ECT* wbrkshop

‘Nuclear Physics at the edge of stablllty
06/07, %22 T

¥ laboratoire de physique corpusculaire

Search for hydrogen 7 and its four
neutron decay at RIKEN

Cyril Lenain

@ ENSI
CAEN

Normandie Université



Introduction
\

Z

B stable
B (+/CE
B B-
B

fission

&
SO
SO
S
SO

nb. de neutrons - =——p 2 /51



Introduction

B stable

B 3+/CE

N B-

B
fission
unbound

 Test bench for theoretical models

64 7H  Ab-1nitio calculations tractable

4H 5H

e Constraining multi-neutron

(3- & 4- body) interactions

3n N EEEEEEEE

3 /31



Introduction

B stable

B 3+/CE

N B-

B
fission
unbound

 Test bench for theoretical models

4y 5S4 64 TH  Ab-1nitio calculations tractable

@ e Constraining multi-neutron
@ B B N ENENEN

(3- & 4- body) interactions

4 /51



Introduction
1= [ =
8 e

13Be

B stable

B 3+/CE

N B-

B
fission
unbound

 Test bench for theoretical models
 Ab-1nitio calculations tractable
e Constraining multi-neutron

(3- & 4- body) interactions

S /31



1. Introduction

2. Samurai 34

max
elfllfl

3. First results




Introduction:

since the 1960s ...
Where ? How ?

/

Extreme environnement

Lost 1n a large quantity of 1sotopes

2y
_4//.:/.'

=::;: >

A

14N(4n,n)17N
16A1(4n,t)28Mg ...

7 /31



Introduction:

since the 1960s ...
Where ? How ?

/

Extreme environnement Extreme reaction
Lost 1n a large quantity of 1sotopes Direct production
4 ce _. oo
4n? ?
_ —_— _
A=< o0 — 00
A —— / | \

DCX, SCX ...

14Ny(4 17
NCn,n)” /N o~ 10712 barn

16A1(4n,t)28Mg ...

8 /31



Introduction:

since the 1960s ...
Where ? How ?

_— T

Extreme environnement Extreme reaction Extreme n-rich nuclei

Lost 1n a large quantity of 1sotopes Direct production 8He, 7He, 7H ...

2 il - ~on
- == $e-8  &F

A > /

DCX, SCX ...
o~ 10712 barn

o ®®

14N(4n,n)17N
16A1(4n,t)28Mg ...

9 /31



toc

Trineutron

1960

Tetraneutron

Introduction: The multineutron quest

Miller
‘H(n™,y)3n
> 5 o § :
1990 2000 2010

10/51



toc

Introduction: The multineutron quest

Miller
| H(z™, y)3n
Trineutron (Q)
| 9
1960 | ! 1970 1990 2000 2010
M
Tetraneutron Marques Kisamori

2Cc(4Be,'Y BeYdn “*He(®*He,® Be)4n

(Q) Low statistics (Q)

Low background
11/51



toc

Introduction: The multineutron quest

Miller
| "H(n™,7)3n . 30347
Trineutron (=) Ig e(p, pn) Ij e
. . He(p,2p)'H
i - M 5 - -
| 9
1960 | A 1970 1990 2000 2010
>
Tetraneutron Marques Kisamori

2Cc(4Be,'Y BeYdn “*He(®*He,® Be)4n

(Q) Low statistics (Q)

Low background
12/51



toc

Introduction: The multineutron quest

M. Duer
SHe(p, p*He)4n (Q)

Miller
| SH(z™,7)3n : SO347
Irineutron (D) Ige(p, pn) I;{ *
. . He(p.2p)
i - M > - -
| ®
1960 | b 1970 1990 2000 2010
M

letraneutron Marques Kisamori

2Cc(4Be,'Y BeYdn “*He(®*He,® Be)4n

(Q) Low statistics (Q)

Low background
13/51



Introduction:

- - .
Drift chamber —, RIKEN Beam
/ Telescope . SClnl}llatorS
A b (R 7
Fit= He(p,d)/He
e THe
Neutron walls Dipole magnet 2,4 MWPCs
R e e R R I
Korsheninnikov et al. PRL (1999)
80—
150
> 60 e
v/ I
100 6 +)+
= e ®He(2F)tn
Q 40
? | e
g 50 ]
O 20 4He+3n
""""""""""""""""""""""""""""""""""" (g5)
95105 0 510152025303540 351025 0 p—
E.bove n+6He (MeV) Ebove n+6He (MeV) 14/51



Introduction:

SO E )
Drift chamber —, RIKEN Beam
/ Telescope . SClnl}llatorS
: //d /{,/-\ f‘;‘ ‘:E;::. | | \\ 8 7
Fit= He(p,d)/He
e He
Neutron walls Dipole magnet 2, MWPCs
R e e R R I
Korsheninnikov et al. PRL (1999)
o
150
> 60 e
v, I
100 6 +)+
S i SHe(2)A
. 40
8 [ 2 1/2
g 50 ]
O 20 4He+3n
""""""""""""""""""""""""""""""""""" (€5)
95105 0 510152025303540 351025 0 Hotn
E.bove n+6He (MeV) Ebove n+6He (MeV) 15/51



Introduction:

counts/300 keV

- - .

