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Introduction on neutral baryonic systems
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sl N

» Direct detection of neutral systems difficult F

» final state interaction d(n,p)2n or p-p correlations in HI
> Problem: other hadrons present spoil the clear interpretation
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W. von Witsch et al., M.A. Bernstein et al., STAR Collaboration, Nature 527, 345 (2015)
Phys. Rev. C 74, 014001 (2006) Phys. Rev. Lett. 54, 402 (1985)

» The deuterium singlet state is the only bound state
» The question of binding or not is small compared to total mass
> Replacing a neutron by a A can produce bound states 5 He °Be



sl nA and AA

counts

» FSIin d(e,e'Kt)
» K+ capture on d (E91-016)
» FSI in HI reaction

d(e,eKNYN

Monte Carlo sTmuIctions
f}:l‘f'ns,l';ree i <r AA (NAGARA event)
Julich A o/ Zh nn
Julich B O pp : 0.4 0.6
/\ pA(s) Q (GeV/c)
¢ pA(Y)

V opn(®
[ pn(s)

205 2055 206 2065 207 2075 208
missing mass (GeV)

E91-016 (J. Reinhold) L. Adamczyk et al.,

Phys. Rev. Lett. 114, 022301 (2015)

» Future:
> Scattering experiments with X~ hyperons @ J-PARC, pA @ CLAS
> Tagged hyperons in a mini-pp collider at FAIR or JPARC ?



A short summary on the search of trineutron and tetrane
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@ The nnA Puzzle

> Such a state has been suggested ] o o) b
by the HypHI collaboration s A s
= =
> weak decay nnA—r-3H ] 3
— bound state g g
> Statistical Decay Model 6,He* at [ 8
EX=4-O|VIeV . 3.02 . . 3.02
A 30.7% nnA  17.3% fass (Gey) tase (Gey)
3AH 13.99, 4AH 29.20, C. Rappold et al., Phys. Rev. C 88, 041001(R) (2013)
4 He 3.9% >,He 4.8% 0.0
> but: all modern state of the art -
S . 0.2 >25%
ab initio theories do not allow a : bound
bound nnA state
-0.4 5% real
] resonance
> Do we really understand the A— El¥;
neutron interaction? * g'f:j"_‘”f
. ; —i— Chira
- N-N scattering: 4000 data —(;18 «— NSC97f
« Y-p scattering: 100 data >% sub- —%— Julich04

threshold

resonance ~0.1 0.0 0] 0.2
RelE

» Y-n scattering: O data

Iraj R. Afnan and Benjamin F. Gibson
Phys. Rev. C 92, 054608



W Approaching the nnA

» 2018: J-Lab E12-17-003 » 2019: FRS+WASA for S447
3H(e,e'K*)(nnA) - SLi+12C
missing mass experiment for d+n 2x better mass resolution
will measure mass and width - 8 times better S/BG ratio
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The existence of this ,femto-neutron star™ would require to re-think our
understanding of three-body interactions

Next HYP conference we will know the answer!







sl 4He(n-,n+) reaction
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J.E. Ungar et al., Phys. Lett. 144B, 333 (1984)




sk Double charge exchange

PHYSICAL REVIEW C VOLUME 40, NUMBER 5 NOVEMBER 1989

BRIEF REPORTS

Search for the tetraneutron using the reaction *He(7—, 7 )*n
A search for the production of bound tetraneutrons has been carried out with a time projection
: : - + . .
chamber using the reaction *He(r ™, 7" )*'n at T__ =80 MeV and at 50° <@, <130°. No evidence

for tetraneutron formation was found, and a 909 confidence level upper limit for the production
cross section of do /d {2 < 13 nb sr™' was obtained.
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FRONT VIEW SIDE CROSS SECTION

FIG. 1. The TPC front and side cross section. All the
triggering counters (I,,, IWC, W,, EWC,, E,) are shown as well
as the direction of the magnetic (B) and electric (E) field, the
beam direction (BEAM) and the target T. The twelve straight
lines inside every sector of the TPC are the anode wires; the
cathode pads under the anode wires are not shown. The two
dashed semicircles coming from the center are examples of
x —y projections of tracks of negative and positive particles.

