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At the boundaries: Three body systems =550

I5Ne 16Ne 0 _
unbound | unbound
[F =T 1 F 0 ZOF 21F 22F 23F 24F ZSF 26F 27F ZSF 29F 30F
unbound | unbound | unbound 11s 416 423s 223s 0.39s 80 ms 9.7ms 5.0 ms unbound 2.5ms unbound
12 Q 19 20, 21 22 23 24 25 26 27 28
0 MR %0 | 20 |20 | 20 | B0 | #0 | %0 | %0 | 70 | %0
unbound 271s 135s 342s 225s 97 ms 65 ms unbound | unbound | unbound | unbound
10 11 16 17 18 1 20 21 22 23 24 25
7 N | N N | UN|BN|PN|2N|[2N| 2N |3N| XN | 5N
unbound | unbound T13s 4.17s 0.63 s 329 ms 136 ms 83 ms 20 ms 14.5ms unbound | unbound
SC 14C ISC IGC 17C ISC 19C 20C 21C 22C
unbound 5730y 2455 0.747 s 193 ms 92 ms 49ms 14 ms unbound 6.1 ms
7 9 12 13 14 15 16 17 18 19 20 21
B B USRI B | "B | “B | BB | B | VB | B |¥B|¥B | 2B
unbound unbound 2020ms | 17.33 ms 13.8 ms 10.4 ms unbound 5.1ms unbound 29ms unbound | unbound
‘Be Be I3l '°Be | ''Be | “Be | “Be | “Be | “Be | '“Be | "Be | *Be |
unbound unbound L6 10% k% unbound | 435ms | unbound | unbound | unbound | unbound i
i | 5L sLi | oLiff oLi | uLi \ZLi oL
unbound unbound 840 ms 179 unbound 8.5ms urfpound unbound
He He | ®He | He | ®Hk | °He | '“He
unbound unbound 808 ms unbound 119 m: unbound | unbound

* (evolution of)nuclear
SH | *H | H | *H | H
12323y | unbound | unbound | unbound | unbound Stru Ctu re at the extremes
0 * clustered systems, OQS
g > N * reliable continuum spectroscopy
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GSl accelerator facility ...

Synchrotron
180, ~101%/s, ~500MeV/u

lon Sources

CaveJC

50 m

Secondary beam
~10-1000/s
= 0.1 — 10/s after reaction
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R*B/LAND Setup

(kinematically complete) =55
fragments _ protons Target detector:
« Gammas
/' (t)  Recoil Protons (p,2p)
) 2 (X’y)  Recoil Neutrons (p,pn)

* particle identification
« time of flight (8-12 m flight path)

 deflection angle D

=» relativistic four momentum vectors
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Ongoing:
Stagewise implementation of R®B for FAIR

TDR appr. 2013

RIB from
Super-FRSN | 20%: Q1/2014
S 45%: Q4/2015
~ 5 NeulLAND
';JL _—
s
TP

Q2/2015
RB-Si-TRACKER

Heavy
fragments prototypes

Protons

CALIFA
TDR appr. 2013
~20%: Q2/2015

GSI Helmholtzzentrum fur Schwerionenforschung GmbH
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Next step
GLAD magnet @ R®B/CaveC

Installation of a superconducting _
replacement for ALADIN in 2015 (1) Cryogenics

- Test bench for R°B at FAIR (2) Power supply and Quench Protection

Already available: (3) Experiment Vacuum Chamber
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GLAD magnet system ... I= 5= 1L

Dk L1 W i r——. ] < @CEA Saclay
‘ o R il

—
:‘&._.T‘TE,i 14

» Magnet cold mass ready
and tested, December 2013.

* Integration into cryostat
finishes this month.

* Delivery to GSI expected
in April 2015.

= Campaign#4, RUN #9 - December, 9 2013 - Entry Coils

@G S I X — First ramp-up to 2000.A at 2A/s
Second ramp up to 3584at 0.5 A/s

Thermal contact

+ Cryoplant from Desy > Refurbished St mne s, -
operational Dec 2014

£ er main coil g
« New Power Supply and Quench S I YA . Jeperman et g
Protection = Installed Dec 2014 SN N AN .

