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Y,D.K539.128 

JJNR Rapid Communications No. 1[52}-92 

CALIBRATION MEASUREMENTS OF THE 12C(d, p) AND p (d, p) 
CROSS SECTIONS AT SMALL PROTON MOMENT A IN THE 
DEUTERON REST FRAME 

V .G .Ableev, A. Filipkowski, A.A.Nomofilov, 
N.M.Piskunov, V.I.Sharov, I.M.Sitnik, E.A.Strokovsky, 
L. N .S trunov, S.A.Zaporozhets 

The measurements of deuteron stripping cross sections on carbon and CH 2 
targets have been carried out in the proton momentum region close to pd/2 

(Pd = 9.1 GeV /c). The cross sections of the p(d, p) reaction were extrac ted 

using the CH 2-c subtraction method . Extrapolating the data to a zero proton 

momentum in the deuteron rest frame, we have obtained the cross sections equal 

to 294.8±3.8 and 54.3±2.9 b ·c3/GeV 2 ·sr for the carbon and proton targets, 
respectively. 

The investigation has been performed at the Laboratory Of High Energies, 
JINR . 

KaJJw6poB04HOe H3MepeHwe cel!eHwil peaKu,wil 
12C(d, p) H p(d, p) npw MaJJhiX HMnyJJhCax npOTOHa 
B CHCTeMe nOKOSI AeHTpOHa 

B.r.A6JJees w AP· 

npH HMnyJJbCe A6hpOHOB p d = 9, 1 r3B/c npOBeAellbl H3Mepe11HII Ce4C IUIH 

peaKU.HH CTpHnnHura ACHTpoua ua yr;1epoA~10~1 H CH 2 MHWCHIIX o o6naCTH 
HMnyJihCOo npoTOHOo, 6nH3KOH K pd/2. Ce4eHHII peaKU.HH p(d, p) nony4eHbl c 

nOMOU(biO npou.eAYPbl Bbi'IHTaiiHII CH 2-c. ::hCTpanOJIIIU.Heil AaJHibiX K Hyne­

ooMy HMilYJlbCY npOTOHa g cuc·~eM C IIOKOII AeHTpoua llOJJy'lellbl ce•tCHHII 
294,8±3,8 H 54,3±2,9 6 ·c /r3B ·cp AJIII yrnepOAIIO~I H npOTOIIHO~I MHWCIIH 
COOTDeTCTBeHHO. 

Pa6oTa DblllOJitleua s Jla6opaTOpH~I DbiCOKHx 3ueprH~t 0115111 . 

Experimental Procedure 

The method used to measure the spectra of proton-spectators11 1 in 
a wide momentum region (recent data are published in ref/ 21> does 
not allow one to find the absolute values of cross sections. T connect 
spectra measured by the method11 ·21 to absolute values a special 
experiment was performed. The results obtained for the carbon target 
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Fig. L Schematic layout of the experimental setup (drawing not to scale) : S,A- scintillation 
counters; PC - multiwire proportional chambers; T - target; AM - analysing magnet; C -
collimator 

were published earlier"31. To find the absolute values of stripping cross 
section on hydrogen, it was necessary to improve an off-line procedure 
used earlier. As a consequence, the old carbon data131 were slightly 
(within the error bars) changed as well. 

The experiment was carried out at the JINR synchrophasotron. The 
spectrometer <<ALPHA» in a deuteron beam with momentum 9.1 GeV I c 
was used (fig.l). To measure the absolute cross sections, it is necessary 
to detect each incident particle and hence the beam intensity must be 

lower tl}an about 5 ·.105 particles per pulse. Therefore it is impossible 
to use this method for measuring the proton spectrum far from the most 
probable proton momentum p /2 because of a fast decrease of the cross 

sections. 
To verify the correctness of taking into account multiple scattering 

effects and others, two sets of targets (3.01 and 5.96 g/cm2 (carbon) 
and 2.61 and 7.19 g/cm2 <CH2)) were used. 

For each incident particle selected by coincidence M = 
= Sl AS2A S3AA only one track in each chamber upstream the target 
was required. Stripping events were selected by setting the magnetic 
field in the analyzing magnet MA (see fig.l) to direct particles with 
mean momentum =4.55 GeV/c to the counter S4 (25x30 cm2

). After 
trigger T = M AS4 information from the spectrometer was transferred 
to an on-line EC1010 computer. Information needed to calibrate the 
spectrometer , to determine its resolution parameters and to control its 
performance was taken with trigger T = M which was switched on every 
tenth pulse. 
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The angular and momentum resolutions of the spectrometer were 
respectively a0 :!! 0.9 mrad and a/p:!! 0.7% for proton with a 

momentum of about 4.5 GeV /c. 

Data Analysis 

Because of interaction with background matter on the flight path 
before the spectrometer and in the counters Sl +S3, the beam hitting 
the target had an admixture of protons (about 3%) with momentum 
close to p /2. This contaminated background proton beam ha a larger 

angular divergence than the primary deuteron beam. The restriction of 
the input angle of entering particles by 1.5 mrad and of the scattering 
angle in the counter S3 allowed one to suppress appreciably empty-target 
background. 

Only events with one track in each chamber downstream the target 
were analyzed in the previous track reconstruction procedure. Therefore 
stripping events accompanied by particle production (primariLy pion 
production) were excluded while no such rejection took place in the 
main (high luminosity) geometry11 •21 of the experiment. Pion production 
accompaniment can be noticeable in some part of the proton spectrum151 , 
but it is unessential in the region of proton momenta close to p /2. 
This time we used the multitrack reconstruction procedure which 
confirmed correctness of our previous approach. Nevertheless, this pro­
cedure was useful for the following reason. The secondary pr ton beam 
has a more wide spatial distribution in the spectrometer area than the 
one selected by the counters Sl +S3 and the proportional chambers 
upstream the target. An appreciable number of events with two particles 
took place within the time gate. Whereas the chambers upstream the 
target registered only one track in this case, the chambers downstream 
the target often registered two tracks because of their larger sizes. 
Multitrack reconstruction with the selection of true events using track 
matching criteria in the target and in the center of the analyzing magnet 
allowed us to increase the spectrometer efficiency from 75% to 92%. 
This improvement is not very essential for increasing statistics , but the 
higher efficiency the higher accuracy of its evaluation and accordingly 
the less systematic errors. 

To obtain the cross sections, we analyzed the proton momentum 
distributions of events taken in the deuteron rest frame (DRF), namely: 

q2 = q/ + q/, qt = p·sin 8, q1 = F (p·cos 0), 
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where p, 8 are the momentum and emission angle of the proton in the 
laboratory, and F the corresponding Lorentz transformation. The q­
resolution , aq, calculated from quoted above a/ p and a0 , was 

e5 MeV / c. 
Taking into account the isotropy of the proton-spectator angular 

distribution in the DRF at q s 50 MeV !c13.41, we included in our 
analysis events with any emission angles in the DRF. As a result, the 
statistics of events was high enough to realize the subtraction 
(CH2-C) procedure. To check angular isotropy, we used the Q-
distributions of events with Q defined as follows: Q = q if p > p /2 and 

Q = -q if p < P/2 (the sign of Q coincides with the one of qr 

We excluded events with 8 s 2 mrad from the analysis because of 
large empty-target background (which consisted mainly of the proton 
contamination of the primary beam). «Full-empty» subtraction was 
performed modifying the <<empty target>> emission angle distribution, 
because the admixed protons undergo multiple scattering and energy 
losses in the «full target» case while in the <<empty target>> one these 
effects are almost completely absent. «Full-empty» subtraction was made 
for each «full target» using correspondingly prepared «empty target>> 
distribution with taken into account multiple scattering parameter of this 
<<full target>>. This well-defined procedure has been used by us in our 
studies of forward elastic :rep scattering and diffractive aA scattering161 

Results 

The cross sections obtained with a pair of thick and thin targets are 
in good agreement within the statistical errors. Therefore we integrated 
these data (see fig.2). Extrapolation to q = 0 was made by 
approximating the data using the simplest of the deuteron wave 
functions , namely that by Hulten171, because all known wave functions 
are undis tinguishable at q < 50 MeV /c: 

e·d3a/dq3 = A·(l + q2/a 2)-2·(1 + q2/{32)-2, e = v'm; + q2, 

where a = 45.6 MeV /c and {3 = 270 MeV /c. 

(1) 

The invariant cross sections extrapolated to q = 0 are (54.4±2.9) and 

(294.8±3.8) b·c3/GeV2 ·sr for hydrogen and carbon with x2 = 0.48 and 
1.6 per point, respectively. The fit of the Q > 0 and Q < 0 data for 
the carbon target (the variable Q is defined above) gave coincident 
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Fig.2. The inv riant cross sections of 
the 12c(d, p) < u) and p(d, p) 

( o ) reactions. Solid lines - the 
data fit by formulae (1) with fixed 
parameter a: dashed line - the data 
fit with free parameter a 

(within the error bars) re­
sults; this confirms the 
angular isotropy assumption 
for protons emitted at 
q < 50 MeV/c . . 

