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Abstract mode that is used for the standing wave structure of
TESLA. When the bunch goes to the end of the cell (or
The proposed way to increase the accelerating rate ofgters the cell) the field decreases (increases)ditally
cavity consists in adding the third harmonic to thavith time. Moreover, even at the moment of its maximum
fundamental accelerating field. For this purpose, th#e field is going to zero at the both ends of the. ¢ell
shape of the cells is changed so that the frequency of offguld be helpful if the field is big enough even when the
of the higher order modes is shifted to become tHUnch is close to the cell ends. This can be acconglis
multiple of the fundamental mode. Preliminaryby admixture of modes with multiple frequencies to the
calculations show that the accelerating gradient can Béhdamental mode.
increased by several tens percent with the same ar low
surface electric and magnetic fields as for the TESLAMODES OF THE ACCELERATING CELL
cavity geometry. The frequencies of eigenmodes of the cavity are not
multiple numbers in a general case. As an example,
INTRODUCTION frequencies of the first axially symmetric TM-modes of

. . the regular TESLA cell are shown in Table 1, the force
The shape of the TESLA cavity cells is carefully“nes gf these modes are shown in Fig. 1. Because of

optimized to obtain maximal accelerating rate for a giveg mmetry, only halves of the cells are shown. The

magnetic and electric fields on the surface. So ) : _
improvements of the shape have been proposed [1]. SucIE'd"’lment.al m"ode with a frequ.e.ndy— 1300.MHZ has
magnetic wall” boundary condition on the iris endr F

approaches yield 10 — 15 % improvement in gradierﬁ i ;
potential depending on the features that are comprdmisé)ur purpose to fmd_ the best m_ode t? adm|x We,, can
such as aperture or surface electric field. Anoth clude in consideration modes with an “electric wall” on

possibility to increase the accelerating rate is thidifig ae”'g? mzr}ﬁsalllf:nggrg?ﬁgﬁh '\i/rlloﬂfs l\jv'the:r}ivclqargggg
phase structure” when the length of the cell is sévery’ P PP X

percent longer and the lost of acceleration due to tc;tr? ttrhetc?lseffit][t'ihvéaf”rearge'r?cthce)flg\é)v;rer%\’; dog Egc.)\l?flgin a
“wrong” cell length is compensated for a few percenm gai y q y

by beter opimzed_shape af tese celi 1 g LIRSS rdeneni moce Feency <o et
investment level in the present cavities is so big ithia giving

doubtful that the shape of the present cells will bgddltlonal acceleration.

changed for small gains. Only an appreciable increfise ]
acce|erating rate in several tens percents can makeTable 1: Frequencies of the TESLA regular cells lowest

possible to change the mature scheme of acceleration. TM axially symmetric modes, MHz
Here a new approach to increase the acceleratingsrate| \jodes with magnetic wall in Modes with electric wall in
proposed. However it requires considerable developmentne middle iris plane the middle iris plane

and so would only be suitable option for 1 TeV upgrade.
1300.0 (fundamental-mode) | 1275.7 (0-mode)

INFLUENCE OF TRANSIT TIME 2774.4 2672.0

FACTOR 3857.8 3757.3

The transit time factor decreases the effect of appli

RF voltage on the accelerated beam. To obtain maximaf237-7 3919.0

acceleration, the maximum of the sinusoidal field ig 4892.9 4723.4

usually applied to the bunch of particles when it appears
in the middle of the cell. We consider the case ef th
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Fig. 1: Lowest axially symmetric TM modes of the TESle§yular cells.

The goal of adding the higher mode for acceleration is shown in Fig. 3. Because of symmetry, the fields ar
to decrease the values &, /E,.and H, /E, when presented on the interval from the middle plane of the ce
to its end. The phases of the fields are taken thoge tha
. o both electric fields (fundamental and harmonic) have their
electric and magnetic fields on the surfdeg and H,  maxima at the same moment of time; magnetic fielitls w
are obtained as a combination of two different modes. W shifted by phase/2 relative to corresponding electric

the mode with three times higher frequency. No one mo@ghen the fundamental magnetic field is maximal:

the averaged accelerating field on the a&js. and peak

in Fig. 1 has frequency of 3900 MHz. However, we can E E.cos M E.cos3
try to tune any one of these modes to this frequency 2 A a3 '
changing the geometric parameters of the cell. E, Eqcos M Egcos3
Certainly, it can be a hard task or impossible to thee t H, Hgsin M H_sin3,
mode if its frequency is too far from the desired one. ; ;
quency H, Hgsin M Hgsin3 .

Usage of the modes from the upper row will not change
the decreasing electric fields near the cell margins.itS
appears preferable to tune modes with frequencies 3757
or 3919 MHz for our purpose. The last one is the nearest
mode to the desired frequency but the mode with two
variations along the-axis (3757) can be phased so that it
has no deceleration field.

