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KpamKue coo6!¥1lUJ! OHHH Ng2{65}-94 

Y,[\K 539.143.43 + 539.143.5 

Q-METER THEORY 

Jl NR Rapid Communications No.2[65 }-94 

Yu.F.Kisselev1
, C.M.Dulya2, T.O.Niinikoski3 

This paper develops the theory of series Q-meters used for measurements of 
NMR signals. For the first time we have derived closed form expressions for the 
nuclear susceptibility in terms of the Q-meter output voltage and for the residual 
Q-curve. We discuss the corrections involved in measuring nuclear polar ization 
from NMR signals by using signals for the deuteron and proton as examples. 
Deuteron signals are shown to contain a false asymmetry, while proton signals 
have substantial distortions due to the long signal wings and the depth of modu­
lation. Moreover, for the first time the importance of making a phase correction is 
demonstrated. We conclude that the series Q-meter with real part detection is not 
sufficient to produce an output voltage from which the nuclear susceptibility can 
be determined and thus an additional phase-sensitive detector is necessary for 
obtaining the imaginary part of the signal as well. 

The investigation has been performed at CERN, Geneva. 

TeopHSI Q-MeTpa 

IO.<l>.KHceJieB, K.M . .Il.yJIHa, T.O.HHHHHKOCKH 

B pa6oTe ocyll(eCTBJJeHo llaJJ&HeHrnee pa3BHTHe TeopHH nocJJe/IOBaTeJJ&HO­
ro Q-MeTpa, np116opa IIJ!ll H3MepeHHllll/lepHOH DOJJllpH3ai..\HH MHllleHeH. Bnep­
Bbie DOJJY'IeHO Bbipa>KeHHe IIJ!ll ll/lepHOH BOCDpHHM'IHBOCTH MHllleHH '1epe3 
BbiXO/IHoe Hanpli>KeHHe Q-MeTpa. 06cy>K/IaeTCll KoppeKI..\Hll NMR npoTOHHbiX 
H /leHTpoHHbiX CHrHaJJOB, HCDOJJb3yeMbiX npH H3MepeHHH DOJJllpH3ai..\HH. no­
Ka3aHO, 'ITO lleHTpoHHbie CHrHaJJbl CO/Iep>KaT JJO>KHYIO aCHMMeTpHIO. n poTOH­
Hbie CHrHaJJbl Cyll(eCTBeHHO HCKa>KeHbl /IHCnepcHOHHOH KOMDOHeHT H npH 
6oJJblliOH rny6HHe MO/IYJJllf..\HH. ,D:eMOHCTpHpyeTCll Ba>KHOCTb HOBOI'O THna <jJa-
30BOH KOppeKI..\HH. AHaJJH3 DOKa3biBaeT, 'ITO DOCJie/IOBaTeJJbHbiH Q-MeTp C lle­
TeKTOpOM peaJJbHOH KOMDOHeHTbl CHrHaJJa He D03BOJJlleT BOCCTaHOBHTb ll/lep­
HYIO BOCnpHHM'IHBOCTb. 11TOObl pelliHTb JTY npo6JJeMY, Tpe6yeTCli/IOIIOJIHH­
TeJJbHbiH <jJa30BblH /leTeKTOp MHHMOH KOMDOHeHTbl CHrHaJJa. 

Pa6oTa s&mOJJHeHa B UEPH, )l(eHesa. 

1. Introduction 

The series Q-meter has found wide acceptance for the measurement of 
NMR spectra, especially in the precise measurement of nuclear polarization 
in polarized targets used in scattering experiments. Theoretical treatments 

1Permanent address: Laboratory of Particle Physics, Joint Institute for Nuclear Research, 

Dubna, Moscow Region, Russia 
2University of California, Department of Physics, Los Angeles CA 90024, USA 
3CERN, CH-1211 Geneva 23, Switzerland 
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fig . l . This is a block diagram of the Q-meter circuit detecting the real part of the NMR signal. 
The dashed lines correspond to the additions necessary to correct the Q-meter output signal such 
that the new outouts become proportional to the nuclear polarization 

[ 1 ,2,3] have, until now, centered on approximate solutions of the equations 
for the Q-meter output voltage based on expansions in terms of the nuclear 
susceptibility using circuit elements as parameters. In this paper, we express 
the susceptibility as a function of the circuit parameters and the Q-meter 
output voltage and, furthermore, demonstrate general properties of the rela­
tionship between the Q-meter output signal and the susceptibility. 

The sensing probe of the Q-meter circuit, shown on Fig. l, is a coil 
embedded in the material under study which couples inductively with the 
magnetic moments of the nuclei in that material. As a result of this inter­
action, the coil impedance ZL varies linearly with the complex magnetic 

susceptibility x(w) of the material according to1 

ZL = r + iwL (l + 7JX (w)), (1) 

where w = 2.nv, v is the frequency of the rf generator, 'I is the effective filling 
factor of the material in the coil and Lis the inductance of the NMR coil 
when x = 0. The complex function x(w) =x'(w)- tX" (w) is the nuclear 
susceptibility of the material; its real part is called dispersion; and the ima­
ginary part, absorption. The susceptibility is finite for all frequencies, but 
the dispersion changes the sign; it tends to have larger values in the vicinity 
of the Larmor frequency. The absorption describes the spectral distribution 

1In MKSA units 

6 



of spins near the NMR Larmor frequency and its integral is pr portional to 
the nuclear polarization. The constant of proportionality may e found by 
measuring the signal for samples in thermal equilibrium (TE) in a known 
magnetic field and temperature. In this case, the polarization is calculable 
from the Maxwell - Boltzmann distribution and is described by the Bril­
louin function. 

In the Q-meter, the coil is usually connected to a room-temperature tun­
ing capacitor and amplifier by a coaxial transmission line wh se length is 
adjusted to an integer number of half-wavelengths at the Larmor frequency. 
These form a hybrid series tuned circuit [ l ]. Given the electrical parame­
ters of the receiver circuitry and a well-defined NMR line shape, it is not 
difficult to calculate the Q-meter output voltage. In practice, however, we 
wish to solve exactly the opposite problem; namely to evaluate the complex 
magnetic susceptibility from the Q-meter signal. In this paper, we will 
review the theory of the Q-meter and apply these ideas to specific examples 
for proton and deuteron signals. 

2 . The Q-Meter Circuit 

Since we are mainly concerned with series Q-meters using rf phase sen­
sitive signal detection and homodyne receiver circuitry [ 4,5] as in Fig. I, we 
will incorporate the following definitions and values for the ci rcuit para­
meters now: 

Table or Circuit Parameters 

Para- Typical value 
meter Description of parameter Units Proton Deuteron 

vo Larmor frequency [MHz) 106.5 16.35 

tw Range of frequency sweep [k.Hz) 600 500 

RG Feed resistance (Q) 900 900 

R Damping resistance (Q) 33 9 

R Amplifier input impedance 
I 

[Q) 120 50 

r Coil resistance [Q) 0.3 0.3 

cp Tuning capacitance [pF) 19 200 

L Coil inductance [.uH) 0.091 0.48 

p Cable impedance (Q) 50 50 

E Cable dielectric constant 2 2 

a Cable attenuation constant , [Np/m] 0.02 0.005 

{3 Cable phase constantf3 = w IE! c [m-'J 
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Para- Typical value 
meter Descn ption of parameter Units Proton Deuteron 

I Cable length I= nc/2v0.fi [m) 4.99 6.42 

n Number of cable half wavelengths 5 I 

c Speed of light [m/s] 2.9979 · 108 2.9979 · 108 

Vc Voltage of high frequency synthesizer [V) 0.1 0.1 

A(w) Gain of high frequency amplifier 50 50 

The ouptput of the amplifier is connected to the input of a phase sen­
sitive detector (PSD). The PSD selects the real part of the voltage at its input 
terminal relative to a reference voltage. This is the main idea of the Liverpool 
Q-meter [5 ]. In our conclusions, we will suggest the improvement of this 
Q-meter design by adding another PSD for selecting the imaginary part of 
the signal as well as the real part. Moreover, we also suggest a function that 
will transform the output voltage to be proportional to the complex nuclear 
susceptibility. 

3. Determination of the Nuclear Susceptibility 
from the Q-Meter Signal 

The nuclear polarization is proportional to the integral of the absorp­
tion, where the limits of integration are usually restricted to frequencies 
near the Larmor frequency (see Section 6). In other words, the polarization is 
given by 

w 
max 

P = c I x"(w)dw, 
wmin 

(2) 

where C is a constant determined from calibration at TE. To calculate the 
polarization we thus need to know the absorption spectrum. Thus, one 
would like to write an equation for the susceptibility as a function of the Q­
meter output voltage. 

The Q-meter output voltage, which is the complex voltage at the output 
of the rf amplifier, is a function of the nuclear susceptibility. However, the 
effective filling factor of the coil, 1J, from Eq. (1) disappears for relative 
values of the polarization. Thus, we will define and calculate a complex 
function ~(w) = TJX(w) . The general expressions for the Q-meter output vol­
tage [ 1,3] can be written in complex form [6] as 
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v (.() - vn z (~) 
out( ) - R

0 
1 + pZ (~) ' (3) 

where Z (~) is the resonant circuit impedance 

Z _ R _ _ L_+ p 2 
tanh(yl) + p [r + twL(l + ~)] (4) 

(~) - wC p + [r + twL(l + ~)] tanh(yl) ' 

with 
1 1 p--+­

- Ri RG, 

p 

(5) 

where y is the complex propagation constant of the coaxial transmission line 
and a is its average attenuation constant. The coefficient pis the admittance 
due to the feed and the shunt resistances R0 and Ri . Table 1 describes the 

circuit parameters and gives their numerical values used in our stimations. 
If the generator frequency is swept slowly enough so that ~(w) has no 

explicit time dependence, then the normalized Q-meter output voltage from 
Eq.(3). 

(6) 

can be considered an equivalent circuit impedance, Zeff' of a two terminal, 

divided by the damping resistance R0 . In other words, using the general 

properties of two terminal relations [7 ], we can calculate the imaginary part 
of the Q-meter output voltage from the real part by using the Kramers -
Kronig relation [7] for an impedance. Thus, 

vout(w) 2w . 00 seff(w') dw' 
v = s tt< w > + l - P I 2 2 , 

n e :n: 0 w' - w 
(7) 

where Ser? 0 for both signs of nuclear polarization and P means that the 

principal value of the integral be taken. In addition, the Kramers - Kronig 
relation can be formally applied to the difference of two impedances mea­
sured at~ ~ 0 and~ = 0 just as well as to Eq. (7). This difference 

~v t(w) v (~)- v (~ = 0) 
ou = out V out = S(w) + tT(w) = 
vn n 

_ S( ) 2w p Joo S(w')dw' 
- (.() +t 2 2' 

:n: o w ' - w (8) 
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where 

S(w ) = Seff(~)- SerrC~ = 0) , S(w)<O or S(w)>O (9) 

and 
T(w) = TerrC~)- Terr<~ = 0), (10) 

will be called the NMR signal because its real part, S(w), and its imaginary 
part, T(w), are nearly proportional to the imaginary (absorption) and real 
(dispersion) parts of the nuclear susceptibility, respectively. The real part of 
the NMR signal, S(w), can be either positive or negative owing to the fact 
that it is the difference of two independent measurements. Using Eqs. (3,4,8) 
we get the NMR signal in terms of the circuit impedance Z 

~Vout(w) __ 1 Z (~)- Z (~ = 0) 
Vn - R 0 [1 + pZ(~)] [1 + pZ(~ = 0)]. 

(11) 

Then by defining a frequency-dependent complex function 

G(w) = p - I [ 1 + pZ L(~ = 0)] fp + (r + twL) tanh(yl)] cosh(yl) (12) 

we find the normalized NMR signal as 

. ~Vout(w) 1 
S(w) + LT(w) = Vn = RGG(w) X 

X twl..4 (13) 
G(w) + p - 1twl4 cosh(yl) {pp + [1 + p(R- t/wCP) ]tanh(yl)} 

and thereby the equation for ~(w) in closed form is [6] 

- tR0 G2(w) 
~(w) = 1J {x'(w)- tX"(w)} = wL x 

{~V 
1
(w)/V} 

x oo n 
1- p - 1R

0
G(w)cosh(yl){pp+ [1+ p(R- t/wC) ]tanh(yl)}{~V 

1
(w)/V} ' 

p ou n 

(14) 

where i\V
0
u

1
(w)/Vn (not to be confused with the modulation , M) is descri­

bed by Eq. (8) . According to Eq.(l4), the actual NMR signals have to be 
transformed by a complex function to obtain the output signal as a linear 
function of nuclear susceptibility (see Fig.l) . 
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It follows from the Kramers - Kronig relation for the susceptibility that 
the solution to Eq.(l4) must satisfy the equation [8] 

~'(w) _ ~ ! = ~ p Joo w'~"(w') dw' 
00 :n; ,2 2 o w -w 

(15) 

which is the condition for self-consistency of the experimental data. If the 
signal wings are cut, then the imaginary part of the Q-meter signal cannot be 
accurately calculated by Eq. (8). Hence, an error is produced in the calcu­
lation of the susceptibility from Eq.(l4), and in this case Eq.(l5) will no 
longer be satisfied. We therefore propose that the real and imaginary parts 
of the Q-meter signal be measured, thus to avoiding any complications of 
using Eq.(8) in calculating ~'(w) via Eq.(l4). 