We have shown121 that 
the ratio of the cross sec­
tions of deuteron frag-
mentation on carbon and 
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hydrogen depends on q at q~0.2 GeV /c: the q-behaviour of the 
p(d, p) fonvard cross section follows the standard deuteron wave 
functions while the C(d, p) fonvard cross section decreases faster as q 
iocreases. Therefore we made an attempt to fit the carbon data taking 
the parameter a as a free one. This resulted in the cross section 

(318.2±13.3) b ·c3 /GeV2 ·sr at q = 0 with a =43.5 MeV /c and i = 
= 1.3 per point. The difference in x2 is too small to select between 
these fits, nd so the difference in the extrapolated C(d, p) cross 
sections at q = 0 can be treated as an estimate of systematic uncertainty 
of the resul t contributed by the extrapolation procedure. 
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MEASUREMENTS OF THE 12C(d, p) AND p(d, p) FORWARD CROSS 
SECTIONS OVER A WIDE RANGE OF PROTON MOMENTA 

V.G.Ableev, V.P.Ladygin, A.A.Nomofilov, L.Penchev, N.M.Piskunov, 
V.I.Sharov, I.M.Sitnik, E.A.Strokovsky, L.N.Strunov, S.A.Zaporozhets 
Joint Institute for Nuclear Research, Dubna 

I.Atanasov 
Institute for Nuclear Research and Nuclear Energy, Sofia 

S.Dshemuchadse 
Zentralinstitut fiir Kernforschung, Rossendorf 

easurements of the cross sections of deuteron stripping on carbon and 
protons were carried out at a deuteron momentum of pd = 9.1 GeV /c in the 

region of momenta of forward emitted protons from "" p d/2 up to the kinematical 

limit. The cross sections of this reaction on proton were obtained using the 
CH2- c subtraction method . The data tables are presented. 

T he investigation has been performed at the Laboratory of High Energies, 
JINR 

H3MepeHHe celJeHHH peaKU.HH 12C(d, p) H p(d, p) 
B InHpoKOM HHTepBan:e HMnyJihCOB 
BbUieTaiOID;HX BnepeA npoTOHOB . . 
B.f.A6JieeB HAP· 

llpH HMnyJJbCe ]leHTpOHOB p d = 9,1 f3B/ C npose]leHbl H3MepeHHSI Ce'leHHH 

peaK J.lHH CTpHnnHHra ]lei1TpOHOB Ha yrnepOJIHOH H CH2 MHWeHliX s o6nacTH 

HMnyJJbCOB npoTOHOB OT"' p d/2 JIO KHHeMaTH'IeCKOrD npe]lena. Ce'leHHe 3TOH 

peaKf.li1H Ha npoToHe nony'leuo c HCnOJJb30BaHHeM BbJ'IHTaTeJJbiiOH CH2-c 
npOI.leJIYpbl. llp11BOJISITCSI Ta6JJHJ.lbl ]laHHbJX. 

Pa6oTa BbmOJJHeHa s Jia6opaTOp1111 BbJCOKHX 3Heprni1 01151H. 

Introd uction 

Our previous measurements of the momentum spectra of forward 
emitted protons from the deuteron fragmentation on carbon performed 
over a wide range of proton momenti11 have revealed a promiment 
excess of the measured cross sections over the results of calculations 
based on the Relativistic Impulse Approximation (RIA) 111 using popular 
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deuteron wave functions (DWF) when the proton momenta taken in the 
deuteron rest frame (DRF) exceed 0.2 GeV /c. The importance of 
conclusions, which can be drawn from this observation, stimulated us 
to repeat measurements with an amended setup and enlarged statistics. 
To investigate a possible influence of the target-nucleus on the observed 
effect, new measurements were carried out using several nuclear targets 
(C, CH

2
, Al, Cu). The new data were first presented at the Dubna 

conference121; first data on the proton-target are also shown in the 
figures of Ref/31 

Some Experimental Details 

Basically, the scheme of the experiment was not changed in 
comparison with the one described in Ref/11, and so we point only to 
main features. 

The experiment was performed at the JINR synchrophasotron. The 
spectrometer «ALPHA>> was used in the deuteron beam with a 
momentum of 9.1 GeV/c (fig.l). The beam intem1ity varied between 

5 ·107 + 2 ·1010 particles/burst. The target support allowed one to use a 
pair of targets setting them on the beam in turn. The above targets 
were used in pairs (C, CH2) and (Al, Cu). The intensity of the beam 
hitting the target was monitored with two sets of scintillation monitors 
looking at the target at an angle of about 90• relative to the beam 
direction. 

The measured part of the entire momentum spectrum was chosen by 
setting a relevant current value in the magnet MO; the current in the 
coil of the M 1 magnet was set in accordance with the MO one. Two 
Cerenkov counters were used to separate protons from deuterons with 
the same momentum. Inelastically scattered deuteron background 
becomes appreciable at momenta close to 6 GeV /c and increases sharply 
with increasing momentum. The magnetic spectrometer with multiwire 
proportional chambers was used to measure the momenta and entering 
angles of particles directed into the spectrometer by the MO magnet. 
The corresponding resolution of the spectrometer was aP I p 5!! 0.35% 

and a0 = 0.5 mrad. 

The following amendments were made in comparison with the pre­
vious scheme. 

The lenses after the MO magnet were removed: their matter became 
a brighter source of secondary particles than the main target creating 
too large particle flux when high momentum protons were directed to 
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the spectrometer because the trajectories of protons and primary 
deuterons were close to each other in this case. 

The monitoring telescope system was updated which resulted in the 
improved ratio of counting rates with full and empty targets. 

The data on magnetic fields from Hall probes in the magnets MO, 
Ml and the data on the beam distribution in the target area were 
transferred from the computer controlling the accelerator to ou on-line 
computer. 
· The main trigger included a decision of the fast processo/41, which 
selected events on the entering angles of detected particles. Strong 
correlations between the entering angles and momenta of particles 
allowed us to vary momentum acceptance of the spectrometer in such 
a way. 

Data Analysis 

Using information on beam characteristics, raw data were fi ltered: if 
the current beam location differed significantly from the mean one, the 
corresponding data stored during this cycle were excfuded from further 
analysis. As a rule, the beam location was stable at a beam intensity 

of ~ 109• When the measurements were performed in th proton 
momentum region close to pd /2 it was necessary to lower t e beam 

intensity to :!5 · 107 to keep counting rates in the. spectrometer at an 
optimum level; in this case the beam location became unstable due to 
getting worse the operation of the beam control system at low intensity 
levels. This led to increasing the number of excluded cycles up to 30%. 

Using the determined momentum and entering angle of the detected 
particle, the entering track was extrapolated to the target (taking into 
account the deflection in the MO magnet and in the scattered agnetic 
field of the accelerator on the path between the MO and the target), 
and the coordinates and angles of particle emission from the target were 
found. Taking into account the beam angular divergence, we estimate 
the emission angle resolution as :!2 mrad. Events were select d using 
a restriction on the coordinates of the particle emission point in the 
target. 

Each MO current setting determined the nominal momentum p0 with 

which a particle emitted from the center of the target at an emission 
angle of oo goes along with the spectrometer Z-axis. Eve ts with 
momenta in the interval I (p - p0)1 pI ~ 0.05 were taken for further 

analysis for every MO current setting. The angular acceptance of the 
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Table. The invariant cross sections of the 12c (d, p) and p (d, p) reactions 

q C(d,p) p(d,p) q C(d,p) p(d,p) 

MeV/c b GeV/(GeV/c) 3er MeV/c mb GeV/(GeV/c) 3er 

- 85 12. 6±0. 43 2.41±0.37 205 140±5.9 37.8±4.6 
- 75 19.3±0.49 3.63±0.43 215 114±4.6 28.8±3.7 
- 65 28. 7±0~48 5.63±0.45 225 90.5±3.7 18.8±3.0 
- 55 45.0±0.85 8.40±0.64 235 75.3±2.3 17.1±2.0 
- 45 70. 6±1.1 14.9±0.87 245 59.1±2.1 17 .1±1.8 
- 35 109±1.3 20. 9±1.0 255 47.9±1.6 12.9±1.4 
- 25 167±3.1 30.2±2.7 265 43.7±1.3 11.0±1.16 
- 15 239±3.3 43.2±2.9 275 34.8±1.0 11. 3±0 .97 