Bound *n Region

1 1 1 1 L 'l
40 60 80 100 120 140 160 180
+

7 MOMENTUM (MeV/c)

FIG. 4. (a) Measured 7' momentum spectrum from
‘He(m™,m") at P__=170 MeV/c (T__=80 MeV) and
#=50"-130°, after all software cuts. The region corresponding
to bound tetraneutron production (indicated by the arrows) con-
tains 12 events. (b) The same spectrum after subtraction of the
empty-target background. The region corresponding to
tetraneutron production contains 6.1 events.




sl 14Be breakup (2002)

A new approach to the production and detection of bound neutron clusters is presented. The technique is
based on the breakup of beams of very neutron-rich nuclei and the subsequent detection of the recoiling proton
ina hqlud scmnlhtm The method has been ‘resled in the breakup of intermediate energy (30—50 MeV/nucleon)
oo a T 3 ed that exlubit the charactenisties of a multineutron
h E“=1 1-18 MeV/nucleon — 10 the channel 1°Be+ *n. The various backgrounds that

MBe* L 10Be+4p

. 10Be+3n+n

. 10Be+ 4y

..but bound tetraneutron is
theoretically nearly impossible.

PID [arb. units

F.M. Marques et al., Phys. Rev. C 65, 044006 (2002)



skl 4He(8He,8Be)4n @ RIKEN

Helmholtz-Institut Mainz

Double charge exchange reaction
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K. Kisamori et al., Phys. Rev. Lett. 116, 052501 (2016)
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On the existence of a bound tetraneutron

N. K. Timofeyuk
Physics Department, University of Surrey, Guildford, Surrey GU2 7XH, England, UK
(Dated: Received: December 25, 2013)

Following recent work in which events which may correspond to a bound tetraneutron ['1nj were
observed, it is pointed out that from the theoretical perspective the two-body nucleon-nucleon force
cannot by itself bind four neutrons, even if it can bind a dineutron. A very strong phenomenological
four-nucleon (4N) force is needed in order to bind the tetraneutron. Such a 4N force, if it existed,
would bind *He by about 100 MeV. Alternative experiments such as (*He,*n) are proposed to search

arXiv:1608.00169v2 for the tetraneutron.
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PHYSICAL REVIEW C 93, 044004 (2016)

Possibility of generating a 4-neutron resonance with a T = 3/2 isospin 3-neutron force

E. Hiyama
Nishina Center for Accelerator-Based Science, RIKEN, Wako, 351-0198, Japan

E. Larauskas
[PHC, IN2P3-CNRSUniversite Louis Pasteur BP 28, F-67037 Strasbourg Cedex 2, France

J. Carbonell
Institut de Physique Nucléaire, Université Paris-Sad, IN2P3-CNRS, F-91406 Orsay Cedex, France

M. Kamimura
Department of Physics, Kyushua University, Fukuoka 812-8581, Japan
and Nishina Center for Accelerator-Based Science, RIKEN, Wako 351-0198, Japan
(Received 27 December 2015; revised manuscript received 26 February 2016; published 29 April 2016)

In conclusion, as far as we can maintain the consistency
with the observed low-lying energy properties of the *H. *He
(T = 1). and *Li nuclei. it is difficult to produce an observable
*n resonant state.

