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Abstract

The straightforward calculations of the nucleus—nucleus scattering cross sections are carried out in
Glauber approach using the generating function method. It allows for the resummation of all orders of
Glauber theory. The results are obtained for a number of light nuclei isotopes scattering on 2C and
2TAl targets. Their radii, extracted by comparing the calculated cross sections with the experimental
ones, are presented.
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1. Introduction

The information on various aspects of the nuclear structure comes mainly from the exper-
imental data on the collision of a beam nucleus A with a target B. The proton and neutron
distributions in the nucleus are probed by comparing the data from electron and proton elastic
scattering. The only way to study the density distribution of unstable nuclei, in particular, of
halo nuclei, is to scatter them off a target. There are technical difficulties to take hydrogen
as a target, so targets are mainly made of stable nuclei such as 2C or 2Al. The analysis of
these experiments at the energies higher than several hundred MeV per nucleon is typically
performed in the Glauber theory. The complexity of calculations grows rapidly when going
from proton—nucleus to nucleus—nucleus scattering because of high-order corrections that have
to be accounted for. The method to sum them up by using the generation function has been
proposed in [1].

What is directly measured in the nuclear reactions is the interaction cross section. It is
defined as the cross section of the process when the beam nucleus A scatters without being
excited or disintegrated (and is registered by a spectrometer) whereas it is allowed for the target
nucleus B,
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Here B* stands for all excited or disintegrated states of the target nucleus. Introducing the
reaction, or the total inelastic, cross section

R _ _tot el
04AB = 0AB — 0AB>

it can be rewritten as
I R
0AB = 0AB — UAB—AB*.

It is the interaction cross section that is really measured because of the experimental difficulty
to distinguish a pure elastic scattering from processes giving rise to the target excitation or
disintegration. The beam energy loss in the latter case is very small compared to the initial
value to detect. It is important to note that apart from the excited or disintegrated states of
the beam and target nuclei the total cross section gets contributions from the production of
extra particles, mainly m mesons. They are not detected as well as the final state of the target.

Usually the difference between o5 and o 5 is assumed to be negligible. The Monte-Carlo
simulation results into the value 2-3% of o%{; [2]. In this paper we present a complete analytical
Glauber calculation of the reaction and the interaction cross sections for several relatively light
nuclei.

It was experimentally found [3, 4] that the radii of some isotopes are abnormally large.
The most evident case is '*Li nucleus. It has been proposed to treat it as a compact core Li
surrounded with two neutron halo whose radius is large. There are other nuclei for which the
similar core plus halo structure is assumed.

The radii of unstable nuclei can be extracted from their scattering on a target. To this end,
we calculate the cross section of a given nucleus scattering on >C and 27Al targets taking both
densities in the simple gaussian form. Comparing the results with the experimental value and
assuming it to be precisely the interaction cross section we extract the mean square radius. To
estimate the difference between the two cross sections, we calculate with the obtained radius
the reaction cross section.

Clearly, the simple Gauss parameterization does not incorporate shell effects that could
be important even for light nuclei. Woods—Saxon parameterization seems to be favored when
passing to more heavy nuclei such as 2"Al. However, there is only one experimental quantity
available for each nucleus, namely, its cross section. That is why we have only one density
parameter to fit. On the other hand, our main goal is to estimate the difference between two
types of cross sections. From this point of view, there is not much sense to chose more advanced
parameterizations.

2. Cross sections in the Glauber approach

The amplitude of the elastic scattering of the incident nucleus A on the fixed target nucleus
B reads in the Glauber theory

fan(a) = 32 [ @[t = 5450 )

Here p is a relative momentum in the central of mass frame, ¢ is the transferred momentum.
The impact parameter b is a two-dimensional vector in the transverse plane with respect to
relative momentum of the colliding nuclei A, B. The evaluation of the function s45(b) relies
on the short range of the strong interaction. Due to this property, the phase shift on a nucleus