Recovery of the
initial temperaturé®

» Experiment Chamber for GLAD T\ et
delivered and tested Nov 2014 — | — Lo

4,00
12:57:36 13:26:

=T tank -TE23C[K] ——TESOC[K] e Current - C2:1AL-C2_ai[A]
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and Infrastructure @ GSI
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Intermediate system tells g.s. properties |
(n knockout reaction) I= 55 1K

Observables:

Momentum knocked out neutron
missing momentum

CMS: Pm = Pn2= Pn1 + oF

Spectroscopy of intermediate system
relative energy

CMS:  py, = yu/m, p, - u/m; p; Angular correlations (momenta)

pm pfn

Ef = P/ 20 cos(0);, = 5 D
m Mfn

GSI Helmholtzzentrum fir Schwerionenforschung GmbH 10



Linking seed nucleus with intermediate system = == ][

- angular correlations vs. relative energy

150

Polynomial fit

A + B cos(0) + C cos?(0)

do/dE_, (mb/MeV)

for angular correlations

A (a.)

Plot parameters vs. 10Li
relative energy spectrum

El
2>s @ threshold S oL
=2>p @ ~ 0.5 MeV T, B
0 05 10 15 20 25
H.S. et al.,, NPA791 (2007) 267 E. (°Li+n) (MeV)
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Sensitive observable:
Momentum profile & spectroscopy

Transverse momentum
Distribution of "OLi
(missing momentum)

Decomposition and position of
s and p confirmed!

similar result with energy
dependent angular correlations

GSI Helmholtzzentrum fir Schwerionenforschung GmbH

1 il el M e S, TY) o

1 2 3

E.. (MeV)

4 7

Y. Aksyutina et al.,
PLB718 (2013) 1309
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The structure of via 10Lj iI== 1L

10Li
150 9 9 450
+C Li+n + X e T KEK :
= wl 109 MSI\[/JI S!mlthIet al.
= “‘X s =-30 *12 5, fm 50 ;-_52” 1993
g ) \ ' =0.54(16) MeV = ssof . XY
= PN Aok 1 wf MISTRAL | 2007
3 \ : TOFI-LANL 2005
B 5l VN ] s0f I TITAN
3 , : 2007
~ 'l 100 | 370
_8 g |_CERN-PS 1975 /\
! PRL 101, 202501 (2008)  Nucl.Phys.A826, 1 (2009)
0
’ Correlation data, B(E1), matter radii, cross sections
binding energy 369.15(65) keV
H.S. et al. charge radius 2.467(37) fm
Phys. Rev. Lett. 83 (1999) 496 R. Sanchez et al., PRL96 (2006) 033002
Nucl. Phys. A 791 (2007) 267 quadrupole moment 33.3 (5) mb

R. Neugart et al., PRL101(2008)132502
Confirmed eg @ GANIL (N.Orr, H.Al Falou)
"Be, 14195B - 9Li+n
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2n pairs in "'Li via opening angle (in average!) ?
- there are two humps !

Dineutron correlation
LEXp." (3 bdy. Fit)

RQ

pa— (297w?
2673

':'1
/2y

1

S=0 (81%)
S=1 (19%)
R _(fm)
"E"""""""""";g'TTT'fTTT'fTTT""
! i — Total
6 D) 06- -~ §=0 component _
=5 -
£ Y WY S=1 component _
x3 2
§ -
2 02 -
1
N IR

23 4 5 6 7 8 0
r (fm)

0 1

30 60 90 120 150 180
9 (deg)
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0
ql 12,51/ 2{ S1/251/2

2 + 298w2

2,81/ 2{)31 /2 81/2

+ 20042

Pi/2:P1/ "'ppl r2P1/2 Paj2.Pa/ "’pPS f2P3/2

3' 3&131 "’31z"’upl 2:P1/ "Hosloplo_g' t’tsl (2,51 / ZH'PS (2.P3/ 2?( S1/2P3/ 2)

