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1. INTRODUCTION 
A number of highly precise measuruments of elastic scatter

ing of pions on nuclei were completed recently at the meson 
factories of SIN and Los Alamos /l- 8 / . A "justification" for 
these experiments was an idea about the possibility of extrac
ting information about the parameters of neutron density of 
nuclei from elastic scattering of pions. In brief, the authors 
scheme of argument is the following: 

They suppose that pion elastic scattering on nuclei has a 
diffraction nature and the location of the minimum in a diffe
rential cross section is only due to the zero of the Bessel 
function from the known amplitude for the scattering on a 
"black disk" 

iR f B D ( « - 2^_J (2kR sjnf). (1) 

So, we can provide careful measurument of the position of 
the minimum in da/dfi and connect it with some radius R B D . 
Since 7r--mesons in the region of Aga-resonance interact with 
neutrons at least 9 times stronger, than " , we expect that 
IT will be rather sensitive to the neutron distribution in a 
nucleus. In case this distribution is different from the pro
ton distribution the minimum in do/dP. for elastic scattering 
of n+-mesons must have a location other than that for я --me
sons. 

Such an effect of shifting the minimum position for n+ with 
respect to IT- was observed experimentally. Nevertheless, as 
the subsequent analysis / 4 / shows approximately 80% of the 
shift is due to Coulomb effects. The other 20% are comparable 
already with experimental errors and do not permit one to 
make any definite conclusion about the parameters of neutron 
density. 

The failure of these experiments is quite natural. In spite 
of the fact that the interaction of pions with nuclei has been 
studied for a long time it is not clear up to now whether pi
ons are an effective "tool" for the investigation of a nucleus 
and, if it is so, what characteristics of nuclear structure 
can be extracted from the study of pion scattering. There is a 
lot of sometimes totally incompatible judgments about these 
problems. 
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For example, there is a common view (see refs. ' ) that the 
elastic scattering of pions at E n <300 MeV proceeds mainly on 
the surface of a nucleus and is not sensitive to the low mo
menta of the nuclear density. On the other hand, it has been 
shown / e / that differential cross sections of the elasticn He, 
п О and rr'2C scattering change to the greatest extent at the 
variation of the r.m.s. radius while a similar variation in 
the parameters of the nuclear shape thickness do not signifi
cantly change the results. 

But suppose that we wish to measure the r.m.s. radius of a 
nucleus with pions. However, it is not clear, up to now, how 
to do that. Earlier there existed an opinion that it could be 
done by simply fitting the parameters of form factors, for 
example, in an optical model,to the experimental data. Now we 
known that it is wrong. The reason is the fact that there 
exists no theory of pion-nucleus scattering properly taking 
into account the real absorption of pion, but it has been as
sumed that the cross sections of absorption are not large and 
the corresponding influence on the elastic channel should not 
change significantly the results. However, recent experiment 
has shown that for a number of nuclei ", b

 = ( T
ep hence, we can

not neglect the influence of the coupling between absorption 
and elastic channels. Therefore, the values for the radius 
which were obtained by fitting the data with an optical model 
reflect, to some extent, not true nuclear sizes but the shor
tages of the optical model. 

Finally a question can always arise; Why, strictly speaking, 
should one measure the radius of the nuclei by means of pions 
when there is an elaborate and well grounded procedure for the 
extraction of radius value from electron-nucleus scattering. 
Answering this guestion we can give at least two reasons. At 
first, as we have mentioned above, we have had a principal 
possibility of obtaining from pion-nucleus scattering some in
formation about neutron density. Besides it turns out that we 
must be careful when using the parameters extracted from elec
tron-nucleus scattering in pion-nucleus calculations. As has 

/a/ 

been shown by R.Mach ° in an optical model it is impossible 
to take the value of the magnetic radius for magnetic form 
factor of He directly from eA-scattering, a correction for 
the effect of meson exchange currents should be made. But this 
correction makes different contributions to the e He and n-SHe 
scattering. It is clear that we can avoid such a model-depen
dent correction if we measure the magnetic form factors of He 
directly in the я 3He scattering. 
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In the present article we suggest a simple recipe for the 
extraction of nuclear matter radius R m from the data on elas
tic pion-nucleus scattering. We have analysed the data / 8- 1 8' 
on the elastic scattering of pions on He and He as an 
example of the validity of such an approach. The scattering of 
pions on these nuclei has a nondiftractive character and equa
tion (1) cannot be applied even for the estimation of R in 
the A3g-resonance region. (For example, at E n = 145 MeV, for 
3He R B D = 2.93 fm and for 4He R B D = 2.65 fm. These va
lues are at least two times greater than charge radius R h for 
3He and 4He ). 