Yu. M. Shabelski et al. Natural Sci. Rev. 03 100701 (2026)

comes out the sum of those for the independent scattering of the constituent nucleons. The
function sp(b) then reads

sap(b) = (A, |(B] {H[l — v+ — yj)}} |4,)B), (2)

ij

where
1

- 2mip

Fnn(b) =1 — snn(b) /d2q€iqbeN(Q)7

fnn(q) is the nucleon—nucleon elastic scattering amplitude related to the phase shift xyy(b)
as syn(b) = exvw (). The brackets stand for an average over the nucleons’ positions z; and Yj
lying in the same plane with the impact parameter. Each pair {i,j} enters the product only
once, meaning that each nucleon from the projectile nucleus can scatter on each nucleon from
the target no more than once.

The standard parameterization of the elastic nucleon—nucleon amplitude is

tot

Ian(q) = ipai;N e 307 (3)

where of¢%; is the total nucleon—nucleon cross section. The slope § is related to an effective

interaction radius a® = 273. The parameterization (3) is purely imaginary. The ratio of the
real to the imaginary part of the nucleon—nucleon scattering amplitude at the projectile energy
1 GeV is —0.275 [5]. Only even powers of this ratio enter the cross section, so we neglect
hereafter the real part of the amplitude.

The elastic amplitude is simple related to the total cross section through the optic theorem,

4
ot = Tt fan(e = 0) =2 [#o[1 - san(b)].

The difference between the total cross section and the integrated elastic cross section,

ol /d2b[1 s’ (4)

yields the reaction cross section,

Oup = Uﬁ? - UixlB = /de[l - SiB(b)]'

Recall that the above cross sections are written assuming the elastic amplitude to be purely
imaginary.

The amplitude of the process A + B — A 4+ B* when the target nucleus B turns into an
excited or a disentegrated state B* takes a form similar to (2),

sap-(b) = (A, B"| {H[l —Dan(b+ 2 — y5)] } A, B). (5)
]

Strictly speaking, this formula goes a bit beyond the standard Glauber approach which deals

with an elastic scattering of A and B. However, the main assumption it relies on is the same —

a composite objects’ scattering is expressed through the purely elastic re-scatterings of their
constituents. That is why the extension (5) seems to be quite reasonable.

3
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Denoting through |B’) = {|B), |B*)}, the complete set of all target states,

D IBNB|=IB)(B|+) |BNB|=1, (6)

B/

one gets for the cross section AB — AB':

OAB—SAB — /de[l — 2SAB(b) + JAB(b)}, (7)

where

Jap(b) = Z(A|<B| {H[1 — Dyn(b+ 2 — a})] } |A)|B') x
x (A|(B'| {H[l — Db+ — o)) } |B)|A), (8)

,L'lj/

with the pairs {7, j} and {7, j'} again entering each products no more than once.
Subtracting from (7) the elastic cross section (4), we arrive at the interaction cross section,

Ohp = Ohp — OAB—AB* = O — OABoAB = /d2b[1 — Jap(b)]. (9)

The main obstacle to deal with the Glauber amplitudes (2) or (8) is complicated combina-
torial structure they have for the scattering of nuclei. Expanding the amplitude in the number
of nucleon—nucleon scatterings I'yy gives rise to a kind of diagram technique. As the com-
plexity of various terms increases, additional simplifications are commonly used to obtain an
analytical expression. The most popular is the so-called optical approximation that sums up
the contributions with no more than one scattering for each nucleon. In other words, only the
terms with different indices 4, j are kept in the product (2), see, e.g., |6, 7]. One can mention
as well the rigid target approximation taking into account extra type of diagrams [8|.

The generating function formalism developed in [1] allows to get the nuclear scattering
amplitudes in all orders of Glauber theory. Below we apply it to evaluate the reaction and the
interaction cross sections.

3. Generating function

Firstly, we rewrite the amplitudes (2) and (5) through nucleon distributions in the colliding
nuclei. Supposing them to be the product of one-nucleon densities,

N

puar..ccvaw) = [[plr) -+ plr). [ dPrlr) =1, (10)

=1

we get

ij

Sap(b) = /Hd%i/nld@jpﬁ(% —b)p5(y;) {H[l — Ty (zi —y;)] } ) (11)
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where the transverse nucleon densities are determined through three-dimensional ones inte-
grated over longitudinal coordinates,

pap(r) = / dzpap(z, ), / d*wpy p(a) = 1.

