 1.3 m in each half-resonator. The final tuning
eXperimenta”y found. Our method of mOdernizatiorbf the frequencyrangewas carried out by Changg a

proves to be very inexpensive. capacitor in the accelerating gap. The equivalent circuit
of U-70 resonator additional loops is shown in Fig.2.
1 INTRODUCTION L
TheU-70 accelerator cavityasinitially designed to @

operate with the 100 MeV injector linaod fundamental

frequencyrange of f;= (2.6 - 6.1)MHz. When the 1.3 ca

GeV injector Boostewas put in action, this range has " Il "
decreased t= (5.5 - 6.1)MHz. The gap ofrequency 3t iLPR L

from 2.6 to 5.5MHz hasceased to be used. In 1994, all M B W 3 1@” P
the 40 (10 kV each) cavitiegere modernized [1]. The i

accelerating gap capacitaneas increased by about a r C“‘T TC“ Fe

factor of 5, whilethe cavity capacitance - by motban
2.7 times, so as to decredasmnsientbeam loading of U- Figure: 2 The equivalent circuit &-70 resonator with
70 cavity athigh beam intensity [2].The result was additional loops

achieved at the expense of reducingdaety inductance

by about a factor 10 witthe additionaloops included in The resonator igescribed bywo coupled symmetric
RF magnetic field [3]. A modifieccavity of U-70 is resonant circuitd, C. - inductance and capacitance of a
shown schematically in Fig.1. half-resonatorl, - loop inductanceR - resistance of

losses irntheloop, M - mutual inductanceRy - resistance
of losses in ferrite, amplifier output impedance included,
3 Cq - capacitance of accelerating gag, - total
capacitance of tuband additionatapacitors connecting
DI[III]X‘]IDIH ! UIDII]XD]]]]]] acceler_ating gap to transmissiqn lihg- inductance of
transmission line, R, - resistance of losses in
7 transmission line. Thebeam and RFamplifier are
modeled as idealcurrent generatorsl, and I,
b accordingly.
The inductance of a half-resonator under condition of
DI[I]D\S/DIDIH 7 [II[III] D]]]II] wL, >> R, can be written as:
L'e = (1- K)Lc (1)
VAYRRIAV where KM/( L. L, )*?is coupling coefficienbetween the
T 78 cavity and additionaloops. Experimental value of the
coupling coefficient can be determineftom
measurement dfvo resonant frequencies:fizzequency of
Figure: 1 A modified cavity of U-70. the cavity withoutthe loops f, and afrequency of the
cavity with the loopsf' at the same magnetic bias field.
Hereis: 1 - wall, 2 - accelerating gap, 3 - bfidd Then
winding, 4 - loop inthe figure-of-eight mode, 5 - ferrite, K= (1-f 2f'?)"2, 2)
6 - additional loops, 7 - transmissidime, 8 - power Fig.3 showsthe dependence of coupliegefficient K
amplifier. againsteffective magnetic permeability. of the cavity.




The magnetic bias field changes from maximum t was changed from 43 to 35, and shunt imped&ace

minimum. from 3.1 to 2.4 kOhm.
K Equivalent inductance of the transmission lidg

1.00 7 was defined. Thefrequency of aharmful cavity HOM

[ resonance at 34.8 MHz was detected during the testing. It
0.96 3 "] was caused by design elemerts, C', C, The quality

3 factor of cavity HOMresonancewas lowetthan 5.

3 / Cures against such a resonance are well known [5].
o9z 3 Parameters afavity atf, = 11 MHz forthe biadield

3 / currentl;= 19 A were as followsC, = 125 pFL' = 1pH,
0.88 3 C,=70pFL',= 0.5uH, Rs= 3 kOhm.

/ Fig.5shows(1) the RF rangér main frequency of a
0.84 3 U-70 cavity after modification, (2)and thesecond

E harmonic in a test cavity at the same bias field current.
0.80 3
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Figure: 3 Evolution of the coupling coefficient. ] 2 L
11
For our cavity design, the transmission lineis 0.5 m 10
in length and has a largeductanceL,. In the future E
design the inductance should be reduced. Equivalen 3
circuit of the second-harmonic resonator reduced to its 57
accelerating gap with tHg, is shown in Fig.4. 73
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For the peak RFvoltage Vy = 10 kV across the

Figure: 4 Equivalent circuit of the 2nd-harmonicaccelerating gap,power dissipation of the second-
resonator. harmoniccavity was 21 kW amaximum. 90% of this
power wadost in the ferrite of 300NNype which was

Here is: C, L' are equivalent capacitance andchosen to operate in frequengnge of (2.6-6.1) MHz
inductance of the resonatd®, is shunt resistanoshich  [6]. Given the sameoltage acrosshe accelerating gap,
includes losses in ferritedditionalloops and amplifier ~ powerdissipation in the fundamentehvity is 10 kW at
output impedancel', is equivalent inductance of maximum. AtVq = 7 kV, the second-harmonicavity
transmission line, R, is equivalent resistance of would work withoutchanges in thair cooling system
transmission lineC' is equivalent capacitance of tubesdesign.
and additional capacitors.

Parameters of theavity weremeasured by various CONCLUSIONS
techniques. To measure capacitaieand inductance
L', the cavity transmission linesvere disconnected, and
the capacitor of &nown capacitancevas added to the
accelerating gap. Theavity wasexcited with awire
simulating thebeam [4]. Resonant frequenciegere
measured at the same magnetic bias fieldd therC,
andL' were calculated.

For a low-level signal the shunt resistance was
evaluated with théwire" technique.Final measurement
of the loss resistancevas made via excitation of the
cavity by a poweamplifier up to voltage o¥;=10 kV in
the accelerating gap. Quality factr of thecavity and
the shuntimpedancewere defined. For the operating
frequency range from 10.9 to 12VHz the qualityfactor

It is shown how tomake the second-harmonic
resonator of the existing U-70 cavities.

Expenses of such @vity modernization areeduced
to minimum.

The experience achievezhn beused to modernize
the RF cavities employed in other accelerators.
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