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ABSTRACT

A method is described allowing determination of the
particle energy in an electron-positron storage ring by mea-
suring the frequency of particle spin precession with the help
of rTesonance beam depolarization by a high-frequency field.
The problem of the accuracy in the measurements of the avera-
ge energy of beam particles is discussed. It is showm that in
practical cases the accuracy is restricted primarily by irre-
gular pulsations of the guiding magnetic field.

The method developed has been used for more accurate de-
termination of the 9 -meson mass. The energy scale was cali-
prated with the accuracy + 11077, The following value of the
& -meson mass has been obtained /Mg = 1019.4 # 0.3 Mev.
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Studies of vector mesons in the experiments with the ele-
ctron-positron colliding beams exhibited the advantages of the
new technique of investigation, one of them being high enelrgy
resolution. It is restricted by a natural energy width of the
beam which is about 40_5 near 4b -meson. Methods of absolute
calibration of the particle energy in the storage ring used up
to now (measurement of magnetic field distribution, measure-
ment of phase oscillations frequency etc.) provided an accura-
cy slightly better than 10"2 whereas the accuracy 107 by an
order of magnitude better than the energy spread was of prac-
tical interest.

Besides that the energy spread contribution to the inde-
terminacy in the reation energy can be considerably decreased
by energy decomposition of particle beams 1in the interaction
region. Energy decomposition must be sufficiently strong to
eliminate the wintermixing" of particles due to betatron
(transverse) oscillations. If the direction of decomposition
coincides for both particles (more energetic electrons colli-
de with more energetic positrons) to determine the reaction
energy one must know with high accuracy the coordinates of
the collision point in the decomposition direction. I1f these
directions are opposite for electrons and positrons the col-
1ision energy will be the same through the whole section of
colliding beams (the accuracy is restricted by betatron in-
termixing and corrections of the order of {%%—).

This proposal arises the question of absolute calibra-
tion of the particle beam energy in the storage ring with an
accuracy considerably better than 10™%, Discovery of new
sharp resonances (Gypsy-mesons) increased the urgency of the-
se problems.

In this work a new method is proposed allowing determi-
nation of the absolute value of the average energy of an ele-
ctron (positron) beam in the storage ring by measuring fre-
quency of particle spin precession. The accuracy of Tthe me-
thod is not connected with the energy spread of beam partic-
les and attained the value 10'4 in the first experiments.
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1. Estimate of the method accuracy

In the plane orbit approximation the angular frequency
of spin rotation around the direction of the guiding magnetic

field }{Z can be written after averaging over fast betatron
oscillations as /’I/

¢ g% eillpin s @
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where @) =~ revolution frequency, 3’— relativistic factor,
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: ¢ o — anomalous and normal parts of the magnetic moment
i_.-Synnhrotron ogclillations of the particle energy near .

the average value 3} with the fraquancy'ﬂdk- lead to modu~-
lation of the spin precession frequency .
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where JL, =W ( 1 +Yo E‘; ), g - frequency of the accele-

ratllilg ?ol‘b-age_, A = ‘If % / 2, 8, X ~ the rms energy de-
viation. In the presence of modulation the freguency spectrum

" of spin motion has a central frequency JL, and side frequen-

cies _Q., + ﬂwr ( N - integer) /E/ In the ideal case of
the stable magnetic field the width of central line depends on
the spread of average energies B’g near the equilibrium va-
lue Y¢ - _ '

Ihe value of the latter spread x;-€; due to depende-
nce ffz upon the squared amplitudes of radial betatron and
phase oscillations is much less than the energy spread Gi-"'"

¥,x 107>, The linewidth ¢ corresponding to the spread Y,

ig determined predominantly by the quadratic non-linearity of
the guiding magnetic field so that :
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by :
where X - the radial size squared.

Estimate _fnr VEPP-2M gives J\ e ki TP A ) and can
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be in principle decreased due to compensation ﬁFI*-- At such
a small value the width of the basic line will be completely
determined by slow irregular pulsations of the magnetic fileld

in our case being -~ 40’4.

5, Measurement of precession frequency

To measure the frequency of spin precession cone can use
the method of resonance beam depolarization by highfrequency
electromagnetic field /,7/ In this work the longitudinal

field f{v,has been used with a frequency
/

W, = Ws (ﬂ,-‘a’g-—;&) (“)

For fast search of a resonance the frequency modulated depo-
larizing field is convenient:

The depolarization time at the basic resonance is
HW
s nyrz. (6)
_ o
where bb@djz Jf?'ﬂ- - frequency of precession around the di-
Hy 24
rection fﬁz s
/], - effective relative length of the longitudinal field.
The power of side resonances decreases sharply with
an increase of their number. It can be shown that
h
(Tf }“‘[T: ) ?If‘q
di, 1 =d [, (&N (7
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Under these conditions the central line can be easily
separated measuring the depolarization time. In the experi-
ment the depolarization wes observed by measuring the coun-
ting rate of electrons lost from the beam owing to Touschek
effactifif} Measurements were performed as follows: the elec—
tron beam after the polarization at the high energy was shif=-

2

ted to the energy of the experiment, the counting rate A/ nor-
malized to the electron current squared was measured, then

a depolarizer was switched on at the given frequency and the
relative variation of the counting rate < /J'V wa.s measured
characterizing the polarization degree.