4. Discussion 

Let us discuss the difference between the use of S(w) and x"(w) of 
Eq. (14) in determining the polarization from the int~rated spectr-a. It has 
been shown r 1 ,2,3) that the nuclear polarization is given approximately by 

w 
max 

P =:: C f S(w) dw, 
w . mm 

(16) 

where the integral is taken over the width w - w . of th frequency 
max mm 

sweep. Comparing Eqs. (2, 14 , 16) we come to the following conclusions: 
1. The term ~(w) in the denominator of Eq.l3 describes the experimen­

tally observed difference in the form of the proton NMR line shape between 
opposite signs of polarization. We will calculate this distortion later in 
Section 4.2. The term Ll V 

1
(w)/ V in the denominator of Eq. (14) allows one 

ou n 
to find backx(w) without distortions from the experimental signal. 

2. Eq. ( 16) does not take into account the frequency dependence, causes 
a distortion for wide signals, most notably the false asymmetry of the deute­
ron signals. It can be shown, however, that the integral of a distorted signal 
S(w) represents to a good approximation the polarization (Section 4.2). 

3. Eq. (16) does not take into account the distortion of NMR signals due 
to phase errors. It causes, via Vn(w) (see Eq.6), an additiona l mixing of 

~'(w) and ~"(w) in Eq.(l4), and thus this effect cannot be accounted for 
unless both the real and imaginary parts of the Q-meter output voltage are 
measured (Section 4.4). 

11 



4.1. Th e First Order Expansion 

A first order solution can be found by a complex series expansion of 
Eqs.(3,4) about ~(w) = 0. Alternatively, we find the first order approxima­
tion to ~ ( w) by setting ~ V 

1
( w) IV = 0 in the denominator of Eq. (14) giving 

ou n 

~"(w) + t~'(w) = G2(w) (=1) rV~~(w)}' (17) 

where~V 
1
(w)/V as ou n 

R 
~'(w) = wf {lm (G2

) S(w) + Re(G2
) T(w)} (18) 

and R 
~"(w) = wf {Re (G2

) S(w)- Im(G2
) T(w)}. (19) 

If only the real part of the Q-meter signal is measured, then T(w) is ob­
tained from Eq. (8). Thus, in the linear approximation, the integral of the 
real part of the output voltage over the frequency sweep as in Eq.(16) is 
generally proportional to the nuclear polarization, since although according 
to Eqs.(18) and (19) S(w) contains frequency dependent coefficients, these 
are independent of the polarization. However, the integral of T(w) of 
Eq. (19) is non zero especially in the case of high polarized deuterons with 
asymmetric signals. For narrow symmetric signals, however, this propor­
tionality is well obeyed even if the line shape~" ( w) changes as a function of 
the polarization. 

4.2. T h e Line Shape Distortion of Proton Signals 

We estimate the line shape distortion for protons from Eq.(14) with the 
values yl = 5:ru, tanh(yl) = 0, G(w) cosh(yl) = 1, pR0 = 8.5. The denomi-

nator of Eq. (1 4) becomes 

1 { [ ( t )lt · } {~v t(w)} 1-p- R 0 G(w) cosh(yl) pp + 1 + p R- wCP ~anh(yl) v:(w) :::::: 

:::::: 1- R {~Vout(w)}:::::: 1- 8.5 {~ out(w)} 
p G Vn Vn(w) ' (20) 

where Vn= V aA(w):::::: 5 V. Consequently, the following equation, valid for 

the region near the Larmor frequency W = 0), is obtained for the output sig-

12 
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Fig.2. The dotted line shows the dispersion, ~'(w), and the solid line shows 
the absorption, ~"(w) . These are the imaginary and real outputs of the 
Q-meter, respectively, after making a transformation by Eq. (14) using the 
proposed additions to the Q-meter shown in Fig.l . The line shape for the 
absorption signal is the modified lorentzian function ~"(w)-

2.54 - 1 

- [1 + lw ~ wol ] found in [9) 

nal for both positive and negative polarizations (sign of .:1 Vout< w)) for any 

frequency tuned cable (yl = S:ru) 

, 9.7 {.:1Vout(w)/Vn(w)} 

~ (w) = 1 - 8.5 {L1V
0

u
1
(w)/Vn(w)} · 

(21) 

Eqs. (20, 21) clearly show that the distortion as well as theJlonlinearity of 
the output signal depend on the amplitude of the Q-meter output voltage and 
the shunting resistances Ri and R0 . 

In order to better demonstrate the distortion of the proton signal shape 
we simulate the absorption part of the proton susceptibility by a I...orentzian-

13 
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Fig.3 . This plot shows the line shape distortion ot the real part of proton signals 
for the same but opposite signs polarization . The modulation is 0 .30 for the 
positive signal and -0.38 for the negative signal. The solid line is the Q-meter 
signal for negative polarization and the dotted line is for positive polarization . 
The susceptibility has an original width of 70.0 kHz at FWHM. The positive 
signal is broadened to 76.0 kHz at FWHM while the negative signal is narrowed 
to 62.0 kHz at FWHM 

like function found in [9]. The dispersion is then calculated from Eq. 05) 
using the algorithm of Sperisen [ 10 ]; this is shown in Fig.2. The constant 
17 Xo is adjusted to give the desired value of the modulation (M) . The simula-

tion calculates the Q-meter output signal as a function of the susceptibility 
from Eqs.(3,4) . The results are plotted in Figs.3,4. For the same but oppo­
site sign of polarization, that is the same but opposite sign of susceptibility, 
we calculate the Q-meter output voltage and find that the positive polariza­
tion Q-meter signal (M = 0.30) is broadened to 76.0 kHz at FWHM whereas 

the negative polarization Q-meter signal (M=-0.38) is narrowed to 62.0 kHz 
at FWHM with respect to the width of the susceptibility of 70.0 kHz at 
FWHM. The proton signal amplitude is larger for negative polarization than 

14 
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Fig.4. Same as Fig.J except the Q-meter signals and absorptions have 
been normalized in order to highlight the line shape distortions. The widest 
line is the Q-meter signal for positive polarization, the narrowest line is the 
Q-meter signal for negative polarization and the middle (dotted) line is the 
susceptibility that generated the signals 

for positive, as expected. The ratio of the area of the positive Q-meter output 
signal to the negative Q-meter output signal is 0.975. 

4.3. The False Asymmetry of Deuteron TE Signal s 

The double peaks of the deuteron (spin I= 1) spectrum correspond to 
two quadrupole broadened transitions which partly overlap. If we define I+ 

to be the intensity of m = 1 .....-. m = 0 transition and I_ to be the intensity of 

m = 0 .....-. m = - 1 transition, where m = (I ), then the two deuteron peaks z 
correspond to the I+ and the I_ transitions. Defining the ratio of the inten-

sities of these transitions as R = I +I I_ the deuteron polarization can be 

written in the well-known form 

15 



R2- 1 
p =--::---

D R 2+ R + 1 
(22) 

Let us calculate the false asymmetry of the deuteron thermal equilib­
rium (TE) Q-meter calibration signal caused by the frequency dependent 

coefficient G2(w)/w. According to the Maxwell- Boltzmann distribution, 
the natural polarization in 2.5 T field and at a temperature of T = 1 K, given 
by the Brillouin function(/= 1) as 

4 tanh (h w Dl 2kT) = 0.00052, 

P D = 3 + tanh2(1i w Dl 2kT) 
(23) 

where li is Plank's constant divided by 2n, k is Boltzmann's constant and 
w D= 2nx 16.35 MHz is the deuteron Larmor frequency for a magnetic field 

of 2.5 Tesla. For the TE polarization, the natural asymmetry of the deuteron 
signal is found from Eq. (22) as Rnat = 1.00078 when P D = 0.052% from 

Eq.(23). 
In order to estimate the false asymmetry we ignore the integral in 

Eq.(8) and assume that r =a= 0, reff= I ZL(w0) I= R = 9Q, p = 0.02Q-I, 

wL z p = 50 Q so that we have from Eq. (17) 

<~o= ·:· (w ±ol ~ (I+ 2pr ,n) ( 1 _ z, "=:o l ( =1) Re (A V ~~(w )l ~ 

( 

/).w +0) 
z 20 1- 2n---- s+o' wo -

(24) 

where !).w0= 0 and /).w ± = w ±- w 0= ± 2n x 60kHz is the half distance bet­

ween the pea ks of the NMR signal for deuterated 1-butanol d-10. Using an 
expression for the deuteron asymmetry from [ 11 ], we can compare the na­
tural asymmetry to the experimentally measured asymmetry. The natural 
asymmetry Rnat= 1.00078 from Eqs.(22, 23), according to [11] must cor-

respond to the peak susceptibility asymmetry 

R - ~~~~~- 0,707 
nat- " ---;-;-., --L/~0- 0.707 = 1.00078. 

(25) 

To calculate the false asymmetry, we have to replace the values of suscep­
tibility in Eq. (25) with the corresponding signal values, which should be cal­
culated from Eq. (24). Thus, 

16 



S+/S0 - 0,707 
Rexp= S_!S

0
- 0.707 = 1.075· 

(26) 

The signs ( +, -, 0) in Eqs. (25, 26) are defined in [ 11 ] as the signal extre­
ma for the respective I+ and I_ transitions, and middle point of the deuteron 

signal respectively, and S ±O refers to the value of the real part of the signal 

at those points. From the deuteron experimental TE signals [12] we estima­

ted the ratio~~~~~:::::;~~~~~= 1.95 ± 0.05 to calculate S±/S0 from Eq.(24) 

and R using Eq. (26). exp 
According to Eqs. (22, 26), the polarization is equ I to 4.8% at 

R = 1.07 5 due to the false asymmetry instead of 0.052% which is found exp 
by using the asymmetry value Rnat= 1.00078. The above example can be 

used to illustrate the difficulty in using Eq. (22) inversely to determine P D 

from R . We believe this effect explains the systematic difference between exp 
the values of polarization measured by the asymmetry method and the TE 
method. As a minimum requirement when analyzing enhanced deuteron 
signals, Eq. (24) must be used as a simple yet necessary correction to the 
false asymmetry. 

4.4. The Distortions of NMR Signals 
Caused by Phase 

Eq. ( 14) enables us to calculate the complex magnetic susceptibility from 
the NMR signal S(w) + iT(w). However, the Q-meter output voltage, acting 
on the PSD input, incorporates the complex factor Vn= A(w)V 0 (see Eq.(8)). 

~Vout= A(w)V0 {S(w) + iT(w)}, (27) 

which must be taken into account for accurate measurements. We define the 
phase of the rf generator voltage to be zero. With this convention, the 
complex amplitude A(w)V0 from Eq.(27) is 

(28) 

where <I>(w) is the phase shift of the amplifier, see Fig. I. The PSD output 
voltage is equal to 

~VPSD(w) = IA(w)V0 1 {S(w) + iT(w)} e-i[ll>(w)-<t>(w)l, (29) 
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Fig.S. A plot or the distortion or proton signals due to phase shirts. For a sym­
metric absorption, the Q-meter output voltage is distorted when the phase <I> is 
non-zero. This plot corresponds to a constant phase or + 5.0' ror the dotted 
line arid a constant phaSe or - 5.0' ror the solid line 

where 4>(w) is the phase of the voltage applied to the local oscillator <LO) 
input. We remind that the PSD output voltage does not depend on the ampli­
tude of the LO voltage. It is usually assumed that the phase shift <l>(w) of the 
amplifier in the difference <l>(w) - ¢(w) is compensated approximately by 
using a similar amplifier at the reference input of the PSD (omitted in 
Fig.l). During the tuning procedure, in accord wit~ Eq. (29) the phase diffe­
rence <l>(w) - tJ>(w) has to be accurately adjusted to zero at the frequency 
w0= 2n:v0, which is where T(~ = 0, w0) = 0 and Im {Z (~ = 0, w0)} = 0 in 

Eq. (29). This is so that the PSD detects only the real part of the Q-meter 
output voltage 

Re (~VPSD(w)) = IA(w)V0 i S(w), (30) 

which converted to zero intermediate frequency voltage in the PSD. In the 
absence of the imaginary part of this voltage, the phase tuning of the Q-meter 
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may be done only approximately using the characteristic Q-curve shape. 
The error in the setting of the phase relation of PSD gives ri e to additional 
distortion of the signal. It is evident from the plots in Fig.5 showing the pro­
ton signal for the phase errors of+ 5 and - 5 degrees. Comparing with plots 
of Fig.4, which were calculated with¢ = 0, we see the substantial distortion, 
predominantly in the antisymmetric features appearing in the signal wings. 
Due to this the integral in Eq. (2) may deviate form the original value by an 
amount which depends strongly on the zero line position (see Section 6) . 

