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B Introduction
B Status of neutron dripline
B Nuclear structures
B Predictions of neutron dripline with mass models

B F/Ne dripline experiment (2014 experiment)
: A search for 3%33F, 3>35Ne, 383°Na using a *3Ca beam

B 3°Na experiment (2017 follow-up experiment)

B Summary & Future prospect
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- Status of neutron dripline
- Nuclear structures

- Predictions of neutron dripline with mass models



HHHHH

o
RIKEN

EEEEEEE

Where is neutron dripline?
- challenging for limit of nuclear landscape

* Binding energy

e Deformation

A nucleus with a set number of protons, there
is a limit to how many neutrons can be added. ° She" evolution

Neutron dripline €@ . nycleon-nucleon interaction

: limit of bound nuclei
* Three nucleon force

* Tensor force

* Nuclear mass models
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2 status of neutron dripline

RIMEN

v’ 2526Q -

Guillemaud-Mueller, et al. Phys. Rev. C41,937 (1990)

v 220

O. Tarasov et al., Phys. Lett. B409,64 (1997)

H. Sakurai et al., Phys. Lett. B448, 180 (1999)

v 31F .

H. Sakurai et al., Phys. Lett. B448, 180 (1999)

436 44si v 3%Ne, 3’Na, #3Si :

(2002)

(1999)

RIKEN-RIP

(2002)

RIKEN-RIP

RIKEN-RIP N3

31|:

GANIL-LISE (1997)

FLNR™ GANIL-LISER|KEN-RIPS (1999)

ﬂ4Ne

YN EEIN M. Notani et al., Phys. Lett. B542,49 (2002)

O. Tarasov et al. Phys. Rev. C75, 064613 (2007)

v 40\g, 4283 ;
T. Baumann et al. Nature 449, 1022 (2007)

Where is neutron dripline for Fluorine and Neon?

The neutron dripline has been experimentally established up to oxygen. (20 years ago)
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P. Non-existence of 2°0 and 220

RIMEN

HHHHH
- .

D. Guillemaud-Mueller et al., PRC 41,937 (1990) H. Sakurai et al., PLB 448, 180 (1999)

N 12

11

0

280

unbound

! _“ o Particle instability of

. 200 s 230 24,25\ 27,28 30
g 6 [opurialiigee ol N, ##**0 and *°F
8 S b et 10
I 1 I .1 I i L
31 32 33 34 35 Iae AT 3B 39
AlZ
14 15 T | I I I ]
Be
0" 20} (c) ] 2 |
26() §107F
o2
1 3z 1 o 10°F =
10 28 "'“N'! 9 E
20 2
N=2z+p S ol __
4 5 6 7 8 9 10 11 e © O Experiment N
Z - —— Infensity+modified EPAX ~'F |
| | | |

From the smooth drop and the absence of 20 and 20 ; § -+ &8 o
- 260 and 220 are unbound z
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P Neutron dripline search using a **Ca beam el

