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RIKEN RI Beam Factory (RIBF)

Experiment facility

Old facility
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Intense Heavy lon beams (up to U) up to 345AMeV at SRC
Fast Rl beams by projectile fragmentation and U-fission at BigRIPS
Operation since 2007
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28y || o 6 sector magnets

e four main RF cavities




RIBF Accelerator Operation
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Programs at BigRIPS in 2007-2008

May 2007 345A MeV 238U beam 0.02 pnA (max)
Two new isotopes, 125126Pd (Z=46), Onishi et al. JPSJ 77 (08) 083201

Nov. 2008 345A MeV 238U beam 0.4 pnA(max) T.Onishi, T.Kubo et al.
More than 20 new isotopes Ni(Z=28) --- 1(Z=53) €.9. 79N]j 138G
—>r-process
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I [H)
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LY Dec. 2008  345A MeV “6Ca beam
NZZVOT\ Day-One Experiments for Island-of-Inversion
48Ca beam 170pnA(max)




In beam y-ray spectroscopy of 32Ne
P.Doonenbal, H.Scheit et al.
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Island of Inversion

First 2+ state of 3°Ne was observed at 722(9) keV
—=>32Ne is confirmed to be inside the island of inversion
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Phys. Rev. Lett.103, 032501 (2009).
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Characteristic Features of
Coulomb breakup and
E1 Response of halo nuclel
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S =504keV/ S, =300keV

N.B. Recent mass measurement
S,,=369.15(65)keV,
M.Smith et al.PRL101(202501)2008.
S,,=378(5)keV,
C.Bachelet et al.PRL100(182501)2008.




Coulomb Breakup

P(n), P(**Be)
—>Photon absorption of a fast projectile Invariant Mass
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Response: Case of one-neutron halo

10~20MeV
El Strenqth (Soft E1 excitation)
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| 1180 B(El) 1.05+0.06 e%fm? N.Fukuda, TN et al., PRC70, 054606 (2004)
< ; (3.29+0.06 W.u) | TNetal,PLB 331,296(1994)
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Coulomb Breakup of (1n+core)-system

Shape & Strength of B(E1) spectrum

@ S,..0. Spectroscopic factor

19C Coulomb breakup

------------------

S, p 2Halo, peak at low E

] T.Nakamura et al.,
——5,=530 keV:'*C(0*)@Rs, /2]
Sa.=160 keV:'°C(0*)®2s, /5
— - —5,=160 keV:'®C(2*)®2s, /5
— — -S,=1860 keV: 180(0*)®1d5/gf

Phys. Rev. Lett. 83, 1112 (1999).
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Coulomb breakup and soft E1 excitation of 2n halo nuclel

--- Case of 11|

dB(E1)/dE,, (e*tm?/MeV)

B(E1) =1.42+0.18 €2 fm?(E,,, < 3MeV)

c.f. B(E1)=1.05(6)e*fm? for 11Be

TN et al. PRL96 252502(2006)
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¢ Present work (RIKEN)

— Ieki et al(MSU).
—I1 Shimoura et al.(RIKEN)

_ Zinser et al.(GSI)

= 4.5(6) W.u

Comparison with
3-body Theory

RO T T T

— n—n correlations

15 ----- No final state interaction-

----- No n—n correlation

dB(E1)/dE,, (e*tm?/MeV)

Calculation

H.Esbensen and G.F. Bertsch
NPA542,310 (1992).

H.Esbensen et al.,
PRC76, 024302 (2007)



Non-energy weighted E1 Cluster Sum Rule

" 4z\ A
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Strong E1 Transition B(E1)=1.42+0.18¢" fm*(E,, <3MeV)
—1.78(22) e? fm?*(Extrapolated value)

2
gEn) = [BEDe _ 3 [28) /2 2o 1)
o dE,

— (I, ,,)" =5.01£0.32 fm

~70% larger than non-correlated strength (Fl - F2 = O) 90 deg.
14

(6,,) = 48" deg

Larger nn correlation - Stronger soft E1 excitation



Inclusive Coulomb Breakup
of 3'Ne and 2°C
@ RIKEN RI BEAM FACTORY

As an experiment for
Day-one 48Ca beam campaign,
December 2008



Neutron Halo’s along the drip line?
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N=20

31Ne (Sn=0.29(1.64) MeV)
Jurado et al. PLB649,43(2007)

Halo?

