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Introduction

The study of structure of light nuclei such as *He, $He, ' Li and so on is very popular now.
There is a big progress in understanding the structure of light exotic nuclei °He, ' Li, ... .
The deuteron structure is a subject of continuous discussions. Only few hypotheses about
the structure of *He exist now. In paper by L.G. Dakno and N.N. Nikolaev [1] it was
assumed and shown that 12% admixture of twelve quark bag configuration in the ground
state wave function of the  He nucleus allows one to understand the irregularities of proton
-4He elastic scattering at high energies. We believe that the hypothesis will permit to
describe other reactions — d+ *He,*He +*He,*He + C, ... etc. The matter is the carbon
and oxygen nuclei are considered as strong clustering nuclei, consisting of o particles. So,
the peculiarities of the *He nucleus can manifest themselves in the structure of '*C and
150 nuclei.

To show these, one needs to calculate elastic and inelastic scattering of *He on differ-
ent nuclei. The Glauber diffraction theory [2] of multiple scattering processes has been
generally accepted as a suitable framework for such calculations. But it was recognized -
many years ago that the model predictions have been far from being perfect even for the
hadron-nucleus scattering process.

Many authors believe that it is due to inelastic screening, and many attempts have
been made to take them into account [3, 4, 5, 6, 7, 8]. According to different calculations,
the inelastic screening corrections to the total hadron-nucleus cross sections are at the level
of 2-5 %. It is not enough to describe the p*He scattering. Inclusion of the corrections
into calculations of the p*He elastic scattering leads to a shift of the first diffraction
minimum to low values of the momentum transfer, ¢. But a good description of the cross
sections demands shift of the minimum to large values of ¢. In order to solve the problem
at the first step of our study, we will omit the corrections.

The content of the paper is as follows: Sec. 1 describes calculation of the 4He form
factor with different parametrizations of the ground state wave function. Sec. 2 gives
calculations of the p?He elastic scattering amplitude and differential cross section with
these parametrizations. In Sec. 3 we include the twelve quark bag admixture and fit
the parameters of the twelve quark bag using experimental data. In the last Sec. we
summarize our results.

1 Form-factor of *He

The main characteristic property of a nucleus is a nuclear form-factor.
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where 1 is the wave function of a nucleus in the ground state, A - a mass number of the
nucleus, 7, 72, ... radius vectors of nuclear nucleons, §- momentum transfers. It is very
often assumed in Glauber calculations that the square module of 4 can be represented as
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The é-function is introduced in order to satisfy the obvious condition
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For the *He nucleus in the paper [1] the following parametrizations of ©(7) were proposed:
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The parameters are given in Table 1.

Table 1: Values of used parameters (from [1])
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R 72 R D, | D,
(GeV/)~2 | (GeV/e)? | (GeV/c)-2
A 51.01
B 48.07 3.67 1.0
C 47.29 1.6 1.6
D 62.06 19.0 10.13 3.79 | 0.31

We will use a general form for the function ¢ as

N
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In Eq. (2) p, is the normalization constant determined from the condition

A
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Substituting Eq. (2) in the normalization condition (5), we have
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Using the following representation of the § function
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the Eq. (6) can be re-written as
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Then
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Integration with respect to r; gives
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and final integration with respect to o yields
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The one-particle density function is determined as
o) = [ 107, 7o, o, F) PP radradir, (11)

and can be calculated in an analogous way. The functions p(7) corresponding to the
parametrizations (A — D) of the wave function are shown in Fig. 1. All densities are close
to each other at large values of 7, and they are different in the nucleus center. So, the
parametrizations take various short range NN correlations into account.
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Figure 1: The one-particle density of the 1He



Performing nearly the same calculations, we have the following expression for the form
factor:
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Integrating it with respect to r; we obtain
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The charge form factor, Fuu(), of the “He is connected with F(§),

Fun(q) = F(9)GN(D), (14)

where Gn(§) is a nucleon charge form factor, Gn(§) = Gp(@) + Gn(g). G, is the proton
form factor chosen in the dipole form [9], Gp(t) = (1 —t/0.71)72. G, is a neutron form
factor, G ((j) (1472¢%)~2—(1+72¢%)~2, where r? = 1.24 (GeV/c)~%,r] = 1.50 (GeV/c)~?
[1]. t = —¢? is the four momentum transfer in (GeV/c)2.