The generating function method [1] relies on the identity

CO/DcI>D<I>* exp{—/dzdey(I)(x)A_l(x—y)@*(y) +Z®($") +Zq>*(yj)} =

= exp{z Alz; — yj)} = {H[l — Pyn (i — ;)] } . (12)

]
The functional integral here is understood as an infinite product of two dimensional integrals

over all z points, D®D®* =[], 2idRe®(x)dIm®(x). The formula (12) is a peculiar case of the
general Gaussian integral

Co / D®Dd* exp{— / dxd?y®(z) A (z — y)®* (y) +

+/d2yJ(y)(I>*(y) +/d2xJ*(a:)(I>(.9:)} = exp{/dedgyJ(x)A(a: —y)J*(y)},
for the external sources of the form

Ja) =D 0@ —x). I) = D0y =),

The inverse A~! is understood in operator sense, [ d?2A(z —2)A~Y(z —y) = 0P (z —y). If the
function A(z — y) is chosen to obey the equation

eA(m—y) —1= —FNN(ZL‘ — y), (13)

one gets the last term in the expression (12). The normalization constant C being proportional
to the functional determinant DetA does not depend on the positions z;, y; and drops out at
the end (from the formula (16) below). Combining the formulas (2) and (12) one gets

DO DO*
— exp
211

Saslt) = Gy [ {- [eatyo@aio-poro]

| [ oot e ’ [ s T

An efficient way to deal with the integral (14) is through the generating function,

Do Do* _ %
Z(u,v) = / 5 eXp{— / d*zd*y®(z) A~ (2 — y)P* (y)
+ u/d%z:pj(x —0)e?@ 4 v/dzxpé(@eq)*(m)} , (15)

1 04 9B

1
Z(0,0) Ou” ovB (16)

Sap(b) =

Z(u,v)

u=v=0
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To go further we work out short distance nature of the nuclear forces. The nucleon—nucleon
scattering amplitude (3) reads in the coordinate representation

ol a2
Inn(z) = 4756 7, (17)

the value a = /27 being of the order of the interaction radius. Assuming a to be small at
the nuclear scale, the amplitude can be treated as a point-like function,

1

50N (). (18)

FNN(x) ~ 2

Point-like A(z — y) makes the ®(x) integrals (15) to be independent for different = values. It
turns the functional integral into an infinite product of the finite dimension integrals, separately
evaluated for each x.

The discrete version of the integral (12) is derived from the sequence of identities. The first

/ DEDP* g ()7 (B)"

18

(19)
which is easily checked in the polar coordinates, then

/D<I>D<I>*€_N, Lo o _ /D@D«b* —pee A" B (P (D)" (20)
' vm!vnl vVm! Vn!

and
/ TT 2202k o} S0 Stantiorbutn) v Seoute, (21)

271

which gives for the (12) discreet counterpart

H/ dd( ani;b (7n) exp {_ S iq)(x")@*(xn) + Z P (2;) + Z <I>*(yj)} =
= exp{yz(;xz y] 22

where d,, . is Kronecker symbol for discrete nucleons’ coordinates, d,,,,/a* — 5@ (z; —y;) for
a — 0. Since
s = 1+ (= iy

the right-hand side of the identity (22) yields

tot

11 {1 - %U;VN% } — T = Danla —wy)].