The Q-meter with detection of the real and imaginary parts will allow more 
accurate phase tuning in additional to the extractio of the true 
susceptibitliy, using Eq. (14), including the phase correction function 
<l>(w)- rp(w) in Eq.(29). 

5. The Shape of the Q-curve 

An accurate TE-calibration normally requires a special experimental 
procedure (such as immersion in superfluid helium-4) t maintain the 
sample material at a homogeneous and accurately known temperature where 
the polarization is described by the Brillouin functjon. This calibration then 
remains valid for some period of time during which the polarization is deter­
mined by comparison of the integrated signals to the TE signals. After the 
calibration, we have to estimate and correct in some way the influence of 
circuit parameter drift on the measurement of target polarization. 

Another problem arises with the TE-calibration of small ignals such as 
those of the deuteron. Circuit parameter drift leaves a residual Q-curve, the 
differential Q-curve (due to temperature drift) superimposing with the TE 
signal, whose integral can be greater than that of the TE signal. In this case, 
the TE-calibration is dependent on the procedure used to subtract the Q­
curve. Consequently, we would like to know the true eq ation for the 
residual Q-curve. 

Both problems are addressed by fitting Eqs.(3,4) with ~ = 0 to the 
measured Q-curves, thus determining the circuit parameters and the 
residual Q-curve. 

The Q-curve is calculated from the real part of Eq.(3) with~= 0. Sepa­
rating the real and imaginary parts of Eq. (3) gives [3] 

Re { Vout(w)} = _1_ {Re (Z) + p{Re
2
(Z) + Im

2
(Z)}} (31) 

Vn RG [1 + p Re(Z) ]2+ p2Im2(Z) 

and 
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The real part can be rewritten in the form 

{Vout(w)} 1 { 1 + pRe(Z) } (33) 
Re Vn = pR0 l - [1 + p Re(Z) 12+ p2Im2(Z) 

Then using relations taken from [1 1 and applying them to Eq. (4) we find [6 1 

Re {Vo~:w)} = 

=- I - , (34) 1 · j 1 + p(R + A/ A0) ) 

pRG [1 + p(R +A/ A0) 12+ p 2 [A2/ A0 - l/wCP 12 

where 2 2} wL r 2 2 r wL 
A 0= 1 - 2k2 P + 2k1 P + (k1 + k2) { ~) + (--;;-) , (35) 

A 1 = r { 1 + k 1 ~ + (k~+ k~)} + pk1 { 1 + (~Lrl (36) 

and 

{ 
2 L 2} 

. A2= wL {1 ~ (k~+ k~)} + pk2 1 - ~) - (~ ) . (37) 

We have made use of the relation tanh(yl) = k1 + tk2, where 

tanh(a l) tan(/:Jl) 2 2 
k1 = 2 , k2= 2 , k3= 1 +tanh (al) tan (/:Jl). (38) 

k3cos (/:Jl) k3cosh (al) 

It is clear from Eq. (34) that the resonance value for the capacitance is 
very close .to C P = A

0
/ A/ w so this formula can be used for either a hybrid or 

normal resonance circuit. 
Using this method, a baseline fit can be made at any time in order to 

calculate new values for the drifting circuit parameters. These new values 
can then be used in Eq.(14) to correct the NMR signals, thus producing a 
method to compensate for parameter drift in the time between measuring 
the TE-calibration signals. 

Let us determine as an example the drift in the baseline during the TE­
calibration due to the temperature drift of yl, we take the derivative with 
respect to yl of Eq. (3) at~ = 0 which gives 
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where y(t = 0) is the value of the complex propagation constant at the start 
of the TE-calibration and y(t) is its value a time t later. These values are 
determined by fitting Eq. (34) to the baseline signal. 

6. Errors in the Polarization Calculation 

Within the scope of the series Q-meter, it is useful to mention some 
important considerations in the calculation of the polarizatio . As is well 
known, the absorption part of the susceptibility describes the frequency dis­
tribution of the spins near the NMR Larmor frequency, and its integral is 
proportional to the nuclear polarization. Strictly speaking, the polarization is 

00 

P=Cf~'(w)dw. (40) 
0 

However, in practice the absorption can only be mea~ured in a S~Il:all range 
around the Larmor frequency. Thus, the integral in Eq.(40) is measured 
over restricted limits. Moreover, it is generally assumed that the Q-meter 
signal, S(w), is proportional to ~"(w) and that 

00 

P = Cs J S(w) dw, 
0 

(41) 

where the constant of proportionality, C is a function of the modulation, the 
s 

circuit parameters, and the target material. But, the general theory of linear 
twp terminals [7] tells us that the integral in Eq. ( 41) can be calculated inde­
pendent of the circuit parameters as 

00 

J {S(w)- S
00

} dw = -I lim wT(w), 
0 w~oo 

(42) 

where S(w) and T(w) were described in Eq.(8) and 

S
00
= lim S(w). (43) 

w~oo 

Typically the wings of an absorption line fall down faster than for a Lorent­
zian function. For a Lorentzian shape, the absorption and dispersion will fall 

off asymptotically at least as fast w- 2 and w- 1 respectively. Multiplying 
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Fig.6. A plot of the Q-meter signal over a ISO MHz sweep 

Eq. (13) by wand taking the limit w ... oo, we see that the numerator goes like 

w and the denominator like w2
, so the quantity w!:J. V 

1
(w )/ V falls off like 

ou n 

w -I. The result is that 
00 

f S(w) = 0 
0 

(44) 

such that the integral is not dependent on the receiving circuit's parameters. 
The function S(w) is plotted in Fig.6 for a very wide sweep. The effect of the 
cable and slowly decaying dispersion tail on the circuit inductance is visible. 
In this figure, the cable nodes occur every 21.3 MHz, which is what is expec­
ted for a cable with length 5)./2 at 106.5 MHz Larmor frequency. 

The shape of the signal must be taken into account when designing the 
Q:..meter and when calculating the errors in the polarization measurement. 
In fact, one can see from Figs.3 and 5 that signal crosses the zero line on 
both sides of the Larmor frequency. This produces an extra error depending 
on where one draws the line about which S(w) is integrated. That is, the 
signal voltage should be allowed to cross zero when calculating the integral, 
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Error vs Modulation 
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Fig.? . An illustration of error in the proton polarization measurement 
shown as a function of modulation M for positive polarization. The 
measure of error is the ratio of the positive signal's integral to the 
negative signal's Integral for susceptibilities differing only in sign . The 
constant S0(w) is an offset added so that each signal has the same sign 

over the entire frequency sweep (I.e., the signal wings do not cross 
zero) 

and should not be offset such that it always has the same sign. There is a 
difference of a factor of two in the error for the two cases. This is plotted in 
Fig.7. 

7. Conclusions 

We have presented a new Q-meter theory for accurate measurements of 
nuclear polarization. From this analysis it is clear that new techniques must 
be developed based on the principles embodied in Eqs. (14,34) of this paper 
because the usual methods, based on series expansions of Eqs. (3,4), cannot 
be easily adapted to correct experimental data. We list the next steps in the 
development of polarization measurements: 

1. The series Q-meter [5] needs to be improved by the addition of a 
separate phase sensitive detector to measure the imaginary part as well as 
the real part of the Q-meter output signal. Also, one ought to add a function 
converter (see Fig. I) which calculates ~(w) from AVout(w) via Eq. (14). It is 

~(w), not AVout(w), whose integral is exactly proportional to the nuclear 

polarization. The reason for measuring the imaginary part of the Q-meter 
signal is to avoid the numerical calculation of the integral in Eq. (8), thus 
allowing fast and accurate corrections due to dispersion effects. 
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2. The origins of the false asymmetry of the deuteron signal and the 
distortions of the proton signal are demonstrated and henceforth can be 
accounted for. 

3. It is proposed to determine circuit parameters by fitting Eq.(34) to 
data. This would allow a method for accurate correction of the polarization 
for circuit parameter drift during long periods between TE calibrations. 

4. The experimental calibration signals can be corrected for the residual 
Q-curve by fi tting Eq. (39) to real data. This residual contribution is caused 
by temperature drift of circuit elements such as the complex propagation 
constant y during long time it takes to gain high statistics for the TE-signals. 

5. The susceptibility now be corrected for errors caused by the depen­
dence of the phase on the frequency. Within the scope of this theory, the 
effects of phase distortions can now be accounted for for the first time. 
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I I A 2 2 . 2 l.Atanasov , V.N.Penev , .I.Berlev , V.A.Krasnov , A.l.Maevskata , 
S. V .Zadorozhny2 

The new superconducting accelerator Nuclotron has been operated for the 
first time at 3.8 and 6.2 GeV /c deuteron momentum and the run on the internal 
target has been carried out in March ' 94. The measurements were done in the 
framework of SPHERE, SYaO and DELTA (INR, Troitsk) projects. There were 
used various scintillation counters for ll E-E and time-of-flight (TQF) measu ­
rements, the silicon and Csl crystal detectors for ll E-E measurements as well, 
and the lead glass EM calorimeters. The secondary particles y, 1t, K, p, d, and t 
as wen as He fragments produced by deuterons on the internal targets were 
detected and identified reliably, thus manifesting a broad perspective of the 
relativistic nuclear physics research on Nuclotron in the nearest future . 

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

3KcnepH:MeHT Ha HOBOM CBepxnpoBOASU.UeM yCKOpHTeJie 
HyKJIOTpoH npH HMnynbce AeHTpDHOB 3,8 H 6,2 f3B/c 

A.M.BaJIAHH HAP· 

Ha HOBOM CBt;pxnpoBOAIII.I.(eM yCKOpHTene HyKnOTpDH B MapTe 1994 f'OJ1a 
BnepBble yCKOpeHbl AelhpoHbl C HMnynbCaMH 3,8 H 6,2 f'3B/c H BblriOnHeHbl 
HJMepeHHH C HCnOnbJOBaHHeM BHyTpeHHHX MHUJeHeH. PaOOTa OCyiUeCTBneHa 
B paMKax npoeKTOB C<l>EPA, C510 H .UEJibTA <H51H, TpoHUK). 6binH HC­
nonb30BaHbl pa3nH'IHble CUHHTHnnHI.(HOHHble AeTeKTOpbl MH HJMepeHHII 
fl £-£ H BpeMeHH nponeTa 4aCTHI.(, KpeMHeBble AeTeKTOpbl H AeTeKTOpbl Ha 
ocHose KpHCTannos Csl, TaK)I(e Mil HJMepeHHSJ/l E-E, H :JneKTpoMarnHTHbJe 
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1Institute for Nuclear Research of the Russian Academy of Sciences, Moscow, Russia 

26 



K3JIOpMMeTpb1 1-13 CBMHL\0801'0 CTeKJI3. 3apernCTpHpoB3Hbl 1-1 H3,!1e>KHO M,!leHTM­

QJML\HpoB3Hbl BTOpwmhle qaCTML\hi y, n, K, p, d"' t, a T3K>Ke He <IJpar MeHTbi, 

pO>K,!IeHHble ,!lei1TpoH3MM H3 8HyTpeHHMX MMIIIeHliX, ,!leMOHCTpHpyll TeM Ca ­

MbiM IIIMpOKyiO nepcneKTM8Y JIJill MCCJie,!IOB3HMll peJiliTM8MCTCKOH ,!lepHOH 

QJM3MKM Ha HyKJIOTpoHe 8 6nM>Kai1rneM 6Y.!IYI.L\CM. 

Pa6oTa BhmOJIHCHa 8 Jla6opaTOpMH 8hiCOKMx :meprni1 OIUIH . 

A specialized superconducting strong-focusing accelerator of nuclei 
Nuclotron [I] is proposed, constructed and commissioned at the Laboratory 
of High Energies of the Joint Institute for Nuclear Research in order to 
continue a wide programme of relativistic nuclear physics started in 1971 at 
Dubna Synchrophasotron [2]. The main research goals are the study of the 
quark-gluon degrees of freedom in nuclei and the excited nuclear matters 
[3 ]. 

The Nuclotron beams can be used for studying practically all charac­
teristics of highly excited nuclear matter including the asymptotic value 
estimated roughly as 3.5 GeV lc per nucleon for projectile nucleus 

. momentum. This value was obtained from the universal appr ch 14] to the 
analysis of multiparticle production processes based on t e relativistic 

invariant quantities bi/, = -(pi I mi - pk I mk)2 in four-dimens ional velocity 

space of particles involved in the reaction, as well as from the experiments 

D I:: LTJ\ 

Nuclolron 
beam~ 

Internal 
target 

Fig.! . Experimental setup 
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-
on the inclusive pion production [5,6]. The experiments on the Nuclotron 
internal beams make it possible to study a large variety of nucleus-nucleus 
collisions with changing continuously the kinetic energy of incident nucleus, 
thus to research «the transition regime» from nucleon to quark-qluon matter 
grounding QXD primarily. 