THE MODE WITH A VARIATION

ON THE Z-AXIS
The mode withf = 3757 MHz can accelerate the beam
on both parts of the shown axis line: when the bunch
comes to the point near= 2.4 cm (see the third mode in
the lower row, Fig. 1) the electric field of this mode ) ) ]
changes its sign and becomes accelerating again. The Fig. 2: The shape of the (_:eII and electric force lines
shape of the cell and electric force lines of this nadtkr after tuning.

tuning to the triple frequency of 3900 MHz are shown in

Fig. 2. The field that acts on the bunch on the cavity a Here indicesa ands correspond to fields on the axis and
on the surface, respectively, 1 and 3 correspond to




frequencies, ant¥l is a relative amplitude of the admixedcomponentM H_, is multiplied bysin@ /2) 1 and

mode. FunctionsE,(2), E,3(2), By(L), E4(L )and same  gpoyiq besubtractedirom the componertt,, . The peak
for the magnetic field were found with SLANS code [3].q;rface electric field is achieved at phase 0 on theec
The values of them correspond to energy of 1ImJ in ea t isthe sunof both componentsE,, andM E

mode. z is a distance from the middle plane along the S o =
axis; L is distance from the cell equator along the profile 1"€ task of optimization is to decrease the value

line. The value ofM was fitted so that the value of Hp/Eawc @S much as possible changing 4 geometric
H . /E.cWas minimal. It appeared that the value oparameters of the cell: half-axes of ellipses thandefie
cell, keeping the frequencies of two modes equal to 1300

E"k/Ea“Was also improved in comparison to TESLAand 3900 MHz, and fitting the relative amplitudié

cells. For the surface fieldS, it was taken into actthmt m|n|m|z|ng this value. It is not a fast procedure SO0AR
functions of the form not say now that the best possible value is obtained.

f() Acos Bcos3, However, for the presented shape, Fig. 2, the ratio
g() Csin Dsin3 H . /Eqcc Was obtained equal to 32.2 Oe/MVire. 1.30
can have their extrema not only at the ends of tleviat  times smaller than TESLA cells have. The value of
0, /2 ofvalues but also at the phases Ep/Eace Was also improved by 1.3 (as nearly as good as
A C a pill-box cavity with no beam holes!). For this shape
c O.5arcco%1 33 e O.5arccosv3 3D M  065. Results of presented optimization are not final

respectively. This correction, however, didn't chang@nd there is a possibility to improve the declared value.
substantially the shape of the surface field graphd!'€ Shape shown in Fig.2 consists of two conjugated
Maximal electric and magnetic fields for the whole perio elliptic arcs whereas the TESLA cell consists of ws,

of oscillations are shown in Fig. 4. The peak surface

magnetic field is achieved at phase of2 when the

Fig. 3: Acting electric fields on the axis.

Fig. 4: Maximal fields on the surface along the pedfihe.
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circular and elliptic, and a straight segment betweem the significantly decrease the length of the future linear
Dependence of obtainable increase in the two-ellipticollider or substantially increase its final energy.
geometry on the ellipse parameters is shown in Fig. 5.

stands for the bigger and for the smaller ellipse

horizontal half-axis. The coordinaté\ 4 a is chosen for

the graph axis to make the graph more compact.

CHALLENGES OF 2f-CAVITY

The cavity with 2 working modes with different
frequencies (or f2cavity) calls for solving several
problems. Fortunately there is time as this an optidoet
developed for the 1 GeV upgrade. First of all both
frequencies should be strictly phased. This can be
achieved by obtaining the higher order mode by
frequency multiplication of the fundamental one. Good
mode separation must be achieved. Fig. 5 shows very
narrow limits for the cavity dimensions. So, high aecyr
and independent tuning of two modes is needed. To
obtain the non-propagating regime in the beampipes, the
chokes on both sides of the cavity must be used. Hnere ) ] ) ] ] ]
no programs for calculations of multipacting in a cavity Fig. 5. Achlevable increase in acceleratmg'rate with
with 2 frequencies. It is known that grouping the W0 working modes for geometry of two conjugated
multipacting electrons in a complex geometry is difficult; elliptic arcs.
however we need to check the analogous statement about .
composition of 2 harmonics. On the other hand, there are! € author thanks Hasan Padamsee for his support and
no visible problems to expand the existing multipactof€lPful discussions, and Dmitry Myakishev for an
codes for calculations with 2 frequencies. We have @uXiliary code to SLANS that facilitated the process of
calculate dissipated power which is going to be highdPtimization.
because '8 harmonic losses increase lik&, but losses

are not just a sum of losses of each harmonic. Thecimpa
of mode-mixing on emittance growth and energy spread
to be evaluated. The flatness of field in the ceflao
cavity is a limiting factor for maximal number of czll
However, cell-to-cell coupling of the third harmonic is
much better than of the fundamental mode and should
be an additional obstacle. The shape ofc&ity is
reentrant. Such a shape is more intricate in fabricatidn a
treatment, now the work on fabrication of a reentradt S
cavity is in progress in our laboratory [4] and thes
problems are being solved.
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