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Abstract 

We show that a good part of the hadronic resonances could very well 
not be resonances at all. We extend the principle of Ramsauer effect of 
atomic Physics to other Physics' areas and especially to hadronic Physics. 

I - INTRODUCTION 

One of the criteria for establishing a resonance, is the existen
ce of a peak in the total cross-section. We show that, very often, such 
a peak is due to an anti-resonance, i.e. a generalised Ramsauer effect. 
When we study stationary diffusion over a potential well, in Quantum 
Mechanics, we find that resonances correspond to a maximum of the wave 
function inside the well. This is the picture of the projectile bouncing 
a lot inside the well before escaping. The probability then to find it 
Inside, at the resonance, is maximum. On the contrary, we will see that 
the Ramsauer effect is the passage, only once, of the projectile inside 
the well. This implies a minimum of the wave function inside the well. 
It is in that sense that we use the term anti-resonance for a Ramsauer 
peak of a,_„. TOT 

Section 2 is a brief history of the Ramsauer effect, the predic
tion» of the peak's positions and the conditions for this effect to 
appear. 

Section 3 is the extension of the Ramsauer idea to several area 
of Physics : light on a water droplet, atom-atom, electron-atom and 
neutron-nucleus. 
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In Section 4 we extend this to hadronic Physics, namely to îïN 

and KN interactions. 

Section 5 gives the consequences of the Ramsauer interpretation 

for the zeros of the scattering amplitude. 

Section 6 tries to relaté the position,, the number and the am

plitudes of the Ramsauer peaks, to physical quantities like "the shape, 

the absorption and the nuaiber of bound states ?f the project!le™target 

system. We present also a possible application of the Ramsauer effect 

in Nuclear Physics. 

z î " HISTORY Cff THE RAMSAUER EFTECT AND POSITIONS QT THE PEAK5. 

II-X History 

In 1921, Ramsauer studied the total cross-section of electrons 

on Argon. He found a vastly different behaviour from the kinetic 

theory of gases. See figure 1. A year later, Townsend confirmed these 

results for most of the noble gases. The existence of a quasi null 
ffiw^he Ramsauer effect), remained unexplained until Quantum Mecha

nics. N. Bohr suggested, then, in qualitative terms, that noble gases 

have a more abrupt potential than the other gases, so that, for a 

given energy* they can introduce one entire wavelength inside their 

well. In that case, a far away observer sees no diffusion thus a 

o*TOT quasi zero. The idea is described in figure 2. 

This effect is not studied in most textbooks and when lt*s 

done ÏMassey-Mott) the author stays in the frame of low energies and S 

wave scattering. This is exactly the case for e" Argon, but we want 

to extend the field of the effect from lo" 9 MeV up to 10 M«V. 
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II-2 Positions of the peaks and conditions of existence. 

From figure 2 we see that O—— is maximum when the phase shift 

between the outside and the inside waves is an odd integer times ir. 

°TOT m a x w h e n ! kin " k ) D = i * = * ( 2 N " 1 ' ' 

N « 1,2... 

kin 
Introducing the refractive index n = —r~ we have the extrema of 

°TOT g i v e n b y 

I (n - l)k £ = (N - 1/2)11 K = 1,2... =̂ > maxi 

H = 1.5 , 2,5...^ mini 

We will study, below, cases where the Ramsauer effect arises, 

but this effect does not necessarily exist. K p is an example of a 

°TOT w l t h n o o s c i l ' l - a t l o n s - ?oz Instance with a square well of depth V Q 

and radius A we will find (III. 2) that for the Ramsauer effect to exist 

we must have : 

V3Z 
" 1 

where \ ia the wave lenght of the particle of mass m with the kinetic e-
o 

n«9Y V o. 

He thus lee that when V , or R, or m are too small there will be 
o 

no Ramaauer effect. ïhis condition ia exactly the same as the one for the 

existence of bound states. The relationship between the two phenomena 

will be described in VI. 

J^T. For a repulsive potential we get the same condition , 

but the peaks appear at energies |VQ| higher than for an attractive 

potential. 



11-3 Criteria to determine wether we have a Ramsauer or a resonance 

effect. 

The schematic, below, displays the different components of a 

scattering wave 

-N 
Nunperturbec 

-> 

interferences 
> give Ramsauer 
ondulations 

2 " (internally 
[reflected 

. >J ; 

-*- interferences 
give resonances 

In order for a resonance to show up in a square well we need 

Nïï a mutual reinforcing of the bouncing 

parts. Second a transmission coefficient on the edges of the potential 

as low as possible. Third an absorption as small as possible. 