We announced already on successful operation of Nuclotron and the 
first experiments on deuterons at 200 MeV /nucleon kinetic energy in July 
1993 [7]. 

This report is dedicated to the measurements carried out on the 
Nuclotron using the internal targets at deuteron momentum of 3.8 GeV /c in 
March 1994. Moreover, it was succeeded at the end of the run to accelerate 
deuterons up to 6.2 GeV /c momentum for short running period, thus to 
reach the half maximum of the energy designed for Nuclotron. 

Three experimental groups SPHERE, SYaO and DELTA (lNR, 
Troitsk) have been joined in performing the measurements on the 
Nuclotron using the internal targets. 

The schematic diagram of the present and future status of the 
experimental setup is shown in fig.l. The setup includes: 
SPHERE: multichannel lead glass EM calorimeter, 

!!. E-E and TOF scintillation counters. 
SYaO: !!. E-E telescopes of silicon detectors and , 

Csl or BGO crystals, and plastic scintillators. 
DELTA: high granularity lead glass EM calorimeter, 

multiplate!!. E-E and TOF scintillation counters. 
The experimental facility involves also the internal target operation 

equipment and the system to control the intensity and the lifetime of the 
beam interacting with the target operated inside the accelerator vacuum 
tude [8]. The principle of the beam control is based on detection of the 
target material radiation by means of the photomultiplier and tandem­
microchannel-plate detector in vacuum. The corresponding time structure of 
the beam interaction with target foils as well as its fine structure are 
presented in fig.2a and fig.2b, respectively. 

General information on the run is: 
Beam deuterons. 
Momentum: 3.8 GeV /cat B = 0.6 Tesla, 

Beam intensity: 
Beam duration: 
Target foils: 
Exposition of detectors: 
Triggers: 

6.2 GeV /cat B = 1.0 Tesla. 
- 109 I spill. 
-300 ms. 
1.57 ,ukm CH2 and 1. 72 ,ukm Au. 
- 8 hours. 
- 105 I detector. 
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Fig.2. a) Time structure of the beam-target interaction. b) Time microstructure 
of the beam-target interaction 

The following detectors operated at the present run: 
- Two identical telescopes containing four scintillation counters each 

with 2x2x0.5 cm3, 3x3x0.5 cm3, 4x4x0.5 cm3 and 7.5x7.5x65 cm3, 

respectively. The first three counters are aimed for D.E and TOF measure­

ments , and the last one for the measurement of charge particle energy E . 

The on-line scatter plot of TOF vs energy loss on fig.3a demonstrates 

qualitatively the :rc , p, d, t, and He separation capability. 
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- Two arms of 36 lead glass EM calorimeter modules are located be­
hind lmxlm scintillation hodoscopes. Each module radiator 35 em (14 r.l.) 
long is hexagonal in form with 17.5 em inscribed circle diameter. The one­
line spectrum of gamma-quanta detected by EM calorimeter is shown in 
fig .3b and it looks rather reasonable for having no visible overlaps of two 
particle hits. 

- Telescope is assembled of Si (0.3 mm) transmission detector and 
Csi(Tl) (10 mm) crystal for I!.E and E measurements of the uclear frag­
ments, respectively, as it's already evidenced on the sample of 3He, 4He and 
6He secondaries in fig.3c. Csl (Tl) detector was provided with the silicon 
photodiode readout. 

- Scintillation spectrometer for multiple sampling is assembled of 14 
layers of scintillator with dimensions increasing gradually from 
16xl6x2 cm3 for the lst to 27x27x4 cm3 for the 14th plate. The scintillation 
TOF detector is placed between the target and this spectrometer. The scat­
ter plot of the charge particle kinetic energy E (MeV) vs TOF (ns) is shown 

4 

> 
~ 3 

2 

SPHERE pre liminary Ma r c h 27 1994 
Au targe t 

6.2 GeV / c deuteron s 

Q L-~--~--~~--~--~~--~~~~ 

0 50 100 150 200 250 
E (MeV) 

Fig.4. March '94 Nuclotron run on the interal target 
d +Au-+ ... at Pd = 6.2 GeV/c. 6.£-E scatter plot for 

secondary particles 

in fig.3d . Being very preli­
minary this off-line data 
show, nevertheless, a clear 
separation of pions , kaons , 
and protons. The most re­
markable is t at all kaons 
are subthreshold ones. 

Finally, we show I!.E 
vs E scatter plot (fig.4), 
which is nique one 
although it contains few 
events, as they are the first 
pions and protons produced 
on Nuclotron at deuteron 
momentum of 6.2 GeV /c. 

In conclusion, the main 
goal of the run was con­
siderable increasing of the 
accelerated particle ener­
gy, thus all detectors and 

internal target system operated in tuning regime of accelera tor complex. 

Nevertheless, the above-mentioned data manifest the reliable perspective of 

relativistic nuclear physics research on Nuclotron in the neare t future. 
This work has been carried out owing to the great effort and support of 

the numerous staff of engineers, physicists and technicians at the l..abora-
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tory of High Energies (JINR) and we are very much obliged to them for it 
could not have been done without their assistance. 

The experiment was promoted by the Russian Grant for Fundamental 
Research (93-02-3773). 
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SOME RESULTS 

J/NR Rapid Communications No.2[65 j -94 

OF MCP TIMING RESOLUTION MEASUREMENTS 
WITH MINIMUM IONIZING PARTICLES 

A.A.Baldin1, L.G.Efimov
2 

G.A.Feofilov2, S.N.Filippov1, 
V.S.Pantuev1, F.F.Valiev 

First results of the timing resolution tests done with 800 MeV /c pion and 
proton beams for the MCP-based detector are reported. Two chevron stacks of 
multichannel plate (MCP) detectors with dimensions 43x63 mm2 were used to­
gether with the multipad readout anodes. The detectors were placed at 34 mm 
distance one from another along the beamline inside the vacuum chamber. The 
value 285 psec (FWHM) was obtained for the TOF spectra both for pions and 
protons. 

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

HeKOTOphle pe3yJihTaThl H3MepeHHH 
BpeMeHHoro pa3pemeHH~ MKn 
J(JI~ MHHHMaJibHO HOHH3Hpy10ID,HX llaCTHU: 

A.A.EaJIJ(HH H r(p. 

llpHBOJISITCSI nepBbie peayn&TaTbl H3MCpeHHH BpeMCHHOI'O pa3peWCHHSI JIC­
TeKTOpa Ha OCHOBe MHKpoKaHMbHbiX nnaCTHH (MKll) , nony'leHHbiC Ha ny'I ­
KaX nHOHOB H npoTOHOB C HMnyn&COM 800 MJB/c. JilcnOnb30BanHCb ABC COOpKH 
MKll AeTeKTOpoB C pa3MepaMH 43x63 MM2 COBMCCTHO C MHOronaAOBOH HOA­
HOH CHCTeMOH. ,UeTeKTOpbl pacnonaranHCb B BaKYYMHOH KaMepe Ha paCCTOSI­
HHH 34 MM no ny'IKy. ,UnSI opeMSinponeTHoro cneKTpa nony'leHa wHpHHa Ha 
nonyBbiCOTe 285 nCCK KaK AnSI nHOHOB, TaK H AnSI npoTOHOB. 

Pa6oTa o&monHeHa o Jia6opaTopHH BbiCOKHX 3Heprni1, OlUIH. 

1. Introduction 

This work is aimed at the experimental investigation of the igh timing 
features of MCP detectors that can be used in a wide range of experiments 
with MIPs. Results of the previous studies [1] of the efficiency of MCP de­
tectors for the MIPs registration stimulated our proposals for the new type 
coordinate and time sensitive detectors [2 ]. Now the work is b ing carried 

1INR, Institute for Nuclear Research, RAS, Moscow, Russia 
2SPbSU, St. Petersburg State University, St. Petersburg, Russia 
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... 
out on the design of the MCP Forward Multiplicity Detector of the future 
ALICE detector at the LHC [3 ]. Besides being used as charge particle multi­
plicity counter this MCP detector is supposed to be applied as Z-coordinate 
primary vertex detector and can be included into the First Trigger. The 
expected excellent timing characteristics of MCPs [4] were not sufficiently 
studied previously with minimum ionizing particles. 

Below we describe briefly the MCP-based multipad detector prototype 
designed for the future LHC environment and give the details of timing 
resolution measurements done for a set of two detectors. 

2. Detectors and Experimental Setup 

Measurements were done at the KASPIY magnetic channel of the INR 
located at the Laboratory of High Energy, JINR, Dubna. Pions and protons 

with momentum 800 MeV /c, beam size lOxlO cm2 and intensity 102-103 

per spill were used as well as {3-source. 
We used rectangular MCPs with conventional parameters: material -

(Si02) PbO, density 3.89 g/cm3, sensitive area 43x63 mm2, thickness 

supporl 
fra n1e 

clc·('lt·ociC's 

tv I (' I ) S l a c k 

CJIJOdc 
plane 

· pitcls 

Fig.! . Artistic view of the MCP stack. The transmission lines are positioned on the back­
plane of the anode plate 
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-- :'_·!:._ 

scaler 

----~--
~ 

L-----~ ~cnler 

Fig.2. Schematic view of the channel and the block diagram of the electronics. T ­
target, Q l-Q3 - magnetic lenses, B 1-82 - magnetic dipoles, S l-S2 - scin­
tillation counters, Pl-P2- pads, PA - current preamplifiers, D - discrimina ­
tors, CFD- constant fraction discriminators, QDC- charge-to-digital converters, 
TDC- time-to-digital converter 

170flm, channel diameter 15 flm, channel pitch 17 flm, channel bias angle 

7", resistance 6.4 · 108 Ohm, gain 1.6 · 104 at U = 1.14 kV. 
The general layout of one MCP-based large area multipad detector is 

given in Fig.l. It consists of two MCPs mounted in a chevron type stack and 
a special multi pad readout anode combined with 50 Ohm transmission lines 

(5]. Pads have 13xl5 mm2 size arranged in 3x4 matrix. For technical rea­
sons we have chosen rather large interplate distance 0.5 mm for each stack. 
The distance between last MCP plate and anode was 0.25 mm. 

Two similar modules were mounted on the flange at the distance of 
34 mm and placed into the vacuum chamber along the beam line. The 

vacuum chamber had two mylar 28xl6cm2 windows of 250 micron thickness. 

Operating pressure was ( 1 + 3) · 1 o-6 Torr. An external high voltage divider 
was used for each detector. It supplies equal HV for MCPs in the stack, some 
potential between MCPs, and a collecting potential about 100 V between the 
last MCP and the anode. 
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Signals from the anode pads were enhanced by current preamplifiers 
with 3 nces rise time (resulted in 5 nsec rise time and 20 nsec duration after 
30 meters of cable) and the gain about 40 (or 2 m VI f-LA). 

The block diagram of the electronics used for measurements with beam 
particles is presented in Fig.2. We used one pad in the first module and one 
pad in the second one. Signal after preamplifier was splitted to two equal 
pulses by passive divider. One pulse was sent to QDC, another one after Con­
stant Fraction Discriminator (CFD) was used as start/stop input for TDC 
and for coincidence measurements. Two identical plastic scintillator coun-

ters Sl and S2 having sizes lOxlO cm2 were used for QDC gating. Sl was 
mounted in intermediate focal plane of the magnetic channel 7.2 meters 
upstream, S2 was positioned just behind the vacuum chamber. 

3. Res ults and Discussion 

Operating conditions of the MCP detectors were tested with a collima­
ted {3-source prior to measurements with beam particles. 

In our case the applied voltage was 2.5 kV for the stack or 1.2 kV for one 
MCP plate and was restricted by ion feedback. All presented results were 
obtained at this voltage. The interplate voltage obtained after some adjust­
ment was - 100 V. It cleared the signal and suppressed the positive ion 
feedback in a wide range of the applied voltage. Nevertheless, as can be seen 
from Fig.3, where collected charge from one pad is shown, we are far from 
the saturation mode .. 

The test measurements of counting rate from {3-source and noise versus 
applied HV are shown in Fig.4. The efficiency of registration of MIPs by this 
MCP detector was tested with particle beams by usual method of two- and 
three-fold coincidences between Sl, Pl and P2 (See Fig.2) . The measured 
dependence of the efficiency on HV is shown in Fig.5. The geometric factor 
+ 25% was taken into account. It reflects an angular spread of particles in 
the beam about ± 70 mrad. Estimations of this geometric factor were made 
with the program code DECAY TURTLE. Within the errors we did not find 
the efficiency plateau: it grows steadily with HV reaching the value more 
than 80% at the maximum. This value is close to that from [1] and may be 
explained by the rather high CFD threshold and hence by some amount of 
amplitudes under the threshold. 

