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Light Halo Nuclei

Many experiments using radioactive isotope beams

[ MscLmsy
A1500
EIFTE |FRIBARIS |
FAIR Super-FRS RIKEM RIFS
w, .- |miBF Bigmps

- Such as *°He, '7**C, '*''Be, ''Li

- Become an interesting topic in nuclear physics

- Have several features different from those of stable nuclei

- They have one or more ),
- The radii much larger than those of their core R
- Weakly bound nuclei

- Small separation energies

- The breakup process occurs easily (a + A > b + c + A)

rms radius (fm)

20
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Types of Reactions

a+A-a+ A
Elastic scattering,
Direct reaction
Grazing collision
A
Compound-nucleus .
by formation(fusion) at+tA-B
) 4 -
Close collision
Distant collision
Elastic (Rutherford) scattering
at+A-a+ A
. . [ ap 6
Introduction to nuclear reactions * b = — = —cot—

G. R. Satchler k 2 2



Pr = dog /dogym

= °Be+%Zn

« "Be+%zn
+ "Be+%zZn ]
Calculation

Y

Coulomb Dipole Excitation Phenomenon ::

- o . L 04f E . = 24.5MeVH
- electric dipole polarization or Coulomb dipole excitation (CDE) ol
- caused by the generated from the target nuclei 005 20 50 % 120 750
9, . (deg)
- decelerates the charged nucleus but dose not influence the valence neutron(s) W. Y. SO et al.

PRC.92.014627(2015)
- The core nucleus and valence neutron(s) are easily broken apart

- by the effect of Coulomb field
- The breakup reaction channels are opened more easily in heavy ion collisions

- Breakup reaction(or inelastic) cross section? = the elastic cross section|

n
/’0‘\

11Be 4 1977y - 11Be* 4 197y
(or) = ”Be + n+ ®’Au




Coulomb Dipole Excitation Phenomenon

1.4 T T T T ¥ 1 v I
3 ——_----
ot S~ » ‘Be+%zZn |
Vo N\
P \‘ e ""Be +%*2zn
I 1.0] -
\ 1.0 HE "Be + %7n
\\Qa Calculation
~y
n_m -~~---_i
0.6} -
0.4} -
0.2} -
n.n o 2 . 'l o
0 30 60 90 120 150

W.Y. SO et al.
Pg = doe)/dORyuwm PRC.92.014627(2015)
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Optical model potential

Complex optical model potential (for 1°Be)

1 1
10Be _ «R; = 1 (A§ +A3
_UOM = _UC(r) + [V()Sh(r) + lWOSh(T)] * T, = 1T.25 ’
P = e = e = e e = = = |- T - ——
1 Z,Zne? l
| VER(r) = V{ } I Uc(r) =2 ! For r > R, |
| 1+ e(r_RV )/ ay I RC |
o wsh(r) = wy . } | _ ZyZre® E_l re For r <R, |
| 14eT=Ry)/ay, | R, 2 2 R? ,
L o e e e e e e e e o = - — e o e o e e o —
The Extended optical potential(for *'Be)
11Be 1°Be * I
om M =Ugy + Up® s ™
loBe u v
= OM +{UCDE + ULRN} wl L] / e
10Be . ] Woods—Saxon potential for 4 = 30, relative to =~ &
4 with 8 = 0.5 fm
(7’) + [{UCDE(T) + Ué‘%% (7”)} + Uppn ()] e

https://en.wikipedia.org/wiki/Woods%E2%80%93Saxon_potential




Coulomb Dipole Excitation Potential

M. V. Andres et al.,NPA.579.273-294(1994)

dB(E1)/de (e’fm’/MeV)

11
" Be

*  Exp.
—Eq. (7)

W. Y. SO et al.
.9?.014627(2015) |

___® UChe(r) = Vipp(r) + iWepe(r) 1 35(_15_1_)___:/'—'('5': zb')?/'i\
- - ~ ~ : d 4
4 N\ \___8_____—————8————."
! * \ AmZ%e? 1 J°°d dB(EV) [ (T air(T_1e
- o —— —_— , l —_— ,
‘\ 105, K 9 w (r—agp)rJ, T de g a Qo
N .

