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Abstract Assuming a single proton 2p state structure of *N, we study the halo-like structure of N by calculating proton-"N elastic

scattering at the incident energy of 1GeV in the framework of Glauber multiple scattering theory. The theoretical prediction of the dif-

ferential cross section is obtained. Unlike *C, there are no experimental data available at present to examine this prediction. Howev-

er, the result could be a guide to the coming experimental measurement, particularly, for a possible experiment at the Institute of

Modern Physics, the Chinese Academy of Sciences, Lanzhou, China. Recalling our previous theoretical prediction for *C halo-like

structure and its experimental verifications, our present results evidently show that a possible halo-like proton skin of >N in ground

state most likely exists. Therefore, an immediate experimental measurement of p-">N elastic scattering at the energy of 1 GeV is ur-

gently demanded.
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The recent discovery of neutron halo phenomena!' ™! is
one of the most interesting events in nuclear physics. Many
experimental and theoretical efforts have been devoted to the
investigation of the neutron-rich nuclei SHe, *He, " Li,
112,140 4B and 1l and the proton-rich nuclei gpl8] s
e, NPT YE and VNel' ! 1o establish the existence of
the proton halo or skin in these nuclei.

Theoretically, we consider in this short note if the pro-
ton-halo-like single particle 2p state with the occupation num-
ber less than 1 exists in the ground state of the N nucleus.
The reason is that *N is a mirror nucleus of *C and the anal-
ysis of the charge and magnetic form factors of elastic electron
scattering on *C, magnetic moments of *C and N, and also
log ft for B-decay of N into *C clearly indicate a necessity
to take into account the 2p shell in the ground state of nuclei
BE and BN14-15]

In order to get a deeper insight into the structure of neu-

tron-rich nuclei, the halo phenomenon has been the subject of
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numerous studies during the last decades. Varlous experi-
mental methods were applied, such as the beta-decay mea-
surements following in-beam polarization by optical pumping,
and the investigation of momentum distribution of the reaction
products after fragmentation of the halo nuclei impinging on a
nuclear target. It should be pointed out that obtaining the
precise information on the radial structure and the size of halo
nuclei from experiments on total interaction cross sections and
momentum distributions may inherently be limited by incom-
plete knowledge of the rather complicated reaction mecha-
nisms under study. Systematic errors in the determination of
the matter radii seem to appear from uncertainties in describ-
ing re-scattering of the target nucleons on the nuclear con-
stituents of the projectile, uncertainties in taking the final
state interaction into account, etc. Therefore, in order to
avoid these uncertainties and to attain more detailed informa-
tion upon the radial shape of the halo nuclei and their nuclear

matter radii, another method, namely the method of small-
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angle proton elastic scattering at intermediate energy, has re-

cently been applied[ 16]

which is particularly good for studying
the spatial structure of halo nuclei since the contribution to
the cross section from the scattering on the halo nucleons is
concentrated just at small scattering angle, i.e., at small
momentum transfer.

Our previous research of Ref. [17] confirmed that the
neutron 2p state in " C is the single-particle halo-like state
with a large root-mean-square radius (rgpm>1/ 2 = 11.02fm.
Remind <rfpm>1/ 2 = 3.40fm. At the same time, many pa-

pers[ls,w]

analyzed the magnetic form factor of elastic electron
scattering on °C, and the experimental elastic magnetic form
factor was found to be reproducible when the 2p shell is taken
into account. As mentioned, N is a mirror nucleus of PC.
For confirmation of the existence of the halo-like proton 2p
state in the structure of >N, we investigate elastic scattering
of protons with the intermediate energy of 1GeV on nucleus
N in this paper using the Glauber theory of diffractive multi-

(2] and the same parameters as that used in *C

ple scattering
calculations. Therefore, this paper is a parameter free calcu-
lation.

According to Glauber Multiple scattering theory, the
amplitude of proton elastic scattering off nucleus can be writ-

ten in eikonal form as the following

N |
Fe(p) =E () @bew «

(g1l - H[l -0 lgy, (D

where ¢),-m are the nuclear wave functions of the initial (final)
state, H_,(gq) denotes the center-of-mass correction factor
and the I';(b — s;) stands for the single particle profile func-

tion

ri(b-s,) = —1-Jd2qe'"’(b'sf)j}(q), (2)

T 2mik
with j;( q) being the hadron-hadron two body scattering am-
plitude. The k in Eq.(1) is the wave vector of the projectile
proton, b the impact parameter, g the momentum transfer.
Since the effect of the correlation of the odd proton with the
core 2C is negligibly small, the amplitude in Eq.(1) can be

represented as
Fale) = M H () [ @b 15, - (& -
({1 ) = (gt Ty = 8,) 1 ¢ 0)] x
Fms(nc)} ’ ' (3)

with

Fos(%C) = (9une(?0) 1 [T [1= Ii(B = 5] 1x
¢core(1zc)> . (4)

The wave function of >N is taken to be a simple product
of single odd proton wave function ¢, in the p sub-shell and
the nuclear wave function of the 2C core of the target BN,
oo 2C) . The normalization is

(goy 1o =10 . (5)

In Eq. (3), <¢Jp| r'y(b-s,)I ¢1p>is the matrix ele-
ment of the incident proton scattering off the odd proton in the
target BN, while the factor F DIS(IZC) (see Eq. (4)) denotes
the proton elastic scattering off the >C core since the nucleus
®N has been regarded as a 2C core plus the odd proton.

