w&wwmswwnmdhhum””dhmm%rm

e

<

G

POST-COUPLER STABILIZATION AND TUNING OF A RAMPED-GRADIENT DRIFT-TUBE LIN:

AUTHOR): J. H. Billen, A. H. Shapiro

SUBMITTED TO: 1988 Linear Accelerator Conf.,

Williamsburg, VA, Oct. 3-7, 1988 J

By acceptance of this articie, mmwwrmmmus wm-m anwam
the published form of this contribution, or 1o aliow others 10 do 20, for U.S. mﬁm

The Los Alamos Nationsl Laboratory requests that the publisher identity ihis m-mmmumdm‘u.s.wdm.




mﬁndpdmhd&.mingeﬁnnmh(l)
Tlﬂ.umhummhhmmﬂ)m
distribution, and (3) stabilise the fields
qmmtuningm Rach of these tasks involves mod-
ification of one or more rf surfaces in the cavity, Dynamic
nmmulﬁmaulymudthumfnqu Adjust-

couplers in

stability of the field distribution. Bmdond‘nuym—
metric post coupler toward one end of the structure causes
a local drop in the field on that side of the post coupler and

a corresponding rise on the other side. Although thisorien- .

tation adjustment mainly affects the field distribution, it
also changes the resonant frequency slightly. Tuning is an
iterative procedure of successive penetration and orien-
tation adjustmeats that resuits in a stabilised and ramped
field distribution. This paper reports the results of this
low-power rf tuning and field stabilization work. A com-
panion paper? describes messurements of the post-coupler
magnetic fields in the RGDTL, and another paper® dis-
cusees the stracture’s mechanical design and its unmique
components.

Rescnant Frequeacy

Thedwpﬁoqumyoﬂhc'lh'

is 425 MHz. A pair of hnhluotbe
ingide of the tamk the drift-tube stems. For
tuning-bar heights between 1.0 and 4.0cm, the cavity
frequency increases about 2MHsem. Two slug tuners
provide 1.4 MHz of dynamic tuning around the frequency
selected by trimming the height of the copper tuning bers.
Final selection of the height aweaited completion of other
adjustments, such as post-coupler pemetrations that also

affect cavity froquency. Auduh.hdﬁtd!nnnd
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the RGDTL o 426 MHz with the slug twsers at their
seminal operating paint of cae-third of full pemetratioa.
Flold Distribution

Figure 1 shows the design fleld distribution for the
RGDTL. The quantity plotted is E;, the average axial
electric field acroes each cell:
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where E(2) is the longitudinal component of the axial
electric field and L is the cell length. One of our goals in
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Pig. 1. Design axial field distribution for the RGDTL.
low-power tuning is to achieve this relative field distri-
bution. To measure s fleld distribution, we use the bead-
perturbation technique. A small metallic sphere pulled
down the bore of the cavity at constant speed continuaily
shifts the cavity frequency by an amount proportional to
the square of the electric field integrated over the volume
occupied by the bead. Our data acquisition program BEAD-
PULL samples the frequency shift 9900 times during the 20
seconds it takes the bead to traverse the cavity. Such a
messurement is shown in Fig. 2.
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Fig 2. Typical bead-perturbatien measurement.

For comparisen to the design Seld, the computar code
DTLPLOT extrachs %0 the peak flald,
the average field E , and the stored energy from the array
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the froquency shifts. The method uses the theorstical field
distribution E{z) calculased by the code SUPERFISH. Fram o
measurement of the pesk fleld and from the
caiculated shape of the fieid, one can the valee of
Eq The is to integrate the SUPERFISH shape
over the portion of the cell cecupied by the perturbing beed
as the bead moves though the cell. From this calculation,

one gets theoretical values of both Eg and . Dividing
the measured by the ratio yields
a value for E, includes a correction for the sise of the

bead. This correction is about 1.7% oa the LE

bead-perturbation measurements.
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Fig. 3. Final measured field distribution in the RGDTL
expressed as a percentage of the average measured value of E .

Tilt Sensitivity and Field Stability
Tilt sensitivity measures a structure’s field stability
against tuning errors. In the DTL structure, resonant post
couplers provide this stabilization when properly tuned.
mtmvnywmdmwm
field measurements for different tuning ioms iR

perturbations in -
the cavity. A convenient way to detune a DTL cavity is to

change the gap length in the two end cells. Figure 5 shows
two field messurements and th2 correspomding tilt

sensitivity for the RGDTL without post couplers. For the
ﬁmmnt(bpuf!ig.li) decreasing the cell-1 gap
5 frequency 500 kHz. Increasing the cell-
&mnmmu-—
Wﬁlﬂ.—-‘dl. Thet is, it results in higher
fold in ool 1 and lower fleld in cll30 with en
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Pig. 4. Final measured RGDTL flelds divided by the design fields.
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Pig. 5. Tilt sensitivity without post couplers (bottom) is the differ-
ence between a field measurement with'a — 100-kHz end-cell per-
turbation (top) and one with a + 100-kiz end-cell parturbation
(middie).
approximately linear distribution in between. The second
messurement (thiddle of Fig.5) corresponds to opposite-
sign perturbations of the end celis, which tend to tilt the
fleld toward cell 30. Tilt semsitivity is the cell-by-cell
difference betweea thess two fleld messurements divided
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coupler stabilines the feld detribation.

Post couplers in the RGDTL bave a 30° bend ~Sem
from the end. Rotation about the (unbemt) axis displaces
the tip toward one end of the structure and hence increases
capacitive coupling to one cell while decreasing
figuration is ramped with lower field on the higher
capacitance side. The post coupler is necessarily excited to
maintsin such a distribution unless fields without post
couplers already incorporate the ramp, as discussed in

Ref. 2.
. [ I ] "l 1 i i
- .
[ ]
E 4 & ® l\
- sk H 16\
/{ w ooz 2
- = —
- 1
E - -
r 4
il ]
5 n | y
=
- -
i n. 1 | | |
- - e H ] 2 ]
CRLL NUMBER

Fig. 6. Final tilt seasitivity measurement for the RGDTL.

Figure 6 shows the tilt seasitivity with post couplers
measured for the field distribution of Fig.3. Numbered
mariters show the locations of the 14 post couplers.  With
the exception of cells 1, 2, 8, 4, end 30, all the other cells’

tilt semsitivity
TABLE I: POST-COUPLER CONFIGURATION FOR
DRIFT-TUBE LINAC
Post- Drift- Ovientation Ti
Coupler  Tube "'”“(::,“‘“ e ang V.
Number Number (degress) mentd (cm)
1 2 15.49¢ 1.0 0.02
2 4 15.484 ©e 192
3 [ 14871 420 1.70
4 8 14117 378 1.53
5 10 14.666 413 1.87
¢ 12 14.638 40.0 1.63
7 14 14.610 320 1.35
[ 16 14.557 420 1.70
9 18 14.618 320 1.36
10 20 14.488 320 1.35
11 22 14.531 230 0.99
12 24 14.658 19.5 - 0.85
13 2¢ 14.666 38 0.13
14 28 14.680 20 0.09

2[ndicates projection of the tip pesition from tank wall along the post-
normal ts the tank wall, which results in displacement of the tip
toward the low-energy end.

Coaclusioa

The RGDTL rescnates st 425.000 MHz with the two
field distribution is within 1 0.5% of the design (+1.2% on
the ends), and the fields change less then 5% for a 1-MHz
end-cell tuning error. The RGDTL fields are ex-tremely
conditions at the two drive loops. With phase shifts as
large as 190° betwesn equal amplitude drives, there were
at the two drives and for dilfferemt combinatioms of
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