The result of the timing resolution measurement is presented in Fig.6. 
Signals from two MCP detectors were used as start-stop inputs for TDC. 
The TDC channel width is 95 ± 5 psec. The timing resolution (for two 
detectors and electronics) is 3 TDC's channels that corresponds to FWHM 
= 285 psec. 
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Fig.3 . The pulse height spectrum from one pad of the MCP detector obtained with 
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Fig.4. The counting and noise rates for one 
pad measured with /3-source 

Fig.S. The efficiency vs. HV for one pad mea­
sured with pions and protons at 800 MeV /c 

37 



.....-

"' .. 
.: 
::I 

1!!00 ...... -.,....---....,.----,.-:-----r----..--., 

1200 1 ... .............. . . .......... ············ ··· ··· 

900 ...... ... ........... ... 

0 600 .. ..... ~ -- ·-·· ....... .. . . 
u 

300 ········1·········· ··· 

0 L j j w 

160 180 1500 520 510 

TDC, channels 

Fig.6. Time-of-flight spectrum for two pads measured with pion and 
proton beam at 800 MeV /c . The distance between pads is 34 mm . 
FWHM is 285 psec. The TDC channel width is 95 ± 5 psec 

4 . Conclusions 

First results of the timing resolution tests at 800 MeV I c pion and proton 
beams for two MCP-based multipad detectors are reported. Two chevron 

stack of 43x63 mm2 sensitive area MCPs were used together with the multi­
pad readout anodes. The value FWHM = 285 psec was obtained for the TOF 
spectra both for pions and protons. 

In order to improve further the timing resolution it is necessary to opti­
mize the geometry of the detectors and exploit MCPs in saturation mode. 
The later is preferable for using MCP as a multiplicity detector [3] due to 
better signal to noise ratio and peaked signal electron pulse height attain­
able for this regime. 

It would be useful also to test these detectors at lower pressure of 
ambient gas close to that of LHC, where the effect of ion feedback is negli­
gible. 
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KJIACTEPH3AD;IUI B llPOD;ECCAX 
MHO)KECTBEHHOrO P0)1(Jl:EHH51 qACTHD; B 51Jl:PAX. 
Jl:BYXKJIACTEPHbiE KOPPEJI5ID;HH 

H.AureJioB, B.B.JII06nMOB, P.Toroo 

npo8e,lleH aHaJIH3 KOppeJI!Il.\HH MelKJzy KJiaCTepaMH 80 B3aHMO,IIeHCT8HliX 
(HaH,IIeiiHbiX Ha CHHMKax C 2-MeTpoBOH nponaHOBOH KaMepbl) C o6pa308aHHeM 
no Kpai1Heii Mepe J18YX KJiacTepo8. OH noKa3aJI, 'ITO H3 u.eHTpaJibHOH o6nacTH 
8biJieTaiOT cKoppenHpo&aHHbie cryCTKH (KJiaCTepbi, CTPYH H np.) c 6onbWHMH 
nonepe' IHbiMH HMnynbCaMH. 0HH HMeJOT 6onbwHe MHOJKeCT8eHHOCTH H «TeM­
neparypbi,., 'leM KJiacTepbi 8 ,11pyrnx o6naCTllx. Ha6JIJO,IIaiOTCll «JiaJibHO,IIeHCT-
8YIOI1.1He,. KOppeJilii.J.HH MelKJIY KJiaCTepaMH H3 OOJiaCTeH q,parMeHTai.J.HH MH­
weHH H HaJieTaiOII.IeH '!aCTHI.J.bl. fu MHOJKeCTBeHHOCTH H «TeMneparypbl,. 
MeHbWe 8 cpa8HeHHH C OCTaJibHbiMH. 

Pa6oTa 8blllOJIHeHa 8 Jla6opaTOpHH 8biCOKHX :meprnii OIUIH. 

Clusterization in Processes 
of Multiple Particle Production in Nuclei. 
Two-Cluster Correlations 

N.Angelov, V.B.Lyubimov, R.Togoo 

The analysis of correlations has been made between clusters in interactions 
with production, at least, of two clusters (found in photographs from the 2-meter 
propane chamber) . It is shown that correlated bunches (clusters, jets and the 
others) with large transverse momenta are emitted from the central region. They 
have larger multiplicities and «temperatures,. than clusters have in other regions. 
Long-range correlations between clusters from regions of a target fragmentation 
and incident particle have been observed. Their multiplicities and «temperatu­
res• are smaller in comparison with the rest . 

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

IIpo~OJI)KeHhl ucCJie~oBaHHSI npo6JieMhl 'KJiaCTepuaaQHH BTopuqnhlx qa­
CTHQ, o6pa3y iOIQHXCSI B Heyrrpymx MpoH- H ~po-~epHhiX CTOJIKHOBeHH­
SIX. B rrpe~~YIQHX pa6oTax [ 1-3] 6hiJIH paccMoTpeHhl OOIQHe xapaKTepu­
CTHKH KJiacTepoB, B TOM quCJie H KJiaCTepoB B co6hiTHSIX co cTpaHHhiMH H 
KYMYJISITHBHhiMH a~ponaMH. IIoJiyqeuhl peayJihTaThl no BepoSITHOCTSIM KJia­
CTepuaaQHH, TeMrrepaTypHhiM xapaKTepHCTHKaM KJiaCTepoB H T.~. 
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B HacToSim;eH: pa6oTe npe.n:cTaBJieHN pe3yJibTaTN aHaJIH3a Kop peJISIIJ,HH 

Me)KJJ:y KJiaCTepaMH, B~eJieHHNX B Heynpymx n-p-, n-C-B3aHMOJJ:eHCT­

BHSIX npH P:rc- = 40 f3B/c, a TaK:>Ke B AA-cTOJIKHOBeHHSIX npH P = 

= 4,2 f3B/c HYKJIOH, HaHJJ:eHHNX Ha CHHMKaX C 2-MeTpoBOH npo naHOBOH 

KaMepN: JlaooparopHH BNCOkHX 3Hepi'HH 0115111. LJ.JISI B~eJieHHSI KJiaCTe­

poB aHaJIH3HpoBaJIHCb B3aHMOJJ:eHCTBHSI C 11HCJIOM BTOpH11HNX 3ap SI:>KeHHNX 

l.laCTHIJ, n± ~ 4. LJ.aHHNe no AA-B3aHMOJJ:eHCTBHSIM COCTOSIT H3 6% pC-, 

14% dC-, 23% HeC- H 57% CC-cTOJIKHOBeHHH (JJ:JISI co6hiTHH c l.IHCJIOM 

KJiaCTepoB ncl ~ 2). 

B~eJieHHe KJiacTepoB npoH3BOJJ:HJIOCb B npocTpaHCTBe nep eMeHHhiX 

b/~c= (mim/m~)bik' r.n:e bik = -(ui- uk)
2
; ul' uk- 4-cKopocTH paccMaT­

pHBaeMNX l.laCTHIJ,; mi, mk- HX MaCCN; m0 - aTOMHaSI e.n:HHHIJ,a MaCChi. 

IlpH 3TOM HCfiOJib30BaJICSI aJITOpHTM «MHHHMaJibHO pa3BeTBJieHHOfO .n:epe­

Ba», B KOTopoM n 1.1aCTHU. paccMaTpHBaeMoro co6NTHSI CBS13NBaiOTCSI (n - 1) 

3JieMeHTaMH <<JJ:JIHHN>> B npocrpaHCTBe nepeMeHHNX b/k TaK, l.ITOOhl CYMMap-

HaSI <<JJ:JIHHa» (bik) 6NJia MHHHMaJibHOH. 3aTeM npHMeHSIJiaCb n pou,e.n:ypa 

HTepaU,HH, B pe3yJibTaTe KOTOpoH B~eJISIJIHCb HaH6o~ee nJIOTHN e .cryru;e­

HHSI l.laCTHIJ, (KJiaCTepN) B 3TOM npocrpaHCTBe. 

Ta6JIH~a 1. CTantCTHKa BJaHMO~eiiCTBHH, XJiacrepoa H cpe~HHe 
xapaKTepHCTHKH XJiaCTepoB 80 BJaHMO~CHCTBHHX C nel ~ 2 

T11n B3llHMOAei1cToHi1 :rc p :rc-c 

qHCJIO B3aHMOAeHCTBHH 13560 7700 

qHCJIO B3llHMOAei1CTBHH ncl <!: 2 4310 4150 

qHCJIO KJiaCTepou 9253 10154 

(ncl) 2,15±0,04 2,45±0,04 

(n±) 3,28±0,04 3,68±0,04 

(q) -0,01±0,01 0,39±0,01 

(7') (MsB) 222±3 217±3 

AA 

11020 

3370 

7269 

2 16±0.04 

3 62±0.05 

1.98±0.03 

127±2 

LJ.JISI aHaJIH3a B .n:aHHOH pa6oTe HCfiOJib30BaJIHCb B3aHMOJJ:eHCTBHSI C l.IHC­

JIOM KJiacTepoB ncl ~ 2. CTaTHCTHKa co6hiTHH H KJiacTepoB n p HBe.n:eHa B 

Ta6JI. 1. Ha 3TOM MaTepHaJie H3Yl.laJIHCb KoppeJISIU.HOHHhle <I>YHKU.HH 

C (xi, xj) =Pi Xi, x) - p 1 (xi) p 1 (xj), 
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Ta6JJHL{a 2. 0THOWCHHC 'lHCJia KJIBCTCpoB, 

~BIOIL{HX DOJIOlKHTCJibHbiC KOppeJJHL{HH K DOJIHOMY quCJiy KJiaCTCpOB (%) 

THn &3aHMO~CHCTBm'1 ][ p ][-c AA 

flcpCMCHHbiC % % % 

Y;· Yi 18,9±0,4 13,1 ±0,3 12,8±0,4 

y, P, 11,8±0,4 9,7±0,3 7,4±0,3 

y, I t\P I I 10,4±0,3 6,3±0,2 6,3±0,3 

16yl, P
1 10,5±0,3 6,7±0,2 6,8±0,3 

It\ y I, I 1\P 1 I 15,2±0,5 10,5±0,4 II ,5±0,5 

y, lt\P I I 4,8±0,2 3,1±0,1 3,6±0,2 

li\yl, lt\P
1

1 6,0±0,3 4,1 ±0,2 5,0±0,3 

pli' P, , 5,9±0,2 2,9±0,1 8,2±0,3 

y, It\ <f' I 5,1 ±0,2 3,8±0,1 4,5±0,2 

lt\yl, lt\<f> l 8,6±0,4 7,6±0,3 8,5±0,4 

P 1 , It\ <f' I 8,0±0,3 6,1 ±0,2 5,3±0,2 

lt\P
1

1, lt\ <f> l 4,3±0,3 3,5±0,2 5,8±0,4 

rAepz(x;, x)- ABYMCpHble H p 1 (x;), p 1 (x)- OAHOMCpHbiC nJ10THOCTH pac­

npeACJJCHHH KJJaCTCpDB no nepCMCHHbiM X. H X ., HOpMHpoBaHHbiC Ha CAHHH-
1 1 

u,y. 
B Ka4CCTBC nepeMCHHbiX x ., x . 6panHCb BCJJH4HHbl, xapaKTCpH3YIOLUHC 

l 1 

BblJICT KJJaCTCpoB: 

a) s n poAOJibHOM HanpaBJJCHHH - npoAOJibHaSI 6biCTpoTa y H I~ yl === 

=== ly . ..:...y. l (0:Sy:Sy ,rACY === 4,8AJIS1.7t-p-,n-C-Hy ===2,4 AJISI 
1 1 max max max 

AA-sJaHMOACHCTBHH); 

6) B nonepC4HOM HanpaBJICHHH - noncpC4HbiH HMnyJJbC p .l, 

I~P.il=== I P.ii-P.Ljl, I ~ P I === I P . - P .I H I ~ cp I === I cp . - cp . I , rAe 
.L .ll .l1 l 1 

'P;• 'Pj- y rJibl BbiJICTa KJiaCTCpDB B nJIOCKOCTH, nepnCHAHKYJJSipHOH HanpaB­

JICHHIO ABH)I(CHHSJ nepBH4HOH 4aCTHU,bl (P .L' I~ P .ll :s 2,4 f::>B/c, 

I~ P .l I ::5 4,8 f3B/ c). B CJiy4aSJx (yi' yj) H (P .Li' P .Lj) npoBOAHJJaCb CHM­

MCTPHJaU,H SJ no HHACKCaM i H j B ABYMCpHblX pacnpCACJICHHSIX. 
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BN'lHCJI.SI.IIHCb 3Ha'leHHSI Koppe.nSII.I;HOHHNX cPYHKI.I;HH .D.JISI scex nap ne­

peMeHHNx. AHaJIH3HpoBaJIHCb: a) o6nacrH nepeMeHHhlx, r,D.e C(x
1

, x) > 0 H 

dC(xi' x)IC(xi, xi)< 1 (AC- omH6Ka cPYHKI.I;HH C); 6) BeJIH'lHHhl Nc = 
= ncl(C > 0)/ Ncl , r,D.e ncl(C > 0) - KOJIH'leCTBO KJiaCTepos (KOM6Huau;HH: 

KJiaCTepoB), ,D.aiOmHX nOJIO:lKHTeJibHhle KOppeJISII.I;HH, Ncl- nOJIHOe KOJIH4e­

CTBO KJiacrepos (KOM6Huau;HH KJiacTepos). Pe3yJibTaThl npHBe,D.eHhl B 

Ta6n.2. 