In Fig. 2 the charge form factor calculations at the different parametrizations (B — D)
are compared with the experimental data of R.F. Frosch et. al. [10]. The charge form
factor predicted by parametrization A is not presented because it does not reproduce the
data at ¢ > 0.35 (GeV/c)?. As seen, at small values of ¢ all parametrizations give the
same good description of the data. They are different only at large values of ¢ due to
the difference of the corresponding one-particles densities in the center of the nucleus (see
Fig. 1). We consider parametrization D as the best one though it gives a dip position
at a somewhat smaller value of ¢ than it is needed for a perfect description of the data.
We think that the inclusion of the twelve quark bag component of the ground state wave
function will not change the results drastically (see consideration in Ref. [1]).
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Figure 2: The charge form-factor of the *He nucleus. The points are the experimental
data [10], lines — our calculations.

2 The differential elastic cross section

The Glauber amplitude for hadron-nucleus scattering has a form [2):

Fa@ = 2 [ 6Byt~ T (1= (5 5)) ), (15)

j=1

where b is the impact parameter, p is the momentum of the projectile hadron, ); and L
are initial and final states wave functions, respectively. 7 is the NN elastic scattering
amplitude in the impact parameter representation. The corresponding differential cross

section is given as
do 2
— = |Fal". (16)

In the case of the elastic p*He scattering the amplitude F4 given by Eq. (15) can be
re-written as

: 4
_ 21 idb |1 _ N 2
Fu@ = 2 [ [1 ,-131(1 7B sJ))] (7 Hdr, (17)
Substituting Eq. (2) in Eq. (17) gives

Fu(@ = 3ope [ &b e |1

1_1( —sa))] T o), (19

where 7 = §+ 7,7 is the component of the position vector 7 in the direction along the
projectile momentum 5. We assume it is the direction of the z-axis. Taking into account
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the relation (4), we obtain
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d = dy + @. As before @ is the component of & in the z-axis direction, and @, is
two-dimensional vector orthogonal to 7. Having that
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we can write the amplitude as a sum of the multiple scattering terms

T FO_ 5@ | p® _ g,
pe 14(q) = + Fiy — Fiy (21)

Every term can be calculated separately if 7 is chosen as

y(B) = B e B /2Br, (22)

where 8 = (o (1 — iann) / (4xByn), 0¥l is the NN total cross section, Byy — the
slope parameter of the NN differential elastic cross section at zero momentum transfer,
ayy — the ratio of the real to imaginary parts of the NN elastic scattering amplitude at
zero momentum transfer. Then, the first term will be
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In many experimental papers [11, 12, 13] the authors included the' Coulomb scattering
amplitude in a simple way in order to extract the nuclear total p*He cross section,

do 2

_ = ip
o = [P+ B[, (29)
where 4
Ft) = “6, ()61, (50)

@ = 1/137 is the fine structure constant, 8 = v /c is the proton velocity in the labo-
ratory system, Gp(t), Gu.(t) are the electromagnetic form factor of the proton and He,
respectively,

T2t
Gre(t) = exp 5 | (31)
r%le = rz — rz, Te = 1.67 fm, rp = 0.812 fm.
¢ =2ap7" [In (BJt|) +0.577...]. (32)

B = 29(GeV/c)™® and t = —¢?. F, is the nuclear amplitude written at small ¢ in the
form
=2 o 1Bt
n—m(z+a)e . (33)
We follow the same way replacing Fiy by the Glauber scattering amplitude.

The available experimental data on the p*He elastic scattering have been presented by
G.N. Velichko et. al. [11] at the energies of 0.695, 0.793, 0.89, 0.991 GeV; by A. Bujak et.
al. [12] at the energies of 45, 97, 146, 200, 259, 301, 393 GeV, and by J.P. Burq et al. [13]
at the energies of 100, 150, 250, 300 GeV. To calculate the Glauber amplitudes at these
energies, it is needed to have the values of the nucleon-nucleon amplitude parameters
0N, By and any. offh, was estimated as an average of the neutron-proton total cross
section, oy, and the proton-proton total cross section, 7%, which can be taken from the
compilation of the experiential data [14].