* £p is equal to the separation energy S, =

0.5 MeV
. * N = 3.1 is the proportional constant
g Taon | UBEG) = VERE () + iWiBE ()
/
K A
\ 10ge / _ An Zie” B(E1; &) (gl —LE)+if | ——1¢
S e 9 hv (r—ap)?r ag

(5 ne) = (i) s 1)]
xif|——1, = —_— i _——
« €15t = 0.32 MeV o ag 1 e

g (E-18) =200 2 (2-1¢)

x& = ape/hv, ag=ZyZie*[2E



Long Range Nuclear Potential

Us’(r) = (V5° + iWg°)4ay’ il gi )
F(xP) =1+ exp(XP)], X = — RO and R}’ —1”00(A3 +A3)
Fem(MeV) set Vge Wlo ay = aiy reo=ri, x>
(MeV) (MeV) (MeV) (fm) (fm)
37.1 (A) -0.712 0.0085 5.12 1.5 1.41
(B) -0.118 0.0016 5.03 2.5 2.41
(C) -0.036 0.0010 4.72 3.5 2.53
20.6 (A) -0.203 0.0094 7.58 1.5 0.73
(B) -0.078 0.0044 7.08 2.5 0.82
(C) -0.028 0.0022 6.24 3.5 1.03




1Be + 197Au System

PROCEEDINGS

OF SCIENCE

Study of the Scattering of the halo nucleus ''Be on a
197 Au target at energies around the Coulomb barrier

M.J.G. Borge*] V. Pesudo; E. Nacher, O. Tengblad, M. Cubero, A. Perea
Instituto de Estructura de la Materia, CSIC, 28006 Madrid, Spain
mgblcern.ch

A.M. Moro, J.A. Lay, J. Gomez-Camacho, M.A.G. Alvarez, J.P. Fernandez-Garcia
Departamento de FAMN, Universidad de Sevilla, 41080 Sevilla, Spain

A. Di Prieto, P. P. Figuera, M. Fisichella, M. Lattuada, V. Scuderi
Laboratori Nazionali del Sud, INFN, via Santa Sofia 62, 95123, Catania, Italy

V. Pseudo et al. PRL 118, 152502 (2017)
V. Pseudo et al. EPJ Web Conference 163,
00045 (2017)

[)E_ =396MeV

do /o,

) E, = 39.6 MeV

= g
2 2
g 12
P ; El
= 044+ o Experimental ==L _ o -8 0.4 s Exp. -
——- &bcc —-—- CDCC
F|—— XCDCC — XCDCC
0 . | . | | 0 | | . |
0 50 100 150 0 50 100 150
0, (deg) 6, (deg)

Figure 2: On the left hand side the measured differential elastic scattering cross section of 'Be + %7 Au at
E. = 37.1 MeV (top) and E 5, = 29.6 MeV (bottom) relative to Rutherford is compared with the CDCC
and the XCDCC calculations. There is a significant deviation of the scattering data from the Rutherford
formula in the full angular range, even where Coulomb interaction dominates, showing the importance of
the dipole polarizability in the collision process. The CDCC calculations underestimates the elastic data
since the coupling to the bound excited state in this model is too strong, as discussed in the text. On the
right hand side the differential quasielastic cross sectionl relative to Rutherford is shown for ''Be + "7 Au at
E. . =37.1 MeV (top) and E, ;. = 29.6 MeV (bottom). One can see that the CDCC model describes rather
well the quasielastic data. XCDCC accounts well for the differential elastic and quasielastic scattering data

in the full angular range.