II-3-1 Number of peaks. 

The number of Ramsauer peaks is finite and sometiroes null 

(IX.2 and VI.2). On the contrary the resonances are always possible 

and infinite in number since we need only to satisfy : 
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I1-3-2 Behaviour with respect to the parameters of the square well. 

He will see in III.S that in a square well of depth V and 

radius R, the Ramsauer phase shift is s 

k 2 R 4 V 
*• - — J * a v _ £ « v m 

k + Tk^* k* 2m ° 
o 

When R increases, k (and so the incident energy) has to increase 

to keep à$ constant. It is exactly the contrary for resonances since 

formula II) implies a decreasing k for an increasing R. 

The physical case of neutron over nuclei {III.4) indicates 

clearly a Ramsauer behaviour. 

He have the same opposite behaviours with respect to the depth V . 

II-3-3 High energy behaviour. 

"Hie transmission coefficient at one edge of the potential is : 

4k l nk 
T m It has to bt * 1 in order to have a 

(k + k) 
in narrow resonance, This is possible only 

when k < k. which means E * V , 
in o 

In NuclMT Physics taking V * SO HeV and T * 1/2 wo get 

that E < 2 HeV. 

Furthermore the width of the resonance is directly related to 

the number of appreciable round trips inside the well which is itself 

related to the transmission coefficient at one edge. 
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We have roughly : 

full width half max in Ic. D ^ T 

now when T l s "v K B ? V } , the width is of the order of half the *̂ o 
spacing between resonances {à k. s ^ 3) so that we get kind of a 
sinusoidal component whose height quickly decreases with energy- In VI.3 we 
will see this phenomenon! for light over water. 

Now the behaviour for Bamsauer is exactly the opposite since the 
higher the transmission coefficient the bigger is the direct wave. 

Absorption is going to produce a similar effect on resonances as 
a low reflection coefficient. 35ius a growing absorption destroys 
the resonances while less affecting the Ra&sauer effect which is produ
ced by the part of the penetrating wave suffering absorption only 
once. 

altogether» we think that at anergics ,> y the Ramsauer effect, 
when it exists, is the only one which survives. 

II-3-4 Behaviour of the zeros. (réf 6) 

In V we will see that zeros of the scattering amplitude have a 
smooth behaviour with a Ramsauer effect, and an abrupt one for reso
nances . 



Ill - VALIDITY OF THE RAMSAUER INTERPRETATION IN DIFFERENT PHYSICS AREA 

III-2 Light on a water droplet. 

Figure 3 shows the 0 , ^ calculated rigorously (and tediously) 

by summing the MIE series in reference 1. R is the radius of the drop. 

D is the length of the average refracted ray : 

D = i R n

2 [ l - 0 - l / n V / 2 ] 

with n = 4/3 we get for formula I 

N - 1/2 = .089 kR 

As shown in figure 4 we get an excellent prediction for the 

positions of the extrema. In section 6 we will also give the amplitudes and 

a possible explanation for the fine structures. 

Thus the Ramsauer interpretation is a fast way to get the relevant 

figures in that case. 

I1I-2 Atom-Atom. 

Figure 5 shows a for the case of 6Li-Xe (ref. 2*6). Again we 

see extrema and we will see that formula I is still valid. The main diffe

rence with light is the strong dépendance of n versus k, since for a parti

cle of mass m, and a square well potential of depth V , we have ; 

•> P < „ 2 2» V 
1 + 

r? 2 

P P 

so that A<(> - (n-I)KD - ( , . -. — ^ 

P 

Formula I becomes : 

J âiv" 
S i + —5-£ - i) w>. 

2m V_ 
N - 1/2 - -i °i , • k' . _ _ 

U(k) - ̂  n2(k) [l -d - -L) J 



We are left with two parameters V Q and a. We take V Q from 
reference 2 and we get R by fitting the data of bLi - Xe, 7Li - kr, 
14. - argon. The results are given in table I. 