More complicated situation is with Byy. There are only few experimental data, and
it is not enough for all energies. Thus we have used another way to evaluate Byy from
the total and elastic NN cross sections. At chosen form of v(5) (see Eq. 22) the elastic
NN cross section, oy, is given as

a _ 1 /p\? N igBy a7\ g 2, 2
ONN = ]? % ’)’(bl)e Y (bZ)e dzbld bad q
= (?:r? / ¢ Gb2y (51 )y* (B) d2b1 d%hyd%q

-

= / 86 = By ()" Bo) i = [ |y@)[ a2

tot 2 2
- (h) (et [
NN
2 2
i 2 (o
(47TBNN (1 * O‘NN) "By = 167 Byn ( * aNN) (39
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Since ayy is very small, we neglect it in our calculations. In this case Byn can be

calculated as .
B = (0ER) -
NN = ].671'0‘%1\/ ’

oy was taken from the compilation of the experimental data [14] as an average of pn
and pp cross sections.

The values of ayy for all mentioned above energies were extracted from the compila-
tion of the experiential data [15].

Table 2: The parameters used at the calculations of the Glauber amplitudes
Ekin J%N O';Zt 0;‘::“ Uf\%\l BNN QNN
GeV | mb | mb | mb | mb | (GeV/c)2
0.695 | 24.2 | 42.4 | 38.38 | 40.39 4.069 -0.205
0.795 | 22.5 | 46.8 | 38.56 | 42.68 4.134 -0.1975
0.800 | 24.4 | 47.3 | 38.73 | 43.01 3.872 -0.19
0.991 | 24.27 | 47.6 | 39.24 | 43.42 3.967 -0.185
0.992 | 24.27 | 47.6 | 39.24 | 43.42 3.967 -0.185
45 | 7.402 | 38.48 | 38.32 | 38.4 10.173 -0.087
97 16.985|37.94 | 38.89 | 38.4 10.783 -0.090
100 |6.985 | 37.94 | 38.89 | 38.4 10.783 0.1
146 | 7.03 | 38.29 | 39.12 | 38.71 10.884 -0.049
150 | 7.03 | 38.69 | 39.12 | 38.91 10.996 0.105
200 | 6.895 | 38.98 | 39.56 | 39.27 11.422 -0.022
250 | 6.89 |39.34 | 39.83 | 39.58 11.614 0.11
259 | 6.89 |39.34 | 39.83 | 39.58 11.614 0.024
300 | 6.888 | 39.46 | 39.83 | 39.65 11.653 0.115
301 |6.888 | 39.46 | 39.83 | 39.65 11.653 0.031
393 | 7.016 | 40.19 | 40.01 | 40.1 11.703 0.067

All the parameter values used for our calculation are presented in Table 2. Typical
results of the calculations in comparison with experimental data (11, 12] are shown in Figs.
3, 4. As seen, the model calculations are above the experimental data. The first diffraction
minima are shifted to small . We can confirm now that the model calculations can not

reproduce the data with required accuracy. This pushed us to search for modification of
the model.

3 The twelve quark bag admixture

Any nucleus consists of 3A4-quarks. In the ground state the quarks are forming clusters,
bags and nucleons. Following [1] we assume that the 4He wave function is given as

|91--q12 >= o] NNNN > +6[12¢ >, |l + |8 =1, (36)

where |g; ...q15 > is the 12- quark bound state wave function of the 4 He. [12g > stands for a
component left after projecting |g;...gi2 > onto the four nucleons state. Since INNNN >
vanishes in the central part of ¢He, |12¢ > must strongly peak in the central part of the

.
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“He. According to the assumption of Ref. [1] < NNNN [12¢ >="0. Thus, we neglect
12¢ — NNNN interference terms that vanish at ¢ = 0 in the elastic p'He scattering
amplitude and write

Fiy = (1 = wiag) Fr + wizgFiog, (37)

where Fg is the Glauber amplitude of the p — 4N scattering, and w;g, is the weight of

the 12¢ bag quark state, wisy = |8]>. We take the nucleon - twelve quark bag scattering
amplitude in a simple form,

o
Floq = %etb”"ﬂ, (38)

where 194 is the N — 12q bag total cross section, and b1gq is the slope parameter.