J.h Ta6JIHI.I;bil 2 BH,ll.HO, 'ITO: 

1. floJIO:lKHTeJibHhle Koppe.nSII.I;HH ua6JIIO,D.aiOTCSI so scex ua6opax nepe­

MeHJ:iNx H THnOB B3aHMO,D.eHCTBHH. 

2.BOCHOBHOMNc<.n-p) 5!! l,SNC(.n- C) 5!! N/AA). 

3. A3HMYTaJibHhle Koppe.nSII.I;HHH npaKTH'leCKH ue 3aBHCSIT OT u ea3HMy­

TaJibHOH nepeMeuuoH:, THna B3aHMO,D.eHCTBHSI H cocTaBJISIIOT S-8 %. Koppe­

JISIU.HOHHNe cPYHKI.I;HH ,ll.JISI HeKOTOpbiiX nap nepeMeHHbiiX nOKa3aHN Ha 

pHc. l-4. flose,D.euue Koppe.nSIU.HOHHhiX cPYHKI.I;HH C(yi' yi) yKa3hlsaeT ua 

cyllJ,ecTsosauue <<.D.aJibHO.D.eHCTBYIOmHX>> KoppeJISIU.HH a o6nacTH uweuu u 

uaneTaiOmero Sl,ll.pa u noJIO:lKHTeJibHhlx KoppeJISII.I;HH a u.euTpaJibHoH:' o6na­
CTH (puc. I) . KoppeJISIU.HH C(P .Li' P .Lj) CBH.D.eTeJibCTBYIOT o npe MymecT-

BeHHOM o6pa3oBaHHH KJiacTepos c 6JIH3KHMH nonepe4HhiMH HMn ynbCaMH 

(pHc.2). BH.D.HO (puc.3,4) 4TO cymecTByiOT TPH o6nacTH c noJIO:lKHT JibHNMH 

PMc. l . Koppemn.IMOHHbie <I>YHKUMM a 33BMCMMOCTM OT npoJIOJibHbiX 6biCT­

poT KJ13CTepos 
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P H C.2 . To >Ke, 'ITO H Ha pHC . J, HOB 3aBHCHMOCTH OT nonepe'IHbiX HM­

n y JibCOB 

P K C.3. To >Ke, 'ITO H Ha pHC. J, HOB 3llBHCHMOCTH OT npo,IIOJibHbiX 6biCTpoT 

H nonepe'IHbiX HMnynbCOB 
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PHc.4. To lKe, 'ITO H Ha pHc.l, HO s JaBHCHMOCTH oT Ill. y I HIll. P J. I 

KOppeJISIIJ,HSIMH: a) ¢pai'MeHTai.J;HSI MHIDeHH _: 0 :5 y :5 0:2ymax H 

0 ::; P .L ::; 0,6 (r3B/ c); 6) ¢parMeuTan;HSI ua.n:eTarom;eu 'laCTHI.J;hl (Mpa) 

0, 7ymax :5 y :5 Ymax H 0 :5 P .L :5 0,6 (r3B/ c); B) u;euTpaJibHa o6JiaCTb -

0,3ymax :5 y :5 0,6ymax H 0,8 :5 P .L :5 2,4 (r3B/ c). OpH 3TOM rrpHMepuo B 

50% CJiy'laeB llOJIOX<HTeJibHhle KOppeJISII.J;HH SIBJISIIOTCSI CJieACTBHeM o6pa30-

BaHHSI KJiaCTepos B o6JiaCTH MHmeuH H (HJIH) B o6JiaCTH ¢pai'MeuTai.J;HH ua­

JieTarom;ero Sl,ll;pa. B OCTaJibHhiX 50% CJiy'laes KJiacTephl BhiJieTaiOT B u;euT­

pa.n:buou o6JiaCTH c OOJibiDHMH rrorrepe'lHhiMH HMrryJihCaMH H rroA 6oJibiDHMH 

yrJiaMH Me)I(Ay HHMH. 

CpeAHHe xapaKTepHCTHKH KJiacTepoB - KOJIH'leCTBo 'laCTHu; ( n± ), 

3JieKTPH'leCKHH 3apM ( q ), KHHeTH'lecKaSI 3HepmS1 ( T) npHBeAeHhl s 

Ta6JI.l. Ha pHc.S-7 rroKa3aHhl Hx 3Ha'leHHSI B 3aBHCHMOCTH OT npoAOJibHhiX 

6hlcTpoT H nonepe'lHhiX HMrryJibCOB KJiaCTepoB. OcuoBuaSI 3aKouoMepuoCTb 

- 3TO poeT MHOX<eCTBeHHOCTH 'laCTHI.J; H HX KHHeTH'lecKHX 3HepmH (B CHC­

TeMe I10KOSI KJiaCTepa) B 3aBHCHMOCTH OT rrorrepe'lHhiX HMITYJI COB KJiaCTe­

poB. 

TaKHM o6pa3oM, aua.n:H3 KoppeJISII.J;HH Me)I(Ay KJiacTepaMH Bo B3aHMO­

AeHTCBHSIX c o6pa3osauHeM no Kpauueu Mepe ABYX KJiacTepoB rroKa3a.n:, 'ITO 

B u;euTpaJibHOH o6JiaCTH BhiJieTaiOT cKoppeJIHpoBanuhle crycTKif (KJiacTephl, 

CTPYH H rrp.) c OOJibiDHMH rrorrepe'lHbiMH HMrryJihCaMH. OuH HMeiOT 6oJib­

mHe MHOX<eCTBeuuocTH H «TeMrrepaTyphl», 'leM KJiacTephl B ApyrHx o6Jia-
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P HC.5 . 3aBHCHMOCTb MHOJKCCTBCHHOCTH 43CTHJ.l 8 KJl3CTCpe OT y H p 1 

1 

PHC.6 . 3aBHCHMOCTb 3JlCKTpH'ICCKOI'O Jap11;l3 KJl3CTepa OT y H p 1 

CTSIX. Ha6JIIOAaiOTCSI <<AaJibHOAeHCTBYIO~He>> KOppeJISII.I,HH Me~y KJiaCTepa­

MH H3 OOJiaCTeH ti>parMeHTaiJ,HH MHIDeHH H HaJieTaiO~eH qaCTHIJ,bl. 11x MHO­

)J(eCTBeHHOCTH H «TeMnepaTypbl>> MeH&IDe B cpaBHeHHH C OCTaJibHbiMH. 
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THE Au_ ASYMMETRY IN DIFFRACTIVE REACTIONS 
AND STRUCTURE OF QUARK-POMERON VERTEX 

S.V.Goloskokov, O.V.Selyugin 

T heoretical predictions for the behaviour of Au asymmetry determined by 
the pomeron-hadron vertex are done. Strong dependence of the asymmetry on 
the mass creating quarks and transfer momenta is shown. 

T he investigation has been performed at the Bogoliubov Laboratory of Theo­
retical Physics, JINR. 

ALL -acHMMeTpH.si a ~H<ppaKu;HoHHhlx peaKI.J;H.siX 
H CTPYKTypa KsapK-noMepouuo:H sepiiiHHhl 

C.B.r oJiocKoKos, O.B.Cemornu 

ITpe~cTaBJieHbi TeopeTH'IeCKHe npe~cKa3aHHll nose~eHHll Au aCHMMeT­
PHH, Onpe~eJilleMOH CTpyKrypoH KBapK-nOMepOHHOH sep11111Hbl. ITOKa3aHa 
CHJibHall 3aBHCHMOCTb BeJIH'IHHbl aCHMMeTp1111 OT MaCCbl po)l(~aiOI.I.\HXCll KBap­
KOB 11 nepe~aHHOrQ MOMeHTa. 

Pa6oTa BbinOJIHeHa s Jia6opaTopHH TeopeTH'IeCKOH Q>H3HKHHM.H .H .Iioro­
mo6ona, O:H.sm:. 

1. Int r oduction 

The spin effects in high energy reactions are still an open problem of 
perturbative QCD. Like in the framework of the standard perturbative QCD, 
there is no way to explain many spin phenomena revealed in different proces­
ses at high energies. 

The spin-flip effects do not exist in the massless limit [1] in hard pro­
cesses where all quark masses must be omitted. If we do not neglect the 
quark masses, the spin-flip amplitudes are suppressed as a power of s with 
respect to the spin-non-flip ones. 

The t-channel exchange with vacuum quantum numbers (pomeron) 
gives a fundamental contribution to high energy reactions at fixed· momenta 
transfer (s-. oo, t-fixed). The calculations of diagrams and their summa­
tions are usually performed in the leading logarithmic approximation (see, 
e.g., [2]). However, the spin-flip amplitudes are absent in this approxima­
tion. 
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As has been intimated, the most part of spin experimental data at high 
energies are obtained at fixed momenta transfer. So, the theoretical rese­
arch of the pomeron spin structure is very important. The vacuum t-channel 
amplitude is usually associated in QCD with the two-gluon exchange [3 ]. 
The properties of the spinless pomeron were analysed in [ 4,5] on the basis 
of a QCD model with taking account of nonperturbative properties of the 
theory. 

A similar model was used to investigate the spin effects in pomeron ex­
change. It was demonstrated that different contributions determined by a 
gluon ladder [6] and quark loops [7] may lead to the spin-flip amplitude 
growing ass in the limits~ oo. Factorization of the qq amplitude was shown 
into the spin-dependent large-distance part and the high-energy spinless 
pomeron. This permits us to define the quark-pomeron vertex and to discuss 
the results of summation of the pomeron ladder graphs in higher order of 
QCD. It has been shown that the obtained amplitude leads to the ratio of 
spin-flip and non-flip amplitudes being perhaps independent of the energy 
[8]. This result should modify different spin asymmetries and lead to new 
effects in high energy diffractive reactions which can be measured in future 
experiments in the RHIC at Brookhaven [9]. 

2. Pomeron and Spin Phenomena 

In was demonstrated in the soft momentum transfer region in [6] within 
the qualitative QCD analysis that the qq spin-flip amplitude growing ass can 

be obtained in the a; order. Factorization of the spin-flip amplitude has been 

shown into the spin-dependent large-distance part (quark-pomeron vertex) 
and the high-energy spinless pomeron. The quantitative calcul tions of the 

spin effects in qq scattering were performed in the a; order in t e half-hard 

regions~ oo, I tl > 1 GeV2 [10], where the perturbative theory can be used. 
It was shown that the quark-pomeron vertex (Fig.l) in the perturbative 

region has a form 

(1) 

• 
In (1) u .(q) are the vertex functions. The term proportional to y corres-

z ~ 

ponds to the standard spinless pomeron that reflects the well-known fact 
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Fig. I . Quark-pomeron vertex 

(A1) p1 

(A2) p2 XFP2 

Fig.2. Diagram for the production· of a 
quark pair in pomeron-hadron interac­
tion 

that the spinless quark-pomeron coupling is like a C = + I isoscalar photon 
[4]. We use the simple form of the u

0
(q) vertex function 

2 
flo 

uo(q) = -2- 2 • 
flo+ Q 

2 2 q=-Q. 

with flo- I GeV introduced in [5]. The functions u1 (q) + uiq) at large Q2 

were calcula ted in perturbative QCD [ 10 ]. Their magnitudes are not very 
small. Additional spin-flip contributions to the quark pomeron vertex can be 
connected with instanton effects (see [11), [12] e:g.). The magnitude of 
these effects is not very well defined because they are model dependent. 

Note that the structure of the quark-pomeron vertex function (l) is 
drastically d ifferent from the standard spin less pomeron. Really, the terms 
u1 (q) - u

4
(q) lead to the spin-flip in the quark-pomeron vertex in contrast to 

the term proportional to u0(q) which is spin-non-flip one. As a result the new 

terms can modify different spin asymmetries and lead to new effects in high 
energy reactions. 

To show this, let us investigate the quark pair productions in diffractive 
hadron reactions. This sort of reactions was investigated by different authors 
(see [13] e.g.). We shall estimate the longitudinal double spin asymmetries 
in the reaction (Fig.2) as an example. Note that to extract this process, we 
must detect the final proton with the longitudinal momenta pi= x

1
p

2
. The 

angle of this final proton in the c.m.s. is determined by the relation 

sin(O ,)= VQ2/(x1s) and for Ys = 100 GeV, Q2= 10 GeV, x
1
= 0.7 we have 

p2 • 

sin (0 ,) - 0.04. 
p2 

The resulting asymmetry looks as follows 
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Here I 

I L1g(y) dy 

G - -"o'---:---,-,-,------
g- (yg(y)) I y=O ' 

m is the quark mass. For the simple form of the gluon structure function 

g(y) = ~ (1 - y)s 
y 

we have for the coefficient (3) 
I 

I L1g(y) dy 

c = -=-0--=---_ 
g 3 

I 

(3) 

(4) 

It is well-known that I L1g(y) dy- 3 is necessary for the explana tion of diffe­
o 

rent spin effects [ 14 ]. In this case C g- 1. 