Drift chamber RIKEN _Beam
Hodoscope / Telescope - scintillators

\ ' .‘\
\ \
\ 1
AR ) _ \
\ b \ \
\ ,!,t‘t \
) ll | ‘: "" \ ‘.
-‘ llill]. A
l. ANN' |
) ‘| ‘]‘|[ {
K ! '! !
\ '|!lll‘
\ ‘ll ‘(ll'
1,4 | ||‘
N |
|

Neutron walls Dipole magnet CH2,C MWPCS |

Korsheninnikov et al. PRL (1999)

80
150
d+n+6He
E 60
\O
D 40
82|
50 H
S 20

05705 0 510152025303520 357075 0 51015203530 35 40
Eabove n+6He (MeV) Eabove n+6He (MeV)

SHe(p,d)7He

"He
3 - - - o

2 ................................................................
___________________________ ‘He(2t)tn
? 3
1 ________________________________________________________ ' _______ 1 /2
Hetdn (5)
0 o
6He+tn

16/51



Introduction:

counts/300 keV

- - .

Drift chamber RIKEN _Beam
Hodoscope / Telescope - scintillators

\\ ln‘
\ t \
\ \
\
\ i
\ ll .
\ ..l \ \ \
l A ,!,tlt , .
N .' ‘=I'|'. \ \
W AN :
|
N

u-}

> i :
i A | -
‘:: 'f!’lt[ \ | 8 \
W NN H \
\ !'l | e
X
|

- SHe(p,d)7He
B "He

Neutron walls Dipole magnet CH2,C MWPCS |

3 - - - o

Korsheninnikov et al. PRL (1999)

150 80
d+n+6He

E) 60
100

2

P 1/2-
50 g 0

” (gs)

05705 0 510152025303520 357075 0 51015203530 35 40

E (MeV) Eabove n+6He (MeV) 17/51

above n+6He



Introduction:

- o @
Drift chamber RIKEN _Beam
Hodoscope / Telescope smjt{llat\ot
i R
= i & \ SHe
§ 0L\
n =
Neutron walls Pipole magnet CH2,C MWPCS |
Korsheninnikov et al. PRL (1999)
80
150
d+n+6He
> > 60
- ~,
— 100
= =
. L 40
2 8
g 50 =
o S 20

05705 0 510152025303520 357075 0 51015203530 35 40

E

above n+6He

(MeV) E (MeV)

above n+6He

SHe(p,d)’He

18/51



Introduction:

1980 1990

"H a hot but difficult topic ...

Caamano
GANIL 2007

2000 2010 2020
Korsheninnikov
S034
RIKEN 2003 RIKEN 2017

19/51



Counts/ 1.5 MeV

toc

PHYSICAL REVIEW C 81, 064606 (2010)
12

" 3He+t -
' @RIKEN “

_—
<

44

Events/1.5

L
»
\
N
3
o»

Fp=15451=075McV

Introduction: Hydrogene-7, state of play

60

H

O =N W PH O

10.5

)
S
p—

-

PRL 99, 062502 (

003)| |

orshieni

@GANII}

< 10 15
xcitation Energy

-10F

|l Contradictory results:

“““ Ey=17.6,
=09 McV.
...... sulll, exp.
bias corr. |

» Low statistics

* Low signal to background

e Limited resolution ~ 2-3 MeV

* Missing mass (no neutron detection)

— Better experiments needed

20/351



Outline




@ ‘ SAMURALI 034 : Experimental approach
LPC (FM. Marques) / RIKEN (Z. Yang)
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Complete kinematics :

Invariant mass FWHM ~ 0.1 MeV: main goal
Missing mass FWHM ~ 7 MeV: complementary cross-check
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Samurai 034: Tetraneutron emission ?
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Samurai 034: Multineutron, crosstalk rejection
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Results :
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Results: Helium-7 decay, angular correlations
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Counts/280 keV
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@ Results: Hydrogen-7 decay, neutron correlations
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Summary

SAMURALI 34 experiment
4n
» High intensity beam 5
* High luminosity target MINOS-M// . . g °NEBULA
 High multi-neutron efficiency BDC1, BDC2 B - NeuLAND
1o
BHe \/ |

= = 4

Two techniques IM & MM: o \\[/

» Mult1 detectors (DC, TPC, Neutron walls, Spectrometer)

» Analysis algorithms (tracking, crosstalk...)
* Simulations of differents detectors (MINOS-TPC, DALI, NeuLAND/NEBULA)
» Setup validation on physics: "He g.s. & ¢He*
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Summary
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* No significant trineutron signal E, [*He+n+n+n] (MeV)

H & 4n:
* First high acceptance+resolution+statistics experiment

» Observation of broad structure at E("TH) ~ 7 MeV

* No clear sign of any resonant-like structure ... ?
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