5 281±5.1 52.7±4.6 285 31.8±0.87 8.53:.1:0.80 
5 290±4.5 52.2±3.9 295 26.7±0.77 7.82±0.74 

15 244±2.7 45.6±2.4 305 22.7±0.61 6.22±0.56 
25 179±1. 9 30. 4±1. 7 315 19.8±0.56 5.31±0.51 
35 113±1.5 20.7±1.4 325 18.5±0.46 4.30±0.41 
45 70 . 6±1.1 13.2±1.0 335 15.5±0.37 4.30±0.35 
55 40 .6±0.83 8.17±0.73 345 13.4±0.29 3.97±0.28 
65 2 5 .6±0.59 4.41±0.54 355 11.4±0.26 3.32±0.24 
75 15 .4±0.52 3.12±0.43 365 9.37±0.19 2.63±0.16 
85 9 . 98±0.33 2.07±0.27 375 7.62±0.17 2.30±0.16 
95 6 . 31±0.21 1.25±0.19 385 6.46±0.14 1. 88±0 .14 

105 4 35±0.15 0.83±0.14 395 4.88±0.12 1. 66±0 .11 
115 2 . 84±0.099 0.66±0.089 405 3.99±0.11 1.22±0.099 
125 1 81±0.080 0.42±0.071 415 3.20±0.095 0.859±0.082 
135 1 22±0.046 0.25±0.041 425 2.40±0.074 0 . 732±0.068 
145 0. 8 11±0.031 0.197±0.029 435 1.89±0.065 0.566±0.059 
155 0. 570±0.023 0.153±0.022 445 1.53±0.061 0.483±0.057 
165 0. 4 16±0.019 0.102±0.017 455 1.20±0.051 0.345±0.048 
175 0. 299±0.012 0.091±0.012 465 0.886±0.045 0.240±0.041 
185 0. 229±0.008 0.062±0.008 475 0.668±0.039 0.194±0.035 
195 0. 182±0.007 0.037±0.007 485 0. 491±0.032 0.140±0.029 

495 0.391±0.030 0.150±0.032 
505 0.333±0.033 0.129±0.031 
515 0.306±0.032 0.044±0.028 

spectrometer was ed.S mrad for fixed p inside this interval; the mean 
emission angle correlated with the value of op = (P - p0)/ p and varied 

from 0 up to 6 mrad when op changed from 0 up to 0.05. 

To obtain the cross sections, we analyzed the proton momentum 
distributions of events taken in DRF, namely: 

l = qt2 + q/, qt = p·sin (), q1 = F(p·cos fJ), 

where p, () are the momentum and emission angle of the proton in the 
laboratory; and F, the corresponding Lorentz transformation. The 
maximum value of qt was about 30 MeV /c at p = P/2 (4.55 GeV /c) 

and about 50 MeV /c at p = 8 GeV /c. It is particularly important to 
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take qt into account in the vicinity of P/2, where q1 5! 0, because in 

this case q 5! qr In this region the fragmentation cross section 

proportional to the DWF squared, i.e. '1'2(q), has a very sharp depend­

ence on q ('1'2(0)/'1'2 (30 MeV /c) = 1.9) . The correctness of this pro­
cedure is confirmed by the fact, that the overlapped data sets, stored 
at close nominal p0 in the region of p /2, agree very well when the 

q-distributions are compared and they disagree strongly when the q1-

distributions of the same data sets are used. The correctne s of such a 
procedure is also supported by Refs/5

•
61

, where the angular distribution 
of proton-spectators with q ~ SO MeV /c is shown to be i otropic; the 
difference between q and q1 is negligible at large q1, where relativistic 

effects should be taken into account. 
The entire momentum spectra were normalized using the results of 

the specially performed measurements17 1 

The invariant forward cross sections of the reactions 12C (d, p) and 
p (d, p) are presented in the table as a function of proton momentum 
q in the DRF (we ascribed to q the sign coincid.ing with tha~ of q1 to 

distinguish proton momenta in the laboratory p ~ p /2 and p ~ p /2>. 

Figure 2 presents the ratio of these cross sections. It changes as much 
as twice when q varies from 0 up to 0.2 GeV /c and remains almost 
constant when q increases above 0.2 GeV /c. Such a behavior is steeper 
than the one predicted by the Glauber-Sitenko calculations performed 
by us following Ref/81 but it is not so sharp as predicted in Ref/91 . 
The full calculation for the carbon target and the one made in the 
framework of Impulse Approximation are presented in this paper. The 
comparison of the ratio of these calculations with the experimental one 
presented in fig.2 is correct if 10 r----------------, 

the Glauber-Sitenko corrections "C(d.p)/p(d.p) 

to the cross section of the 
reaction p(d, p) are small. The 
data shown in fig.2, namely the 

0 
.;:. 
0 

Fig. 2. The ratio of the cross sections of o: 
the 12c (d, p) and p (d, p) reactions 
( o). Solid line - the polinomial data fit; 
dashed lines - the calculations based on 
rers./8/ (long dashed) and/9/ (short 
dashed) . ( 0) - the ratio of cross 
sections of the reaction to ones 
predicted by RIA using the Paris 
potentiaJ/10/ 

.. ....... 
t .. 

p(d.p)/RIA t t 
• ..I. +++ t .... fltF-t+-- -- ----- +r-

0.1 0.2 O.J 0. 4 o.s 
q , (G eV/c) 
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ratio of the measured cross sections of the reaction to the one calculated 
in the RIA framework with the Paris DWF1101 , demonstrate a 
satisfactory agreement for q s 0.2 GeV /c (and hence the Glauber­
Sitenko corrections are really small for p(d, p) reaction). 

The excess at q ~ 0.2 GeV /c of the measured cross sections over the 
ones calculated in the RIA, mentioned in the Introduction, is discussed 
in Refs/1

•
2

•111 (see also the references quoted therein). 
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PLANAR SYMMETRY FLUCTUATIONS 
IN ELECTROMAGNETIC SHOWERS INDUCED 
IN LIQUID XENON BY PHOTONS BETWEEN 100 AND 3500 MeV 

B.Stowiriski 

Planar symmetry of electromagnetic showers created by gamma quanta of 

energy E'Y = 100-3500 MeV has been studied using pictures of the 180 liter 

xenon bubble chamber of ITEP (Moscow). We have measured the energy de­

pendence of a shift, from the shower axis, of the plane dividing a shower into 
halves and found that the average value of this shift decreases roughly linearly 
with In E'Y increasing. The energy behaviour of the relevant r.m.s. as well as the 

shower symrnetry depth and its r.m.s. is also obtained. 
The investigation has been performed at the Laboratory of High Energies, 

JINR (Dubna) and at the Institute of Physics of the Warsaw University of 
Technology. 

<l>JiyKTyau;HH 3epKaJibHOH CHMMeTpHH B 3JieKTpoHHO-<i>oTOH­

HbiX JIHBHSIX, Bbi3BaHHbiX raMMa-KBaHTaMH C 3HepmeH OT 100 
AO 3500 M3B B )1(8AKOM KCeHoHe 

E.CJIOBHHCKHH 

11JylleHa 3epKaJibHall CI1MMeTp1111 8 :JJieKTpOHHO-!I><>TOHHbiX JII1BHIIX, C03Jia­
uaeM&IX raMMa-KuaHTaMI1 c 3Heprnel1 E'Y = 100-3500 M3B. B KalleCTue 3KC-

nep11MeHTaJI&Horo MaTep11a.na 11COOJib30BaHbl CHI1MKI1 180 Jl KCeHOHO OH 

ny3&Ip&Kouol1 KaMep&l HT3<l> (MocKua), o6nylleHHOH u ny'IKe :1t--:_ Me30HOB c 

11MOYJibCOM 3,5 r3B/c. H3MepeHa 3HepreTI1lleCKa!l3aBI1CI1MOCTb CJIBI1ra, OTHO­

CI1TeJibHO OCI1 JII1BH!l, OJIOCKOCT11, pa3]1eJIIIIOil\eH JII1BeHb Ha JIBe OOJIOBI1Hbl , 11 
yCTaHOBJieHO, 'ITO CpeJIH!l!l BeJII1lJI1Ha 3TOI'O CJIBI1ra yMeHblllaeTC!l Op116JII1311-

TeJibHO JII1HeHHO C pOCTOM In E'Y. nonylleHa 3aB11CI1MOCTb OT 3Heprnl1 COOTBeT-

CTBYIOil\ero cpe]~HeKBa]lpaTI1lJHOrO OTKJIOHeHI1ll (C.K.O.), a TaK>Ke rny6 11Hbl 
CI1MMeTp1111 JII1BHII 11 ee C.K.O. 