N=28
Island of inversion

H . = B 1n-halo known
B 2n halo known
4n halo (skin)

22C (S,,.=0.42(94) MeV) |
* Estimated value by Audi & Wapstra



Inclusive Coulomb Breakup

B(E1)
(E1 Tiansition Probability)

Soft E1 Excitation
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RIKEN RI Beam Factory (RIBF)

Completed in 2007
World Largest RI-beam facility /-\_
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Experiment at BigRIPS & ZDS at RIBF

‘ RI Beam Factory
|

ZeroDegree
spectrometer

Ist Stage

: 2nd stage
Frodton 1 v Taesig of I beans target
BigRIPS
48 g
Ca 19C,20C!22C ~240MeV/nucleon
345MeV/nucleon

31 ~
60-150pnA Ne ~230MeV/nucleon



Particle Identification: 31Ne—>3Ne
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N 8 102 RI beam Intensity

@RIBF

10 ~103-10% times/RIPS
10
9 3INe ~5 counts/s
29
:_1 - BigRIPS F glf About 10years ag/od..
88 29 3 31 32 33 Ne -- 4 counts/aay
A/Z @RIPS

H.Sakurai et al.,
PRC54,2802R(1996).



Particle Identification : 22C—>29C

. ZDS } 20,
10°
7 18 19 20 21 22 2 -
- A (Z=6) :
NI T : 10
6|
20C'. | 0
"B¥ BigRIPS "B
3.2 34 3.6 3.8 1
A/Z

22C ~ 6 counts/s



1n(or 2n) removal cross section
- Coulomb breakup cross section

2.0

—1n —1n -2n —=1n

_ Evidence for
LS ] 2n Halo in 22C
[ 1 1n Halo in 3!Ne

: +Pb ] c.f.19C (known halo)

1.0 - —
| Coul. :
0.5 / _
Estimated — : | o(E)=0(Pb)-T'o(C)
From known | +C | I'=~17-26
B(E1) 0.0
TN.PRL83 19 20~ 22~ 31\e
1112(1999).

S,=0.58(9) S =2.93(28) S, =0.42(94) S,=0.29(1.64)



3INe (N=21) s,=0.29(1.64)MeV

|| o(ED = ]9 167°

Eth

167° dB(El)
one =B ~4E

dB El
‘ Yool (g 2 20y o)
R cbflerlmlw 2

Ve

dB(E1)/dE

=
o




2p3/2
1f7/2

1d3/2
2s1/2

1d5/2

1p1/2

1p3/2
1s1/2

U—ln(El) (b)

3iNe  (N=21)

30 + 30 +
Ne(0*)®2p,, Ne(0) @25,
500\ . C?S=1 for *°Ne( +)®¢Mj_:
\“‘--._?fva
1.00 | 3Psse T Neel .
0.50: __________ Exp.Val
R e TNe(osye1d,,
0‘10:- 1d3/2 ------------------ -
oosF T :
Ne(oy&1t, ,
1f 72
oo1p R P 1 -
0.0 0.2 0.4 0.6 0.8 1.0
S_ (MeV)

2P3), OF 2S,, -- Low-L orbits — 1n-halo structure of 3'Ne
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Theoretical consideration (3*Ne)

@ Large Scale Monte Carlo Shell Model

by Y.Utsuno, T.Otsuka (c.f. Y.Utsuno et al. PRC60,054315(1999).)