1) Discovery of 3'F, 3*Ne, 3’Na, #3Si @RIKEN

Z () | 140 pnA @RIPS, ‘e s P
BLe & @ 64A MeV *8Ca beam 3 & a2
2% & & g 12 * » 4
TS X 3 " M. Notani et al. " “: * %
10 L J"Ne 10 % -.b
. _* . GF| 1=140 pnA (max.) > Ly - | =140 pnA (max.)
. _!" * : Running time 8 Ly | Running time
® . = ~1 day(Ta) 3 31 32 33 34 35 =~2day(Ta)
3 31 32 33 34 35 A7
_ _ A/Z Particle instability of
M. Notani et al. Physics Letters B 542 (2002) 49—-54 3Ne, 3Na and Mg
H. Sakurai et al., PLB 448, 180 (1999) = 31F ’
2) Dlscovery of 44Si @MSU 3) Dlscovery of 40Mg, 4243Al @MSU
neutron pICkUp pro¢ ess o _I1024
141 O O“S' . 48Ca + Be' W @ - 15512 48C3 + W @
o 142 MeV/u 20 1> 141 MeV/u
T S o |
5 | QQ - O. Tarasovetal. =, ) T Baumann et al.
) Ll 5 ;
E 10} e < i ]
§ # Q > . 13 T ]
Q = - | =70 pnA (ave.) 150 (40 ] | = 80 pnA (ave.)
s & { Running time P ] Running time
EE = 4.3h(W) + 5.8h(Be) o : = 7.6 days
* l\j:ss to charg3e1rat|oailo > .
O. Tarasov et al., PRC75, 064613 (2007) T. Baumann et al., nature 06213 (2007)
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e Evolution towards the neutron dripline o
-!I N C_E N T [ RI
8
Island of inversion “Ca
€ Neutron-rich Z=10-12 isotopes near N=20 1
€ Vanishing N=20 shell closure (magicity loss at N=20) = deformation
€ Rapid changes in nuclear structure D¢ fﬂg?“ed s
|
o I Deformegd region| | || _|2Al%Al
:' 32,Y,g| 34MJ 1 _.40M i
I$IML:E f inyersipn WnggNGB;’U $Iuggests the possibility
, —_——t - - T 1. ; 39
el e N‘I= 20 Ne35N{6NeI c:)f deformption for *°Na
e e e S |}
Tanihata’s suggestion 31F [ 32F I 33F '
= == ""‘ """"" N=28

€ Evolution of the N=28 shell closure = deformation

: closing (sub) shelll orbjtals 240 5260- B 'Stabillty Tump
|
| € The deformation has been experimentally confirmed

23N (| Oxygen anomn

(new magic number) in this region
N=16 N=20 '

€@ No experimental data exist for 31F, 3*Ne, 373°Na.

Experimental methods to study the structure of

neutron-rich exotic nuclei

B Direct mass measurement [S, ]

1n(or 2r.1) removal crqss section and momentum distribution The location of the dripline is strongly
Inte.rac.tlon cross sections [q] _ _ affected by the nuclear structure.
Excitation energy of 2+ and 4+ states in even-even nuclei

(Observation of ground-state rotational bands in odd-even nuclei)
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2 Mass measurement, 1n(2n) removal reactions

RIMEN

B Direct mass measurement: specific behaviors for magic or deformed
C. Thibault et al., Phys Rev. C 12, 644(1975) L. Gaudefroy et al., Phys. Rev. Lett. 109, 202503(2012)

R O. Sorlin et al., Phys. Scr. T152 (2013) 014003
E ) Ca Sharp drpp in S,, observed R .
28F "\ \ W\ in the Calisotopic chain A ‘
: ] ke Previous Work
s le Mow
24} 15[ Fxtrapolated
~20F
2 | =
2 =l
g 16} :
' A
12 1 1 . o
“T ’Na defornjation) St
8 0 (G [ ) |
4" Sudden{‘té?\ —\\ 3 o g P — C o ®Ne [ . ]
SZnOf Na 3 \_-:gﬁ L B € F NN 40 15 25 2830
0 6 & 10 12 14 16 18 20 22 24 26 Neutron number
10 12 14 ﬁ 18 20 22 21. N
Mass measurement of 1°B, 22C, 2°F, 3INe, 3*Na (#2Si: deformation)

Not measured yet for 3'F, 3*Ne, 3/3°Na.

B 1n(or 2n) removal cross section and momentum distribution
: existence of a deformed halo structure

T. Nakamura et al., Phys. Rev. Lett. 103, 262501(2009) :3!Ne
T. Nakamura et al., Phys. Rev. Lett. 112, 142501(2014) :3INe
N. Kobayashi et al., Phys. Rev. Lett. 112, 242501(2014) :3’Mg
N. Kobayashi et al., Phys. Rev. C 93, 014613(2016) :°Ne
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p . . w
@] Interaction cross sections ca