Suppose the odd proton in N can stay either in 1p state
or in 2p state so that its single particle wave function can be
written as

P = () 1 ) + ()2 1 gy (6)
with 7,(;,) being mixed probability amplitude. Then, the
matrix element of <</Jp| r,l g[)p>can be written as

(o | Ty 1 ) = 711y | Ty 1 1) +
1o 2p | Ty | ) +
(7]1p772p)1/2<‘/’1p | Iy | ¢'2p> +
(Mip72) 22y | T | iy - (7)
Given the wave functions of single particle, ¢, and ¢,,, one
can evaluate the matrix element (¢, | I', .| ¢,) using Eq.(2)

and Eq. (7). The numerical calculations of the matrix ele-

ments of { ¢ (2C)1 H [1-T(b-5)] x| e (2C))

can also be easily performed as we have done in Ref. (217,

i.e.

Fos(*0) = (puu(®0) 1 TL 11 = 1(B - 501 x

| (€)=

1—det| (g 1 1 = T | o) 1. (8)
In Eq. (8), ¢y, is single particle wave function with nljm
being an appropriate set of single particle quantum numbers
which can completely describe a single nucleon state. Eq.
(8) denotes the contribution from 2C core of ®N target nu-
cleus, as a distortion factor for the incident proton, to the p-
BN elastic scattering. We emphasize that our approach in
calculating the distortion factor, Eq.(8),includes all scatter-
ing terms which exist, one body through (A — 1) body scat-
tering terms (always with the eikonal restriction that no nucle-

on is struck more than once), since ¢cm(uC) is described
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by a Slater determinant which considers the Pauli correlation
of nucleons in ?C, and we use the determinant method to
calculate the distortion factor Fpg(?C). In one word, not
any higher order terms of the scattering amplitudes are omitted
in our present calculations. All the terms are included.

The amplitude of the

proton-nucleon  scattering

fi,(q) in Eq. (2) can be parameterized in the form

ikg 2.2
il = = - ionle ? Fn/t, 9

where o, is the total cross section of the pp interaction, p,,
is the ratio of the real part of the pp amplitude to its imaginary
part, and 3, is the slope parameter of the pp two body scat-

tering amplitude. These parameters are taken here to be

Opp = Opy = 4.40fm’, (10)
Pop = Ppu = - 0.25, (11)
B, = B = 0.30fn’. (12)

Substituting Eq.(9)into Eq.(2),we arrive at
1 -i -5
Fj(b - s,-) = mjdzqe a(b f)f,»(q) =

L_Ep_a (1 - lp )e_(b_s/)z/zﬂ:s’. (13)

47‘!3?:1)
Using Eqs. (3), (6), (7), (8),(10)—(13) we can easi-
ly evaluate the amplitude of the proton-"*N elastic scattering,
F ﬁ( q), and then we can get the differential cross section by
definition of do/dQ = | Fﬁ( g) 2. In our numerical calcula-
tions, the wave functions of single particle are given by the
harmonic oscillator potential [17.18) \ith the size parameter by,
=2.389fm, by, =2.753fm, and 5,=1.034, 5, =0.133.
It should be stressed that here <¢p| g # 1, Goore (12C) x
| foore('2C)) 5 1,but Eq. (5) is held. Our theoretical pre-
diction of differential cross section, do/d (mb/sr), for
p-"N elastic scattering at the energy of 1GeV is shown in Fig.
1. Obviously, the differential cross section has a quite similar
diffractive feature like p-"C elastic scattering at the energy of
1GeV . Therefore, some conclusions may be obtained by

comparison with the study of p -C elastic scattering.
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Fig.1. Plot of our theoretical prediction for the differential cross

section of the proton with energy of 1GeV elastically scattered off

the ® N target with 7,, = 1.034, M = 0.133, by, = 2.389

fm, bzp = 2.753fm, Cpp=0p= 4.40 fmz,‘opp = pm= —0.25,
B2, = B, = 0.30fm’.

In summary, we study proton halo-like structure of *N
by calculating the p-">N elastic scattering at the incident en-
ergy of 1GeV in the framework of Glauber multiple scattering
theory, and by assuming a single proton 2p state structure of
N ground state. The theoretical prediction of the differential
cross section for the proton -°N elastic scattering is obtained.
Unfortunately, unlike " C, there are no experimental data
available at present to confirm this prediction. However, our
result could be a guide to the coming experimental measure-
ment, particularly, to a possible future experiment at the In-
stitute of Modern Physics, Lanzhou, China. Recalling our
theoretical predictions of *C halo-like structure and its exper-
imental verifications, our present results evidently show that a
possible halo-like proton skin of ®N most likely exists. If the
coming experimental data measured in the future would fall
down on our predicted curve, we could have a halo-like BN
nucleus. If not, we should look for another explanation for
the new observation. Therefore, an experimental measure-
ment of p-"N elastic scattering at the energy of 1GeV is ur-

gently demanded.
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BWE BRCNEEBE TN 2 AWEW, A Glauber $ EHAE R H T 1GeV R FACN LR EHA K
ARE FERTIONWEXELH SPCHERTR, EREHNERAX T p"NERR A MO R AN ERA
BERNWERLRALE RN ERERTUEN A ARWLBRAREI AR - MR, FAENZ
MERDEFEFWERLRARIHEASERERINE SRENRMNAPCEAEHNERT LT
BERIE, AXN T EERABHEN N TREFES —NXEWRTALH B, XR EWNEp-ON
EHEH RO BRERRLNEFED LRGN - PERFRTAE.
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