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The H ,H linac of the INR meson facili- lLet’'s consider each stage of the experi-
ty 13 under tuning now. The results on  the mant. To determine the injection energy we use

vities tuning wers reported in EFAZ-88 [1].
st ly the initial operation of the first 20
st Alvares: tank have been completed. The beam
coeleration ftave been provided at 1 Hz
repetition rate but the ftank have been driven
at 10 Hz.
20 md TEHO eV proton

ly transported to the tank
rf amplitude and phase
and high fup to 80 mAY  pulse currvrent of
injected b2am have been used.

The tank 1 tuning includes the following
procedures:
~determination

heam was successfu-
3 entrante. To set
Lhe the small ¢ 5 & 10
N

the

and steering of the beam posi-

tion at the tank entrance;
-~agmittance measurement in the low enerqy beam
charmnel and transverse beam matchings;

&-dimensi-
and foou-

-preliminary
cnal o matohing by wsing
sing elements;
=flelernination

investigation of the
v i~bhuncher

of the nominal rf amplitude;
~determination of the nominal injection ener-
gy and  the high wvoltage divider calibrationg
~determination  of the phase and amplitude of
two-cavity buncher;

—produsticon of the S0 mA design pulse current,

measurements o the Lransverse and leongitudi-
nal parameters.
The beam dynamic simulation has been used

for the linac tuning [2,3]. By using multipar-—

ticle model a variaty of the beam parameters
including the influence of the electric and
gexnetric  errvors o the beam behaviour have

been studied in the &é~-dimensional phase space.
The sketch of main experimental equipment is
shown in the Fig.l.

1.Determination of the injection energy and
r{ amplituds

The determination of the rf amplitude is
closely connected with  the injection eneragy
determination that is well lookdd from Lhe
caloul ated Curves (Fig.2). The experimental
gddure of the rf amplitude and injection
energy determinaticon i1is  the following (the
buncher is offl:
~rough determination
fwith the preci oy f
also known with error of 2% ;
determination of the injection
by using the phase difference of the
ted by accelerated beam in  the
resonant detectors;
af

o

f the rf
A%y at  the

amplitude
injection

e gy
OV BT L G

ay

arey -
field
third

the vf amplitude

into account precisely known injection

uzing of the Bunch Length Monitor CEILLM)

for  the measuwrement of the rf amplitude with

the precigion of abont 0.2%. This measurement

has & rather weak dependance of the injection
eneray;

» precise determination of the rvf ampli-

A

e

injection energy by the compari-
@ result obtained from the
and from the phase spectrum

amplitu-—
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the dependence of the bunch
alacement &t the tank exit as & Ffunction of
the injection energy taking vf amplitude as a
parameter. For that it is sufficiently to know
roughly  the absolute wvalue of the acce—
lerating field. The experimental dependence of
the phase difference between the two- 3-rd
harmonic monitors, spaced in a distance L, VS
accelerating field lewvel are presented in
Fig.2. It is clear that the amplitude of the
coherent phase ocscillation depends essential -
ly upon the injecticon energy. That allows to
determine the injection energy. At the known

coherent dis—

injection energy the nominal rf amplitude is
found  from  the data shown in Fig.2. For the
first cavity of the INR linac Eo =E; /0.835

where [Ec¢ corresponds to the rvrf field at which
the bhucket disappearsg. By comparison the
thearetical and experimental data it is pos-—
sible to determine the injection energy whith
the accuracy of a few keV.

The typical dependence of the accelera-—
ted beam current measured beyond ftThe copper
fuil of O.d4e mm thikness ve rf amplitude is
shown in Fig.d.

For more precise determination of the E

the extrapolation of the experimental
used. The experimental curves in Fig.d for the
varicus injection enexgies are in a good
agreement with the theoretical data in Fig.:Z.
A new possibility for precise determina-

curve is

tion of the vf amplitude have been opened with
BLM development and test [4}. This device is
per fectly adequate for the rf amplitude
determination due to very high sensitivity of
the bunch shape vs accelerating field. The
maximum value of the phase spectrum iIs achi-
eved foar the total phase advance of ¥ =2.757 at

the mxit of the tank which corresponds ta
calerating field E'=0.935Eo.
se advance does not depend  on

ao-
Because the pha-
the injection

energy the nominal rf amplitude can be deter-
mined for any injection  energy. In furn as
soon as  the rf amplitude ig precisely deter-—-

mired the injection energy can be easely fo-
und by using the method described above.