Enhanced if deformation or halo exist

B 2°Ne and 31Ne B 2235Ng [ 37|v|g
M. Takechi et al., PLB 707, 357 (2012) T. Suzuki et al., EP) Conf.66 (2014) M. Takechi et al.. PRC 90. 061305(R) (2014)
1600 100 Inelastic Scattering |
— _:_3 Cross Sections ]
3.5 INe % Na isotopes on C E< ™3
% + @240 MeV/nucleon FET M + ]
. m~]
1400 K Deformationsoot- 1se0E L ; %L—L,—LL
3 E o oH = c 25 Mass Numbers 37
- = 100} ..--i"%a,”sw S Deformatio
= P e\ oy 51400 1
5 % 1300 2 . ]
& g S1300-F .
1200 Cz ey g 3 3
1200 . 3 ]
£ ey &’ ® Present Data ’ 3
] E oo > ¢ A Previous Data : @ Present Data for 74-38Mg :
“a —— Calculated Values N ; O Data for Stable Nuclei “'Al, “Ca]
@ Present Data Systematics for Q?, ' I I I I I b I
1000 4 O Data for Stable Nuclei 1000+ Stable Nuclei g / ®)
19F, ZONE:, 23Na3, 24Mg_27A| ‘ ‘ | | | | | | E 0.4 IIIII
T T 2 24 26 28 30 32 34 36 5 /
20 22 24 26 28 30 32 2 03 4
Mass Number Mass Number E . . . . : : : : .
. "?} 24 26 28 30 32 34 36 38 40
- Large enhancements of - Deformation tends to be - Mass Numbers
o, for 2Ne and 3!Ne larger for Na isotopes with ~ Deformation keeps large
larger mass numbers up to N=28.
29Ne, 3INe : deformed halo 37Mg: deformed halo
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iz NisHiA
B N=22,24,26 343638 \g isotopes and 42Si(N=28) H N=28 **“Mg isotopes
P. Doornenbal et al., PRL 111, 212502 (2013) H. L. Crawford et al.. PRL 122, 052501 (2019)
S. Takeuchi et al., PRL 109, 182501 (2012) 3000 .z
B SDPEM A S 2500E * g}[)e;?n;ﬂu
———~- SDPF-MU V4T Si _ - . SDPF-
e SDPF-U-MIX A2} Mg Collectivity: B(E2) o< B2 | 3 - o SoRRUMX
4 . —. 14 4* Mo = 2000 Q____—— © I
N 3DAMP+GCM W4 Mg Shell gap: EX/B(EZ) 5 - - —
— AN Shape: R, /,=E(4+)/E(2+) 2 1500~
e R ~1.8 (spherical) | £ ,,00F ()
& S~ v H ~3.3 (deformed) 8 -
o v PO . C . - .
| v\\Y__H;—_’ﬁ/_?_’:tJL.‘:__—V D 500 - g *
‘\l A 0 F | | |
1= N A A 27 36 38 40
I A Mass Number (A)
== i___ — I — A =
‘\\v\*__ _‘_ Rl 60?& M % (a) ®Mg from “Al
| \ | | jz HoE
g " - 305 l. 1k
o ‘ X 205 "~.‘_‘ \
I A A 2Gi 103 s [
3 (_:___ — ASI i el etk o ad g oo
/ T T >'20§ s (b) *®Mg from Al
5| A7, A 4 bl
/ ARy, Si
' A Ry, Mg . ) S
2t A . A% Y8 Deformation extending 0 .
] 10 (c) *™Mg from *'Al
20 2 24 26 2% from the N=20 to the N=28 i
Neutron Number N of |
[Other references] I il Do ﬁ
€ F:P. Doornenbal et al., Phys. Rev. C 95, 041301(R) (2017) D e e 555
@ Ne: P. Doornenbal et al., Phys. Rev. Lett. 103, 032501(2009) - s I del oredict
@ Na: P. Doornenbal et al., PTEP 2014, 053D01 ere are currently no mode o Ictions
- Energy level systematics of the odd—even nuclei for a second low-lying state in **“Mg.
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2 Prediction of neutron dripline

RIMEN

B HFB (Hatree-Fock-Bogoliubov)

B FRDM(Finite-Range Droplet Mass Model)
Mass models B KTUY(Koura, Tachibana, Uno, Yamada)

