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Abstract

The method and the results of the proton
beam energy measurements carried out  on the
INE  limac injection line are described . The
MEASUr &mer are made by two-cavity buncher
The first cavity is used for a beam bunching
and the second one  Serves as a4 beam harmonic
detector . To find a particle energy destribu—
tion  a phase difference of FRF fields in the
two cavities is measured . To measure an abso-—
lute value of a bheam eneragy a mechanical move-
ment of  fthe second cavity is used . A cavity
digplacement corresponds to 290 phase shift of
the induced field . Random errors of an abso—
lute energy measurement were due to mainly
energy instability and there values were
(154107 depending won the experimental con-
ditions . There is a systematic error because
a beam energy drift while moving the cavity
This value was 2-10° when special care to de-
crease  energy drift  was taken . The accuracy
of the eneray distribution measuwrements was of
order of 1079

Introduaction

An absolute value of energy and energy
soread at the entrance of ion linac are usual-—
ly determined measuring a pulse transformer
voltage . The measurement accuracy is confined
by an impuct noise and an accuracy of calib-
ration . The proton beam eneray and an  energy
spread at the injection line of the INE linac
ware measured wusing  two-cavity buncher . The
method differs from conventional one where the
phase ol fference measurements of induced FRF
field in two cavities are used®. The first
cavity as a buncher and the second one as a
beam harmonic detectoy  were used . To measure
the energy the second cavity is mechanically
moved on the distance mf'Vﬁl ywhere B is the
unknown  relative velocity and A is  the BF
field wavelength .

Energy spread measurement

The functional circuit wused for measwre-
ments is shown in Fig.l. The continuous  proe-
ton beam passes through the fivst cavity 21
which is fed by FF power amplifier . The se-
cond cavity CR is excited by the bunched beam.
The linear relation of phase difference AQ of

RBF fields in tw2 cavities and the relative
enerqy difference ﬂffw is 1
P I\
A¢_—W'V
Te measure phase difference AP the RF signals
from D1 oand T2 are added on the phase detechor
FD which consists of phase bridge , two ampli-

tude detectors and differential amplifier.The
autput FD ignal ey 1% proportional to oa pha-
se di fference of input signals  Upy =kA® . If
the phase shifter is  adjusted to obtain zero
cutput FD signal for a nominal eneray W, then
the signal due to eneragy deflection AW 15 @
1], =—XThb A%
Pd =
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Absxlute energy measuwrements

Tha phase difference between two cavi-

ties is proporticnal to a distance L . Hence ,
the absolute velocity and energy can  be
determined by measuring a phase difference
change ¢ when CZ is mechanically moved on the
distance of £ . The enargy measurament  error
depends on the accuracy of  both distance  and
phase measurements The error of © measure-—
ment can be avoided if the value of 16
checked to  satisfy © =%rn  condition , where
R SR In this case the Upy signals be-
fore and after movement must be equal . The
of Upq measurement depends on the REF

AnCuracy
amplitude , the beam current stability and the
beam bunching factor change while CF is moved.
T avold this effects the initial phase diffe-
rence 13 adjusted by means of mechanical phase
shifter to satisfy Upg =0 conditiaon before the
movement and  the amplitude of RF field in 121
1 regulated to obtain maximum amplitude in
L2 . The systematic errvror of the measurements
can lead to uneguality of @ to®n if n is =dd.
To exclude these possible error n omust be even
e.d. desplacement of cavity must be multiple
QfﬁA <Due to mainly instability of beam energy
it is impossible to get the exact equality of
signals before and after cavity movement .
Therefore the real value aof Upy is determined
after statistizal processing of multiple Uea
measuremant s The displacement corresponding
to equality of signals before and after move-
ment 1s determined by linear interpolaition
owing to linearity of FD characteristic  in
vicinity of zero

Thus the absolute energy measurement is
accomplished in the following way . By using a
computer programmahble timer the moment of sam-—
pling is adjusted to the most stable point of
Upda Pulse and all measurements are done in
this point o The position of phase shifter is
ad justed to obtain Upy close to zero . Multip-
le measurements ( N=100:300 ) of lpq are done
to calculate the average value Uy =<Upd > and
Mea vms deflection 6 Cavity 2 is mechani-
cally moved until FD signal becomes approxima-—

tely equal to Uy .The distance of displaﬁemente

tE=BA 3, the average value of FD signal Uy
ﬁ{UPdF arnd rms  deflection 5} are measured
The cavity 02 is moved at a distance af R

g and 63 are measured . The arcuracy of thel
and Aﬂ measurement is equal to Z-10° m . The
absolute value of a beam average velocity is
caloulated in the following way

p=Lt_ ol til,
A A Uz-Uz
The accuracy of energy measurement de-—

pends on the ervors of A , £ and U, measure-
merts as  te 6 VN ,where thw is Student’s co-
2fficient . Let wus assume that all above aer -
rovsg are Lndependent , then the total evror

143

S TR i) et [ .mmr
w A[f(!‘l) (8 )+ U, U3 qu * “3"“2 VN *
- 2 ~ 2 y
fu‘ M3 th.G;J Eut uzliuis:?,J }2-
+[A (us‘uz)r VWV _( A (us"uz) \[/V'
The described method was used to  measure

the injection energy of protons in | INF %}nac
for L=0.6m , A=1.5124 m , 3al)= dC=2.10% m ,

()

GL*O.l Vo, Al=1+2 om y N=10C0+300 . The wvalue
of random  error (1) varied from 1-1073 up  to
4.3 depending unon  the sxperimental condi-

tions

Besides a random errar  there is a 3¥5te~

matic errvor S'NL/w due to energy drift o /W
during mechanical mavement of 2 (about two
minutes) @ SVV( _ L .SWe

woTBRA W
To decrease this error a special care was ta-
ken . The wvalue of drift is Z-i0 whiich

AG3, To de-
;. be as small

leads to systematinc error Swifw:
CY @AHR Wi /W the distance . mus
as possible o

The advantage of the described method
compairing with the conventional one is
that a precise mechanical displacement inste-
ad of phase measurements are used . One should
nautice that the distance measurement error
107 m is equivalent to the phase measurement
error of  O.127.It is possible to improve this
error an order of magnitude using a step motor
for mechanical movement of cavity

The method of absolute energy measure--
ment can be extended to higher energy provided
n=th beam current harmonic is used . The mea-
surements are possible if EA /En?fg, where fg
is & bunch length . The formula (1) remains
valid for erreor caloulation For example, for
160 MeV proton beam of INF linac f;zﬁA/BO , the

value n can he taken 15 and the wvalue of OZ
displacement is S-10%m . At the ex{% of linan
W=E00 MaV , £B=§}\/5C) y, n=20 , f =610 %
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