Pa6oTa o&mOJIHeHa u Jla6opaTOp1111 BbiCOKHX 3Heprnl1 OIBIH (Ay6Ha) 11 u 
HHCTI1ryTe <j>I1311KI1 BapwaocKoro TexHI1lleCKOro YHI·mepc11TeTa. 

I. Introduction 

Precise measurement of the position of high energy gamma quanta 
registered by a hodoscope gamma spectrometer (for example/ 1 1 

requires a good knowledge of axial symmetry fluctuations in 
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electromagnetic showers created by these gammas. It is evident that 
such fluctuations increase the errors of estimation of effective masses 
of gammas accompanying hadronic interactions at high energies and set 
a natural limit to the accuracy of measurements. Unfortunately, the 
problem of axial (or lateral) symmetry distortion in showers has not 
been raised until very recently in literature121 and, in particular, was 
not yet touched on experimentally at all. As a consequence, every single 
event of a shower registered in the hodoscope is actually considered to 
be axial symmetric as it is indeed the case in homogenous media but 
on the average only. 

In this article we present the results of investigation of planar 
symmetry distortion in electromagnetic showers produced by photons 
between 100 MeV and 3500 MeV in liquid xenon. For this purpose our 
previous data obtained from the pictures of the 180 liter xenon bubble 
chamber of ITEP (Moscow/31 exposed to the beam of n- mesons at 
3.5 GeV have been used. 

II. Ma terial and Method 

The experimental material consists of 908 events of showers satisfying 
the appropriate criteria and grouped into 22 intervals of primary photon 
energy E in such a way that the relative width ll.E IE of each interval y y y 

is not less than the average energy resolution (e0.1). In all cases of 
these eyents summary projection ranges of shower electrons and 
positrons (later: electrons) of energy greater than 0.5-1.5 MeV 
observed in the projection plane (PP) within a rectangle of side ll.t = 0.6 
radiation length (r.l.) along the shower axis (SA) and ll.p = 0.3 r.l. in 
its laretal direction, have been measured with an average accuracy of 
0.2. The shower electron ranges, both summed over the whole shower 
event and some their part contained inside a rectangle of large enough 
area in the PP, are practically proportional to ionization losses released 
by these electrons with an accuracy of -2-3%1 4•5 I. In more detail 
methodical problems are described in1 61• 

III. Pla nar Symmetry Fluctuation 

Figure I shows the energy distribution of such average distance d 
from the SA in the PP that a plane perpendicular to the PP and 
a distance d from SA divides a given shower event into two equal 
parts having, on the average, the same values of summary electron 
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Fig.!. Average shift d of a shower 
symmetry plane from the shower axis and 
the relevant r.m.s. Sd. _Superimposed is 
the fitting function for d (l) 

.5 

.4 

.3 

ranges. The distribution of .2 

estimates of r.m.s. sd is also 
plotted in the figure. As to be .1 

expected, both d and S d 

decrease with increasing energy 
E , and at E >> 1000 MeV y y 

these quantities become less 
than -0.1 r.l..:.. The simple fitting 
function for d 

~ 

X X 
X 

t'--r---

5 

• d 
X set 

in r.l. 

X X 

tffi ~ 
; ,~ r "' 

6 7 8 
tnEr (Erin fvleV) 

d = (0.52±0.03) - (0.059± 0.004) ·In E y 
(1) 

is also displayed on this figure as a straight line .. Here EY is jn MeV; 

d, in r.l. and the relevant linear correlation index equals r = 0.83. 

IV. Symmetry Depth, Its Fluctuation and Correlation 

From practical point of view it seems important to know at what value 
of the shower depth t , being the most remote from the conversion point s . 
of a primary photon and measured along the SA, a shower may be 
considered to be planar symmetric with respect to a plane passing the 
SA. The distribution of 1s averaged over all fluctuations i shown in 

fig.2 as a function of E together y 

with the distribution of the 
relative r.m.s. St. One can 

s 

-
Fig.2. Average maximum depth ts at 

which the showers remained planar 
symmetric with a symmetry plane passing 
the shower axis. St is the corresponding 

s 
r.m.s . The straigh! line represents the 
fitting function for ts (2) 

6.-~------r-----.-----~--~ 

5~-1------~------+---·---*--~ 

• fs 
(in rU 

X Str 
o~~5------6L-----~7~~~~B~ 

lnEr (ErinfvleV) 
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notice from the figure that ts and sts increase approximately linearly 

with In E . For t one can admit r s 

t = -(2.9±0.4) + (0.87± 0.07) ·In E s r 
at r = 0.94, E is in MeV; t, in rJ. This function is superimposed in 

r s 
the figure as a straight line. 

Finally, the correlation between the symmetry depth and the shift d 
has been stud ied and found that the appropriate correlation coefficient 
does not exeed 0.5 within all interval of energy considered. So, one can 
infer that no such a correlation perceptible occurs. 
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ELASTIC eD-SCATTERING WITH ALLOWANCE FOR EXCHANGE 
MESON CURRENTS WITHIN QCD-VMD MODEL 

V.V.Burov, V.N.Dostovalov*, S.Eh.Sus'kov* 

The role of meson exchange currents in the elastic eO-scattering is studied. 

Structure functions A(q 2), B(q 2) and tensor polarization T 20(q 2) were 

calculated within the QCD-VMD model. It is shown that the contributions of 

meson exchange currents to structure functions A(q 2), B(q 2) at large transfer 

momenta should be taken into account. The contributions of MEC toT 20(q 2) are 

significant for q > 2.5 fm- 1. The retardation effects are very small throughout 
the whole scale of momentum transfers. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 

Ynpyroe eD-paccesmue c yqeroM Me3oHHhiX o6Mennhlx T KOB 
B KX.D.-BM.ll. MO~e.JIH 

B.B.EypoB, B.H . .D.ocToBanoB,C.3.CycbKOB 

HcCJie,!lyeTCSI pOJJb Me30HHbiX o6MeHHbiX TOK08 8 ynpy~M eD-pacceHHI111. 

n poBe,!leH pac'leT CTPYKTYPHbiX 4>YHKI.\11H A( q 2)' B( q 2) 11 TeH30pa nOJJll p1138-

1.\1111 T 20(q 2) 8 KX,[l-BM.U MO,IIeJJI1. noKa38Ha HeOOXO,III1MOCTb y'leTa "'e30H-

HbiX o6MeHHbiX TOK08 ,!IJ!ll CTPYKTYPHbiX 4>YHKI.\11H A(q 2), B(q 2) 8 o6JJaCTI1 

60JJbWI1X nepe,llaHHbiX 11MnyJJbC08. BKJJa,!l Me30HHbiX 06MeHHbiX TOK08 B 
2 -1 T 20( q ) 11rpaeT cyuteCTBeHHYIO pOJJb 8 o6JJaCTI1 q > 2,5 !f>M . 3!f><t>eKTbl 

Jana3,11biBaHI1ll MaJJbl 80 BCeH OOJJaCTI111MnyJJbC08 nepe,lla'l. 
Pa6oTa BbmOJJHeHa 8 Jia6opaTOpl111 TeopeTI1'leCKOH !f>M311KI1 0115111. 

1. Introduction 

At present there exist many approaches for the descript ion of the 
strong NN-interaction11 - 41. Among them one group of models attracts 
our special attention which consists of field-theoretical meson-exchange 
models. Within these approaches the NN-interaction is described as a 
one-boson-exchange system where the field-theoretical Hamiltonian is 

*Far-East State University, Vladivostok, Russia 
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a sum of Feynman diagrams including various meson exchanges, the 
physical nature of which determines the kinematic frames of the 
potential model. Now three kinematic's scales are detennined151: 
«classical» (long-range r > 2 fm), «dynamical» (1 fm < r < 2 fm), and 
«phenomenological» (short-range r < 1 fm) regions. The classical region 
is defined by one-pion exchange. The heavier-meson exchanges 
dominate the dynamical region. The region of r < 1 fm (core region) 
takes into account different processes, for instance, quark-gluon 
exchanges. The phenomenological region is the most interesting, for 
further discussion since it has a direct relation to the problem of the 
extended structure of the nucleon. Still the question on the hadron size 
is open. QCD effectively describes the region inside the confinement 
radius, and the outside dynamics is well described by the interaction 
of mesons with a core. There is the problem of the consistent description 
of the in-outside regions. On this way the vertex form factors are 
introduced. The presence of vertex form factors is dictated, first, by 
the quark structure of the nucleons, and second, by the mesons 
dynamics. The form factor is a function of the so-called cut-off mass 
A that governs the range of influence nonnucleon degrees of freedom. 

