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Abstract
Design, Analysis and Development of higmulti-cell Rel evan.t Theory . ]

elliptical shape Superconducting RF linac cavitg baen ~ According to the classical Slater perturbation ti],

taken up by VECC, Kolkata, India. A 5-cell ellipgic if & cavity volume is changed by very small amoukt

shape SCRF cavity has been designed and a fud-sc8r @ tiny perturbing object, more commonly referteds

copper prototype has been fabricated at 704.4 Mz fbead having volumesV perturbs the stored energy of the

RF  characterisaton ~and  measurement. ~ RFesonant system by a very small amount, there lvell

characterization of the cavity is mainly descriigdthe Small shift in resonant frequency which is giver(B|[3]

frequency of resonant modes, field profile, Q-valsteunt Af AUz — AU, AV =e5%aV _ Ayl uoH?av

impedance (Rsh) and Rsh /Q values at different sodégg ~ U = auU

cell to cell coupling etc. Perturbation measurement . Q)

technique was employed to evaluate the field praiihd For the case of a small non-conducting sphere raitfus

Rsh/Q at different modes. In perturbation technigae “r’, where the unperturbed field may be considered

small perturbing object perturbs the stored enarfgthe uniform over a region larger than the bead, eqnatig

resonant cavity by a very small amount, which tssmla reduces to following relation[3][4].

small shift in the resonant frequency. This small

frequency shift is very difficult to measure due todfr _4v _  mr® . E-1. 2 Hr—1,, 2

instability. So, measuring the phase-shift, coroesing % U U [0z Bo” THoy 3 o] v 2)

frequency shift is derived. As frequency, fieldfile cell

to cell coupling and Rsh/Q are completely geometrlyor a dielectric beadui(= 1) the expression reduces to

dependent parameters and independent of cavityrisate 4f _ _f[g EE 2] (3)
RF measurement with copper prototype cavity aréh U
excellent providing a good idea about the RF
characterisation of superconducting niobium cavity [where, Af = frequency shift, f; = unperturbed
frequencyE,= amplitude of electric fieldH,= amplitude
INTRODUCTION of magnetic field, &, = relative permittivity of the
Multi-cell (N) accelerating cavities have N numbef bead&, = permittivity of vacuum, x4 = relative

degenerated modes. Five distinct fundamental modpsermeability of the beagk, = permeability of vacuumy
(TM010 like mode) exist in the 5-cell cavity andeth =energy stored in the cavity)U = change in stored
accelerating mode im-mode in which each cell operatesenergy].

at same frequency with phase difference of’I8ween  For very small perturbation, it is very difficuliot
two neighbouring cells.[1]The different modes haveneasure the frequency shift using Vector Network
different field profile distributions. Frequencieave been Analyzer (VNA). However, the phase shifts at the
measured for five fundamental modes and field frdéir  unperturbed resonant frequency are much easier to
each mode has been obtained using perturbatigfieasure with VNA. In the present measurement
technique. From this field profiler-mode (accelerating technique, instead of measuring the frequencys;shift
mode) has been determined and Rsh/Q has been foundphase-shift has been measured and then transtaited i

all the five modes using perturbation technique. frequency-shift.

PERTURBATION MEASUREMENT fo—fo _ tand(fo)

S T 4
Perturbation measurement involves drawing al a

perturbing object (metal or bead) through the @@raxis _ _
of the cavity while monitoring the cavity's resoman where, ;= perturbed frequenc, = unperturbed resonant

frequency shifts as the object travels its engregth. This Teduency, Q = quality factor of the unperturbedita
frequency shift is related to the relative elec() field ~#fo) = shiftin phase angle &

and magnetic (H) field strengths in the area oflibad. Calculation of R/

This method is the most commonly used technique to Ra/Q

measure the field distribution inside the Radimérency ~ FOr RF Linac cavity, shunt impedance, ® defined by
(RF) cavity. the following equation [3][4],
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k:— v= particle velocity ando= 2nf IR Bead Posion
From equatlons (3), (5) and definition of Q (a):Temode y5-mode
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Using the perturbation measuremeqP—}r coskz can be| (c): 3v5-mode (d): #/5-mode (e)rv5-mode

1o : : -
measured at discrete intervals of z and integratedg Fig.2. Measured E-field profiles for different meade
numerical method to obtaﬁgﬁ. I
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Fig.3. CST simulated E-field profiles for differamiodes

Figl: Block diagram of measurement set up o ) )
At each of the zero-crossing in the field profilenees,

there is phase reversal of the electric field s wwe can
onclude thatremode(accelerating mode) is located at
04.4 MHz where phase difference is 1®@tween two

A dielectric bead (special type of alumina) with
diameter 1 cm. ang,=11 has been attached to a Kevla
thread which is inserted in the 5-cell linac pr alon . ;
its central axis. A stepper motor-gear boxpas:gfrgarirg neighbouring _cells. Rsh/Q has_ _been calculated from
used to move the bead along the cavity axis anddvecfrequency shift \;S beagl pOZItIO;IT dat3 fotr ha” the
Network Analyzer (Agilent 8753ES) has been used t gequenfcgsocc;]w E;]”n@:f a;]n fa : mode Ihl as a
measure frequencies of 5 fundamental resonant mo ue o ohm where for other four modes thiseas
and also it measures phase shift of Barameter for very small which is desired. As end cells are cedpb

different modes as the bead moves inside the caMitys neighbouring cell at one side only, field at endisces
h lower than inner cells and end cell tuning is reegito

field profiles and- at different modes have beeny,ye 4 flagrmode with equal amplitude at each cell.[1]
obtained. A JAVA based GUI communicates with the

VNA and controls the movement of the bead along the CONCLUSION

cavity axis through LAN.GUI is used for automatioiata

acquisition, storage and display of measured data. E-Field profiles of copper prototype measured by

perturbation technique are similar to our simulatiesult,
but somewhat non-uniform. This is mainly due to fet
RESULTS that quality of copper is not identical for 5 cedlad also
In case of 5-cell copper prototype cavity, fivedue to the deformation of the cell after brazind3 (E
fundamental modes have been found at 704.4MHwelding was not done). This measurement techniglie w
702.9MHz, 700.8MHz, 698.3 MHz and 696.4 MHz.be used for RF characterisation of niobium cavitgt aan
Measured E-field profiles along cavity axis, usingoe used to measure the higher order modes of tiy.ca
perturbation technique, and CST microwave studio
simulated E-field profiles along cavity axis at she REFERENCES
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