2 + 2082 + 29912 +

P1/2:P1/ "’ppl f2P1/2 P3/2.P3/ "’pp?. 2 P3/2

V33w . 2 V66w .
30 - ‘?)H’S]_I,'E,S]_I,'g u"‘p]_ffz,p]_ljg p S1/2 P12 + 30 u'slg'Z.'Slfﬁ u']p?,g'Z Pas2 p S1/2Paj2 ) (21 )

‘ <@,.>=62
‘ <@,.>= 66

<@,>=48 (+14/-18)

B(E1) = 1.42(18) e*fm? (< 3MeV)
cluster sum-rule, matter radius

) T. Nakamura et al.
14



Exotic structure across the dripline |
P =E=1II
P.G. Hansen, Nature 328 (1987) 476

13Be =« 14EBe 15Ee

E.FE-E*QSS M3 <200 N3

N4 1nn,a- N
0%

12Li
<10 NS

11Ee 1ZEe
138175 21.45 M3
f-: 100.00%

fi-: 1E00% - 100.002
fi~ %  P-ns 1.00%

8Li oL 10Li
8355 M3 1758.3 M3

7Ee abe
53.22D 5.57 eV

SRLUEs o 100.00%

f-e: 100.00% f-: 100.00%
f-:100.00% f-n: 50.80%

SHe &+ 6He :+ 7He = ©8He &
o.em“oa.?ms i 150KeV 5 1191MS
N: 100.00% =4 10000% 00% = 19 QD% N: 100.00%
o 100,00 : 0% =
4H 5H
46 Me¥ 57 MeV 1.5 Me‘i.F 295 23':'
1
M:100.00%  N:10000% N 100.00% 27
3 5 7 9 11

Clean & unbiased production
2n halo nuclei as seeds, here Li with known structure

GSI Helmholtzzentrum fir Schwerionenforschung GmbH

15



Possible similarity of '"’He and g.s.

Shigeyoshi Aoyama, PRL89 (2002) 052501

Exp. Theor.

Korsheninnikov et al.

E=1.68 MeV 0+
=112 MeV

E=1.2 MeV(4)
[<12MeV " p_y 91 MeV ?

ground 0+ state? / £=0.56 Me‘i 3/2-
N Acited 3/2- state? - T=018MeV
E=0.05 MeV 0+ threshold
. =(.21 MeV ]
B=03MeV 35 0 E0MMeV 3.

IOHe llLi IOHe llLi

Confirmed “B @NSCL: PRL 109, 232501 (2012)

=>» No problem for small relative neutron energies.

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

1%He

"Lj+ p/CD,,C >8He+n+n

0.7 F

06

0.2

01

- peak

!

|
|

k¢
. low energy |t %

[ A. Korsheninnikov et al.,
' Phys. Lett. B326 (1994) 31 WL i
0'00 2 L " L A

|
ﬁ*

RIKEN 61MeV/u 1
GSI1 280 MeV/u A

2

&
Efpn (MeV)
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Constraining the '"He groundstate via °He ...

2.5 T I | T | |
9
He
——
20 H L+ p —®He +n +X -
E’ [ E("Li) = 280 MeV/u
£ 15 %/ =092 -
O a, = -3.2(8) fm
T10¢F
o}
©
0.5
0.0 brmide=" b
o 1 2 3 4 5 6 7

E,=1.33(8) MeV, 1'=0.1 MeV
E=2.4 MeV, I'=0.7 MeV
Prog.Part. Nucl.Phys. 42(1999)17

H.T. Johansson et al., Nucl. Phys. A842 (2010) 15

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

60

|

‘He

L. Grigorenko, M. Zhukov,
PRC77 (2008) 034611
‘He: a, < -5fm < '9He g.s. at threshold

GANILa_=-3 .. 0fm

40 +

M c(“B,®He+n)X
/ "\,
R

* (d)

c(''Be,*He+n)X

0 I

5 10 Y0 2
E,, (MeV)