Prediction: g.s. of 3INe: 3/2- (p wave dominance)
consistent with experiment (p-wave case)

Core 3°Ne(0%),3°Ne(2%):
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“Island of Inversion”

N=20,28 gap
—>Dissappeared
—->Well-deformed
—>Nilsson picture



SAMURAI (to be completed in 2011)

Superconducting Analyser for MUIti-particles from RAdio-Isotope Beam

- Kinematically Complete Measurement of Breakup Reaction

Superconducting
Magnet

To let neutron(s) pass
through the gap

Sweep Beam and
Charged Fragments

Good Mass Resolution
for PID @ A~100

ﬂ"'l“ul‘/"‘NEBULA |
(NEutron Detection

System for Breakup of
Unstable Nuclei with
Large Acceptance)

70y,

Bending Power
BL=7Tm (B=3Tesla, 60deg bending)



Summary
Overview of RIKEN RI-Beam Factory

Characteristics of Coulomb breakup and Soft E1 Excitation

Soft E1 of one neutron halo

Direct Breakup Mechanism
Spectral-Shape, Strength of B(E1)
---- Sensitive to  f ,Sn,Spectroscopic factor

Soft E1 of two neutron halo
Strong E1 transition for 11Lj
Soft E1 Excitation = Probe dineutron-like correlation

TN et al., PRL96, 252502 (2006).

Inclusive Coulomb Breakup of 3'Ne and %°C :

Observe strong soft E1 excitation at 3*Ne(~0.5b) and ?2C(~1b)
- 1n Halo structure in 3!Ne
2n Halo structure in 22C
----- 3INe : s or p --- significant role for soft E1 excitation
conventional shell order vanishingyﬂz/\

---"I1sland of inversion”—>Halo with Deformed Core?
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Nuclear Breakup of 3INe on C target

“Ne(0")®2 P32

0.20

U—ln(c) (b)

c?s=1 for *Ne(0*)e¢,,,;

3INe+C->30Ne+X 53°N/e(0+)®251,2

S (MeV)

p or s dominance is supported!

Calculation: Eikonal approximation(Glauber)
B.Abu-Ibrahim,Y.Ogawa,Y.Suzuki,l.Tanihata
Computer Phys.Comm. 151, 369(2003).
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3INe (N=21)

Comparison with *°Ne(2%)x¢,,;

“Ne(2") ® 2s,,, “Ne(2")®2p,,
/

_ . A
5.00 | C*S=Rj+1 for *)Ne(2")8¢,, -
1.00 =24 .
. T RESTREX XXX XK KKK KKK
IR U 2L 3%;%%
0.10:- --------------------------------- 2
| 1f 7/2% 2 3
0.01.- . I L . 1 | T
0.0 0.2 0.4 0.6 0.8 A



Coulomb Breakup

P(n), P(**C)
—>Photon absorption of a fast projectile Invariant Mass
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dB(ELi — f)/dE,, oc[(f]r|i)

‘2

Plane wave approximation

(. —¢, dB(ED/JE < E:™*(E, ~0)  dB(E1)/dE_maxat
S—p oc B E. =3/5(S,)

p—s oc E 7 E. ~0.18S

p—d oc B> E. =5/3(S,)
d—p oc EX? E. =5/3(S,)

c.f. Lecture at Tokyo Tech by I.Hamamoto
Mar.2009
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heoretical consideration-Il (3*Ne)

N=21. [330]1/2- [321]3/2- [200]1/2*
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0.4 -0.3 -0.2-0.1 0.0 0.1 0.2 0.3 0.4 05 0.6 Loosely-bound

quadrupole-deformation parameter

- Low | orbit dominance

Halo with deformed core?

|.Hamamoto PRC69,041306(R)(2004).
T.Misu, W.Nazarewicz,S.Aberg.NPA614,44(1997).
|.Hamamoto.PRC76,054319(2007).



Exploration of the Limit of Existence

B stable nuclei ~300 nuclei
unstable nuclei observed so far ~2700 nuclei

____drip-lines (limit of existence) (theoretical predictions) ~6000 nuclei -

____ magic numbers . "Eju’

.

4000 species to be produced (L)

J-F ::;5:::
(1000 more new isotopes) (Pb) _s:
8 HE I2\17%w Element
o) ' 1 oTP113
45 04 July 23 18:55
— 57 fb
o (Sn) 20
126
(magic number)
(Ni) 26 il EEE T ! Projectile Fragmentation
(Ca) 20 i =~ In-flight U fission & P.F.
i “‘Tr i 50
(H(?) T 8Ni 10 particles/sec. (goal)
e) 2
2 8 by 1puA

neutrons ——
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