Though our model is based on a rather simple local pion-
nucleus potential it has some advantages over the usual opti
cal models. We need to know the behaviour of the potential at 
only small momenta transfer corresponding to the forward scat
tering. This circumstance significantly decreases the depen
dence of final results upon different peculiarities of the po-
tential. Besides as R.Landau and A.Thomas ' have calculated 
the effect of true absorption does not change practically the 
differential cross sections of elastic scattering at small 
angles. 

2. DESCRIPTION OF THE MODEL 
Rather a long time ago in refs. • it has been mentioned 

that a pion-nucleus potential may be represented in the fol
lowing form: 

Let 

<k' iV, A|k> = - ^ f ; r N ( k ^ ) p R m ( q 2 ) ; q-k'-k, ( 2 ) 

where к and k' are the momenta of the pion in a pion-nucleus 
centre of mass system (ACM) and p E is a form factor, which 
can be expanded in such a way '" 

r* = 1 - ч г к , ? / б + (3) 

where R m is a root mean square radius of nuclear density. 
Futher, let us suppose, that P 3 3-wave makes the main con

tribution into the scattering amplitude 

f f f N(k*'k*) = bjk*'k* , (4) 
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where к* and к* are pion momenta in a pion-nucleon centre of 
mass system (2 CM). Then at the zero momentum transfer we can 
use such a transition from 2 CM to the ACM 

Substituting (4) in (2) and taking into account (5) we ob
tain 

<к'|У д А |k> = (bjkk*)p R*(q 2), (6) 

where 

R* 2 = R^+3/k* 2 , (7) 

R* is an effective radius of pion-nuclear interaction. It is 
significant that R* is energy dependent and in our approxima
tions '*e can rather simply tie together R* and R r a . The ques
tion arises: in which way to extract the value of R* from the 
data. 

We propose to use a well known phenomenological expression 
for the pion-nucleus scattering amplitude, which has been pro
posed by C.Wilkin / l e / 

where f (0) is the amplitude for the scattering to the zero 
angle, x = cos# and x s are complex parameters, the number of 
which, N, depends on the number of the minima in a diffe
rential cross section. 

This expression is rather convenient for the analysis of 
pion-nuclear elastic scattering because it reflects the main 
features of the experimental results: the exponential simula
tes a forward peak in do/dO , Rex s is connected with the 
position of the minimum and Imx is connected with the va
lue of du/dQ in the minimum. 

P 
It is rather easy to show that at q •* О 
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where 

2 г 3 N 1 
Ren =Ro +-V SRe(-i ). (10) 

k a i=l 1 -Xj 
Our main assumption is that we suppose R* = R e ff . Then to 

obtain the matter radius it is necessary to approximate the 
experimentally found values of R e f f by a straight line in a 
variable of 1/k*2 . As is seen from (7) an extrapolation to 
zero gives us the value of R . 

3. RESULTS AND DISCUSSIONS 
We have been fitting the experimental total and differenti

al cross sections for rr* 3He and л- 4Не scattering '8-1? ' by 
equation (8). The free parameters are f (0) , R Q and x . We 
take N = 1 because there is only one minimum in the я 3Не 
differential cross section. 

Table 1 contains the results of the fit for the values of 
E Q , R eff a n d x i • F c r t h e transition from ACM to 2 CM we 
have used the method proposed by R.Landau et al. / 1 7 / and have 
chosen the energy <«o C M in such a form: 

"2
асм = [ Е , ( к > + Е ^ х ) | г - к Я ( 1 - Г ) Я ' 

where E^(k) a n <3 E N (k) are total energies of pion and nucleon, 
к is the momentum of pion in the ACM. 

Figure 1 shows the dependence R eff from 1/k" . Table 2 
contains the results of the fit for R e f f by the equation 

R'ef f= Rm + C/k*2. «ID 

g It is seen that \ is small and we may draw a straight 
line with confidence. However we obtain too big values for R . 
Even a charge radius of 3He equals R c h = 1.87 fm. 