A. Falouh et al., Niigata Conf. 2010
T. al Kalanee et al.PRC 88 (2013) 034301
as ~10-12 fm 8He(d,p) @15.4 MeV/u

17
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Anomalous population of "He states in reactions with 'Li

P.G. Sharov.,m? I.A. Egorova,>? and L.V. Grigorenko! %5

i \ 1 Prediction for
" [Al Falou et al. 1
o e ‘He states
. Using a
= 4l ] .
~ [Tohansson ef al.] » calculation for the
IS - yy ? [Golovkov etal] 10
S| Kalance ef al] ] He ground state
= [Chen et al.]
_12_ T ]
0 | 1 | 2 ' 3

Missing Mass °He

E,(1/27) MeV
A(1/2) Me PRC76(2007)021605

2H(*He,p)’He SHe

SHe I
—’,
l)“/

"H target

25MeV/u
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Description of the three body continuum

* Reduction (CMS, E*, rot. inv)
O variables — 2 variables (¢, 0)

e is the fractional energy for a subsystem (e.g. e = E/E, )

0 is the angle between the relative momenta (e.g. p,n» P.nn)

* Three body correlation function

2
W(e, ) % x zo’fo Vi (2,0)Vu(c, 0)

« Complex coefficients C depend on quantum numbers a={K,L,S,Ix,ly}

Chulkov, H.S., .Thompson, et al., NPA759 (2005) 23
GSI Helmholtzzentrum fiir Schwerionenforschung GmbH M_Meister, L.V. Chu|kOV, HS, et aI., PRL91 (2003) 16564



Comparison "Liand "°He via
angular correlations

*He
08
§0.8-+ + + +-
= ;
02
oot JLi+p>8He + n+n ]
K
) + 0.2% K=2 !/
oafr
n
0 coregm- §0.0-
= E

00 oz o4 e TR

04

02 -

o T TR 05
Cosl8)

H.T. Johansson, Y. Aksyutina, Nucl. Phys. A847 (2010) 66
1"Li wave function = Correlation =» Experimental Filter

GSI He|mh0|tZ}_cuuuu| TUIL WUUTIVWOT VG TV OUTIULTY DIV

Excitation
energy range
1-3 MeV
(low energy
region 0%)

| * no resemblance
{to "'Li seed angular
1 correlations

] > 19He is
1 structurally different
10



Anomalous population of '"He states in reactions with

P.G. Sharov,"? 1.A. Egorova,®? and L.V.

transfer

0+

Er=4.0MeV

ﬂTll

1
Ep~1.3 MeV

©

'I‘IYH

@

~
-
(@ |
o
= 1.0 }
— . 0.8
- =
I ‘B 06¢f
8
- ©
= g 04
-
0.2
0.0
- 1.0 }
o0
'l 08|
— o
— = 06
. Ea
cM 2 04
- E
I 0.2
p—
= . 0.0
— 0.0

irX

i
C

02 04 06

&= E,/E;

'UI.E 1.00.0 0.2 0.4 0.6 0.8 1.

1.
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£=E,/E;

'He FSI modifies stron
2. Deviations from our dotee-

llLi

21



Excitation spectrum "He* JINR/ACCULINA

Counts

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

[ —

wd

=t = [
= h D Lh
I

S.I. Sidorchuk et al.
PRL 108(2012)202502
3H(°He,p)''He @21.5AMeV

I3

E; <3.5 MeV
T 1. 1T 1

h o Lh

n L“\\

=

-(e) 6.5<E; <8 MeV

.x'

r

-1

05 0 05

cos(o SHe)

Probability (%) Counts/500 keV

@ (arb. units)

40 -

30
20

0

10

2

0

Indication for soft dipole mode

2..