In the pape!61 the model of the nucleus potential describes the NN­
interaction within a similar QCD-VMD picture171. The nucleon structure 

is calculated in two kinematical scales: the low q 2 (meson exchange) 

and high q 2 (quark-gluon) exchange. It was shown that higher mass 
meson exchanges become important when the nucleon structure is taken 
into accol!nt. These ~xchanges are described by a sort of contact 
relations, leading to contact interactions of nucleons. We quote the 
important re~ult of pape/61: it was shown that the description of meson­
exchange nucleon-nucleon interaction leaves little room for a sizeable 
contribution of a conventional boson-exchange at small distances. Apart 
from the dominance of the pion-exchange at large distances a heavier 
(than pion) meson-exchange is overshadowed at the medium range by 
the direct interaction of the physical nucleons. The nucleon-nucleon 
interaction has three scales: i) the scale given by the pion mass (140 
MeV), ii) the meson scale (800 MeV) which determines the size of the 
nucleon, and iii) the quark-gluon scale (2.85 GeV). 

Experimental data on the structure function A(q 2) in the elastic en­
scattering are known in a wide range of transfer momenti81 which allow 
one to make calculations within the model taking the deuteron structure 
into account in detail. At presnt, there are many results on the analysis 

of the behaviOur of A(q 2) with allowance for meson exchange currents 
(MEC/9-11 / . 
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Experimental data on the structure function B(q 2) are not so rich 

q 2 < 7 5 fm -z 1121 , some research was made with meso exchange 
current/ 13- 151 taken into account. 

In our paper the structure functions A(q 2), B(q 2) and tensor 

polarization T20(q 2
) are calculated within the QCD-VMD modei161• 

2. Basic Formulas 

The differential cross-section of elastic electron-deuteron scattering 
has the form: 

where 

da 

dQ. 

(1) 

(2) 

2 4 2 2 
B(q ) = 3 '7 (1 + '7) F M(q ) , 

(3) 

where '7 = q 2 I 4M2 and M is the mass of the deuteron. The charge 

Fc(q 2
), quadrupole FQ(q 2

) and magnetic FM(q 2
) form factors are 

determined by the following equation: 

F _pimp + p:n.NN + Fp:n.y + pret,:n. (4) 
C,Q,M - C,Q,M C,Q,M C,Q,M C,Q,M' 

where F imp is the impulse approximation, F:n.NN stands for the pair 

current, Fp:n.y denotes the p:ny process, and F ret,:n. stands for the 
retardation current. Analytical expressions for individual contributions 
have been calculated in7101. Here, for example, we de termine the 
impulse parts of F C,Q,M 

00 

F~mp = Gf (q 2
) f (u\r) + w 2(r))j0(qr/2)dr, 

0 

00 

F8'1
P = Gf (q 2

) f (2u(r)w(r)- w 2(r)/v'T)jz(qr/2) dr, 
0 

(5) 

(6) 
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where G i ( q 2) is the electric form factor: 

Gi(q 2) = Gi(q 2) + GJl(q 2) ' (7) 

G:(q 2) (G;(q 2)) is the electric form factor of a proton (neutron). 

00 

Fl.tmp = 2Gft(q 2
) { J dr[u\r)- w\r)/2]j0(qr/2) + 

0 
00 

+ J dr(u(r)w(r)/VI + w 2(r)/2] jiqr/2)} + 
0 

+~a; j dr[u 2(r)jo(qr/2) + w 2(r) j2(qr/2) ]. 
0 

Gft(q 2) = Gfiq 2) + a;(q 2)' 

(8) 

(9) 

where Gft(q 2) (G;(q 2)) is the magnetic form factor of a proton 

(neutron) (u (r), w(r) are S, D wave functions of the deuteron). 
Tensor polarization of the deuteron can be written as follows 

where 

1 l+X 
T2o=-_~ x 2 ' 

y~ 1 +-
8 

Fe 
X= 2VT p· 

Q 

We use the following approximation for vertex form factors161 

2 AI A2 2 ( 2 ll ,2 

Fl,2(q ) =A;+ Q 2 Ai + Q 2 

where 

log ( (Ai + q 
2
)/ A~CD) 

Q2=q2 ) 

log ( Ai/ A~CD 
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The scale /\~ = 800 MeV is taken into account for all me ons. The 

quark-gluon scale is: /\; = 2.85 GeV, i\QCD = 0.29 GeV. 

3. The Results and Discussion 

The structure function of the deuteron A(q 2) is shown in Fig. I. It 

is seen that the contributions of MEC diminish A(q 2) at 80 fm - 2 < 

< q 2 < 150 fm - 2
, thus making the agreement with experimental data 

worse (curve 3). One should note the importance of taking account of 

MEC at q 2 > 40 fm - 2
• 

The structure function B(q 2) with allowance for MEC is shown in 
Fig. 2. and the calculation without taking account of MEC (curve l). 

Comparing the obtained result with the exparimental data we get that 
the MEC effects are very important for the transfer momenta 

q 2 > 40 fm - 2
. The retardation effects (curve 3) are not esse ti:ll at all 

momentum scale. 

The tensor polarization of the deuteron T 20(q 2
) with allowance for 

MEC is shown in Fig. 3. Data from: Novosibirsk 871161 , Ba tes 841171 , 

10 -· 

1 0 -· 

10 -· 

10 -J 

1 0 -· 

1 0 -· 2 

Fig.l. Deuteron structure function A(q 2). The dashed line (I) is 
the impulse approximation; the solid line (2), with inclusion of MEC 
(nNN + pny); and solid line (3), with inclusion of MEC 
(nNN + pny + retardation effects) 
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Fig. 2. Deuteron structure function B(q 2) . 
Notation is the same as in Fig.!. 

Fig. 3. Deuteron tensor polarization 

T20(q 2) . Notation is the same as in Fig. l 

Novosibirsk 901181 , Bates 901191• It is seen that in comparison with the 
impulse approximation (curve 1) the contribution of MEC slowly 

increases T 20( q 2) after the minimum. The inclusion of retardation 

effects does not change the situation. 

The calculations of the structure functions A(q 2), B(q 2) and tensor 

polarization T20(q 2
) allow one to make the following conclusions: 

1. The contributions of meson exchange currents to structure 

functions A(q 2), B(q 2) at large transfer momenta should be taken into 
account. 

2. The contributions of MEC to T20(q 2) are significant for q > 

> 2.5 fm- 1• 

3. The retardation effects are very small for all the considered 
functions in the whole momentum scale. 
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K BOllPOCY 0 B03M0)1(H0CTH OEPA30BAHH51 qACTHU. 
C MACCO:A: OKOJIO 3me llPH /3-PACllALI;E 51LI;EP 

K.51.rpoMOB, A.H.KaprnH, H.A.Jle6e.u.eB, T.l1.MHxaiiJiosa, 
A.<I>.HoBropo.u.oB 

Ha OCHOBe aHll.IIH3a JIHTeparypHblX AaHHbLX 0 cneKTpax y-H3JIY'IeHHSl yCTa­

HOBJieH BepXHHH npeAeJI o6pa30BaHHSl 'laCTHU. C MaCCOH -3me npH {3± -pacna­

Ae S!Aep, paBHblH 0,5%. 3KcnepHMeHTaJibHO yCTaHooJieHO, 'ITO npH {3-pacnaAe 

90y 3TOT lKe npet~eJI nOpS!AKa 10-5. 
Pa6oTa BblllOJIHeHa s Jia6opaTOpHH !lAepHbiX npo6neM Ol151H. 

To the Question of the Production Possibility of Particles 
with M ass about 3me in Nuclear /3-Decay 

K.Ya.Gr omov et al. 

We analysed the available data on y-radiation spectra and obtained the upper 

limit of the production of particles with mass -3me in the {3-decay. This limit is 

found to be equal to 0.5 %. The same limit obtained experimentally for the 

{3-decay of 90Y is 10-5 . 
The investigation has been performed at the Laboratory of Nuclear Problems, 

JINR. . · • 

A.M.B~HH111 o6paTHJI BHHMaHHe Ha c.u.eJJaHHoe LI;.B.CKo6eJibU:biHhiM 
12/ 6 R- 214B. R npe.u.noJIO)KeHHe o HcnycKaHHH npH fJ -pacna.u.e t HapsuJ.y c fJ-4ac-

THU:aMH 4aCTHU: C MaCCOH, paBHOH 3me, r.u.e me - MaCca 3JleKTpoHa. Do 

OU:eHKaM LJ:.B.CKOOeJJbU:hiHa, BepoSITHOCTh o6pa30BaHHSI3THX HOBhiX 4aCTI:fU: 
. -10 

MO)KeT JJ.OCTHraTh 10%, a BpeMSI HX )KI:f3HH:::::: 10 C. 

