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Pi (S11p-S1la)=-jukEa’ 2.1

At DESY S-Band accelerating structures are under

development since 1993. Fourteen 5.2 meter lsagtions with Pi - the inputpower,S1b - the reflectioncoefficient
have to be replaced in the injector lingdNAC I1)[1] and in the presence of a perturbindject, S11a - the reflection
overall four 6 meter long sections have to be buildtier S- coefficient inthe absence ofhe perturbingbiject, k depends
Band test facility at DES[2]. A new tuningprocedure for the on the electric parameteasid thegeometry othe object and
accelerating structure after brazing leen developed whichEa=A€? - the electric component of the field. The perturbing
uses bead-pull field distribution measurements instead oblgect being used was a metallic needle with a diameter
detuning plunger. Amplitudeand phase of the field are 0.4mm and a length 5mifig. 2.1), oriented parallel to the
measured simultaneously along the structure without touchigs of the section. The needle can be maledg the axis of

the surface on a 13 meter long horizontal bench. the section using a step motor with a step abrsutAL =0.14
mm.
I. INTRODUCTION A A A
N
o n-1 n n+l

To decreaséhe cost for cavity productiothe dimensional : : - . > ;
tolerances are relaxed by oversizing the resonatmistuning = = dl t = ~ =
after brazing. The resonance frequencies of the cells after nesce
brazing of the sectioare lower by 200-1500 kHz compared . - . - o .

to the operatindgrequency. Foutuning holes are machined .
with 10mm diameter and 1mthickness in the wall of each j,:}:

g o Figure 2.1. Bead-pull measurement.

Places for_ tuning

: In the centers of the cells the longitudinal gradient of the
L1: phase is smallest withiA¢/Az[<0.9°/mm. The transverse
= gradients, for deviations not largénanOAxO< 2 mm and
CAyd< 2 mm from the axis of the section, are of the order of
OA¢/Ax[<0.03°/mm andA¢/Ay[k 0.03°/mm for the phase,

For the measurement of the travelimgvefield distribution LAA/A) AXLI0.05%/mm andXAA/A)/AyL<0.05%/mm for

(amplitudesandphases in the center of the cells) a bead-paimplitude
method is used in the section. Thaeing method ibased on To decreas¢he required timéor one measurement of the
the calculation of the field distribution of the scatteveale 150-180 cell section the field distribution is measured only in
from each cell of the structure. During thening procedure the center of the cells. For precise determination of the
the amplitudes of the scattered waves are minimized. position Z, of the first cell centeand distanceAZ between
the centers the complete field profile is measured in the 3 first
[I. BEAD-PULL FIELD DISTRIBUTION and 3 lastcells of the section (with the exceptionaafupler
MEASUREMENTS and load cells). After data processing treccuracy for
positioning in the first cell center is approximately 0.1 mm

The travelingwavefield distribution measurement imsed and for cell to cell lengtk0.002 mm fothe 5 m section. The
on a non-resonant perturbation the§®: In this technique MinimalstepAL given by the step motdor bead positioning
the measurements of the reflectimoefficient S11 are S not small enough=0.14mm) andtherefore the field is
measured at the sam@equency with and without a Mmeasured in 2 positions Z{=int(Z, /AL)*AL and
perturbing object placed at the point at which thiield Zn=Znt+AL), close tothe optimum positio?,= Z; + (n-1)
parameters have to be determined. On the axes sktiimn AZ. The amplitude and the phase in the centertbfcell are
the magnetic component of the field is zeamd the approximated with the formula:
dependence of the reflectiarpefficient fromthe electric  A=(A(Zn)( Znz Zo)+ (A(Zn2)( Zn- Zn1))/ AL, 2.2
component of the field is expressed by the following formula:  ®n=(®(Zn)( Znz Zn)* @(Zn2)( Zn- Zny))/ AL. 2.3

@10

Figure 1.1. One of the cups.



section is changed his effect is used fothe automatization
lIl. A LINEAR MODEL OF THE FIELD of the tuning process.