0] Y]
whereas the equation (13) translates into
tot

1loyn
- 1= 9572 (23)




Yu. M. Shabelski et al. Natural Sci. Rev. 03 100701 (2026)

Referring back to the formula (15) and replacing in the discreet version [ d*z — a*3}7_ , one
gets the integral

AD(24)dD* (7)) _Lo(e,)0* (2 @ "
Z(u,) /H k2m )e y @R (@) exp{anpj(:Ek —b)eq)( K +UP§($k)eq> ( k)}' (24)

With the help of the equality derived from Eq. (20)

dPdD* _ 14+ P dcbd(I) -1o0* Mo No _
[ et et e = ZM'N'/ oy ¢ =

yMN

_yZMlNI oY, (25)

it results into

Z(u,v) = H (y Z j;!].\” [(IQUpiZ(:rk — b)}M [a2vp§(xk)}N> =
= exp {Zln(y j\yle [a*upy (zy b)]M [a%;pé(xk)]]v)} . (26)

The densities are slowly varying at the size a, which allows to replace the sum over x; with the
integral, >, — 1/a* [ d*z,

C Wy (u,v) 2 1 O-};\(/)EV
Z(u,v) = e“e v lny— d*x, =z, = 1 2 (27)
1 M N
W, (u,v) = = d2xln(MEN ]\5!]\7! [a*up(z — b)} [a*vpg(z)] 7). (28)

The factor € in front is irrelevant due to Eq. (16). As W,(0,0) = 0 one can set Z(0,0) = 1.

Now we are going to apply the same method to evaluate Jap(b) function (8). It is the
product of two structures like (2), that is why the discrete analog of the formula (12) comprises
the product of two (22) integrals,

d®(x,)dd*(x,,) AV (y, ) d¥*(y,)
JAB H/ 271_,& H/ 27TZ x

X exp{ Z (I) :Un (I)* xn - Zé\p(yn)\p*(yn)} X
x (AT e 1Ay (AT e"™ Z B|H Y@ BB e ™

Recalling the completeness (6) one gets

d®(x,)dd* (x, ¥ (y,)dV*(y,
Jap(b H/ @ o & H/ ) 271 v )
xexp{ Z O(2,)P" () — Z \I’yn\ll*yn}

Ay (Bl (* @) gy (30)

B). (29)

x (AleXi ®@)| A) (A]e2i T W)
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Using the fact that

A
A = | [ @apite - ner| L ageson
B
<B|€ZL<‘1’*(12)+‘I’*(ZU:)>|B> — |:/ depé(x)ecb*(a:)-i-\I!*(m)} ’

A

(Ale> ) A) = { / dypily —b)e" ™|

and passing to the generating function we get the products of the independent integrals at the
points x;,

(s, v, v5) H/ dd( a:ZQiCD (x;) / d\IJ(:zri)d\.I/ (x;) "

7 271

1
X exp{——@(mi)q)*(xi) — —\If(ml)‘lf*(xl) +
b aatokr — B+ ok — DY) § gt O U}

Using again the identity (25) to evaluate the integrals over ®(x;), VU(z;), we arrive at the
expression

Z(up,va,vp) =

6y(M—HV)-K' M N K
=H<y2 > Srvrer [atuani (o = 0] [atvaph(ee = 0)])V [atvsph(a)] © ) =
ok M,N,K>0
evb K L K
=H(Z/2Z T [ (ua +va)pi(ay — b)) [a*vppp(x)] ™, |, (31)
Ty, LK>0 "7
giving the generating function
Zy(ua,va,vp) = eVmarvavs) (32)
1 LK L K
Wiua,va,vp) = 2 d%ln( Z My!N! [G2(UA+UA)PIJ&($—5)} [GQUB/%(SC)} )
L<2A,K<B

Comparing this expression with (27) we conclude that
Zi(ua,va,vg) = Z(us + va,vp) (33)

and, respectively,
o4 o4 OB

Jap(b) = ——5Z(ua +va,vB)

auA (%A ok quvA:szo’
finall
or, finally s o
Jap(b) = —=—=Z(u,v) (34)
ou?A OvB w0

4. Results of the calculations

The integrand W (u,v) (28) is the logarithm of the series in u* v powers, therefore W (u, v)
can be expanded into u™vY powers itself up to M = 2A, N = B terms. The higher orders do

8
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not contribute as is evident from Egs. (16) and (34). After this the function W (u,v) goes as
the series built of the densities overlaps,

tnan(®) = 3 [ alapia - D] " [@ph(o)]", (3)

with m < 2A and n < B. For the following calculations the nucleon density has been taken in
a simple Gaussian parameterization well suited for light nuclei:

2

p(r) = poe 2. (36)

The reason to chose this form is that it includes only one parameter, a., which can be directly
found from the measured cross section. The value a. is related to the mean square nuclear
radius, a. = /(2/3) Rons.