Results of the depolarization time measurements are pre-
sented in Fig.1 showing that the qualitative picture of reso-
nances is close to the expected one. The depolarization time
at the side resonance is slightly greater than that in (7),
this fact presumably due to the width of a side line which is
determined by the spread of phase oscillation frequencieswﬁuﬁi
connected with the relatively high non-linearity of phase mo-
tion. No depolarization was observed between the resonances.
The width of a depolarizer band in these measurements was.
about 30 kHz., Further the band was decreased to 2 kiz. Depo=-
larization at the central resonance allowed determination of
the average particle energy with the accuracy *J€Z;ri 1074
(Fig.2), by an order of magnitude smaller than the energy

- spread.

Fe ‘f’-—meson mass measurement

Measurement of the . ? -meson mass was the fiist applica-

tion of the new method of beam energy calibration. Widh this
aim 3 cycles of measurements using the "OLYA" detector‘/%/‘wa-
re performed to obtain the '5.5' -meson excitation curve in the
reaction e7¢ —» P K gs'____,_zsf‘

The "Olya" detector consists of 16 coordinate wire ‘spark
chambers with core memory ( £ 10.000 ferrites), 16 trigge-

. ring scintillation counters and 16 scintillation counters ¢om~

posing 8 sandwiches for particle identification., To suppress
the background due to cosmic particles the time-of-flight cir-
cuit has been used as well as the circuit synchronizing the
detector triggering with the‘phase of particle revolution in
the storage ring. The total solid angle covered by the detec~
tor is 0.65 x 44¢ steradian.

Before the beginning of the experiment an absolute cali-
bration of the storage ring energy scale was performed by the
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Fig.2 Jump of counting rate versus depolarizer frequency

Fig.1 Dependence of inverse depolarization time
upon the frequency of an external depolarizer
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resonance depolarization method. Fig.3 shows the calibration
straight line. Nuclear magnetic resonance (NMR) frequency is
plotted along the abscissae, while the absolute value of the
beam energy - along the ordinates.

The measurement cycle began with the beam energy calib-
ration in the point f; = 509.5 Mev. During the cycle the
energy was checked by the NMR frequency value. AffGer the end
of the experiment the beam energy calibration was tested.

The excitation curve of the ? -meson was obtained
for the energy range 2E from 1014 up to 1026 lev. During the
experiment background measurements were periodically perfor-
med in which the beams collided in the neighbouring straight
section.

Quantitative characteristics are given in the Table 1 B

. — i i S S o S S e . s

e —— e e e —

[ ———————————————————— R e d S el

. e i s S S S ———— —_

Meast#rement time, 10°sec 179
Number of detector triggerings,

10° 179
Luminosity integral, 1093 cm™2 59.7

P ——————— Pt e b

e — ——

The decay mode é S KS KL was detected by 2 charged
pions from the decay KS-—: I‘*Jr"' . At a given energy of

the colliding particles the velocity of the ﬂ;g-—mEsan is fi-

xed (within the radiative corrections), thus in the laborato-

ry frame of reference for pions the non-collinearity angle va-

ries from Unup to ﬂ)mx. In Fig.4 the (= distribution of
non-collinear events is presented. The vertical line corre-
sponds to the boundary of :25 -meson decay modes separation.

The boundary angle w = 36° is equal to the limiting non-col-

linearity angle at the energy 2E = 1026 Mev. Events with the

non=collinearity angle (@) > 36° were due to the mode 7€ —»

tao—w?®

A

t E,Mev

5 5 ks
514,
51188
509. 1
508. 1
f(NMR),MHz
8,050 8.975 9.000 0.025
Fig.3 Energy value measured by resonance depolariza-

tion versus NMR frequency
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To reduce the contribution of background processes -
‘ N double electroproduction ( €€ ™» ete"ete” ) and re-
turn to the J° -resonance ( ete™ . Py == ntg~ ¥ )
300+ J' the range of angles /AP/ < 5° was excluded during the data
processing. Also excluded wgre events with the range of both

particles less than 23 g/cm®. The detection efficiencies for
? -meson decay modes were computed by Monte Carlce method

of under chosen conditions.
- Resonance mass Mﬁb s its width as well as the cross
r sectlon of the K.S‘ J(/ decay mode 1in the Cp-melﬂﬂ peak 6-0_,
200- \ were determined by the maximum likelihood method.

The excitation curve of the § -resonance is described

by the expressinn

612€)= fé’ (£2)f F)/F(#E(E- E,f))/ Fle,g,)de,

|
where 6' - cross-section of the K K d. mode in the re-
100 - sonance peak; E m¢/2 ﬁ @- zfz /6‘, =
(E =Eg), = canter—of—-mass eflergy; - enur-
gy radiated by .inltial par‘bicles; F - -—mesan farmf&ctor
with the account of resonance nearness to the threshold of
K -meson production / 5/ P ) probability density for

initial particle to radiate the energr EX with the double
logarithmic accuracy /E‘:f

Experimental data and the optimized .resonance curve are
shown in Fig.5 (a sumary of 3 measurement cycles). The cor-

0 20 40 BU _ 80 1m wrdea' responding value of the Sb -meson mass 701.9; 4403 Mev,

Fig.6 presents the ¢ -peson mass values obtained in.

: r other experiments / '?/ . Also included is the preliminary re-
Fig.4 (ﬁ/ distribution for non-collinear events . sult obtained in VEPP-2M by the group of Professor L.M,Barkov
‘ using nuclear emulsions: Mﬁ? = 1019.4 + O.4 Mev.
( The authors are grateful to M.N.Egorichev for design of

the depolarizer and to the whole staff of VEPP-2M participa-
ted in the experiment.
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