Table I 
-3 • 

is HeV V in 10 eV R in A 

S 700 12.6 5.28 

6 500 8 .3 4 . 7 

S 960 5.1 4 .7 

In Molecular Physics there exist an interpretation of these os
cillations based upon considering the angular momenta leading to a 
stationary phase shift (glory effect). In order to sake a comparison we 
have plotted, on figure 6, N versus 1/v , v being the relative velocity. 
Both interpretations reproduce equally well the high velocity data but 
they give very different predictions for small velocities where it is 
very difficult to measure 0™™. We give below the Ramsauer formula to
gether with the glory one. 

RAMSAUER 

N - 1/2» .42 

2 vo r * i 
B V L ii * g - J 

o 
2V~~ 

N - 3/8 - .3 -£- (1 nv .3 5fX 

III-3 Eleatron-Atom 

Here as we see on figure 1 there is only two extrema. 
This is the usual Ramsauer effect. The formula I works again, 

_ o 
For instance in e - Argon with V = 81 eV and R « .7 AiReference 3),we 
get the fit of figure 7. 
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XII~$.. Neutron-Nucleus 

Figure 8 shows several a ~_, and again we see oscillations. 

In this field the work has been done 20 years ago by Peterson 

{reference 4). There is a difference with the preceding cases which is that the 

forward scattering amplitude f(o) is no longer a constant : the depth of the poten

tial is now s. decreasing function of the energy as shown in figure 9, 

In figure 7 of re£ 4, we see that more than 200 experimental 

points favor the Ramsauer interpretation. 

The interesting thing with nucleus is that their radius can be looked 

at as a variable. This leads to opposite behaviours concerning the variation of 

the o,^^ extrema positions versus R, whether it is a resonant or a Famsauer interpre

tation. When R increases, the energy of a resonance decreases since the internal wave 

length has to keep up with R. Oft the contrary the energy ce a Ranisauer peak increases 

when R increases since : 

R 2

R 

A A ste o 

t4 = c = — — T 

k +\k + k 
o 

The data display this energy increase with R. 

IV - SXTENSIOH TO HApaOHIC FHYSECS 

Figures 10, 11, \2 and 13 show the well known total cross-section for 

ïïN and KN, As in other Physics Aroas, we sue oscillations, especially in the KN case. 

We cake into account the relativistic aapt-ut by considering the 

potential as the fourth component, of a 4 potential. This «jives the following modifi

cation for the index. 



n = p, /p 

2 2 2 2 
n p + m » (E + V ) 

°2 
n 2 - 1 - - - P. ° 2 P 

when E "V m » V , then we find again : 

2m V 
2 P 

Now we will assume that the Ramsauer interpretation is correct and 
the fit of formula I to experimental extrejna will give us V and R. This 
is exactly the reverse attitude of what we've been doing up to now. 

°TOT = 2* ^ 

We are then left with V and in figure 14. 15 the V values found o o 
are plotted versus kR. 

It looks very much like the neutron-nucleus case except that the 
potentials are deeper. 

V - CONSEQUENCES OF THE RAMSAUER INTERPRETATION FOR SCATTERING PHENOMENA 
AND, PARTICULARLY, FOR THE ZEROS. 

The Ramsauer effect exists in Atomic and Nuclear Physics, it 
works extremely well in Molecular Physics and Electromanetism, so why not 
also in Hadronic Physics ? 

The Ramsauer idea leads very directly to a number of non tri
vial predictions in hadronxc physics. 



-11-

2. The spacing between peaks is of the order of the width of the peaks. 

It is true and well known in Hadronic Physics. 

2. Zeros moove smoothly through the energies of Bamsauer peafea. 

In a simple resonance model we expt-ct only one partial wave to 

dominate. This implies that at the resonance, the zeros tend toward the 

Legendre zeros for spin 0 - spin O ( the R zeros for spin 1/2 spin 0) both 

in positions and in number. This implies a rather abrupt behaviour at 
4 

the resonance. An example of this phenomenon) is seen in proton - He 

at 20 MeV, where the Li has a true resonance. See figure lb. 

For a Ramsauer peak the zeros cross the peak energy smoothly 

because of the essentially continuous nature of the Ramsauer effect. 

This seems to be the case in ïïN. See figure 17 and ref. ($ ) . 

3. The number of important partial waves increases regularly as the 

energy increases. 

It is true that hadronic resonances lump togetherttable II) 

more and mora as we go up in energy and that this is not easy to explain. 

On the contrary under a Ramsauer peak all waves are more or less important 

from 0 to ̂  %% and obviously this number increases as one goes up in 

energy. 