K co)KaJieHHJO, 3a 40 JieT, nporne.u.mHx c Tex nop, He 6hiJJO BhiDOJJHeHo 
TIIJ;aTeJihHhiX npoBepOK pe3yJihTaTOB 3KCnepHMeHTo/3/, TaK KaK C4HTa­
JIOCh, l.J:TO cyrn.eCTBOBaHHe JierKOH 4aCT11U:hl C MaCCOH, B HeCKOJlhKO pa3 
npeBhiiiialOIIJ.eii Macey 3JieKTpoHa, npoTHBOpe4HT OCHOBHhiM DOJIO)KeHHSIM 
KBaHTOBOH 3JieKTpo.IJ.HHaMHKH. B csoeii pa6oTe A.M.oaJIAHH/I/ OTMentJI, 
l.J:TO 4aCTHU:a C MaCCOH OKOJIO 3m~ MO)KeT 6h1Th KBa3HCTaU:HOHapHhiM CO-

CTOSIHHeM, Cyl1IeCTBYIOIIJ.HM B paMKaX K31I., H paCCMOTpeJJ DOCJICACTBHSI 
3TOH rHDOTe3hl . 
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I 

- - - + 
llpe~nOJiaraeTCSI , 4TO S -4aCTHU.a - 3TO COCTOSIHHe (e , e , e ) He-

KOH S-4aCTHU.bl, HO TOr~a B03M0)KH0 H COCTOSIHHe s+ (e +, e + , e-). CnHH 

S +-qacTHIJ.bl pasen 1/2. Tipou.ecc pacna~a aTOMnoro Sl~pa c BbiJieTOM 
S +-4aCTHIJ.bl aHaJIOrH4eH 00bi4HOMY fi-pacna~y , C TeM OTJIH4JfeM, 'ITO Ha 
o6pa30BaHHe s +-4aCTHIJ.bl ~OllOJIHHTeJibHO 3aTpa4HBaeTCSI 3HeprHS1 

2me c 2 (1022 x::~B). Pacna~ npoHcxo~HT Me~y TeMH )Ke na4aJibHbiM H 

KOHe4HbiM COCTOSIHHSIMH ~pa, 4TO H 00b14Hb1H fi-pacna~. MaKCHMaJibHaSI 
KHneTH4ecxaSI ::~neprHSI S + -4aCTHU.hl npHMepno na 1 M::~B Menbme, 4eM 
~JISI fi-pacna~a Toro )Ke ~pa. 

S +-4aCTHU.a necra6HJibHa, ona pacna~aeTCSI na 3JieKTpon (n03HTpoH) 
H y-KBaHT: 

(1) 

TaKHM o6paaoM, see KHHeMaTH4eCKHe BhiKJia~KH LI..B.Cxo6eJibiJ.blHi21 

ocTaJOTCSI B cHJie (on npe~noJiara.n, 4TO S-4aCTHU.a pacna~aeTCSI na 3JieK­
TpoH H HeHTpHHO). JHepmH 3JieKTpoHa (Ee) H y-KBaHTa (t), o6pa30-

BaBIIIHXCSI s peayJibTaTe pacna~a ocTanoBHBmeH:cSI S-4aCTHU.hl, cooTBeT­
CTBenno paBHbl 

E 
y 

n 2 -1 _ (n-1) 2 
-'-::--..c.. · m · E - - · m 2n e' e- 2n e' 

r~e n = m/ me - OTnowenHe Macchi S-4aCTHU.hl K Macce 3JieKTpona. Ec­

JIH nO~CTaBHTb 3Ha4eHHe n = 3 H3 paOOTbl/2/, TO nOJIY4HM Ey = 681 K3B, 

Ee = 340 x::~B. KaK s~no, ::~neprHH y-KsanTa H 3JieKTpona ne aaBHCSIT 

OT xapaKTepHCTHK Sl~pa, Hx HcnycTHBmero. CJie~osaTeJibH , ~JISI scex 
Sl~ep, npH fi-pacna~e KOTOpbiX HCnycKaeTCSI S-4aCTHU.a, ~OJI)KeH na6JIJO­
~aTbCSI y-xsanT o~noH: H TOH )Ke ::~neprHH. 

Pacna~ S +-4aCTHIJ.bl na 3JieKTpon (no3HTpon) H ~sa y-xsanTa 

(2) 

TO)Ke B03MO)KeH, HO B 137 pa3 MeHee BepoSITeH, 4eM nepBbiH CnOCOO 
+ pacna~a. S -4aCTHIJ.a MO)KeT, B ~OllOJIHeHHe K yKa3aHHbiM ~BYM CllOC0-

6aM, npoaHHHrHJIHpoBaTb C 3JieKTpoHOM cpe~bl 

+ -S + e -+ 2y. (3) 

KaK 00bi4HO, npou.ecc aHHHrHJISIIJ.HH npoHCXO~HT nOCJie OCTaHOBKH s+-
4aCTHIJ.bl, H B pe3yJibTaTe ~aHHOH peaKU.HH oopa3yJOTCSI ~Ba y-KBaHTa C 
3HeprHSIMH E = 1022 K3B. y 
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HacTosnuaSI pa6oTa noCBSilllCHa O.!lHOi1 113 B03MO.)KHOCTei1 ::>Kcncp11MCH­

Ta.TibHOi1 npose pK11 3TI1X npe.nnoJIO.)KCHI1i1 . KaK 113BCCTHO, :JJICKTpOHbl c 

3Heprl1ei1 1-2 M3B ocTaHasJII1BaJOTC51 s cpe.nc 3a speMSI MCHhwec, 4CM 
I -

10- c. Dpi1 M CpHO TaKOC .)KC BpCMSI noTpe6yeTC51 11 .!lJISI OCTaHOBKI1 s+-
4aCT11U.bl c To i1 .)KC 3Hepmei1. 3To 3Ha411T, 4TO MOryT 6hrTh co3.naHhl Ta­

KI1e yCJIOBI151 :JKCnCp11MCHTa, KOr,!la 60JihWaSI 4aCTb S +-4aCT11U. (nCp110.!l 

10-10 
HX nOJiypacna::ta ::::: ) pacna.naCTCSI nOCJIC OCTaHOBKI1 , 11CnyCKa51 np11 

3TOM MOHOXpOMaTI14CCKI1H y-KBaHT. 

He o6cy.)K.!la SI s .neTaJISIX npo6ncMy noCTaHOBKI1 ::>Kcnep11MCHTa no no­

HCKY MOHOXpOMaTI14CCKI1X y-Jiy4CH OT pacna.na OCTaHOB11BWCi1c51 5+ -4a­

CT11U.bl 11 OTChrJiaSI 4HTaTCJI51, Hanp11Mep, K o63opy U.Bbrnosa 11 .np/
41 , 

CACJiaeM yTsep .)KACHHe, 4TO np11 CTaH.napTHOi1 nocTaHOBKC 3Kcnep11MCHTa 

no 113Y4CHI110 y -cneKTpos np11 {3-pacnaJJ,c c noMO!llbiO Ge(Li) -y-cncKTpo­

MCTpos n 6oJih llli1HCTse cny4aen o6ecne411BaJOTC51 ycnos1151 .!lJISI pcmcT­

paU.HH y-KBaHTOB np11 pacna,!lC OCTaHOBI1BWCHC51 s +-4aCT11U.hl C :JcPcPCK­

TI1BHOCTbiO, HC 60JICC 4CM B JJ,Ba pa3a OTJII14ai01UCHC51 OT :JcPcPCKTI1BHOCTI1 

peri1CTpaU.1111 y -Jiy4CH, B03HI1Kai01U11X np11 pa3p51,!lKC ypOBHCH, 3aCCJI51C­

MbiX np11 {3-pacna.ne. TaK11M o6pa30M, cneKTphr y-ny4ei1, p e rl1cTp11pye­

Mhrx np11 {3-pac naAe S!ACP, MoryT co.nep.)KaTb 11 y-JIY411 , 11CnycKaeMhlC np11 

pacnaJJ,C S +-4aCT11U.bl . 3TO OTKpblBaCT B03M0.)KH0CTb nOI1CKa s +-4aCT11U.bl 

nyTCM aHaJII13a pe3yJihTaTOB 11CCJICAOBaHI1H CnCKTpOB y-Jiy4CH, 11CnycKa­

CMbiX np11 {3-pa cnaAe. 

