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Abstract

Linac4 is employing three types of accelerating structures after the RFQ: a Drift Tube Linac
(DTL), a Cell-Coupled DTL (CCDTL), and a Pi-Mode Structure (PIMS) to accelerate the beam
up to 160 MeV at 352.2MHz. The structures are designed for a peak power of approximately
1 MW per power coupler, which is transported via rectangular waveguides from the klystron
gallery to the RF cavities. The coupler itself consists of two parts: a ceramic window, which
separates the cavity vacuum from the air in the waveguides, and a Tuner-adjustablewaveguide
Coupler (TaCo), which couples the RF power through an iris to the cavity. In the frame of the
Linac4 R&D both devices have been significantly improvedwith respect to their commonly used
design. On the coupler side, the waveguide short circuit with its matched length has been
replaced by a fixedlength /4 short circuit. The RF matching is done by a simple piston tuner,
which allows a quick matching to different cavity quality factors. In the window part, which
usually consists of a ceramic disc and 2 pieces of waveguides with matching elements, the
waveguide sections could be completely suppressed, so that the window became very compact,
lightweight, and much simpler to manufacture. In this paper we present electromagnetic
simulations, and tests on first prototypes, which were constructed at CERN.
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Abstract either with a large bandwidth or in a way that allows a sim-

) i ) ) ple re-matching (to different frequencies) of the waveguid
Linac4 is employing thrge types o_f accelerating StUC, window transition via waveguide stubs or tuning blocks.
tures after the RFQ: a Drift Tu_be Linac (DTL), a Ce"'Thetuning mechanisms need a certain length of waveguide
Coupled DTL (CCDTL), and a Pi-Mode Structure (PIMS), gither side of the actual window, which can be omitted if
to accelerate the t?eam up to 160 MeV at 352.2 MH,Z' Thie window to waveguide transition is already matched for
structures are designed for a peak power of approxmate&;(e frequency of the RF system. The result is a very com-

1 MW per power coupler, which is transported via rectanf)act and cost effective design, which was developed for the
gular waveguides from the klystron gallery to the RF CaV[ inaca cavities at CERN

ities. The coupler itself consists of two parts: a ceramic
window, which separates the cavity vacuum from the air in
the waveguides, and a Tuner-adjustable waveguide Coupler DESIGN OF THE LINAC4 TACO

(Ta_Co), which couples the RF power through an iris to the Instead of using & /4 coupler made of 2 pieces TaCo
cavity. In the frame of the Linac4 R&D both devices havg,oq 5 piston tuner close to the cavity iris to adjust the cou-
been S|gn_|f|cantly|mpr0ved Wlth respectto thelr_commonlyb”ng to the cavity. (Details and comparison to other cou-
US.Gd (_jes_lgn. On the coupler side, the waveguide sho.rt CHler types in [2]). Major advantages are the fixed location
cuit with its matched_ length has beer! replaced by a f|?(e f the short circuiting plates (c.f. Fig. 1) for all couplers
length)/4 short circuit. The RF matching is done by a sim+, vich saves 2 waveguides flanges, a HELICOFGEdas-

ple piston tuner, which allows a quick matching to differenj oy o the time required for measuring and machining the
cavity quality factors. In the window part, which usually 5,5 iate short for each cavity individually. The cavity
consists of a ceramic disc and 2.p|eces Qf waveguides W'EB-Waveguide coupling can be adjusted by cutting a fixed
matching elements, the waveguide sections could be Cofy e 1 the necessary length, or —with a movable tuner in-

pletely suppr_essed, so that the window became very CO¥alled — the coupling can even be varied during operation.
pact, lightweight, and much simpler to manufacture. In this