The total nucleon—nucleon cross section and the slope value (averaged over pp and pn
interaction) are taken in the amplitude (3) as |5, 9]

ol =43 mb, [ =0.2 fm’ (37)

for the energy around 1000 MeV per projectile nucleon.

The calculations have been carried out for the beam nuclei “He, He, 8He, ®Li, "Li, 8Li, °Li,
HTj4, 9Be, °Be, !'Be, 12C, MC, 1°C scattering on '2C target and for the beam nuclei *He, 5He,
8He, ®Li, °Li, *Be, °Be, 'Be scattering on 2"Al target.

Firstly, the 2C density has been determined from the data on 2C-'2C scattering. Using
it the parameters a. and, consequently, R,,s have been found for other beam nuclei scattering
on '2C target. The results are collected in Table 1. The mean square radius of 2”Al has been
defined as the average values obtained from *He and Be scattering on 27Al target, the beams’
radii being taken from the previous calculation for '2C target (Table 2). The obtained values
read

Rps(2C) = 252 fm,  a.(*?C) = 2.06 fm, R,,,(*"Al) = 3.00 fm, a.(*'Al) = 2.45 fm. (38)

With these parameters we again found the radii of other nuclei from the known cross sections
of their scattering on 27Al target. These radii are collected in Table 3. Experimental errors of
all the nuclei in the table except for 'Li are about 2%. The error bars are generally not only
due to statistical errors but may include systematical errors as well. That is why we do not
present them for the calculated radii in the table. Recall that it is the interaction cross section
that has been identified with the experimental one throughout the calculations. To estimate
an effect of switching between the two cross sections the last two columns in all the tables are
the interaction and the reaction cross sections evaluated with the same radius from the third
column.

The radii extracted from the scattering on 2C or 27Al targets are compatible within several
percent accuracy, which can be viewed as a kind of error bar for our estimation.

There are nuclei which can be treated as a composite system of a compact core made up of
N, nucleons and a relatively large halo with N, valence nucleons around. The density of this
composite system is assumed to be the sum of core and halo densities,

p(r) = Nepe(r) + Nypy(r). (39)
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Table 1. Mean square radii R,,s extracted by comparing the evaluated interaction cross section for
the given nucleus scattering on the '2C target with the experimental cross section. These radii are in
the third column. The interaction and the reaction cross sections evaluated with the found radius are
presented in the fourth and the fifth columns. In case of halo nuclei, He, 'Be, 'Li, *C, the halo
radius R, is shown in parenthesis, the core radius R, is taken as that for the above nuclei, *He, 9Be,
9Li, C. The experimental data are taken from the review [10].

Nucleus Experimental Mean square Interaction Reaction
cross section, mb  radius, fm  cross section, mb  cross section, mb
‘He 503 £ 5 1.92 503 539
6He 722 + 6 2.70 (3.82) 722 753
8He 817 £ 6 2.76 817 851
9Be 806 + 9 2.59 806 845
10Be 813 + 10 2.52 813 855
HBe 942 + 8 2.94 (5.60) 942 981
2Be 927 + 18 2.77 927 968
6Li 688 + 10 2.48 688 721
"Li 736 + 6 2.54 736 771
8Li 768 + 9 2.55 768 806
ILi 796 + 6 2.55 796 835
H14 1040 + 60 3.29 (5.5) 1040 1075
2¢C 853 + 6 2.52 853 898.5
¢ 880 + 19 2.50 880 928
15C 945 + 10 2.64 (4.09) 945 992

Table 2. Mean square radius of 27 Al target extracted from the scattering of beam *He and ?Be nuclei
whose radii are taken from Table 1. The radii are evaluated by matching the interaction cross sections.
The interaction and the reaction cross sections calculated with these radii are presented in the fourth
and the fifth columns. The experimental cross sections are taken from the review [10].