The angular distributions of the elastic, quasi-elastic ,inelastic scattering and
break-up cross section of the one neutron halo 'Be on a heavy mass target (*°’Au)
have been measured at laboratory energies below 31.9MeV and 39.6MeV around the

Coulomb barrier(V,~40MeV)
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E.. =29.6MeV
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197Au
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N
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Elastic Scattering Cross- section in 29.6MeV

1.2
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08 |

E.,,, =29.6 MeV
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Inelastic Scattering Cross- section in 29.6MeV
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Breakup Cross- section in 29.6MeV
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E.., =37.1MeV
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Elastic Scattering Cross- section in 37.1MeV

1.2
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Inelastic Scattering Cross- section in 37.1MeV
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Breakup Cross- section in 37.1MeV

1200 —
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* We simultaneously calculate elastic, quasi-elastic, inelastic and breakup cross section

of 11Be + '°7Au system by taking into account dynamic polarization potential in

extended optical model approach.

- Especially, four free parameter for LRN potential by using y? analysis have been
used for the all calculations

« We show that the energy dependence of breakup reaction in theorical frame for

checking the influence of CDE potential.
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xS, = e20L =1 4 2iT,

Free: [E—-Tlp =0 Gi=[E-T]?
Distorted: [E—T — U]y =0 x=¢+GiUx
Full: — [E=T—=U; = U =0 ¢ = ¢p+Gg (Uy + Uy = x + G Up3p

2
AT A4 = (0O, + Uy)|p)

= j B(Us + Up)pdR
= j (x — G§ U1 0)(Uy + Up)dR

= f Wy + U2) = (G5 Ux) (U + U2)Y] dR
= f[X(U1 + Uy — xU, G5 (Uy + Uz)llj]dR
- j [6Usx + xUspdR

= (pOU1]x) + (xO|U2]¥)




1500

1000

500

dm’budﬂ (mb/sr)

T30 60 90 120 150 0
0, (deg) Ref. V.Pesudo et al.
3 EPJ Web of Conferences 163, 00045 (2017)
(14 p? + 2pcosB, ,, )2
Olab (Hlab» ¢lab) = Jc.m.(gc.m.: (pc.m.)

|1+ pcost; |

The total angle-integrated cross sections are the same in the lab
and c.m. frames(they just measure the total number of incident

particles that are deflected by that target)
However, the differential cross sections are different.

In elastic scattering A=C,B=D and Q=0, So we have simply p = m,/mg

1

xp = lmAmC E F (B(A,C)D SZ\{stem)

mpmp Q+E




Heavy-Ion Scattering
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der, [_ -
Pi= :fﬂ der,. (i=E or D), 0

as a function of the distance of the closest approach D (or the
reduced distance o) [1.2] that is related to the scattering
angle # through

1
sinf (4/2) )

N
D=d(A}*+4}%)=3Dy[ 1+

ELEEEE
El:.l'l.'l. r

with D'D= (2)

Here Dy is the distance of the closest approach in a head-on
collision (s wave). Further, (4,.Z,) and (4,.Z5) are the
mass and charge of the projectile and target 1ons, respec-
tively, and E_ . (E,,5) 1s the incident energy in the center-
of-mass (laboratory) system. Py and P, thus defined may be
called the elastic and DR probabilities, respectively. The im-
pact parameter b and orbital angular momentum /, specifying
the trajectory, are related to & and D by

AR I J——
!J'—E TCEI"[E—M.D{D DDL {3)
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Pg = dog /dogywm

1.2
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E.,, =37.1MeV

0.2 —
UBare(ﬁlen)
U - -
0 BareQ{]SPb} | | | | | |
20 40 60 80 100 120 140
eC-m J.J.Kolata et al
PRC.713.(2007),047601
Vst wgh a3 asy " i
(MeV) (MeV) (fm) (fm) (fm) (fm)
113 169 0.63 0.30 1.06 24

1.20 )




Quasi-elastic Scattering Cross- section in 29.6MeV

04|  E.,, =29.6MeV

O 20 40 60 80 100 120 140 160
Oc.m. (deg)
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Quasi-Elastic Scattering Cross- section in 37.1MeV
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Breakup Cross- section in 37.1MeV
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