paper we present electromagnetic simulations, and tests on
first prototypes, which were constructed at CERN. piston tuner location of tested prototype
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A/4 waveguide couplers, made of a tangential waveg- 2 1wher008
uide coupled to the cavity via an iris and closed with a & ooe0e.005
short circuit at\/4 from the coupling iris, are commonly ;:j;g:g;
used in electron linac standing-wave cavities at frequen- 2 154425034 xt =350 mm
cies & 1GHz). The cavity is usually overcoupled via the 1. oocoe.con |
iris, and the coupling is then matched to the required value Short circuiting
by adjusting the short-circuit position thereby reducineg t plate
voltage on the iris. This coupler type has the advantage
of separating the coupling section from the RF windowfigure 1: Linac4 TaCo: the max. el. surface field strength
allowing to use a standard waveguide window, and of prdor 1 MW of input power. By adjusting the penetration of
senting lower surface fields than a standard coaxial caupléfe piston tuner, the coupling to the cavity can be matched.
For this reason this technique has been adopted for all the
Linac4 cavities. However, the drawbacks are: i) at the rel- The RF matching of the external Q-valGg.; is nec-
atively low Linac4 frequency (352 MHz) the couplers aresssary for most standing-wave cavities since the construc-
bulky, and ii) that the length of the copper plated waveguidgon process influences the final Q-val@g of the cavity.
short has to be adapted for each cavity separately. Suclt@ achieve a certain coupling;, Qc.:.a = Qo/B4 needs
design was used for the first high-power tests of the PIM& compensate the unpredictable variatiord)af (typically
cavity [1] and due to the long and expensive matching prabout 5%). For this reason, standing-wave cavities are nor-
cess, the simpler TaCo design was developed. mally over-coupled by desigii)..: design < Qest,a)- The

In the second part of the paper we describe the desigoupler is then used to adju§k.,: t0 Qcs¢,q by increas-
features of a waveguide window, which is optimised for théng Qcz+.design- If the piston tuner is positioned close to
use at 352.2MHz. Commercial windows are usually builthe cavity iris, TaCo cannot only increase but also decrease




Qe 10 reachQeyt design- Thus an adjustment in both di- this test were such that the peak fields exceeded the ones of
rections becomes possible. Figure 2 shows the normalistte nominal design by more than a factor of 4.
coupling factors,, = 3/B, versus the tuner penetration for  The low-power measurements agree very well with the

two different tuner locations. simulations (compare [2]). For a first high-power test, the
prototype TaCo was installed together with the first Linac4
160} SR PIMS cavity. The cavity could easily be matched to a re-
10} e \ flection of less than— 30 dB (VSWR=1.065). During the
ol P -7 Y test with up to 1.1 MW in pulsed operation (0.8 ms pulse
S - , 4 N length, 2 Hz repetition rate) over 72 hours, the cavity-to-

v waveguide coupling remained constant and no sparking or
\ multipactor activities were observed. This was confirmed
\ by visual inspection of the short circuit after the tests.
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One of the critical items of a power coupler is the ce-

Figure 2: Coupling factor — norm. to the coupling w/o piS_ramic window and the coupler robustness mainly depends

ton tuner — versus tuner penetratin for the nom. posi- ©n its design. Because we have a long experience at CERN

tion (¢ = 350) and one closer to the cavity = 470). with single window couplers [3], we have decided to design
the Linac4 window with a single ceramic.

To reduce cost, the number of components has been min-

For most Linac4 cavities (CCDTL and PIMS), the tuneri ized. The design has been done such that the use of addi-

will be positioned close to the centre of the waveguide (a#n oo o

2t = 350mm, see Fig. 1), allowing a decrease of the co lional waveguide lines to match the ceramic is unnecessary.

pling Howe\;er for the fi;/e DTL couplers, the iris to th:To do so, the matching of the window has been obtained
' ! ' Qy adjusting the diameter and thickness of the planar disk

cavity is very short. Here, a coupler with a tuner diStancceramic which is inserted between two cylindrical to rect
of zt > 470 mm will be tested. Calculations predict a po- X : ; )
"= P P ngular WR2300 half height waveguide flanges.

tential increase of the coupling factor by more than 6098 . _ _ ; , .
which would allow the iris to be elongated by 25 mm to the A finé matching of the window is obtained by optimiz-

same length used for the other couplers, which would eal¥d thg radius of Fhe _cylindrical steps on .eithler side “?f the
the installation and connection of the DTL couplers. ceramic (see FMin Fig. 6). Several combinations of diame-
ter and thickness values were found, which allow matching