46
E; (MeV)



Theory <meets> Experiment '’He groundstate

L.V Chulkov (2014)

19He

0.0 :
0.0 0.2 0.4 0.6 0.8 0.0 0.2
€nn

... cannot be explained by experimental effects

=» No conclusive evidence for a low lying 1- state.

accordance to H.T.Fortune PRC88 (2013))034328
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Theory <meets> Experiment '’He* excited

[ 1 104
201 | C ©

Lessons learned:
1. Initial state and final state
can be separated by

o measuring the correlations
= 10 in the system.
2. The energy spectra are
05| strongly influenced by the
| initial state and the reaction
L.V Chulkov (2014) mechanism.
0'%.0 '0.I1 'o.lz '0_|3 'o.li '0.l5 'o.ls 'o_l? 'o.Is 'o.lg | 3. Data sets are otherwise
o often consistent.
... as well not at higher energies 4. Interplay with theory —
including structure and
=> Direct discussion ongoing ! reaction theory is needed!

GSI Helmholtzzentrum fir Schwerionenforschung GmbH



17Ne a potential 2p halo I= 55 1K

“I"Ne is a proton-dripline nucleus,

with strong indications of having a 2p — halo” ‘0 I

Zhukov & Thompson, PRC 52 (1995) 3505

W. Geithner, T.Neff et al, PRL 101 252502 (2008)

10 e mmm -
— matter
— - proton
10° .- neutron
* S,, =943 keV, §, = 1479 keV w0l -
* Ty =109.2 ms (B* to 'F) ‘E - //’_§
« Groundstate J™=1/2-; no bound exc. states = ol 1| .;‘ / /.\ )
EE o ()
E T
10°L \\EJ//
10° _.10 _5| ”?””l 5 | | | . | |
0 2 4 6 8 10
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Looking for halo signatures

Large fraction of the valence protons in the classically forbidden region ?

Neutrons A Protons y

Coulomb wall in addition
to angular momentum barrier (s,d)...
=» search for strong s? configuration

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

(8002) 20§25 TOT T¥d
18 38 YoNL 18uyIaD M

e Grigorenko et al., PRC 71 (2005) 051604(R).
»3-body cluster model: s? content 48%.

» Geithner&Neff et al., PRL 101 (2008) 252502.
»Charge radius measurement + FMD: 42% s?.

 Tanaka et al., PRC 82 (2010) 044309.
»Reaction cross-sections: Long tail in ""Ne
matter density, dominant s? configuration.

* Oishi et al., PRC 82 (2010) 024315.
»3-body model: s? content 15%.



One-proton knockout from "Ne — I= 5= ][

6F relative energy Spectrum
F. Wamers

o e e . Knockout from Core
*g‘ 1400|— JrJrJr wry - || YNe 1/2- J—
8 1200 " + 'I' _] +
[ 1 ’ L SN —_— N
1000 :— f —: 15012 @
C t ] R —
800|— 4 ¥ — G # ~ F* 17 (2+.3+)
sool ‘\(\6 Knockout from *Halo”
—t ; \\(Q "Ne 1/2-
400|— + (Q/
i Q 1256
-t + 959
2001 K + +4++'++++++++++ + :’._:5:
B ’ T M A r e ++...+++4++— -+ -
.S | SV | R AT Ao M P IO o R o Y 0
¢ 1 2 3 4 S & 7 8
Relativg Energy / MeV
Exclusive selection of . - . (F
P proton _

knockout from valence protons
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Halo-Proton Knockout from "Ne:
16F (=150+p) Transverse Momentum Distribution

F Wamers
— 700 T | T T T — 3
Q0 2 — (o) h c x o 10 13505
- W(S ) = 40 1 /0 - = = | Mean 59888
> Entries 13505 > ;
@ 600 O | RMS 106.33
= S-wave Mean 5.9888 = [T | % ndf 143.7/77
RMS 106.33 T | offset 5.021+ 0.829
‘C_'-l s00| "*eeen d-wave 2] ndf 1437117 S 102 | s_weight 7427+ 262
= — tOtQ 22 : = | d_weight 1134 + 36.0
- offset 5.021+ 0.829 . RN T
& 400~ . I e 1 B e
e = s_weight 74271262 ‘E
= - d_weight 1134 + 36.0 — A\
S 300 = ¢ *
200 > ((\\(\ -
100— (@ 1 b e e
: | 1 | |‘- | | | | | | | 1 [ T Q - 1 J_
-El]l] -400 -200 0 200 400 600 -600 -400 -200 0 200 400 600