We found the parameters o124, b1z, and wyy, fitting the experimental data [11, 12, 13].
The values are presented in Table 3. As one can see, the parameter uncertainty is very
large at low energies (Exin <1 GeV). This means that at the energies one does not need
to add anything to the Glauber amplitude. At higher energies the values become more
stable excepting the results at 146 GeV.

Table 3: The fitting values of wiag, 0124 and bia,

Ein Wizg O12g bi2q x2/NOF
GeV mb (GeV/c)—2
0.695 | 4.1 +66.5 | 126.0 +£169.7 | 32.6+100.5 72/65
0.795 9.8 £1.8 117.0 £10.7 40 £228.9 45/81
0.890 | 10.6 £174.4 | 169.4 +464.4 | 37.4+164.2 56/95
45 8.34 £0.92 | 32.62 +10.23 | 20.38+3.90 557/127
97 9.23 £1.31 | 30.83 +13.37 | 20.46+5.54 146/84
146 13.514+0.42 | 65.57 +2.54 | 32.46+0.52 222/84
200 | 10.514+1.83 | 28.86 +17.24 | 21.62 +7.33 285/84
259 9.72 £2.91 | 29.10 £+30.04 | 22.114+12.69 264/86
301 11.08£1.28 | 25.94 +11.78 | 21.68+5.46 173/86
393 | 10.80£1.59 | 25.73 £14.95 | 21.14+6.96 118/85

We have excluded from the fit the data at the energies of 100, 150, 250, and 300 GeV'
(13]. The data are above the Glauber calculations. Thus, at the fitting an unreasonable
large weight of 12qg-bag (> 50 %) and 012, was obtained. We believe the data are not
quite well normalized. To show this, we plot the data at close energies [12] on the same
figures 3, 4. .

As seen, there is a clear difference between the two groups of experimental data.
Maybe, it is due to a normalization error. We do not know a reason of the error. However,
one can see that the data by Ref. [13] are falling out from the whole set of the experimental
data, and it is not possible to fit them correctly.

The figures show influence of the 12q bag admixture on the differential cross section.
The inclusion of the admixture leads to decreasing the Glauber amplitude if O12¢ is smaller
than opge. In the region of the dip where the Glauber amplitude vanishes, Fi,, is positive
and shifts the dip to a larger values of . So, the hypothesis really allows one to solve the
main part of the problem.

12
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Figure 3: The p!He differential elastic cross sections. The point are the experimental data
[12, 13]. The solid and dashed lines are our calculations with and without 12q admixture,
respectively.

Clearly, inclusion of the inelastic screening into calculations will lead to decreasing
the cross section in the region of small ¢, and to increasing in the region of the large ¢
values. To compensate these, one have to increase Wi2g, O12¢, and byaq. From this point
of view we can understand the results of Ref. [1]. According to the Fig. 10 of the Ref.
(1], o124 ~ 140 mb what is near to the p*He total cross section, the slope parameter of
that Fip, is larger than ours. As a result, wizg ~ 12 %. We have the average value of
wigg ~ 10.5% So, two values agree quite reasonable with each other. At the same time,
our 0134 is too small.

Let us mark that our amplitude Fj,, is more simple than that of the Ref. [1]. It can
be easily used for future calculations.
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Figure 4: The p*He differential elastic cross sections. Points show experimental data
[12, 13]. Solid and dashed lines are our calculations with and without 12q admixture,
respectively.