Maybe the reason is in the fact that equation (7), which 
connects R* with R e f f , was obtained on the basis of a rather 
crude approximation on the dominancy of the P 3g -wave in the 
vN -scattering (though, the approximation is valid in the A 3 3 -
region). If we take into account in (4) the S -wave and higher 
partial waves than though their contribution into the л-N-scat
tering is small, the dependence between R* and R r f will be 
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Table 1 

The results of the fit for parameters in formula (8) for 
n- 3He scattering. 

pion 
Б 

IteV 
В 

f a 
Re зь, Im x 1 

R 2 

fm2 

+ 68 1.68 * о.аз 0 .35 ± 0 .05 0 .27 ± 0 .08 10.23+1.4 

- 68 2 . 1 ? £ 0 .15 0 .16 £ 0 .06 0 .28 £ 0 .05 10.82+1.0 

+ 98 1.7? ± 0.04 0.27 ± o.oa 0.20 ± 0 .02 7.86+0.23 

- 98 1.80 + 0.07 0.22 £ 0 .04 0 .35 + 0 .03 7.20+.0.41 

* 120 1.8* £ 0 .05 0 .27 £ 0.0,? 0 .22 + 0 . 0 3 7 .03*0 . J J 

- 120 1 83 £ 0 1 2 0 .23 £ 0 .08 0.34 +. 0 .07 6.49+0.62 

• 155 1.93 £ 0 . 0 8 0 .35 ± . 0 . 0 6 0.26 + 0 .05 7.05+0.40 

- 135 1.8? 4 0 .10 0 .27 £ 0 .08 0 .37 + 0 .05 6.24£0.60 

• 1*5 1.93 £ 0 .08 0 . 3 5 £ 0 .03 0 .21 £ 0 .04 6 .89±0.42 

- 145 1.93 • 0 . 1 3 0 .32 • 0 .05 0 .44 £ 0 .10 6.10±0.81 

* 156 1.88 ± 0 .06 0 . 3 7 £ 0 . 0 3 0.23 t °'°* 6.4б£0.Э0 

- 156 1.90 i 0 .08 0 . 3 3 • 0 .04 0 .31 £ 0 . 0 5 6 .17*0.46 

- 180 1.89 +. 0 .06 0 . 3 3 t. 0 . 0 3 0 .22 £ 0 . 0 3 •j.92±0.26 

- 195 1.88 £ 0 .08 0 . 3 * ± 0 .03 0 .27 £ 0 .04 5.58+P.34 

- 208 1.89 £ . 0 . 1 1 0.3? t o«o? 0.26 • 0 .08 5.50+P.51 

Table 2 

The values for matter radius R„ are obtained from the 
analysis of л- He and гт- *Не scattering. 

C j g n O f У 
T a r g e t „ „ Rm С R e f e r e n c e 

p i o n ' NDF f m 

3 He o . 5 1 . 9 9 + _ О . И 2 . 2 2 ^ 0 . 4 1 /12/ 

+ 8 H e 0 . 2 2 . 1 4 + _ 0 . 1 5 2 . 0 6 + 0 . 4 7 / 1 2 / 
4 H e 1 1 . 1.92 + O.02 2 . 3 2 + 0 . 0 7 / 8 , 1 0 , 1 1 / 

+ 4 H e 9 . 1.94 + 0 . 0 2 2 . 3 0 + _ 0 . 0 9 / 8 , 1 0 , 1 1 / 
4 H e 3 .4 1.58 + 0 . 0 4 2 .87 + О.Об / 9 / 
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Fig.l. The dependence of R e f f on the 1/k*2 for the 
scattering of n—mesons on 3He . Straight lines are 
the result of a fit by the formula (11). Dashed (тт+) 
and dot-dashed in~) lines show the Reff from the 
analysis of theoretical distributions obtained by 
the optical model. 

VK*'[fm*l 

Fig.2. The dependence of R e f f on the 1/k*2 for the 
scattering of it- -mesons on * He. Full line is the 
result of the fit by only the data of / s - 1 0 - 1 1 / . 
Dashed line is the fit by the data of / 9 / (crosses). 
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changed and, probably, the accuracy of the extraction of the 
R m will be improved, too. Nevertheless it must be recognized 
that the value of R m makes sense though the forementioned ef
fect have not been taken into account. It must be also kept 
in mind that the accuracy of measurements of pion- He diffe
rential cross sections is up to now rather less than the accu
racy in electron-3He scattering. 