Transverse Momentum, x / MeV/c

Transverse Momentum, x / MeV/c

Glauber-type calculation (MOMDIS): 1s/0d single-particle p-removal from 6F+p

« s-wave c ont ents ~40% in the '"Ne halo
» Moderate halo character of ”"Ne confirmed
» Good agreement with Grigorenko et al., and with Geithner/Neff et al.

(P 39.6 1.1%, p,: 40.4 1.1 %)
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Momentum Profile (16F) I= == ][

1 ~ F. Wamers

= 1400

—+
—'—_'_ _|__|_ 4405
N -

O q200
1000

800 -+ +

600

Eikonal Theory (MOMDIS)

—+ —+

400

+

B Gy — RMS (s): 92.3 MeVi/c
RMS (d): 123.1 MeV/c

200

f
I
:q
o3

0 1 | 1 1 1 1 | 1 1 1 1 |

I
1

0.§ 1

'RMS (p(F)) frap_p_tr_x

150 Q( dn

140

130

120

|IIII|IIIII|IIII|IIII
—h—

110

"""" r- ‘ﬁ %‘ "}H‘H‘ -=-=d 8F momentum profile around1 MeV:
SRS % consistent with calculation for
knocked out valence p’s.

100

90

80

» Step-like increase, s- to d-protons

60 ( )
R e . (C. Bertulani, MOMDIS)

70

IIII|
I.n

(=]
(=]
&n
na
na
w
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Neutron Knockout from 7"Ne: Unbound 1®Ne

Mgzo

Nai8 | Nat®

Nels | Nel6 | Nel? | Nels One-neutron Knockout

F14 F15 F16 F17

C/CH, Target
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6Ne relative energy spectrum I= = 1L
F, Wamers et al,, PRL 112, 132502 (2014)

(;+) 7.57 -
400 : 4 [11] G.J. KeKelis et al., Phys.

i | (ot ___3.22 Rev. C 17, 1929 (1978).

[12] G.R. Burleson et al., Phys.
Rev. C 22, 1180 (1980).

[13] C.J. Woodward, R.E. Tribble
and D.M. Tanner,

Phys. Rev. C 27, 27 (1983).

[14] K. Fbhl et al., Phys. Rev.
Lett. 79, 3849 (1997).

[18] I. Mukha et al., Phys. Rev. C
79, 061301(R) (2009)

(%)

-

o
|

b

e}

o
1

100 |-

do/dE fop (arb. units)

0 --J. ' e e e e

0 2 4 6 8 _ . _
Efpp(MeV) Confirmation of previous results.

Narrow width for
" — ot ™ = (0t,2%) I = (27) 1st and 2"d excited state.

I
E. I’ E. I' E, I
1.388(15) 0.082(15) 3.22(5) < 0.05 7.57(6) < 0.1 |4 K.W. Brown et al,
1.33(8)  0.2(1) 3.02(11) — - - 11] Phys.Rev.Lett. 113, 232501 (2014)
|.466(45) — - - — — 12 gs. Er=1.476(20) I<60keV
1.399(24) 0.11(4) — ~ - - 13 »Width puzzle®
- - 3.5(2) — -~ — 14]

1.35(8)  — - - 7.6(2) 0.8(13) [15] - Talk by lvan Mukha




Crossing the Proton Dripline to "°Ne

ZOMg

18Na | 1°Na

15N<e 16Ne 17Ne 18Ne
14fF 15F 16F 17F

Two-neutron Knockout

F Wamers

Projectile

C/CH, Targets

...........