B  WS4ARMF (Weizsacker—Skyrme relativistic mean-field mass model)
UNEDF
ab-initio models

Atomic Mass Evaluation

Systematics of min(Sn,S2n)

—HFB-24
KTUY0S
- FRDM1995

S2n) [MeV]

ay (50,

240 250 ------
i 1 unbound or not observed £

Models of neutron drip lines

== == FRDM2012
— KTUYOS

N=20 ——— HFB-24
=== HFB-22 -

23N

The neutron dripline is important
» to verify the mass models
» to understand nuclear structures and astrophysical reactions

Ao Sepaadathan §rery (S8, S28] [M]
- a - B s

R 4
= 3
\‘/.\ i
Na -—
n o B oM oBn oo ”om o "

— The various mass models cannot accurately predict the neutron dripline.
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ﬁ Recent ab-initio calculations el
B Calculated probabilities for low Z nuclei https.//arxiv.orq/abs/1905.10475
95 - é Confirmeld dripline FEMH -
& Last known Cr
i v
! il T
| | Sc
20— | o m Ca
N | 1K
5 |
-g S
g 154 i o
- |
S | 08
o i T
A 10+ E 3 06
I o
______ - rms=3.30 .
N 2 o4
0 a
5 . 0.2
0.0

50
Neutron number N

B |ssues with neutron-rich O and N isotopes
B Reproduces well the experimental results (this work & #°Ca experiment)
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=
P. Search for Fluorine and Neon dripline o

M
STNafENaw° N
[ | -J

| -
m - - h
€ 4 N ef Nk N s
> H r32 33
c Fi1¥2FyF1
c - S *- | J N = 23
o gqn oxyvgen ‘
b anomaly
— 23 .
Q N N =20 stable isotopes
2c \ rare isotopes
A=3Z +4 el I
E » 5 isotopes searched
‘ *= = in this work
N =16 === Neutron dripline

Neutron number

Search for Fluorine and Neon dripline

- A search for the heaviest new isotopes of fluorine, neon and sodium: 3233F,
3536Ne and 3%3°Na was conducted by fragmentation of an intense *Ca beam
with 20mm-thick beryllium target at 345 MeV/nucleon
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W F/Ne dripline experiment

o (2014 experiment)

A search for 3%33F, 3°36Neg, 383°Na using a Ca beam




2 Requirements for dripline-search experiment

RIMEN

NISHINA

B High intensity primary beam

B Good separation and Good transmission
B Cross sections are too small.
B Improving the capability of BigRIPS separator
B High counting rate : collimator to reject the light particles (Tritons)

B Unambiguous PID
B Excellent particle Identification
B Removal of background events
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P. Beam intensity of RIBF

PESHINA
345 MeV/u *8Ca beam, From Accelerator Group
~450 pnA @2014 experiment (Courtesy of N. Fukunishi)
12.2 kW
4He 18 1
1000, 320 AMeV HE. (;
: fixed-energy mode
TaKyr 131 kW  7ozZn j
TDZn |
100 O kW
-1 |
Er 124Xe Graphite-sheet stripper
E 10 _ He-gas stripper / Be-disk
a @ Variable energy stripper / fRC upgrade

& Fixed energy
¥ AVF injection

SC-ECRIS with 28-GHz
heating @ RILAC2

SC-ECRIS with 18-GHz heating @

18-GHz EC RILAC (test operation)

@RILAC
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
(vear)

B Maximum energy is 345 MeV/nucleon for heavy ions up to 238U ions
B Beam intensities increase in every year.
B Goalintensity is 1 ppA for all ions.
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ﬁ High-intensity “°Ca beam A
140 pnA @RIPS, 450 pnA @BigRIPS,
64A MeV “8Ca beam + Ta target 345 MeV/u *8Ca beam + Be target
M. Notani et al. Physics Letters B 542 (2002) 49-54
14 (a)
13+ B w
12 % &% - ‘ 3Ne setting
T WX ¥ 343 . - 330 counts/h
0 - . Nel ~ 100 times up
9 | & oF
8 -I‘ 1 1 | 1 I
3 31 32 33 34 35 High-intensity high-energy “8Ca primary
A/Z beams now available!
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2 Experimental setup and particle identification

