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Abstract The neutron-rich nucleus 11Li is separated by the radioactive ion beam line RIBLL at HIRFL from

the breakup of 50MeV/u 13C on Be target. The total reaction cross sections for 11Li at energies range from

25 to 45MeV/u on Si target have been measured by using the transmission method. The experimental data at

high and low energies can be fitted well by Glauber model using two Gauss density distribution. The matter

radius of 11Li was also deduced.
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1 Introduction

The nucleus near the drip line can be produced

by radioactive ion beam equipments, so that research

region was expanded along the isospin degree of free-

dom. The N/Z ratio for nuclei around the β stability

line is between 1.0 to 1.5, while the single nucleon

separation energy is about 6—8MeV and the radius

is expressed to proportional to A1/3. On the other

hand for unstable nuclei, N/Z radio is between 0.6 to

4, single nucleon separation energy is 0—4MeV, and

the matter distribution may be dispersed. This pro-

vides new opportunity for the study of nuclear struc-

ture.

In 1985, the interaction cross sections of some ra-

dioactive nuclei at high energies were measured by

Tanihata at LBL. The interaction cross section of 11Li

show an exotic enhancement, which corresponds to

the disperse neutron distribution of 11Li, called neu-

tron halo
[1]

. After this experiment many more halo

nucleus were found, such as 6He, 11Be, 14Be, 17B, 19B,
19C etc. The proton halo nucleus 8B was also identi-

fied. Experiments show that at medium energies the

total reaction cross section is more sensitive to the

tail region of nuclear matter distribution than that at

high energies. The parameters of the nuclear matter

distributions, including the root mean square (rms)

radii, can be deduced from reaction cross section at

different energies. The information about the exotic

property of the nuclear structure could then be
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explored.

The 11Li is treated as 9Li+2n structure based on

the analysis of the interaction cross section measured

by the early experiments. The rms radii was deduced

from this high energy data. Since the reaction cross

section at medium energy is more sensitive to the tail

region of the nuclear matter distribution, it is better

to carry on experiment at medium energies to prove

the nuclear radii for 11Li.

We report here the total reaction cross section

of 11Li on Si target at 25—45MeV/u measured at

the Radioactive Ion Beam Line in Lanzhou (RIBLL).

The nuclear matter distribution as well as it’s rms

radii was deduced from the present experimental

data together with the high energy experimental data

through the Glauber model analysis.

2 Experimental setup and detection

methods

The experiment was carried out at the RIBLL
[2, 3]

.

The primary beams of 13C at 60MeV/u with an in-

tensity up to 50enA were produced by the Heavy Ion

Research Facility in Lanzhou (HIRFL), bombarding

a primary target of 4mm thick Be. The different type

of ions can be separated by 1mm wedge degrader and

magnetic rigidity of RIBLL.

Figure 1 shows the schematic view of experiment

setup. The starting and stopping time of flight of

particles were taken from the timing detector at T1,

T2 of RIBLL. Each detector consists of a plastic scin-

tillation film with ellipsoid focus on electron photo-

multiplier tube[4]. The time resolution of the detector

is less than 200 ps. A collimator with 8mm diameter

was placed at T2 to limit the beam spot on the follow-

ing particle telescope. The telescope detector consists

of seven Si semiconductor detectors and one CsI(Tl)

stopping detector. The semiconductors had thickness

of 1000, 700, 2000, 1000, 1000, 2000, 700µm, respec-

tively, and effective area 150mm2. The CsI(Tl) had

thickness of 10mm and effective area 70mm×70mm.

In addition, in front of the telescope detector a posi-

tion sensitive Si detector (PSD) was used to provide

position of incident particles. The detector had thick-

ness 325µm and effective area 45mm×45mm.

Fig. 1. Schematic view of the detection setup.

The incoming 11Li particles passing through Si

semiconductor detectors were stopped by CsI detec-

tor. Each of the frontal 6 Si detectors provided

the ∆E signal and also played the role of the sec-

ondary Si target, for the following detectors in the

telescope. The emergent particles were identified by

∆E-E method. The energy resolution of Si detector

is less than 1%. The experimental data were saved in

computer, and then analyzed offline.

3 Data analysis

Transmission method, also called beam attenua-

tion method is independent of theoretic models. The

total reaction cross section is expressed as:

σR =
1

Nt

ln

(

N0

N1

)

, (1)

Where Nt is area particle density of the target, N0

incident number of particles, and N1 the remaining

number of particles in the beam leaving the target.

The total reaction cross section can be obtained by

accurate measurement of the incoming and outgoing

number of 11Li particles before and after each layer

of the Si target.

The incoming 11Li can be selected by ∆E-TOF

method. The ∆E1-TOF spectrum of the incoming

particles is showed in Fig. 2, in which 11Li can be

clearly selected and the number N0 can be obtained.

Similarly the outgoing particles N1 without reaction

can be obtained from the ∆E2-E spectrum. This

way the total reaction cross sections for 6 layers of

Si target can be deduced. The experimental results

are shown in Table 1. The errors include systematic

error, statistic error and error from the way to select

the outgoing particles. The systematic error is 2.9%,

statistic error is negligible and other error is about

1.0%.
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Fig. 2. ∆E1-TOF spectrum for incoming particles.

Table 1. Measured σt for 11Li on Si target.

Ein/(MeV ·u−1) σt/mb

41.1±1.1 2276±95

39.2±0.8 2314±95

36.0±2.4 2362±95

32.3±1.3 2424±100

29.6±1.4 2450±100

25.0±3.2 2483±100

The theoretical calculation was carried out by the

so called modified Glauber model
[5—8]

. The input

of the model includes the matter distribution of the

project and the target. The rms radius is defined by:

〈r2〉 1

2 =



4π

+∞∫

0

ρ(r)r4dr





1

2

√
A

. (2)

We adopt the double- Gaussian distribution for
11Li nucleus. By fitting the experimental data at

high and medium energies, the proton and neu-

tron distributions are obtained and are showed in

Fig. 3. The rms radii of 11Li is then deduced as

(3.10±0.18)fm, which is in coincident with other re-

sults, such as 3.12(16)fm from Refs. [1,9], 3.53(6)fm

from Refs. [10, 11] and 3.71(20)fm from Ref. [12].

The experiment data, including the data of

the present experiment, data from Warner’s experi-

ment
[13]

and data at high energies are plotted in Fig. 4

together with Glauber model calculation. The calcu-

lation is in very good agreement with the experimen-

tal data. The obtained neutron matter distribution

of 11Li is a very dispersed one interpreted as a halo

structure.

Fig. 3. Neutron and proton distributions for 11Li.

Fig. 4. Measured total reaction cross sections

(dots) of the 11Li on C target as a function of

the incident energy together with the predic-

tion of Glauber model (solid line).

4 Discussion

The total reaction cross section of 11Li on Si tar-

get was measured at medium energies, and analyzed

by Glauber model calculations together with data

at high energies. The obtained 11Li rms radius is

(3.10±0.18)fm as deduced from the two Gaussian

function distribution of the matter density.

The nuclear matter distribution of 11Li is a very

dispersed one, in consistent with a 9Li+2n halo struc-

ture. The obtained rms radius for 11Li is more reli-

able by simultaneously fitting the experimental data

at different energies, compared to the previous results

obtained for only one specific energy.
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