14 15
Mass number A
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130 + 2 proton FSI

- ®Ne 3-body relative-
energy spectrum

- 3-body angular
correlations



First Observation and spectroscopy of °Ne

do/dE 1Cpp(arb. units)

10 | -
y [ ]
5 | - [ _
0 1 1 _."::I -:' . e T == ) - } =l
0 2 4 6 8
E;(MeV)

* Groundstate

Er =2.522(66), [ = 0.59(23) MeV
» 1st exc. State

Er=4.42(4), T < 0.1 MeV

* (2nd) exc. States

Er around 7-9, I around 2.5 MeV
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MeV F. Wamers et al, PRL 112, 132502 (2014)

82 veiiHesp 4.42

4.35 4 . 5/2°

3.05 -

3 2.52 2y
2.12 C+ap 2.10 v
152 oy li.56¢ - -
- Ftp
-’
p -’
0.0K o e
30+2p

Ne ground state unbound

Syp = 2.522(66) MeV
Corresponds to mass excess

ME("*Ne) = 40.215(69) MeV
Good agreement with model prediction:

Sy, = 2.68(24) MeV

H.T. Fortune, Phys. Lett, B 718, 1342 (2013)



o : : iI= 5= Il
SNe Mass: prediction via mirror nuclei systematics
F. Wamers et al, PRL 112, 132502 (2014)
,Improved Garvey-Kelson Mass relations” (sytematics) J. Tian et al, Phys. Rev. C 87,
> ME("5Ne) = 41.555(23) MeV, vs. ME("5Ne),,,, = 40.215(69) MeV 014313 (2013)

Model: N,Z=8,10 (sd)2 shell nuclei: |g.s.> ~ a(1s,)2 + B(0dg,)? | P(s?)=66(10)%, 16C-15B-14Be
> ME(*Ne) = 40.37(24) MeV, vs ME('5Ne),,, = 40.215(69) MeV

| S ' ' ' H.T. Fortune, Phys. Lett.
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F. Wamers et al, PRL 112, 132502 (2014)

Characterization of the decays
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g,
® T°Ne exp data
¢ 'SNe exp data L.V. Grigorenko, I.G. Mukha, I.J.
Thompson, and M.V. Zhukov, Phys.
/ Calculation of '®Ne isotropic 3-body decay Rev. Lett. 88, 042502 (2002).

#" Calculation of '5Ne sequential decay via the '4F ground state

*
L 4

SNe decay shows a genuine 3-body character, despite intermediate states in 4F.
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Summary

Nuclear systems at the extremes
cleanly produced and analyzed

Largest neutron/proton asymmetries

Réle of seed nuclei discussed,
correlations analyzed

Frontier line: Oxygen isotopes (?°0)
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Next Step: Novel neutron detector for R*B
- NeuLAND demonstrator performance

6 Double planes in test (August and October 2014)

HV system
PNPI: Site Acceptance Test
week before X-Mas 2014

Improve multi neutron detection

efficiency down to low energy
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(full detector 30)

Time difference of 2PMTs

FPGATDC
based

Readout
Electronics

=
Neutron hit patterns in 4 double planes
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Next step:

R®*B Time-of-flight detector prototyping

Performance goals:

* Time resolution o/t = 2E-4

(< 0,=20 ps for 20 m flight path at 1 AGeV)

* Energy resolution o /E = 1%

* High-counting rate capabilities (~1 MHz)

» Large dynamic range (up to Pb-U).

* FPGA based TDC readout (AE via ToT Techniques)

375kHz

Counts

Atomic number
.H]-t - Entries 251345

F| «*inar BET 4117
[ | Constant 1.8792+04 +5.433e+01

M| M=an 2751+ 00D

Sigma 0.2309 + 0.0005

10°E

Excellent time
and energy
resolution at

high rates

Rate / kHz o, / ps o/ / ps

D

o9
375
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41 14
41 14
45 16
64 23
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Next Step: The new FAIR facility

Intensity increase 3-4 orders of magnitude !
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