LA TR T W LT R T BRI EaiEn wLr E\-’IM“W AIEE F Y "TIF 0Ll Ol ok B AR m"l_" R-LiER L R R R RS S PR LS

T = 3/2 channel is required.
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PRL 117, 182502 (2016) PHYSICAL REVIEW LETTERS 28 OCTOBER 2016

Prediction for a Four-Neutron Resonance

A. M. Shirokov,"**" G. Papaclimit1"101|.4'+ A.1. Mazur,” I. A. Mazur,” R. Roth,” and J. P, \.f’m'}-’z'i
'Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow 119991, Russia
Department of Physics and Astronomy, lowa State University, Ames, lowa 50011-3160, USA
3!’('{('{'[{'(.' National University, 136 Tikhookeanskaya Street, Khabarovsk 680035, Russia
*Nuclear and Chemical Science Division, Lawrence Livermore National Laboratory, Livermore, California 94551, USA
“Institut fiir Kernphysik, Technische Universitit Darmstadt, 64289 Darmstadt, Germany
(Recerved 20 July 2016; revised manuscript received 9 September 2016 published 28 October 2016)

2

We utilize various ab initio approaches to search for a low-lying resonance in the four-neutron (4n)
system using the JISP16 realistic NN interaction. Our most accurate prediction 1s obtained using a J-matrix
extension of the no-core shell model and suggests a 4n resonant state at an energy near £, = (0.8 MeV with
a width of approximately I' = 1.4 MeV. R L L .

DOI: 10.1103/PhysRevLett.117.182502 150
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FIG.2. The 4 — 4 scattering phase shifts: parametrization with
a single resonance pole (solid line) and obtained directly from the
selected NCSM results using Eq. (2) (symbols). The dashed line
shows the contribution of the resonance term.




» a trineutron resonance lower in energy than a tetraneutron resonance?

S. Gandolfi,!: * H.-W. Hammer, %3 T P, Klos,%3:-% J. E. Lynn,%2% % and A. Schwenk? 3.4.9

! Theoretical Division, Los Alamos National Laboratory, Los Alamos, New Mezico 87545, USA
Institut fir Kernphysik, Technische Universitit Darmstadt, 6{289 Darmstadt, Germany
S ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, 64291 Darmstadt, Germany
' Maz-Planck-Institut fiir Kernphysik, Saupfercheckweg 1, 69117 Heidelbery, Germany
We present quantum Monte Carlo calculations of few-neutron systems confined 1n external poten-
tials based on local chiral interactions at next-to-next-to-leading order 1n chiral effective field theory.

The energy and radial densities for these systems are caleulated 1n different external Woods-Saxon

nntentials Wa azenme that their avtranalation o mern evternslonntentin] deanth neoridess s ;aoandaksc

In this Letter, we have simulated two, three and four
neutrons in external potentials and extrapolated to the
zero well-depth limit. These extrapolations are indepen-
dent of the trap geometry since different Woods-Saxon
widths converge to the same energy at zero well depth.
We found a tetraneutron resonance energy in agreement
with recent measurements. Taken together with the re-
sults from the simple S-wave potential and the results

mimicking the helium 1sotopic chain, our results suggest
that a trineutron resonance may be lower in energy than
a four-neutron resonance and therefore possibly experi-
mentally observable. We also conclude that the effects

Phys. Rev. Lett. 118, 232501 (2017)



v Future

» Improve statistics at RIKEN
. 8
» Quasifree o know out
> 4H€(7I',7T+) reaction Hiroyuki Furoka et al.

Search for Tetraneutron by Pion Double Charge Exchange
Reaction at J-PARC

. - ’) 2 . 3 3

Hiroyuki Funoka'. Tomokazu Fukupa?, Toru Harapa®, Emiko Hivama®, Kenta Ttanasin®,
- . . . . 3