An interesting situation arises in the analysis of the 
energy dependence of &eff for я Не scattering. Figure 2 
shows the results obtained from the data of Shcherbakov et 
al_/8,10,ll/ ^ Dubna (circles) and Binon et al.' 9', CERN (cros
ses) . 

It is clearly seen that there is a discrepancy between the 
results of these experiments in the region of E n >100 MeV 
(1/k* 2 < 1.6). The behaviour of Reff calculated according to 
the Dubna data is not linear, it is clear from Figure 2 and 
from the results in Table 2. If we take only the data from 
CERN / 9 /, then the value of x 2 is quite acceptable and we ob
tain for R = 1.57 fm that is quite close to the value of 
matter radius of He measured in e He scattering - R | n = 
=1.47 fm. 

The reason for the discrepancy may be in different accuracy 
of these experiments. When we analysed data / 9 /, we took N in 
equation (10) equal to 2 at T^ >110 MeV. In case of the Dubna 
data we cannot introduce in the same manner two additional pa
rameters because of the scarcity of experimental points. Besi
des, some systematical errors can exist, too. 

/Q / 
However it must be noted that in ref. there is some in

accuracy in the analysis of the energy dependence of R e f f . 
In equation (11) they used the momentum к in a pion-nucle-
ar system. But then it is impossible to understand the sense 
of R m in (11) , because under such condition it does not con
nect this value with the matter radius of a nucleus and it is 
impossible to make references to the theory of an effective 
radius / 1 * . 1 5 / like it has been done in . According to this 
theory the effective radius is connected with R m just through 
к *, the momentum in the 2 CM system. 

It is interesting to compare our data with results of other 
experiments and theoretical predictions. 

Figure 3 shows the values of mean radius R=(R m +R m ) /2 
from the elastic scattering of pions on different nuclei. Our 
data is compared with the results of Corfu et al. , who 
have used eguation (l)p for the extraction of the radius. As 
has been expected R i n increases as A 1' 3. Our data are in 
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agreement with tne dependence, expect for the radius fnr He 
but this radius does not obey this dependence. 

To compare the behaviour of R ,, from the experiment with 
the theoretical predictions we have calculated the differenti
al cross section for я He scattering in ths frame of the op
tical model with a first order potential in momentum space. 
The program for calculations has been done by R.Mach and 
M.Gmitro 8. 1 9 / . The theoretical values for du/dQ have been 
fitted by equation (8) and the values of R e f f were calcula
ted, too. Figure 1 shows the corresponding cuives. Dashed 
line corresponds to n+ and dot-dashed line corresponds to 
n~ 3He scattering. As it is seen from the behaviour of the 
theoretical R e f f there is really a linear dependence in some 
energy region. Therefore, simple formula (7) reflects to a 
large extent the characteristic features ;f behaviour of R „ 3 eff 
for л Не scattering. 

Along with this we have checked the dependence da/dfi on 
the radius of the nucleus used in calculations. Figure 4 shows 
the differential cross sections of the 774 3He scattering at 
145 MeV for different values of charge radius. It is seen that 
when R c h increases the backward cross section decreases. Even 
the 10% variation of the radius changes significantly the cha
racter of the differential cross section. This is in accordan
ce with the conclusion of ref. / 6' that the elastic pion scat
tering on nuclei is largely sensitive to the changing of the 
root mean square radius of a nucleus. 

4. CONCLUSION 
Thus the method which we propose for connecting a matter 

radius of a nucleus with experimental values measured in the 
elastic pion-nucleus scattering leads to quite reasonable re
sults. As it has turned out from the comparison with the opti
cal riiodel, a simple linear dependence (11) reflects the essen
tial features of energy behaviour of R . Therefore, in our 
opinion, there is every reason to develop such an approach 
further. 

The authors express their deep gratitude to Drs. M.Gmitro 
and R.Mach for supplying the deck of the optical model calcula
tions. We are very pleased to express our gratitude to Drs. 
J.Vrzecionko and V.B.Belayev for fruitful discussions. 
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