within the required specifications. Brazing constrainigha
PROTOTYPE TACO imposed limits on the ceramic window size. Simulations
The TaCo concept has been successfully tested at |oWlth_the_chosen 40,0 mm diameter aqd 25 mm thlc!<ness ce-
and high-power conditions. For these tests, a spare wavdgMic window design can be seen in Fig. 4. This shows
uide short circuit was equipped with a movable piston tunefll CUrves corresponding to several maiching step sizes,
(Fig. 3). This short circuit was then connected to a standaffCh varying by 2mm. The calculated overall bandwidth
T-type coupler, used for the PIMS high-power tests [1]'S greater than 16 MHz with a;$ value better than -32dB
Since this was not the nominal position of the tuner (se(é‘e' better than 1.05VSWR).
Fig. 1) it allowed to validate the peak field performance ‘
and potential for sparking or multipactor activities. Diam 1051'"d8 T T I R P o
eter, position and penetration of the piston tuner used fi-2o B I

S11 <32 dBover ~ 16 MHz
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Figure 4. Microwave Studio simulation of the window
showing input reflection loss vs freq.

As shown on Fig. 5 and 6, the window is composed of
Figure 3: Prototype TaCo used for high-power tests  jyst eight components (c.f. Fig. 5 and 6):



1. aplanar disk ceramic of 400 mm diameter and 25 mm
thickness,

. athin copper ring of 1.25 mm thickness,

. asecond copper ring,

. a stainless steel ring (316 LN),

. a stainless steel spacer (304),

. a HELICOFLEX® gasket,

. a vacuum side, waveguide to cylindrical, stainless
steel flange (316 LN), and

8. an air side, waveguide to cylindrical, stainless steel

flange (304).

~NOoO O~ WN

The construction process is as follows. The ceramic (1)
and the first thin copper ring (2) are brazed together, while
the second copper ring (3) is brazed with the stainless steel
ring (4). These two subassemblies are electron-beam (E
welded along the two common copper edges, EB1 and EB
in Fig. 6. These two EB weldings ensure mechanical rigid
ity and EB1 also ensures vacuum leak tightness. A coolin
channel, CC in Fig. 5, has been made in between the t
copper rings to cool down the ceramic in case of futurd
higher power requirements.

Figure 7: Prototype window and frequency measurements
(marker at 352.2 MHz).

ing measures (c.f. Fig. 7), and thus the prototype frequency
agrees well with the simulation.

Several actions are planned in the near future to fully
validate the complete design:

e Ti sputtering of the vacuum side of the ceramic (to
avoid multipacting),

e copper plating of the stainless steel flange, vacuum
side, to reduce losses in case of higher power require-
ment, and

Figure 5: Window design e RF tests at full power, i.e. 1.4MW pulsed 2ms /

50 Hz.

As shown in Fig. 6, this sub-assembly is inserted be-
tween the two stainless steel flanges (7) and (8). The spacer SUMMARY

(5) is dimensioned to ensure the correct mechanical force is

given to the HELICOFLEX® gasket (6). It also guaranties Attgr::er ?dJUStable w;weglmde dcouc|jolter &Tzc?)CaEnF(ejNa Cg n';h
a correct centring of the ceramic and a well defined conta pC window were developed and lested a - B0

of the RF knife edge (RFC) on the air side flange evices form the Linac4 power coupler, which will be used

The fully assembled window is very compact and add
less than 120 mm to the total waveguide length (Fig. 5).

at 25 cavity ports. Since the design is more cost effective
than commercial solutions and more adapted to the Linac4
needs, CERN is now preparing the construction of the com-
plete series.

PROTOTYPE WINDOW

To validate the design, a prototype window has been REFERENCES
built (Fig. 7). The first sub-assembly with the challeng{1] F. Gerigk et al., High-power Tests on the Linac4 Pl-Mode
ing brazing of the thin copper ring and the large diameter Structure (PIMS), IPAC 2011, San Sebastian.
ceramic has been tested and is vacuum leak tight. [2] R.Wegner et al. Tuner-adjustable waveguide Couple€(la
Two aluminium waveguide flanges and one spacer have to be published
been machi.ned to perform low power RF tests With .thFS»] E. Montesinos, SPL power coupler possible designs Part |
prototype window. The measured max. transmission is at General considerations, talk at Review of SPL RF power cou-
352.0 MHz instead of 352.2 MHz without any further tun-  plers, CERN, 16-17 March 2010.