RIMEN

BigRIPS in-flight separator :
» large acceptances
» Two-staged separator scheme

NISHINA

48Ca beam
(345,MeV/nucleon)

____________ -
PPAC x 2 N
Plastic
dE: IC, Si stacks

¥ F1deg.(Al 15mm)

PPAC x 2

S o e o o o o = = =

TOF-Bp-AE method

) 15t stage R 2"d stage
Production & Separation Particle identification &
two-stage separation
B Bp determination from X positions at F5 and F7 A  Bpc
B TOF(F5,F7 Plastic Scintillators) = A/Q a " Bymy,
B AE, > Z f(Z,B)=AE, 2> Z
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RIMEN

2 Setting for 33F and 3°Ne+3°Na setting

HHHHH
- -

33F Setting 36Ne + 3°Na Setting

Primary beam 48Ca
Target °Be 20 mm
Tuned for 3F
Bp (at D1) 9.385 Tm
F1 degrader Al 15 mm (d/R=0.17)
F5 degrader Al 7 mm
Beam intensity 429 pnA
Data accumulation 14.8 hours

48Ca
°Be 20 mm
Center for 3®*Ne + ¥*Na
9.385Tm
Al 15 mm (d/R=0.18)
Al 7 mm
448 pnA
7.77 hours
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ﬁ Momentum distributions

RIMEN

Yield (ppa/Tm)

Tiald (ppsimm)

Thald [ppaimm)

33F setting

M => BrhoPlot
50 (345 MaViu} + B (20 mivil, Sollirgs on 1210+ 10
apip=11.21% ; Brho( T 9.3850

*; Contg DSSSA

fa+d
Tz /——
fat #F —
~
1040 o
, .
o1 g
%] / 32F
/
ted / / =p
!
T O (5] g o8
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Bp distributions.-

fae

Yield (pps/Tm)

ted

F2 positions

Yiold (ppsimm)

=
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[,
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36Ne + 39Na setting

M => BrhoPlot
4G (345 Maiu) + Ba (20 mes; Satiesgs on 110+ 10
dpip=11.21% ; Brho{Tm) 5.3850

*; Conbg DSSSA

Ve
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/ Y

3ENe

35 Ne
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— The LISE** simulations were confirmed trajectories.

— The calculated transmission is good.
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RIMEN

12

11

N10

Particle identification

HHHHH

CEI\TERI

345 MeV/u *8Ca beam + Be target (20 mm)

i 3TnT.
35N | ,/Nd
L, 34 33F setting
3 “Ne
AR ri—*{«:{ﬂ.‘«: 10 2 33F 3®3%Ne
% P 'é \/
/ F 2p g
¥ \@ 7Y )
- % \H) ~
u —— } } —— ]
Mg (b) 36Ne+39Na setting
i \1 >36Ne, 3839N3
37’1\13 18 30, ¢
. ~NaxNa 10
i 34 § {\,) r\J
N7 2Ne XNe
- Y )
\/ \/
_,&'j s IH No events were observed for 32F,3%F,3*Ne,3*Ne,**Na
- A7 B One event for 3°Na = Follow-up experiment (2017)
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P. Bound or Unbound? [y o

Systematic measurement of production cross sections

if g ™ .

1[],—2 i . = E

= _ ™ ]
E m—*:- ¢ . . .y
= <F [ -
2 107°F . E
- | -

E 10°%F = F isotopes . . E
u of ™ Ne isotopes - A -
Elﬂ_ F a4 Naisotopes E
102F .
10k .
38 40

22 24 26 28 30 232 34 36 2
Mass number

B Cross sections evaluation with EPAX2.15 and Q, systematics
B Expectation yields