J1.JISI TaKOfO aHaJIH3a nO Ta6JI11U.aM / S/ OT611paJII1Cb S!ll,pa, 11Cnh1Tb1Bal0-

llli1C 3JICKTpOHH hiH (n0311TpOHHbli1) pacnaA 11 y.nosneTBOp51101UI1C cne.ny­

IOlllHM yCJIOBI1 51M: 

1) rpaHI14Ha51. 3HCpr1151 {3-CnCKTpOB AOJI.)I<Ha 6biTb CylUCCTBCHHO 60JibWC 

M3B (11Ha4e o6pa30BaHHC s+-4aCT11U.hl 3anpC1UCHO 3aKOHOM coxpaHe­

HI151 3Hepr1111); 

2) {3- (/3+)-pa cna.n npC11MY!llCCTBCHHO 11ACT Ha OCHOBHOC COCTOSIHI1C JJ,0-

4CpHero 511l,pa. 8 :JTI1X CJiy4aSIX 11HTCHCI1BHOCTb CnCKTpa y-JIY4CH, R03-

HI1Kai01UI1X npv nepeXOJJ,ax MC.)KAY ypOBHSIMI1 A04CpHCro S!JJ,pa, MCHbWC, 

11 y-JIY411, J!03HI1KWI1C np11 pacnaJJ,C s+-4aCT11U.bl, JICf4C o6Hapy.)KI1Th; 

3) OT611paJII1Cb npc11MY1UCCTBCHHO S!ll,pa, y-CnCKTpbl KOTOpblX XOpOWO 

113Y4CHbl. 

Ehrno oTo6pa Ho 57 S!Aep, HcnhrThrsaJOlllHX {3 - -pacnaA, 
214

Bi cpeAI1 

HHX. J1.JI51 nOI1CKa :JHCprHH y-KBaHTa, 11CnyCKaCMOfO np11 pacnaJJ,C S- -4a­

CT11U.hl, 11CnOJih30sanach Ta6JI11U./
61. B Hci1 co6paHhi :=>HeprH11 y-nepexo­

.!lOR RCCX 113y•~C H HblX Sl,!lCp , ,!lOJIH KOTOpbiX Ha pacnaJJ, 60JibWC 0,5% . Dc­

peXO.!lhl , OTHOC 51 1UI1CC51 K S!,!lpaM 113 Hawero CnHCKa, 6biJII1 3anHCaHbl B 

OT.!lCJibHhri1 ¢a i1n , scero 11x HaC411ThrsacTCSI 431. B HHTepccyJO!llei1 Hac 

o6nacTI1 oT 350 .no 1225 K:JB COACP.)KI1TCSI 216 nepcxoAOR. Hawa 3aAa4a 
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P11c. l. KoJIH'IeCT80 nepexo~08 8 HHTep8a.ne 20 K3B, nyHKTHpOM o6o3Ha'leH 

rpa<j>HK <j>yHK~HH p(Ey) = 1,29 + 9,2 ·£- 4,9 ·£ 2- 0,9·£ 3 + 0 S·E 4, r~e 

E - :mepmll y-K83HTa 8 M3B (a) . Pacnpe~eneHHe, cMo~eJIHp08a Hoe c HC­
nOJib30BaHHeM cPYHK~HH p(Ey) (6) 

COCTOSUia B TOM, lJTOObl onpeAeJIUTb, HeT JIU B 3TOM CITUCKe nepeXOAOB 
B~:JAeJieHHOH 3Hepmu, npu KOTOpoH 3Hepmu y-KBaHTOB, OTHOCSIDJ;UXCSI K 

pa3HblM SIApaM, npu6JIU3UTeJibHO COBITaAaiOT (B npeAeJiax norpemHOCTU 
3KCnepuMeHTa). 

Ha puc. 1 ,a npeACTasJieu rpa<t>uK 3asucuMocTu 11uCJia nepexoAOB s 
onpeAe.n:euuoM uuTepsaJie 3Hepmii oT 3Hepmu nepexoAa EY. Ha 3TOM 

rpa<t>uKe UMeiOTCSI MaKCUMYMN, HO, KaK 6yAeT ITOKa3aH AaJiee, OHU 

uMeiOT liUCTO cTaTucTulleCKYIO npupoAy. IIyuKTUpoM noKa3aua cpeAHSISI 
ITJIOTHOCTb nt:peXOAOB p(E ), ITOJiylleHHaSI annpoKCUMa~ueii Ta6JIU11HblX y 

AaHHbiX <i>YHKD;UeH lleTBePTOro ITOPSIAKa MeTOAOM HauMeHbillUX KBaApa­
TOB. Ha puc. 1,6 noKa3auo pacnpeAe.n:euue nepeXOAOB, CMOAeJIUposauuoe 
c ucnoJih3osauueM <t>yuK~uu p u craTucTuKu IIyaccoua. 
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Och E 6b1Jla pa36HTa Ha HHTepBa.n:hl, AJJHHa KOTophiX o6paTHO npo­
r 

IIOPU:HOHaJihHa p(E ), a BeJJH'IHHa HHTepsa.n:a B HHTepecy10~ei1: HaC o6-y 

JJaCTH 700 K3B paBHRJJach ~1 K3B. B 20 CJJylfagx B OAHH HHTepsaJJ no­

rra.n:H 3Hepm u rrepexo]l,OB ABYX pa3JJHl.JHhiX 511l,ep, B lleThipex CJJyqagx -

Tpex. Ec.rm B HameM crrucKe HeT 3Heprn:H: y-nepexo~J,oB, CB513aHHhiX c 

pacrra]l,OM S - -l.JaCTHIJ:bl, TO IIpH TaKOM pa36HeHHH OCH E Bep051THOCTb 
r 

TOro, l.JTO KOJIHlleCTBO rrepeXOil,OB B ]l,aHHOM HHTepBa.n:e (o603Ha'IHM ero 

x) oKa)l(eTC51 paBHO BeJJH'IHHe i, onpe~J,eJJ51eTC51 pacnpe~J,eJieHHeM Oyac­

coHa171: 

i 
P(x = i) = ft · exp( -y) 

i! ' 

r~J,e # - cpe]],Hee KOJIHl.JeCTBO nepeXO]],OB Ha HHTepBa.n:. 

0AHOi1 H3 xapaKTepHhiX oco6eHHOCTei1 3Toro pacnpell,eJJeHH51 51BJI51eTC51 

To, l.JTO }l,Hc rrepcu51 (disp) paBH51eTC51 cpe~J,HeMy . B Ham eM CJJyllae 

# = 0,264, d i sp = 0,274. 

,lLng TOro l.JTOObl rrpoBepHTh, ]l,eHCTBHTeJihHO JIH pacnpell,eJJeHHe 3Hep­

Mm rrepexoll,OB 51BJI51eTCR rryaccoHOBCKHM, ucrroJih30BaJicR KpHTepHH: x2
• 

OoJiyl.JeHO 3Hal.JeHHe xi= 0,05, l.JTO cornacyeTC51 c l'HIIOTe30H. Ho TOr]l,a 

B 23,5 CJJyl.Ja 51X B Oil,HH HHTepBa.TI il,OJI)I(HO IIOIIall,aTh ll,Ba HJIH 60Jibille 

y-rrepeXOil,OB, l.JTO TOl.JHO COrJiacyeTC51 C IIOJiyl.JeHHbiM ITO Ta6JIHIJ:aM 3Ha­

l.JeHHeM - 24 HHTepsa.n:a. K TOMY )l(e pacrrpell,eJieHue rrepexo~J,OB, rroKa-

3aHHOe Ha. p l !C. 1 ,6, ~J,aeT <f>yHKIJ:HIO CO CTOJib )l(e 51pKO Bblpa)l(eHHbiMH 

MaKCHMyMaMn , l.JTO H ¢YHKIJ:H51, noKa3aHHaR Ha puc. 1 ,a. TaKHM o6pa-

30M, HeT OCHOBaHHH yTBep)l(]],aTh, l.JTO cpe]],H y-nepeXO]],OB OTOOpaHHbiX 

HaMH 51]],ep eCTb rrepeXOIJ,hl, OTHOC51~HeC51 K pacna~J,y S- -l.JaCTHIJ:bl. 

flO]l,OOHOe HCCJJell,OBaHHe 6biJIO npoBell,eHO H il,JI51 B03M0)1(H0I"O pacna~J,a 

S+ -l.JaCTHIJ:bl. .[I,JI51 42 51il,ep H3BeCTHO 220 nepeXO]l,OB B HHTepBa.n:e 

350+ 1200 K3B . Hai1:~J,eHa CBOR <f>yHKIJ:HR p(E) H llOJiylleHhl CJJell,yiOIII,He r 
pe3yJihTaThl: # = 0,275, disp = 0,283, xi= 0,06. 