Tz decrease the various errars influence
on the accuracy of the phase spectrum the me-

asurements have been conducted wusing automa-

tic phase and amplitude control. The measure-—
ments have shown that for the injection cur-
rent of 10 mA the v amplitude and phase er-—
rors are Aot more  then £ 0.25% andt0.5° res-
pectively. The intrapulse ripple of the in-
jection energy was equal®0.25% and have heen

caused by the pulse top oscillation of the 7350

EV  transformer. The injection energy in—
stability from pulse to pulse was an order of
magnitude better. The typical measured phase

spectra are pressnted in Fig.5. The nominal
accelerating field according to the maximum of

Im is found by approxwimation of the data.
Similar measurements have Dbeen done for the
injaction energy O0.990We. It turms ocut that the

accuracy of  the E' determination is  about
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Experimental phase spectra of the accelerated
beam for the various rf amplitude.
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Phase scan results for the buncher at
the nominal rf amplitudes.
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0.1%. An analysis of the experimental data and

the accuracy of the rf amplitude determi-
nation acocording to the maximum Im allows o
conclude  that the v amplitude error is less
than O.2%.
2. The two-cavity buncher amplitude and phase

setting

There i1s btwo-cavity buncher at  the en—

trance of the first tank. The setting of rf
phase in the cavities i1s carried out by using
of  the phase scan while the first tank 1s
excited to the nominal field level. Because

the phase scan results depend on the beam  in-—-

tensity the phase setting runs are conducted
at the relatively small current of 35+10 mA.
The typical experimental curve of the phase
scan is presented in Fig.&.

Nexwt the dependence of fthe accelerated

currant  fraom the rf amplitude in bunching ca-
vities I=f(E; ;) is taken. The wvalues of Ey
and  E, are set according to the maximum value
of accelerating efficiency (Fig.7).
2. The beam parameters measurement

The baam transverse parameters are stu-
died using two profile monitors, mounted spa-
ced in a distance of 0.6 m. After the instal-

lation of the second linas tank the intratank
distance will be 19 cm which allows the only
single profile monitor to be introduced. The-
refor wa investigate the possibility to ab-

tain the maximum information  from a single
profile monttor is known,  that by wsing
the praofile monitor one may find the coherent
oscillation amplitude and determine the beam

mismatch  with the pericdically foousing chan-—-

nel [5]. These data are used for the beam
steering at the tank entrance. More detail
study of these data allows to obtain rms va-

lues of the phase ellipbse by measuring the
beam size for the wvarious strengths of the
forusing  channel (there are 44 focusing peri-

ods in INRE tank 1). For this purpose the de-
pendence of the rms beam sizes r and ry as a
function of  focusing gradient G/5, in all
guadrupnle lenses have been taken. The typi-
cal behaviour of ry.y is shown in Fig.8. By
using data of rgm o Vym r¥xe (Filg.8) rms emittan-
ce and rms parameters L 8 , § are caloulated.

By knowing rms parameters it is  possible
to match  the beam at the tank entrance more
carefully. For example v, ,ry behaviour is
gshown in Fig.8 faor two: mode of fank 1 operati-
o with and without buncher operation.

The measurement of longitudinal beam pa-
rameters was carried out by wusing BLM. To  get
the phase gpectrum of the bunch the secondary
emission current from RLM wire target vs the

HRH us

Fig.1
of the ewxperimental equipment.

L.ea—
BMS—emittance monitor

The layout
gend: BM-bending magnet,
Fo—-Faraday cup, S—-solenoid, B-buncher, WS-wire
SCAaner, OD-guadrupole doublet, Til-tapk 1, CM-—
curvent monitor, BLM-bunch length monitor, BFEM
—bunch position monitor, HEM-harmonic resonant
monitor, VS-vertical slit, HS-horisontal slit.
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phase of the S594.6 MHz
accelerating freguency) deflecting field was
measured. The signal was whether integrated
along the beam macropulse(Fig.9) or sampled at
a given 3 mks interval of that pulse (Fig.10).
The phase shift and decrement of the phase os-
cillationg in the first tank are rather big.
It makes the longitudinal phase portrait to be
close to the canonical g2llipse. In such a case
the maumentum spread A F/F and bunch  lenght it
are connected as

2 ap _ Q¥
® P T w

where wW-accelerating frequency,§2~nha§a oeo il -
lation  fregquency. Hgving the full measured
width of the bunch Z0-307 (100% of particles)
we can derive momentum spread AF/P=2(1.0-1.5)%
. At the exit of the tank 1| unaccelerated
particles are presented. ELM measurements oub-—
side of the bunch length show that the fracti-
on of unaccelerated particles at the exit of
tank 1 is less than 1%. Making BLM sensitivity
increased it turns to be possible to study
longitudinal halo of the beam. The phase spec—
tra measured with wvarious amplification are
presented in Fig.ll. The flat top of the cur-
ves corresponds to the saturation. The adjust-—

(32-rd-harmonic of the

ment of the amplification is carried out by
changing o=f the photomultiplier voltage. The
preliminary calibration of BLM was done using

thermoelectrons 4].

Authorg are graitly indebted to operators
of  wvarious accelerator systems for their help
reguired for these experiments.
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