Nf = 0 X (Npeagm X Ntarget X €tran. X €pg X €live) 0 : Cross section
N¢ : Number of fragments
B Probability (Zero-event probability) Npeam : Beam Dose
Niarget - Number of target atoms
P(k|A) = Ake_)‘/k! k_%o P(0|A) = e~ 4 €ran. : Transmission

€pc : Efficiency for lost events

(Poisson distribution) A : expected yield €110, : Efficiency of DAQ live time
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P. Q, systematics ko

Q4 : Difference in mass excess of the beam particle and observed fragments
= Mass Excess(20,48) — Mass Excess(Z,A)

R 5(Z,A) = (2) exp(Q,/T)

T: effective temperature

O. Tarasov et al., PRL102, 142501 (2009) f(2): normalization
O. Tarasov et al., PRC75, 064613 (2007)

4 =5 8 &
I |

—t ok ok —
o5 I a3 TS N LW

— Estimation of expected production cross sections and yields
for unobserved isotopes

Qg (MeV)

> Q, systematics is useful to estimate yields of drip-line nuclei.
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=%
P Q, systematics S

Qg systematics fitting
Fluorine Neon
105 o(ZA) =1(2) exp(Q/D 105 o(z.A) =1(2 exp(Q/D
1 f(2): 8.1994e+04 +/- 5.5608e+04 , T8 {2): 2.5099e+05 +/- 5.9266e+04
10-'E T : 3.2478e+00 +/- 8.7329- 02 10-'E- T : 2.8134e+00 +/- 3.0463e-02  ©
, Cov: -4817.83 ,E Cov: -1781.01
10° . 10°
i _ 28Ne /&
10°° e
_ 107
w)
E 10
o]
107°
107
107
10°° *Ne
o AME2016 0 o AME2016
| | | | | | | | | 10_11 | | | | | | | |
120 -110-100 —90 -80 —70 —60 —50 —40 —-30 -20 120 -110-100 -90 -80 —70 —60 -50 -40 -30 -20
Q, (MeV) Q, (MeV)

* AME2016 evalution
* Assume the S, =0 for 32F and 3°Ne
* Assume the S, =0 for 33F and 3¢Ne
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P. Probability of instability &

Isotope  method Cross Section Expected yields Probability being
FE . Tt [fb] [counts] unbound [CL]
o E
E s ; EPAX 73.5 323197 1- 5 x 10141
= 107°F E
g ni E Qg 258 £ 76 (1.14£0.33) x 103 1- 2 x 10494
= 107°F 3
2k AN 1 BF EPAX 4.39 21.5+6.5 1-3x 101
2 107 F ~ =
2 b v isotopes b E Qe 21.6+7.5 106 £ 37 1- 1x 10
Z 10°%F = e isotopes 2 3 3
= | A Naisotopes s, N MNa o 3sNe  EPAX 37.8 177 %53 1-1x 1077
“ 107k === EPAX 2.15 Wne ;
P N Qg 14.81+3.6 69.1*t16.7 1-9x 103
IO_IE é_ | : | | | | | | | ‘ _é
22 24 26 28 30 32 34 36 38 4 >5Ne EPAX 2.58 15.5+4.7 1- 2 x 107
Mass number Qg  0.839%0.222 2.30+0.63 90.0 % *&5%
*(a): 3°Na+36Ne setting R
*(b): F setting Qg®  0.839%0.222 2.73£0.72 93.5 95 +3:3%
Qg (@) 0.839+0.222 5.03%0.96 99.3 9 ¥04%
38Na EPAX 27.4 61.91+18.6 1-1x107%

B Zero-event probability(P) obtained from the expected yield and poisson distribution.
B Comparison with predicted yields excludes the existence of these unobserved isotopes
with high confidence levels
CLyye= 1-P(0, 323)=~100%, CLy= 1-P(0, 21.5)=~100%  [EPAX2.15]

Clysne= 1-P(0, 69.1)=~100%, Clygy= 1-P(0, 5.03)=99.3% [Q,]
Clygy,= 1-P(0, 27.4)=~100% [EPAX2.15]
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ﬁ Location of neutron dripline

RIMEN

»

proton number

Stable isotopes
Rare isotopes
> i, Isotopes searched in this work

Neutron number —— Neutron dripline (20 years ago)
= Neutron dripline in this work

B The neutron dripline has been confirmed up to neon for the first time
since 240 was confirmed to be the dripline nucleus nearly 20 years ago.