BhlliHCJieHHR ~J,aiOT, l.JTO B 25 HHTepBa.n:os AOJI)I(Hhl nonaCTh ABe H 

OOJihme 3Heprnu rrepexOAOB. B Ta6JIHU:e )l(e HMeeTCR scero 24 TaKux HH­

TepBa.n:a. TeM caMhiM noKa3aHo, liTO B npe~J,enax Toi1: TO'IHOCTH, KOTopyiO 

HaM ~J,aeT IIOJih30BaHHe Ta6JIHU:aMH/
6/, cpe]],H H3BeCTHbiX y-nepeXO]l,OB 

pa3JIHl.JHhiX Rll,ep HeT BhfAeJieHHOi1 3Hepruu, KOTopy10 MO)I(HO 6b1Jlo 6hl 

npHIIHCaTh pacnall,y s+-l.JaCTHIJ:bl, a 3Hal.JHT, AOJIR s +-llaCTHU:, ucnycKae­

MbiX IlpH ,8-pacna~J,e R]],ep, He MO)I(eT npeBhlillaTh 0,5%, B OTJIHl.JHe OT 

10%, AaBaeMhiX .D,.B.CKo6eJihiJ:hiHhiM AJIR 
214Bi. 
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CpeAH smep, AJISI KOTOpNx HcnycKaHHe S +-llaCTHU.N He 3anpe~eHo H3 

3HepreTH'IeCKHx coo6pa)KeHHH, HCKJIJO'IHTeJI&Ho YAOOHNH CJiy11au Ami 

aHaJIH3a AaeT p- -pacnaA smpa 90y (T112 = 64,1 11, Ep- = 2,29 M3B) . 

ilOJib3YSICb AaHHbi:MH, npeACTaBJieHHbi:MH B paOOTe/
5
/, MO)KHO y6eAHTbCSI, 

liTO npH pacnaAe 3TOro smpa B036y~aJOTCSI TOJlbKO ABa y poBHSI AOllep­

Hero SIApa 
90Zr: o+ -1,761 M3B H 2+ -2,186 M3B, c HHT HCHBHOCTbiO 

0,011% H 1,4 ·10-6% Ha pacnaA COOTBeTCTBeHHO. llpH pa3pAAKe 3THX 

yposiieu so3HHKaJOT y-JIY'IH 2,186 000%) H 0,425 (0,03% > MJB; pa3-

psmKa ypoBHSI o+ -1,761 M3B HAeT TOJlbKO 11epe3 BHyTpeHHIOIO KOHBep­

CHIO. TaKHM o6pa30M, HHTeHCHBHOCTb y-JiylleH B BN6paHHOM Bblllle HH-

TepsaJie He 6oJiee 11eM 0,5 ·10-9 %. 0AHaKo pa6oTax, 

l.I,HTHpoBaHHbi:X TaM )Ke, Mbl He HaiiiJIH 3KCnepHMeHTaJibHOro CneKTpa B 

HHTepecyww.eu Hac o6JiaCTH. llo3ToMy MN npoBeJIH cneu.Ha.n&HNe H3Me­

peHHSI y-cneKTpa 90y C l.l,eJibiO npSIMOro TIOJiylleHHSI 3TOH Ol.l,eHKH • 

.l(JISI TIOJIYlleHHSI HCTO'IHHKa 90)' HCTIOJlb30BaH reHepaTOp, n peACTaBJISI­

IOUJ.HH COOoH KaTHOHoOOMeHHYIO KOJIOHKY, 3anOJIHeHHYIO CMOJIOH 

Aminex SA s NH; -<l>opMe. ilOCJie HaHeceHHSI M~TepHHCK ro . HYKJIHAa 

90Sr H3 CJiaOOKHCJIOro paCTBOpa Ha KOJIOHKY OHa npoMbi:BaJiaCb BOAOH, 

3aTeM ABYMSI-TpeMSI CBOOoAHbi:MH o6heMaMH 0,5 MOJlb paCTBOpa a-OKCH­

H300YTHpaTa aMMOHHSI H BHOBb BOAOH. qepe3 HeAeJIIO HaKOTIHBIIIHHCSI 
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PHc.2 . CneKTP TOpM03HOro H3JlyqeHHII OT HCTOqHHKa 90v. YcnooHSI 3Kcn epHMeHTa 

OnHC3Hbl 8 TeKCTe . nHKH 60co - OT HCTOqHHK3, HCnOJib3083HHOI'O JIJISI OACBeTKH 

(CHJJ3 165 k) . nHK 2614 K38 (B KOH~e CneKTpa) CBII33H C ecTeCTBeHH IM p3AH0-

3KTI18Hb1M <!><>HOM. BpeMII H3MepeHHII cneKTpa - 95 qacoo 

33 



90y BbiMbiBaJICSI 0,5 MOJib paCTBOpoM a-OKCHH300YTHpaTa aMMOHHSI 

(0,5 MJI) B CTeKJISIHHYIO npOOHpKy t:~HaMeTpoM 8 MM, KOTOpaSI TI.U,aTCJibHO 

3aKphiBanach H noMei.U,anach B IJ,HJIHH~pH4eCKHH <f>HJibTp H3 Pb, Cd H 

Cu TOJII.U,HHOH 1 ,0; 0,5 H 0,5 MM COOTBCTCTBCHHO. J13MepeHHSI y-cneKTpa 

OT npHI"OTOBJieHHOro TaKHM oopa30M HCT04HHKa BblllOJIHCHbl Ha HH3KO­

<f>oHOBOM y-cneKTpoMeTpe c Ge(Li)-~eTeKTopoM B Te4enHe 95 4aCOB. 

qyBCTBHTeJibHbiH OObeM ~eTeKTOpa - 40 CM
3

, pa3pewaiOI.U,aSI CllOCOO­

HOCTb cneKTpoMeTpa npH KpaTKOBpeMeHHhiX (I 4ac) H3MepeHHSIX - 3,1 

K3B Ha JIHHHH 1332 K3B. J1CT04HHK HaXOt:IHJICSI Ha paCCTOSIHHH =<7 CM 

oT ~eTeKTopa . Ha4anbHast aKTHBHOCTb 
90y B HCT04HHKe 6biJia OKOJIO 

120 MoK. llJISI u,eJieH: KOHTPOJISI 3a KaJIH6poBKOH H cTa6HJihHOCTbiO cneK­

TpoMeTpa t:~eTCKTOp ll0t:ICBC4HBaJICSI CJia6biM HCT04HHKOM 
6
°Co. 

lloJiy4eHHhiH cneKTp npe~CTaBJieH na pHc. 2. OcnoBHOH BKJiat:~ BHOCHT 

BHyTpeHHee TOpM03HOC H3Jiy4eHHe. llHK aHHHrHJISIU,HOHHOro H3Jiy4eHHSI 

(511 Al1) 11 nHKH 
6
°Co 6biJIH 3aMeTno ywHpenhl , BepoSITHO, 3a c4eT 

TeMnepaTypHOH HeCTa6HJibHOCTH: llOJIYWHpHHbl JIHHHH 511 H 1173 K3B 

COCTaBHJIH, COOTBeTCTBeHHO, 4,7 H 9,2 K3B. 3TO, ecTeCTBCHHO, B He­

CKOJibKO pa3 llOBhiWaeT 3KCnepHMeHTaJibHbiH npet:~eJI Ha OIJ,CHKY HHTeH-

CHBHOCTH B03MOX<HbiX y-Jiy4CH npH pacnat:~e • OCTaHOBHBWCHCSI S- -4aCTH­

U,bl . AnanH3 4aCTH CllCKTpa , COOTBCTCTBYIOI.U,CH AHana30HY 3HeprHH 

y-KBaHTOB OT 520 AO 1150 K3B , llOKa3aJI, 4TO yBepeHHO MOX<HO 6biJIO 

6bl onpe~eJIHTb llHKH y - KBaHTOB C HHTCHCHBHOCTbiO -0,3 OT JIHHHH 

1173 K3B. T a K KaK cpet:~HSISI aKTHBHOCTb npenapaTa 
90y cocTaBJISIJia oKo-

JIO 5,9 · 10~ o K, a aKTHJJHOCTb 
6
°Co paBHSIJiach 165 oK, TO BepoSITHOCTh 

o6pa3oBaHHSI s~ -4aCTHIJ, c llOCJICAYIOI.U,HM BbiCBC4HBaHHeM y-KBaHTOB AJISI 

OOJiaCTH 3HeprnH: OT 520 AO 1150 K3B COCTaBJISICT w-5
. TaKHM o6pa30M, 

npoBet:~eHHhiH 3KcnepHMeHT no3BOJISieT YTBCPX<AaTh, l.JTO BepoSITHOCTb o6-

pa3oBaHHSI S - -l.JaCTHIJ,bl npH pacnat:~e 90y He 6oJiee 10-S Ha OAHH pacnat:~ 
3Toro Mpa. 

ABTophl BhlpaX<aiOT rJiy6oKyiO 6Jiarot:~apHOCTb A.M.oant:~HHY 3a BHH­

MaHHe K pa6oTe H llOJie3Hhle o6cy~eHHSI. 
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