Nucleus Experimental Mean square Interaction Reaction
cross section, mb  radius, fm  cross section, mb cross section, mb
‘He 780 + 13 3.00 780 828
9Be 1174 £ 11 3.00 1174 1224

Both densities are taken in Gaussian form (36), with the parameters a. being expressed through
the mean square radii of the core and the halo. This is what is called Gauss—Gauss (GG)
parameterization [11].

Following [11] SHe nucleus is regarded as “He core plus two neutrons halo, ''Be as ' Be plus
one neutron halo, 'Li as °Li plus two neutrons halo, **C as “C plus one neutron halo.

In calculations the ®He core radius, R., has been chosen as the radius of *He nucleus.
Plugging it into the density (39) (normalized to unity), the halo radius, R, for ®He is found
by matching the interaction cross section to the experimental cross section of ®He scattering
on 2C or 27Al targets. The mean square radius of the whole composite system is evaluated as
R%. = (R*+ R?)/(N.+ N,). The calculations for other halo nuclei have been done in the same
manner.

Tables 1 and 3 show agreement of the results obtained for SHe on 2C and 27Al targets
both for the core and the halo radii, the halo radius being considerably larger than that of the

10
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Table 3. Mean square radii R,,s extracted by comparing the evaluated interaction cross section for
the given nucleus scattering on the 27Al target with the experimental cross section. These radii are
in the third column. The interaction and the reaction cross sections evaluated with the found radius
are presented in the fourth and the fifth columns. In case of halo nuclei, *He, ''Be, the halo radius
R, is shown in parenthesis, the core radius R, is taken as that for the above nuclei, He, 1°Be. The
experimental data are taken from the review [10].

Nucleus Experimental Mean square Interaction Reaction
cross section, mb  radius, fm  cross section, mb  cross section, mb
OLi 1010 + 11 2.43 1010 1055
"Li 1071 £ 7 2.50 1071 1116
8Li 1147 + 14 2.62 1147 1193
ILi 1135 £ 7 2.48 1135 1187
10Be 1153 + 16 2.45 1153 1208
HBe 1382 £+ 25 3.04 (6.45) 1382 1432

core. The results for the core radius of 'Be satisfactorily agree for both targets. The ''Be
halo comes out to be evidently larger than the core though a certain discrepancy between two
targets needs a more detailed analysis. Among the other beam nuclei we confirm a sizable halo
for 1'Ti on 2C target, which actually was the first one experimentally discovered [4], and a not
very notable halo for C (Table 1).

5. Conclusion

The reaction and the interaction cross sections have been calculated for a number of beam
nuclei scattering on >C and 2"Al targets. By comparing the calculated values with the exper-
imental data the mean square radii of the nuclear density distribution have been extracted.
They are presented in Tables 1 and 3. The difference between the two cross sections in Ta-
bles 1 and 3 varies from 2% for He isotopes to almost zero for more heavy nuclear beams in a
qualitative agreement with [2].

There is a lot of experimental data on halo nuclei, especially concerning ''Li. Getting access
to nucleon distributions requires, however, an additional theoretical analysis, which is model
or approximation dependent. The radius of 'Li halo lies in various calculations in the range
4.8-5.68 fm [12, 13]. Our result is in this interval. At the same time, the mean square ''Li
radius obtained here exceeds 3.05-3.20 fm values [12, 13|. It also holds for other obtained radii,
they are larger than those listed in the review [10]. This is presumably because of the optical
model approximation used to extract R,,s from the cross sections. The optical model accounts
for a part of the screening effects, the rigid target approximation includes more corrections,
whereas our approach captures almost all of them. High-order corrections reduce the output
cross section. That is why the larger radius has to be taken to recover the same experimental
input.

The results obtained for 2C and 27Al targets are in fairly agreement. A possible reason
for differences is in oversimplified expression for the nuclear density, especially for the halo.
Another reason could be in a complex structure of unstable nuclei. The nucleus 'Be, for
example, admits an interpretation as a two body bound (resonance) state of 1°Be and neutron.
But a similar two body interpretation is hardly valid for He = *He + 2n as there is no known
two-neutron bound state.