B The observation of one event for 3*Na seems to suggest the existence
of bound *Na.
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2 Upper limits of half-lives

RIMEN

Observation limit of 1 count

Isotope Setting Method Expected counts T1/2_upper (ns)
32F 3F EPAX 2.15 323.0 421.5 50.6
Qe 1140.0 421.5 41.5
3 3F EPAX 2.15 22.0 429.6 96.3
Qe 106.0 429.6 63.9
PNe 3 EPAX 2.15 177.0 417.4 55.9
Qe 69.1 417.4 68.3
¥Ne 3F EPAX 2.15 8.4 424.6 138.3
Qe 2.7 424.6 293.0
*Ne ®Ne+3 Na EPAX 2.15 7.1 427.3 151.1
Qe 2.3 427.3 355.6
3BNa BNe+*Na EPAX 2.15 61.9 416.6 70.0
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2 Location of the neutron dripline for F and Ne
RIK=N o i
PHYSICAL REVIEW LETTERS 123, 212501 (2019)
Location of the Neutron Dripline at Fluorine and Neon
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ﬁ News & Media

RIMEN

- https://physics.aps.org/articles/v12/126
https://physicsworld.com/a/neutron-dripline-extended-to-fluorine-and-neon-isotopes/

https://www.wired.com/story/what-makes-an-element-the-frankenstein-of-sodium-holds-clues/

Viewpoint: Reaching the Limits of I3 (2019.12.13)
Nuclear Existence MIEEE BUSTINESS CULTURE GEAR IDEAS SCIENCE SECURITY MORE v SIGN IN

Artemis Spyrou, Department of Physics and Astronomy, Michigan State University, East Lansing, M| 48824, USA

November 18,2019 -« Physics 12, 126

& N R ” = — SOPHIA CHEN SCIENCE 11.22.2819 BO:88 AM
Researchers have identified the largest possible isotopes of fluorine and neon, extending the neutron “dripline”

What Makes an Element? The Frankenstein
of Sodium Holds Clues

By crafting massive versions of sodium, neon, and other elements, physicists are testing what's
possible—and impossible—in nature.

4PS/ Joan Tycko

Figure 1: Researchers have mapped the boundary (green line) that charts the heaviest possible isotopes
of fluorine (F) and neon (Ne). Previously this so-called neutron dripline was known only for the first
eight elements of the periodic table (pink line).

physicsworld | @ Magazine | Latest ™ | People ™ | Impact

| nuclear physics 1 &
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Dripline: how many neutrons can you pack into a nucleus? (Courtesy: iStock/Altayb) ‘(r; % 1] ;
< 8 8 7

The 285th RIBF Nuclear Physics Seminar DeukSoon AHN, 2020. 1. 14



https://physics.aps.org/articles/v12/126
https://physicsworld.com/a/neutron-dripline-extended-to-fluorine-and-neon-isotopes/
https://www.wired.com/story/what-makes-an-element-the-frankenstein-of-sodium-holds-clues/

WA *°Na experiment
(2017 follow-up experiment)




w
ﬁ 2017 follow-up experiment N‘-SH/NA

B The neutron dripline has been experimentally established up to neon.
B The heaviest bound nuclei for Na isotopes confirmed so far 3’Na. One event for 3°Na.