3. The ALL Asymmetry for the Energy 

of RHIC and AGS 

It is easy to see from (2) that for the standard spinless pomeron that 

contains the u0 term, only the asymmetry(2) has a slow Q2 dependence on 

the logarithmic term in the denominator. However, we must observe a strong 

Q2 dependence in the Au asymmetry for the pomeron vertex with the spin­

flip part. The resulting asymmetry is equal to zero for x
1
= 1. T he Au asym-

metry for energy of RHIC Vs = 100 GeV estimated on the basis of pertur­
bative results for vertex functions for x F= 0. 7 and C g = 1 is shown in Fig.3. 

The resulting asymmetry can reach 10 + 12% in the case of large magnitude 
for the integral (4). As can be seen, from Fig.3, we have an insignificant 
negative asymmetry for light quarks and positive for quarks with large mass. 
However, for low energies the asymmetry of light quarks can e sufficiently 
large. 

Similar experiments can be performed at AGS energies (Vs = 7 GeV). 
In this case we can analyse the production of light and charm quarks. The 
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0.12 v's-100GeV 
.....:l 
.....:l 
~ 0.09 / 

.......... 

.......... -
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0 :~: k /_---------
0.00 
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---
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-

- 0.03 
10 15 20 25 30 35 40 45 

Q2 GeV2 

Fig.3. Au- asymmetry in the case of the pomeron-hadron interaction at the 
RHIC energies (for the spinless vertex -solid curve; for the spin-flip vertex 
and different mass of creating quarks: dotted line- m = 0.005 GeV, dot­
dached line- m = 1.3 GeV, short dashed line- m = 4.6 GeV) 

.....:l 

.....:l 

0 .45 v's-7 GeV 

~ 0 .30 

0 .15 

0.00 

-0.15 
3.0 

· - . 

4.0 5.0 6.0 
Q2 GeV2 

Fig.4. Au- asymmetry in the case of the pomeron-hadron interaction at the 
AGS energies (for the spinless vertex - solid curve; for the spin-flip vertex 
and different mass of creating quarks: dotted line- m = 0.005 GeV, dot­
dached line- m = 1.3 GeV) 

predictions for the pomeron contribution to the ALL asymmetries in this case 

for xF= 0.7 and Cg= 1 are shown in Fig.4. The asymmetry is large and 

reaches 40% because in this case we have no large suppression by the 

In [s(1 - x)/ Q2
] term in (2). We can see that asymmetry of light quarks can 

reach 15%. The maximum asymmetry strongly depends on scattering 
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energies, Q2 and quark mass. So, for Vs = 100 GeV we have the maximum 

asymmetry at Q2= 20 + 25 GeV2 for the quark mass equal to 1.3 GeV and at 

Q2= 45 +50 GeV2 for the quark mass equal to 4.6 GeV. 

4. Conclusion 

So, the ALL asymmetry can be measured and the information about the 

spin structure of the quark-pomeron vertex can be extracted. Therefore, the 
experiment has been carried out to determine the dependence of asymmetry 

ALL on Q2 for separate mass quark, for example, mq= 1.3 GeV, or the de-

pendence of asymmetry on the quark mass at separate Q2
, for example, for 

Vs = 100 Ge V, Q2 = 20 + 25 Ge V 2. This asymmetry can be used for the 
evaluation in RHIC of 

1 
I ~g(y) dy, 
0 

0 0 

if the magnitudes of vertex functions u1 (q) + uiq) are known from other ex-

periments or in the opposite case (when the ~g(y) is known) f r the deter­
mination of the vertex functions u1 (q) + uiq). This permits one to determi-

ne a relative magnitude of the nonperturbative instanton contribution. 
Moreover, using the handedness method [ 15] the final quark -spin cor­

relations with the spin of initial hadrons can be observed. 
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BbiXO,U:bl M 3HEPrETMqECKME CUEKTPbl SI,U:EP 
He, Li, Be B CUOHT AHHOM ,U:EJIEHMM 248Cm 

M.ll.JiiBaHOB, M.B.Ky3neu.oB, B.<l>.KymuupyK, B.C.CanaMaTHH, 
IO.r.Co6oneB, r.B.ByKnauoB 

WJMepeHbi BbiXOAbi H :mepreTH'IeCKHe cneKTpbi SIAep He, Li H Be o cnoii ­
TaHHOM AeJieHJoiJol 248Cm. }l;JISI Joi3MepeHHH Jo1CnOJib30BaJICSI TeJieCKOn, CO/Iep­
JKa~JoiH JoiOHH3a~JoiOHHyiO KaMepy AJISI Joi3MepeHHSI nOTepb :meprnH dE 
H Si(Au)E-AeTeKTop. 3KCTpanonHpo&aHHbie BbiXOAbi, HaH6onee oepoSITHbie 
:meprnH Jo1 UJJolpHHbl :mepreTH'IeCKJoiX pacnpeAeJieHJoiH Ha nOJIYBbiCOTe COCTa­
BJoiJIJol (2,3±0,3) ·10-3 I /JIBOHHoe AeJieHHe,(l5,6±0,3) M3B, (10,5±0,2) M3B 
AJIII He; (5,91±2,11)·10-6 1/ABOHHOC AeJieHHe, (15,2±2,2) M3B, 
(13,4±2,0) M3B AJISI Li: (1,12±0,51) ·10-5 I IABOHHOC AeJieHJole, 
(21,1±2,8) M3B, (13,1±2,2) M3B AJISI Be . Ha6JIIOAaeTCSI xooowa11 Koppe­
JISI~HSI BbiXOIIOB 1111ep He c Z 2 I A AJISI cnoHTaHIIO AeJISI~HXCSI 248

•
144

•
242Cm-HJo-

TOnoo, BbiXOAbi SIAep He yoeJIJoi'IHBaiOTCSI c yoeJIH'IeHHeM 2:2 I A. · 
Pa6oTa BblnOJIIIella B Jia6opaTOPJoiJol SIAepllbiX peaK~JoiH ow~w. 

The Yields and Energy Spectra of He, Li . and Be Nuclei 
in 248Cm Spontaneous Fission 

M.P.Ivanov et al. 

The yields and energy spectra of He, Li and Be nuclei accompanyng 
248

Cm 
spontaneous fission were measured. A telescop consisting of ionisation chamber 
for measuring the energy losses dE and a E Si(Au)-detector were used for the 
measurements. The extrapolated yields, most probable energies and wid ths are: 
(2.3±0.3) · 10-3 I /binary fission, (15.6±0.3) MeV, (10.5±0.2) MeV for He; 
(5.91 ±2.11) · 10- 6 I /binary fission, (15.2±2.2) MeV, (13 .4±2.0) MeV for Li; 
(1.12±0.51) · 10-5 I /binary fission, (21.1 ±2.8) MeV, (13.1 ±2.2) MeV, for 
Be. The ~ood correlation of He nuclei yields with Z 2 I A for spontaneously 
fissioning 48

•
244

•
242Cm isotopes js observed, the yields increase with increasing 

z2/A . 
The investigation has been performed at the Laboratory of Nuclear 

Reactions, JINR. 

BBe~euue 

Tpouuoe ~eneuue TsvKeJihiX smep, npu KOTopoM nerKaSI 3apSIX<euuaSI 
qacTuu.a (JI3l.J) (Z = 1-8) ucnycKaeTC~ H3 o6nacTH Me~y ~BYMSI ocKoJI­
KaMH B MOMeHT BpeMeHH, 6JIH3KHH K pa3~eJleHHIO SIJ(pa, DOCTOSIHHO npHBJie-
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KaeT BHHMaHHe HCCJie~OBaTeJieH. 3TO CBSI3aHO C TeM, qTO TaKyiO JI3q MO::>K­

HO paCCMaTpHBaTb KaK 30H~, n03BOJISIIO~HH H3yqaTb reOMeTpuqecKyiO 

KOHqmrypal(HIO Sl~pa H ~pyme xapaKTepHCTHKH B XO~e ero ~eJieHHSI 

H TaKHM o6p a30M HCCJie~oBaTb ~HHaMHKY MepHOro ~eJieHHSI. 0630p noc­

Jie~HHX pe3 yJI&TaTOB, nOJiyqeHHbiX B :noif 06JiaCTH, ~aH B pa6oTe (1]. 

MaKCHMaJibHbiH BbiXO~ B TpoHHOM ~eJieHHH (OKOJIO 90%) HMeiOT a­

qaCTHI.l;bl C HaH60Jiee BepOSITHOH KHHeTuqeCKOH :mepmeif OKOJIO 16 M3B 

(~JIHHHonpo6e::>KHhle a-qacTHI..(bl (.II,A q)). Tio3TOMY BbiXO~bl .II.A q (OTHO­

meHue qnCJia HCnyrn.eHHbiX .IJ.A q K qucJiy ~BOHHbiX ~eJieHHH) , HX 3Hep­

reTuqeCKHe H yrJIOBble pacnpe~eJieHHSI noJiyqeHbl ~JISI 3HaqnTeJibHO 60Jib­

mero qncJia Sl~ep no cpaBHeHHIO c BbiXO~aMH ~JISI ~pyrnx JI3q. B pa6oTe [2] 

noKa3aHo, q To HMeeTCSI xopomaSI KOppeJISII.l;HSI BbiXO~OB .II.A q c z2 I A. 3Ta 

KOppeJISII.J;HSI OObSICHSieTCSI BJIHSIHHeM 060JIOqeqHbiX 3qxpeKTOB B JierKHX 

ocKOJIKax. M o::>KHO npe~noJiaraT&, qTo n3yqeHne no~o6Hhlx KoppeJISII.J;HH 

~JISI JI3q C Z > 2 n03BOJIHT e~e 6oJiee npO~BHHYTbCSI B nOHHMaHHH npou;ecca 

Sl~epHoro ~eJieHHSI. Oco6eHHbiH HHTepec npe~cTaBJISieT cnoHTaHHoe ~e­
JieHue, B KOTOpOM BJIHSIHHe o60JIOqeK npOSIBJISieTCSI HaH60Jiee CHJibHO. 

3Kcnepn MeHTaJibHble ~aHHble no TpOHHOMY ~eJieHHIO C 3MHCCHeH 

qaCTHI.l; 60JICe TSI::>KeJibiX, qeM ~QMHHHpyiO~aSI a-qaCTHI.J;a, He~OCTaTOqHbl 

H3-3a HX HH3KOro BbiXO~a (!::! < 10-S Ha 6uHapHOe ~eJieHHe) . 
.II,JISI JI3q c Z> 2 ~aHHble no Bblxo~aM u 3HepreTuqecKHM pacnpe~e­

JieHHSIM noJiyqeHbl B OCHOBHOM B 3KCnepHMeHTaX no BbiHY::>K~eHHOMY ~e­

JieHHIO Mep HeH:TpoHaMn H raMMa-KBaHTaMH. E~HHCTBeHHbiM cnoHTaHHO 

~eJISI~HMCSI Sl~pOM, ~JIH KOTOpOro H3MepeHbl BbiXO~bl H 3HeprHH JI3q C Z> 2, 
SIBJISieTCSI 

252
Cf. B HacToSim;eH: pa6oTe BnepBhle H3MepeHhl Bhlxo~w " 3Hep­

reTuqecKue pacnpe~eJieHHSI Sl~ep He, Li H Be ~JISI cnoHTaHHO ~eJISim;erocSI 

Sl~pa 248
Cm. 

3KCnC p HMeHTaJI&HaSI MeTO~HKa 

YI3MepeHHSI npoBo~HJIHCb c ucnoJI&30BaHHeM (dE-E)-TeJiecKona, cxe­

MaTuqecKoe H3o6pa::>KeHue KOToporo npuBe~eHo Ha puc.1 (CJieBa). B KaqecT­

Be dE-~eTeKTOpa HCnOJib30BaJiaCb HOHH3ai.J;HOHHaSI KaMepa, KOTOpaSI COCTO­

SIJia H3 ~BYX nJIOCKHX napaJIJieJibHbiX 3JieKTpO~OB, HMeiOI.IJ;HX <l>opMy Kpyra 

~HaMeTpOM 24 CM, OTCTOSII.IJ;HX ~pyr OT ~pyra Ha paCCTOSIHHH 70 MM, H pac­

nOJIO::>KeHHOl i Me::>K~Y HHMH CeTKH. Co6upaiOI.IJ;HM 3JieKTpO~OM KaMepbi 

CJIY::>KHJia CeTKa H3 HHXpOMOBOH npOBOJIOKH TOJII.IJ;HHOH 100 MKM, HaTSIHYTOH 

cmaroM 2 MM. 