Table II 

masses 1232 1600 1900 MeV 

Number of 
resonances 1 2 3 
(Particle Data 
Group) 



4- Under certain circumstances, it is possible to extinguish, under 

a peak) the partial Daves of a given parity and to change the 

dominant parity from one peak to the next. 

Suppose that between two successive Rarasauer peaks we have 

both û(kR) = 1 and (kR) 
pe 

integer, as is the case in IT p(figure 14). 

Then the important parity under one peak will be the opposite one under 

the next peak. This is well known, and also usually difficult to understand, 

in IT pt and is shown in table 3. 

Table III 

Isospin 3/2 masses 1232 1600 1900 MeV 

parities + + r + r + 

On the contrary the peaks of the 1 = 1/2 system fall on half 

integer values of kR, (figure 15), so that both parities become important 

as is reflected by Partial Wave Analysis. 

I = 1/2 masses 1500 1700 

parities + , -, - - . • . -

S) Absorption is no problem. 

When absorption Is very important as it is in Hadronic Physics, 

the Ramsauer oscillations survive when the true resonances disappear, sim

ply because the Ramsauer effect corresponds to a one pass process through 

the target, contrary to the resonance which bounces a lot inside the 

target. 



VI - PHYSICAL ORIGINS FOR THE NUMBER AND THE AMFLITUDES OF THE RAMSAUER 
OSCILLATIONS. 

VI-1 The amplitudes 

Figure 18 fixes the notations. The Huyghens-Fresnel principle 
gives, as usual, the scattering amplitude in the forward direction : 

f(O) * f 2v J 
J HT 

/ . 
Red - e^dE 

DISK 

2 " 2 n k Ri H I 
°TOT * ** H 2 f l " e °°* 2 , n"~ l > k V n - n + i n 

figure 19 shows the general behaviour of C-™,. 

Thus, for a disk, the amplitudes of the Ramsauer oscillations 
d*pend only on the absorption, but in the case of light on water we have 
I R n <*'- n and the amplitudes variations comes about because the target is 

a sphere. 

The_Ramsaue£_effect_on_a_sohere 

If we consider the sphere as a pile up of disks of different 
radii we get the superposition of sinusoids of different periods, so that 
it is expected to get a resultant 0^^ whose amplitudes are not constant. 

The same kind of calculations as for the disk gives with no 
absorption : 



'[••ft?)'—H °TOT " 2" R 2 I ' + J^TCT^1]- 2 T T * I * " 2<n-DkR 

A semi quantic modification i s to take in to account the va r ia 
t ion of the radius of the incident pa r t i c l e and to replace R by R •*• •=-. 

This gives an excel lent f i t , f ig .20 , which i s indeed qui te 
sat isfactory when we think of the complexity of t i e exact solution by a 
Mie summation. 

VI~2 The nwribev of peaks. 

He believe tha t the number of Ramsauer peaks depends strongly upon 
the number of bound s t a t e s of the t a rge t -p ro jec t i l e system. We wil l see , 
in fac t , tha t for a square potent ia l these two nusfcers are equal . 

Bound states 

The energy of the bound state N is given by the relation : 

2R - <N + 1/2)X. in 

this gives when 

V 2m<E + V )R 2 

Ramsauer 

When E > Owe have : 

A* - <N * J)IF - (k i n - k3R 
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The figure 21 displays the connection between the two phenomenon!. 

VI. S The possible origin for the fine structures of light cm water. 

In figure 20 we see fine structures for a^^r we think these 
structures are the real resonances. Figure 22 shows what happens with multiple 
reflections, in a disk." 
The interval between Ramsauer peaks is for light on water 

'«""«MB ÎTT-1- 6 * 

anf for multiple reflections 

A(kD) BEFL n 8 

The amplitude of these suroscillations, which are the true re
sonances, as of the order of r where r is the reflection coefficient 
(r - T-r-J • 

So that r t — ^ 'v. ̂  of the Ramsauer oscillations. We 
see that we get the right order of magnitude. 

Why don't we see these suroscillations in Atomic, Molecular, 
Nuclear or Hadronic Physics ? There are two reasons : first the experi
mental precision must be very good, as wa will see below, and second 
the absorption is going to reduce further the amplitude of these suroscil-
lationa, for now there must be at least three passes inside the target. 