A

Atomic number Z

B Discovered in this work (New isotope)
% Unbound
— Neutron dripline

>

Neutron number N

B Follow-up experiment, which was conducted to confirm the 3°Na event
B Search the existence of *°Na: Nuclear binding of 3°Na (2days experiment)
B High statistics data of 2®*Ne to confirm the dripline of Ne (1day experiment)
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P. Comparison of 2014 and 2017 experiment

RIMEN

isotope 2014 experiment 2017 experiment
Bpg; [TM] 39Na 9.3850 Tm (+/- 3%), high momentum side 9.1550 Tm (+/- 3%), momentum peak
36Ne 9.3850 Tm (+/- 3%), momentum peak 9.4077 Tm (+/- 3%), momentum peak
Distribution : . , R _
9.385Tm * 3% - /9:13595;\'1;”\% 3% , 9.4077 Tm + 3%

33F \ . 36Ne
39Na A\\ : / \ "

+/- 8.3 mm (H), +/-20 mm(V)

< 3 > —
LN

|

F2 slit

F2 collimator

F3 total counting rate:
~10%->~10* pps

i
3l
I
(3x5=15)

Removable tp

5]
-~

Fixed type

Taper-shaped type
Fe blocks SUS + Fe blocks + W slits
X +/-30(up), +/-20(down) Hori : +/-23.8 (up), +/-13.8(down)
Y Vert: +/-33.2(up), +/-18.2(down)
F7 (dE) IC, Si Si
Irr. Time (h) 39Na 39Na+36Ne setting: 7.77 h
Dose, Intensity 7.80E+16, 448 pnA
36Ne 39Na+36Ne setting: 7.77 h
7.80E+16, 448 pnA
33F setting: 14.18 h

1.37E+17, 429 pnA
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2 Particle Identification for Na isotopes

RIMEN
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# Production cross sections for Na isotopes

RIMEN
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2 Particle Identification for Ne isotopes

RIMEN
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2 Estimation of expected cross sections
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Rms.u COI Ia boratlon For 2017 follow-up experiment L\"Zslf"f"!‘\ﬂ

-\", D.S. Ahn, T. Kubo, N. Fukuda, H. Suzuki, Y. Shimizu, H. Takeda,
—4" T. Sumikama, H. Ueno, K. Yoshida, N. Inabe, H. Sato, H. Baba,
NISHINA T. Komatsubara, Y. Yanagisawa, K. Kusaka, M. Ohtake, H. Otsu
T. Nakamura
Tokyo Tech

O. B. Tarasoy, D. J. Morrissey,
B. M. Sherrill, D. Bazin

&
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O
“é 3 N. lwasa, S. Ishikawa, T. Sakakibara
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uuuuuuuuuu

J. Amano

®
IS I H. Geissel
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W Summary & Future prospect
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P. Summary & Discussion

B A search for the heaviest new isotopes of fluorine, neon and sodium (3233F, 3>3®Ne,
38,39Na ) was conducted by fragmentation of an intense “8Ca beam at 345 MeV/nucleon.

B No events were observed for 3233F, 3>36Ne, 38Na and only one event for 3°Na after
extensive running. = The neutron dripline has been confirmed up to neon for the first
time since 2*0 was confirmed to be the dripline nucleus nearly 20 years ago.

B No observation of 3®Ne nuclei in the high-statistics measurement confirming the 2014
experiment. 2 Confirmation of 3®Ne is unbound with higher confidence level

B The observation of **Na
B 2014 experiment (1 event) = It seems to suggest the existence of bound **Na.

B The various mass models cannot accurately predict the neutron dripline.

B These results provide new keys to understanding the nuclear stability at extremely
neutron-rich conditions.
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ﬁ Future prospect

RIKZN NISHINA
Br [ ] [ ]
Se [ ] ’
As 5
G
gt W /°Ge
Zn []
H | Cu
2 &Ni B
Fe []
Mn
“4 50
Ti []
Sc
20(3anI u
Ar |
Cl
s .
s o A=37+6 line
Al
Mg |
Na
Ne |
F
80 -£F N
c [ - 20
B — | I— L1
Be L
Li . .
DHe =y B The nuclear structure and mass have not investigated yet for
H
n ; R 31|:’ 34Ne, 37'39Na.

B Locating the neutron dripline continues to be an important challenge for new-generation
facilities and the neutron-dripline search will continue to play an important role in the
nuclear structure at extremely neutron-rich conditions.

B These results provide a key benchmark for nuclear mass and structure models.

B Development of much more primary beam species are necessary to expand the nuclear chart.
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