Ha o~HOM H3 3JieKTpo~oB 6biJI 3aKpeiiJieH noJiynpoBO~HHKOBbiH 
Si (Au) E-~eTeKTop, TaK, qTo noKpbiTaSI 30JIOTOM noBepxHoCTb ~eTeKTopa 

HaXO~HJiaCb B O~HOH nJIOCKOCTH C nOBepXHOCTbiO 3JieKTpO~a. .II,HaMeTp 
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P11c.J. CxeMa :JKcnepHMeHTaJibHOH ycTaHOBKH (cneoa), (dE-E)-cneKTp 'laCTHL\ He, Li, Be 
(cnpaoa). 

nOBCpXHOCTH H TOJI~HHa paooqero CJIO.si £-~eTCKTOpa COCT3BJI5IJIH COOTBCT­

CTBCHHO 50 MM H 200 MKM. Ha ~pyroM :meKTpo~e K3MCphl yCT3 H3BJIHBaJIC.si 

HCTO'IHHK 
248

Cm HHTCHCHBHOCTbiO 104 ~eJI./C. llpH H3MCpCHHSIX JI3q 
HCTO'IHHK 6biJI noKpbiT Al-<J>oJibroH: TOJIIII;HHOH 28 MKM. llcTO'IHHK npe~­
CTaBJISIJI COOOH OKC~ KIOpHSI (96,0% 248

Cm, 3,8% 246
Cm, H 0,2% 244

Cm), 

H3I"OTOBJICHHbiH 3JICKTpooca~CHHCM H3 paCTBOpa HHTpaTa KIOp HSI B H300y­

T3HOJIC Ha no~JIOX<KY H3 1,5 MKM (710 MKr/cM
2

) Ti. OcaX<,ll.eHHhiH CJIOH 

npoKaJIHBaJicSI npH TeMnepaType 4oo·c ~o noJiyt~eHH.si Cm0
2

• Cpe~HSISI 

TOJI~HHa CJIOSI HCTO'IHHKa cocTaBJISIJia 150 MKr I cM
2 

c pa36pocoM no DJIO­

~a~H <10%. CBepxy HCTO'IHHK 6biJI noKphiT CJioeM yrJiepoAa TOJI~HHOH 
30 MKr/cM

2
. 

Pa60'IHH o6beM HOHH33~HOHHOH K3MCphl 3anOJIHSIJICSI CM CCbiO ra30B 

(aproH +10% MeTaHa) npH ~aBJICHHH 0,2 aTM. Ha ceTKY no~aBaJIOCb HanpSI­

X<CHHe 400 B . ToJI~HHa dE-~eTeKTopa npH 3TOM cocTaBJISIJia 2,5 Mr/cM
2

, 

'ITO 3KBHBaJICHTHO Si (Au) -AeTeKTopy TOJI~HHOH 8 MKM. KaJIH6poBKa 

d£,£-CnCKTpoCKOnH'ICCKHX TpaKTOB TCJICCKOna n pOH3BOAHJI3Cb 

no 3HepmSIM a-t~aCTH~ AOt~epHHX npoAyKTOB pacnMa 
22~a (4,75; 5,46; 

5, 97 H 7,68 M3B) H3 KOMDJICKTa o6pa3~0BbiX HCTO'IHHKOB OCH AH H 
232

Th 

(6,06 H 8, 78 M3B). llcnOJib30BaJiacb CTa~apTHaSI 3JICKTpoHHa SI annapaTy­

pa C AHCKpHMHH3TOpaMH CO CJICASI~HM noporoM H BpCMSI-3MDJIHTYAHhiMH 

npeo6pa3oBaTeJISIMH. HaKonJieHHe H nocJICAYIO~aSI «off-line» o6pa6oTKa 

HH<J>opMa~HH npoH3BOAHJI3Cb C nOMO~biO nepcOHaJibHOro KOMnbiOTepa 

PC AT 286. llACHTH<i>HKa~HSI t~aCTH~ npoBO~HJiacb BhiACJieHH CM 30H 3ace­

JICHHSI t~aCTH~ B ABYMCPHOH (dE-E)-MaTpH~e, npeACTaBJICH HOH Ha pHc.l 

(cnpaBa). KaK B~HO H3 pHCYHKa, OTCYTCTBHC TO'ICK MCX<AY 30H3MH 33CC-
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P11c.2. 3nepreTH4eCKHe cneKTpbl 
He, Li, Be 

neHH11 He, Li, Be no3BOJijiJIO Ha~e)KHO BflUieJISITb pernCTpnpyeMhle t~aCTHLJ.bl . 

.11,JISI nOJiy4eHHSI 3HepreTH4eCKHX CneKTpoB ~eHTHcPHLJ.HpoBaHHbiX 4aCTHU. 
BBO~HJIHCb nonpaBKH Ha nOTepH :meprHH B Al-cPoJibre B COOTBCTCTBHH C (3(, 

npH pact~eTe nonpaBOK HCnOJib30BaJIHCb Cpe~HHe 3Ha4eHHSI MaCC H30TOnOB 

Li, Be H3 [ 1 1. Ha pnc.2 npnse~eHbl :mepreTnt~ecKne cneKTpbl t~aCTHU. He, Li 
n Be B cnoHTaHHOM ~eneHHH 248Cm, rna~KHMH KpHBbJMH npc~cTasneHhl 
pe3yJibTaTbl x2

-annpoKCHMaLJ.HH cPYHKLJ.HeH raycca, napaMeTpbi KOTOpbiX 

~aHbl B Ta6JI . l-3. 

Pe3yJi hTaThl n o6cy)K~eHne 

B Ta6n. l npnse~eHhl cyMMapHhle BbiXO~bl H3oTonos He (Y), Han6onee 
sepo11THhle 3Heprnn <E>, wnpHHbl pacnpe~eJieHHH no 3Heprnn 
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na llOJIOBHHe BhiCOTbl (I1IIII1B) ~JISI 248
Cm H 

252
Cf, BhiXO~hl JI31.J: ~JISI 242

Cm 

H 
244

Cm H 3HalJeHHSI z2 I A ~JISI Ka~oro HYKJI~a. 

Ta6JIH~a I. BhiXO~ ~mep He 

51.z~po z1/A y (xl0-3) <E>,M3B lllllllB ,M3B Jb!Tep. 

z•zcm 38,08 3,89±0,26 - - [4] 
l44Cm 37,77 3,18±0,20 - - [4] 
l48Cm 37,16 2,3±0,3 15,35±0,3 10,5±0,2 HacT. pa60Ta 

:zszcr 38,11 3,21±0,46 15,6±0,2 10,3±0,5 [5] 

l.J:uCJio 3apemcTpuposannhlx Mep, BhiXO~hl H napaMeTphl 3Hepre­

TH'IeCKHX ~acnpe~eJienuu Mep Li H Be ~JISI 248
Cm B cpasueuuu c H3Mepeu­

HhiMH ~JISI 52
Cf npHBO~SITCSI B Ta6JI.2 H 3. BhiXO~hl OTHeCeHhl K 104 

Mep He. 

Pe3yJibTaT, noJiyqennhlu npu H3Mepeuuu Bhlxo~a Mep H e ~JISI 248
Cm 

(Ta6JI.l) , no~TBep~aeT OTMe'lenuyro B [2] 3aBHCHMOCTb BhiX ~OB OT z2 I A 
~JISI H30Tonnhlx PMOB. Bhlxo~ LI:A lJ: nolJTH JIHneuno yseJIH'IHBaeTCSI 

C yMeHbiiieHHeM MaCChi H30TOna, 'ITO MO)KHO OObSICHHTb yseJIH'IeHHeM Bepo­

SITHOCTH BhiXO~a JierKOH 'laCTHD;hl C yseJIH'IeHHeM ~e<PopMaD;HH JierKOI"O 

OCKOJIKa. IIpu 3TOM H3 H3Mepeuuu CJie~yeT, 'ITO napaMeTphl 3nepreTH'Iec­

Koro pacnpe~eJieHHSI He B npe~eJiax OIIIH6oK 3KcnepuMenTa n paKTH'IeCKH 

cosna~aiOT. 

ECJIH CJie~osaTb TaKou JIOmKe paccy~euuu, TO ~JISI shlxo~os JI31.J: 

c Z> 2 CJie~yeT 0)K~aTb ew;e 6oJiee pe3KOH 3aBHCHMOCTH OT z2 I A. O~naKO 
s 3TOH o6JiaCTH H3MepenHSI nposo~HJIHCb TOJibKO c 

252
Cf, H KpoMe 3Toro 

HMeeTCSI 6oJibiiiOH pa36poc H3MepeHHhiX napaMeTpoB, CBSI3aHHhiH CO CJIO)K­

HOCTbiO H3MepeHHH H o6pa6oTKH llOJiy'leHHhiX ~aHHhiX. JTO B~HO 

H3 pe3yJibTaTOB, npHBe~eHHbiX B Ta6JI.2 H 3. 
ECJIH C'IHTaTb ~annhle no TpounoMy ~eJienuro 252

Cf c BhiJieToM SI~ep Li 
H Be, noJiyqennhle B pa60Tax [8,9 ], uau6o11ee ~ocTosepnbiMH, TO, no­

B~HMOMy, BhiBO~ o 6o11ee CHJibHOH 3aBHCHMOCTH Bhlxo~os JI31.J: c Z>2 

OT z2 I A no~TBep~aeTCSI. CyMMapHhiH BbiXO~ Mep Li ua 104 
Mep He 

~JISI 248
Cm npuMepuo s ~sa, a Be s TPH pa3a HH)Ke, 'leM ~JISI 252

Cf. 113 H3JIO­

)Keuuoro Bhiiiie MO)KHO C~eJiaTb BhiBO~ 0 TOM, 'ITO npOBe~eHHe HOBhiX 6oJiee 

TID;aTeJibHhiX H3MepeHHH BbiXO~OB H 3HepreTH'IeCKHX pacnpe~eJieHHH JI31.J: 
TpoHHOI"O ~eJieHHSI ~JISI 6oJiee IIIHpoKOI"O Kpyra CllOHTaHHO ~eJI SIID;HXCSI Mep 

ll03BOJIHT cym;eCTBeHHO paCIIIHpHTb HaiiiH npe~CTaBJieHHSI 0 n pou;ecce SI~ep­

HOI"O ~eJieHHSI. 
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Ta6JIH~a 2. B&IXOA RAep Li 

Sl)lpo q HCJIO 3KCTpanOJIH,t BbiX. <E>, M:~B lllllllB, JIHTep. 

'laCTH~ Ha 10 M:~B 

252Cf 2496 13,2±1,6 20,0±1,0 7.8±2,4 [6) 

252Cf 3863 29,1±5 18,5±1,0 - [7) 

252Cf - 55±4 - - [8) 

252Cf 6200 53±6 13,5±1,4 13,8±1,7 [9) 

248Cm 433 25,7±8,6 15,2±2,2 13,4±2,0 HaCT. pa60Ta 

Ta6JIH~a 3. Bb1XOA RAep Be 

Sl)lpo q i1CJIO 3KCTpanOJI11p. BbiX. <E>, M:~B lllllllB, JIHTep. 

'laCTI11..\ Ha 104 
He M:~B 

zszCf 2264 20,1 ±2,0 26 13 [6) 

252Cf 9115 65±7 19,2±1 - [7) 

252Cf - 164±9 - - (8] 
248Cm 522 48,6±24 13,1±2,2 13,1±2,2 HaCT. pa6oTa 

ABTOpbl 6JiaroAapHb1 10.3.lleHHOH:lKKeBHliY 3a IIOCTOSIHHYIO IIOMep:lK­
KY npu nposeAeHHH 3KcnepnMenTa, B.l1.DyCTbiJibHHKY 3a noJie3Hble 
o6cy:lKAeHHSI , 3.M.Ko3yJinuy'tt IO.B.Jlo6auosy 3a noMO~b s pa6oTe. 

JlnTepa Typa 

1. Theobald J. - In: Proc. of Int. School-Seminar on Heavy Ion Physics, 
JINR, E7-93-274, Dubna, 1993, v.1, p.262. 

2. Wageman C. - In: Proc. of Int. Workshop on Dynamical Aspects 
of Nuclear Fission, JINR, E7-92-95, Dubna, 1992, p.139. 

3. Northclife L.C., Schilling R.E. Nucl. Data Tables, 1970, v.A 7, No.3-4. 
4. Nobles R.A.- Phys.ReV., 1962, v.126, No.4, p.1508. 
5. Wild J .F. et al.- Phys.Rev.C, 1985, v.32, No.2, p.488. 
6. Cosper S.W., Cerny J., Gatti R.S.- Phys.Rev., 1967, 154, p.ll93. 
7. Gazit Y., Nardi E., Katcoff S.- Phys.Rev., 1970, C1, p.2101. 
8. fpalleB B. T. HAP· -51 <I>, 1988, T.47, Bbln.3, c.622. 
9. Dlouhy Z. et al.- Report HMI-B, 404, 1989, p.43. 

PyKorrucb rrocTyrrHJia 22 arrpeJiii 1994 roAa. 

60 