In TT p around 5 GeV/c we expect an index value of the order 
of 4/3. As for water we expect a frequency of the order of lOO MeV/c 
that is *\> -i- of the Ramsauer which is ̂  1 GeV/c. So that we need at 
least 20 adjacent bins over 1 GeV/c. This is -^ < 5%. 

On the other hand if we have the same factor 40 between the 
amplitudes we need 

Aa TOT < 2%. 
TOT 

Of course, absorption is going to reduce the effect. 

-VI-4 A possible application of the Ramsauer> effeot in Nualear Physios, 

The existence -jf the Rarasauer effect in Nuclear Physics could 
be used to measure the deformation of nuclei. Figure 23 gives the notations 

spacing in k. between peaks OD, 

spacing in k between peaks aD 2 

Fig^ 
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Itoe two effects must he clearly distinguishable since they act 

in opposite sense. Figure 24 shows what's expected for a water cigar. 

Although this method needs a polarized target, it presents 

several advantages since it is no electromagnetic and it is very sensiti-
A H -3 

ve (we should detect =~ < 10 ) 

VIÏ - COMCLOSIOS 

Our aim was to show that a peak in < r ^ is not necessarily a 

resonance. In well known Physics domains we were abble with the Ramsauer 

interpretation to reproduce the data and even, in Molecular Physics» to 

predict results different from the commonly admitted interpretation. 

Xn Nuclear Physics there is no doubt that the Rassauer effect is 

present , and1 that it could be used as a new method to study nuclei 

deformations. In Badronic Physics the situation is not as cleéx since 

we do not have, as in Nuclear Physics, hadronic targets with varying 

radii. Nevertheless with the Ramsauer effect we understand very simply 

several features of hadronic phenomenon like the clustering of the so 

called resonances, the change in parities and the smooth behaviour of 

the zeros through resonant energies. We predict also very fine structures 

in the total cross-sections. At last the Ramsauer effect is the most likely 

structure builder to survive very appreciably when absorption is big. 
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results of Ramsauer 

kinetic theory' of oases 

Tig. 1 : Total cress section Jor e -Arcjon 

interaction region 

incident plane v.̂ ave 

the plane wave is not disturbed leading to a quasi null effect of 
the target 
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Fig. 3 : 0_ for light over .1 dtop of w.-iter, in nir, of radius 
R . Mk is Che incident momentum 
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Fig. 4 Prediction of the Bnasauer formula (straight line) together 
with the maximum (A) and minima (O) of figure 3 
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Fig. 5 : a for 6Li - Xe 



l/v!s/km) 
Fig, 6 : The R,"itnanuer »nd the glory iref. 2! predictions of the locations of 

pe.!ks (AI and mlninw '0) for bLi. Xe. They give different values in 
the not yet measured low velocity regions. 



Ramsauer prediction 

Pig. 7 : Predictions of the extrema by the Ramsauer formula I 
{solid line) compared to experimental maximum (A) nad 
minimum (O) in electron-Argon. 
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f ig . ii : several neutron-nucleus o, 
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Fig• 3 : variation of the depth of the potential well versus the 
incident energy for neutron nucleus encounters (ref. 4) 
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I > kR 

Fia. 14 : Variation of the depth V„ of the potential well for the mH 

system, versus the incident energy 

V. in GeV 

-»*» 

Fig. IS s the «no» as in figure 14, for the kN »yit«m 
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I.i resonance 

lii lb : variation of the zeros of P-a scattering near the Li resonance- Notice the horizontal scale 
S is the center of mass energy squared 
t is the transfered 4-moment squared 
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AU236) 

_I7_ : The zeros (+, *) of w p elastic scattering in the 
(Ret, Res)* plane. In opposition to the pa case 
there is no wiggle at the resonance energy (ref. 5). 
S is the center of mass energy squared 
t is the square of the transferee! 4-moment 



incident wave 

Fig. 19 : Notations for the Huyghens-Fresnel principle 
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F i g . 19 : The c r o s s s e c t i o n for -in a b s o r p t i v e d i s k 
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Fig. 22 : The relative magnitude of the direct and of the secondary 
ray through a disk of index n. 
The secondary ray has been artificially separated spatially 
in order to distinguish it from the direct ray. 



Fig. 24 ( ) 0 for light over » w.iter cig.ir 
aligned with the electric field 
( } °TOT f ° r t h C e i * a T P*: 

the incident electric field 
These curves correspond to D. • 1.1 D. 
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