11



Yu.

M. Shabelski et al. Natural Sci. Rev. 03 100701 (2026)

Conflicts of interest

The authors declare no conflict of interest.

References

[1]
2]

13

14]

[5]

[6]
7]
18]

19]
[10]
[11]

[12]
[13]

Y. M. Shabelski and A. G. Shuvaev, Generating function for nucleus—nucleus scattering ampli-
tudes in Glauber theory, Physical Review C 104 (6) (2021) 064607. arXiv:2104.04943 [hep-phl].
I. S. Novikov and Y. Shabelski, Complete Glauber calculations of reaction and interaction cross
sections for light-ion collisions, Physics of Atomic Nuclei 78 (8) (2015) 951-955. arXiv:1302.3930
[nucl-th].

I. Tanihata, H. Hamagaki, O. Hashimoto, S. Nagamiya, Y. Shida, N. Yoshikawa, O. Yamakawa,
K. Sugimoto, T. Kobayashi, D. E. Greiner, N. Takahashi, Y. Nojiri, Measurements of interaction
cross-sections and radii of He isotopes, Physics Letters B 160 (1985) 380-384.

I. Tanihata, H. Hamagaki, O. Hashimoto, Y. Shida, N. Yoshikawa, K. Sugimoto, O. Yamakawa,
T. Kobayashi and N. Takahashi, Measurements of interaction cross-sections and nuclear radii in
the light p shell region, Physical Review Letters 55 (1985) 2676-2679.

W. Horiuchi, Y. Suzuki, B. Abu-Ibrahim and A. Kohama, Systematic analysis of reaction cross-
sections of carbon isotopes, Physical Review C 75 (2007) 044607 [erratum: Physical Review C 76
(2007) 039903]. arXiv:nucl-th/0612029 [nucl-th].

W. Czyz and L. C. Maximon, High-energy, small angle elastic scattering of strongly interacting
composite particles, Annals of Physics 52 (1969) 59-121.

A. Bialas, M. Bleszynski and W. Czyz, Relation between the Glauber model and classical proba-
bility calculus, Acta Physica Polonica B 8 (1977) 389-392. INP-951 /PH.

G. D. Alkhazov, T.Bauer, R. Bertini, L. Bimbot, O. Bing, A.Boudard, G. Bruge, H. Catz,
A. Chaumeaux, P. Couvert et al., Elastic and inelastic scattering of 1.37-GeV alpha particles
from Ca-40, Ca-42, Ca-44, Ca-48, Nuclear Physics A 280 (1977) 365-376.

G. D. Alkhazovi, Y. Shabelski and I. S. Novikov, Nuclear radii of unstable nuclei, International
Journal of Modern Physics E 20 (2011) 583-627. arXiv:1101.4717 [nucl-th].

A. Ozawa, T. Suzuki and I. Tanihata, Nuclear size and related topics, Nuclear Physics A 693
(2001) 32-62.

M. A. M. Hassan, M. S. M. Nour El-Din, A. Ellithi, E. Ismail and H. Hosny, The effect of halo
nuclear density on reaction cross-section for light ion collision, International Journal of Modern
Physics E 24 (08) (2015) 1550062.

I. Tanihata, Neutron halo nuclei, Journal of Physics G 22 (1996) 157-198.

M. V. Zhukov, B. V. Danilin, D. V. Fedorov, J. M. Bang, I. J. Thompson and J. S. Vaagen, Bound
state properties of Borromean halo nuclei: He-6 and Li-11, Physics Reports 231 (1993) 151-199.

12


https://arxiv.org/abs/2104.04943
https://arxiv.org/abs/1302.3930
https://arxiv.org/abs/1302.3930
https://arxiv.org/abs/nucl-th/0612029
https://arxiv.org/abs/1101.4717

	Introduction
	Cross sections in the Glauber approach
	Generating function
	Results of the calculations
	Conclusion