DISTRIBUTION IN THE SECTION The process othe tuning icontrolled in real time by a
computer code. Beforeuning of each cell, acomputer

receives fromthe Network Analyzer (NWA)the reflected
wavevalueS1L. While tuning theeflected waveralueS11
is analyzed, sdhat thecalculated value ofiS11 - S10
should be achived:

U,=0S11-S1P=Re(SEC™ ™)K, 3.7

With the bead-pull method we can measanel calculate
amplitudesandphases of the field in the centers of dedls:
A€ AE% A€% ... . For two neighboring cells with
number n-1 and nlet us consider thigalues as a super-
position of forwardand backward waves: @ """ gnd

b, €@ which haspassedhrough n-thdisc (between where K, - is a coefficient to correlatihe calculated and

cells n-1 and n). measured values for the cell number n:
An€%1= gel T3 @] (2m3ten 3.1 K,=0S110a*C, 3.8
A% = aehe ™. 3.2 )
The 0S110 - amplitude of thereflected wavefrom the
The solutions of these two complex equations are: structure measured after detuning of the irqmutpler cavity,
38" =(A,, 8011124 A lOrTly /3 3.3  characterizes the amplitude of the inmdwer from the
By €% =(A, €024 OO /3 34 NWA. C, - is theloss factor or attenuatlaroeff_lue_nt of the
nt n ' wave, which traveled frorm-th cell to the beginning of the

structure.

If we take into account the nonuniformity of the amplitude
distribution in the structure the expression (3.8) can be
rewritten for a constant impedance structure:

Kn=(0S11 Oa)*(An/as)? 3.9

From formula (3.4) we can find the amplitudegimdphase
@ of the backwardvavewhich passed the-th disc (between
cells n-1 and n)For the next (n+1) disc we case the
formula (3.4) to calculate the backward wave:

GE™ (A TA, b)) 3 35

For the constant gradient structure:

Let us calculate thdifference of thesavo backwardvaves Ky=(0S11 Dag)*(Ad/a)?* Ty 3.10

in the plane of the n-th diaphragm. The phase shift per cell is
about 2v3 and if attenuation can be neglected we can write: wh

S0P = b i - ¢ @r2m) 36 erel, (Wy4 - groupvelocity for the n-thcell) is the

reflection coefficient measured at the input of the structure for

_ the wave reflected (for full reflection) from the n-th cell.
Thisvalue is used to characterittee performance of the n- The results of the tesuning of a50-cell section was

th cell. § andB, are the amplitudandphase of thevave
scattered fromn-th cell. In the process oftuning the
amplitudes s$should be decreasethis procedure was tested

) i . the first 156 cell constant gradient accelerating structure of
on a 50-cell constant gradient test section [4]. Figure $L | |NAC Il at DESY.

shows the values, & before and after tuning.

sufficient ©p=0.17 for the phase distribution along the
section)and welecided to us¢his methodfor the tuning of

m before tuning A after tuning V. TUNING OF THE LINAC Il SECTION
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Figure 3.1. &®"" pefore and after tuning of 50-cell

constant gradient section. The structurewvasinstalled on a horizontal 13 meter long

tuning bench (fig. 4.1)and connected to a water thermo-

By def|n|t|oQ, prefss!ng the tunirigoles Offthz(;ﬁ,l,lz’) _the stabilization system. To be careftle tuning of the structure
frequency of this cell is increased, the reait of S S was carried out in 3 steps: tahing to thefrequency F=F.,-

decreased and the reflection coeffici8atLin the input of the gy, b)tuning to thefrequency F=F - 400kHz; c)



tuning to thefrequency F=R. . For the calculation of the
operating frequency ofer (Fla= 2998 MHz inthe vacuum
and 40C temperature of the structure),, F the temperature
of the structure, J - the airtemperature, i - the air

humidity and B - the air pressure was taken into account[5]: 14,

Foper =Fuac/(1+1.710°%(Ty, - 40))EY 2
e=1+Py /Ts* (211+R*Hayr /Ps* (L0160/ Ty, - 0.294))10°
R= 10745 (Tstr -273)/( Tstr -38.3)+0.656)

One step of tuning includes thefield distribution
measurement, the calculation of the parametgrstithing of
the integrated load (last eight cellsy.: 149-156) and
automatic tuning otell 4-148 in thetuning machine. If the
reflection from the load isery large forsomereason, the
load cells have to be tuned first. In figure 4.1 fredd
distribution in the sectiobeforetuning isshown. There are a
lot of reflections from different parts of the sectiand in
addition a large reflection from the load. Thgraph

corresponds to &8WR inthe structure of 3.8 after
brazing.
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Figure 4.2. Field distribution in the section after tuning.
SUMMARY

It hasbeen proventhat thebeadpull measurement being
presented in this paper ¥gell suited forthe tuning of long
(many cell) traveling wave accelerating structures. The results
for the tuning of a56-cell travelingwave constant gradient
accelerating structurec€0.3 for the phase) haseen
presented.
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