Conclusion

The 12q bag admixture to the ground state wave function of the 4He nucleus allows one to
describe quite well the elastic p*He scattering. According to our estimations, the weight
of the 12q bag is ~ 10.5%, the proton - 12q bag total cross section is ~ 34 mb, and the
slope parameter of the p — 12¢ bag elastic scattering is ~ 23 (GeV/c)2.
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Mocamnem A. M., Yxunckuii B. B. E2-2002-127
OLeHKa IPUMECH COCTOSTHHUS JBEHAALATHKBApKOBOrO MEILIKa B sApe 4He

B pamkax n1ay6epoBCKOH TEOPHM aHAIM3UPYETCs YNpyroe p 4He-paccesnue B o6macTu
sHepruii ot 0,695 mo 393 I'sB. I'may6epoBcKie aMIUTUTYIbl PACCYUTAHBI C UCIIONB30BAHUEM
HYKJIOH-HYKJIOHHBIX aMIUTUTYJ, YCPEXHEHHBIX IO M30CIHHY, U C UCMONIb30BAaHHEM BOJIHOBOM
¢ynkuun * He B BUIIe Cyneprio3uLuy raycCHaHoB. 3HaueHHUs pacyeTHbIX AU depeHIHaIbHbIX
CeyeHHil, KaKk OOBIYHO, MPEBBILIAIOT SKCIIEPUMEHTATbHbIE 3HaueHUs. [ mpeononeHus 3a-
TpyOHEHHS TpEeaIoNioxeHo, cnenys pabore JI. T Haxno u H. H. Hukonaesa (Nucl. Phys.,
1985, A436, p. 653), 4TO OCHOBHOE COCTOSIHHE Aapa “He CONEPXUT NPUMECh COCTOSHHS JIBE-
HaJUATUKBapKOBOTO MellKa. B npeHeOpexeHWH INepexoqHbIMU aMIUTHTYaMH, aMILTHTYAa
paccessHUS TPOTOHA Ha 12-KBapKOBOM MeIlKe BhIGpaHa B HPOCTEHIIIEM IayCCOBCKOM BHIE.
Vyer 12-KBapKOBOTO MeIIKa MPUBOAUT K YMEHBIIEHUIO D “He nuddepeHIHaTbHOro ceyeHus
U K COBUIY OU(PaKIMOHHOrO MUHMMYMa K OOJIBIIMM 3Ha4YeHUsM !, 4TO U Tpebdyercs
U1 YCIEIHOIO ONMUCAaHUS dKCIIEPUMEHTAIbHBIX AaHHbIX. IIpu duTHpOBaHMM SKCNIEPUMEH-
TaJbHBIX JAaHHBIX HAHIEHO, YTO BEC COCTOSIHUA 12-KBapKOBOIO MeLIKa B OCHOBHOM COCTOSHUH

aapa “He ~ 10,5 %, c;,o_tlzq ~ 34 M0, a mapamMeTp HaKJIOHa YIpYroro p — 12q-paccesHus npu-
6mu3uTensHO paseH 23 (I 3B/c) 2. Heymnpyrue sKpaHUpPOBKH HE Y4YTEHBI.

Pa6ota BeimonHeHa B Jlaboparopun ungopMaluoHHbIX TexHonoruit OMSH.

Coo6uenre OGbeINHEHHOTO HHCTHTYTA SAEpHBIX HccenoBanuii. y6Ha, 2002

Mosallem A. M., Uzhinskii V. V. E2-2002-127
Estimation of Admlxture of Twelve Quark Bag State in 4He Nucleus

The p4He elastic scattering at the energy range from 0.695 to 393 GeV is analyzed
in the framework of the Glauber theory. The Glauber amplitudes were evaluated using
isospin-averaged nucleon-nucleon amplitudes and the  He wave function as a superposition
of the Gaussian functions. The values of the calculated differential cross sections usually ex-
ceed the experimental ones. In order to overcome the discrepancy, it is assumed following
to the paper by L. G. Dakno and N N. Nikolaev (Nucl. Phys., 1985, A436, p. 653) that
the ground state wave function of “He has an admixture of a twelve quark bag. Neglecting
all transition amplitudes, the p-12q bag scattering amplitude was chosen in a simple
gaussian form. The inclusion of the 12g bag leads to decreasing the p 4He differential cross
section and to a shift of the dip position to a large values of ¢ what is needed for a successful
description of the experimental data. While fitting the data it is found that the weight

of the 12q bag state in the ground state of the 4He nucleus is ~ 10.5 %, ci,o_t 12¢ ~ 34 mb,

and the slope parameter of the p-12g bag elastic scattering is ~ 23 (GeV/c)~2. Inelastic
shadowing is not taken into account at the calculations.

The investigation has been performed at the Laboratory of Information Technologies,
JINR.
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