Shunsuke Kanarsuki!, Tomofumi Nacag', Takuya Naxamura!, Takahiro Niskr’
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Excitation Energy (MeV) Fig. 1. A part of the nuclear chart (Z < 10 and N < 12). Stable nuclei and long-lived '*C, which was used
as a target in past pion DCX measurements, are represented by black squares. Gray squares correspond to
FIG. 3. Excitation energy distributions calculated under the nuclides accessible by the (7", 7%) reaction. Nuclides observed in pion DCX reactions [13] are highlighted in
assumptions of *H (top panel), ®°H (middle panel), and "H dark srev.
(bottom panel) production channels. The gray histograms in —
the *H and °H channels correspond to those events lying in
the regions where the resonances were already observed in
previous experiments. The gray histogram in the "H corresponds
to those events identified as "H production. See text for details,




sl nnnn @ MAMI via Missing mMass

?‘

» Double n*t production
*He(e,e'z* 7" )nnnn

> What is needed
> Helium target v

> 3 spectrometers v

> MAMI-C vV

> Short test experiment/it

12C(e’el7z_+7z_+)12 Be‘ 2

g Settlng & 65 -12.300
> SPEK-B: e 600MeV/c 0=+15° s
> SPEK-C: n* 170MeV/c 0=454° ¥ 5792
> 140,180 _ 20pq

Fig. 5. Energy levels of "*Be: for notation see fig. 2



sl 1 day test 12C(e,e'n*n+)

» Preliminary result
» Not optimal/stable running conditions = calibration ?

» Neutron background in ToF detectors
» relying only on particle = sizable background
> Tide timing cut removes also most of real tripple coincidences

Massenspektrum - roh Massenspektrum - Teilchen- und harter Timing-Schnitt

BH Ereignisse < 0: 792, Ereignisse > 0: 3517 3.5 ] HE Ereignisse < 0: 0, Ereignisse > 0: 6
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sy The E906: °Be(K-,K*+r-1-)

Doube Hypernulei [PZ" —» Z+ X
— 7 +2(Z+1)
> 7 +'(Z+2)

Twin Hypernuclei 7" —» "Z +%Z + X

Aerogel Counter TOF Wall

Drift Chambers G
BD1,2

Coll plus booster

Field Clamps 48D48, E813

\
Cylindrical Drift
Chamber

Hodoscope

f=]
137 kG x L.5m
w/pole ti
K Beam

* Large solid angle (65% of 4 )
* Good dp/p resolution (~ 4% rms at 100 MeV/c)

* High rat
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sl Scenario 1: = Stopping & Fusion

4 -
He + 3n

_I_ Be % LI *H + *H+n

p— —

P
— stopped

A +3H+"He+3n

*H + SHe + n

1 i A+ He + p

H + [He A + He + *H
— A+ Li+2n

_— A+ :H—i—‘Hg—l-n

*H + He + n
tH + He

=
)
=
>
o
|-
)
-
L
L)
o
-
)
)
|-
-
|_

wLi, ABu=1MeV




skl Scenario 2: = +9Be reaction in flight G

> GIiBUU (T. Gaitanos) folded with momentum distribution of = in °Be
target.
» Fujiwara Quark-Cluster model for Z+N--> A+A
» Similar results with Rijken OBE model for Z+N--> A+A

=" reaction
2.83%

—— decay in flight

—— stopped
— reaction

reaction

1 1.2
momentum [GeV/c]




Initial A+A A+SH | SH+SH DH 3 H+4 H
prob. [%] [Y%] [%] [Y%] [Y%]
[%]
SMM 10 Li* 4.65 2.18| 27.15| 28.93| 41.73 0
E —>AA capture and conversion of 5%x4.65/2.83
SMM 10 Li* 0.18 2.75 2.89 4.21 0
GiBUU = +°Be |2.83 0.38 0.20| 0.0009 0.03| 0.0002

» Capture of stopped =- dominates hypernucleus production

» Production of 3,H+4,H pairs is unlikely!




W Can nnAA solve the puzzle?

> Gal, HYP2003

October 17, 2003

Another Possibility 4, ,n

(assumes single A binds to nn by 0 MeV

®\all (assumes single A binds to n by 0 MeV) 4&.\1111 and nn adds 2 MeV binding)

\ 7 (104 MeV/c for AB, =4 MeV) N\ (114 MeV/e for AB,,=4 MeV)

b W4
Al M

\ - (114.3 MeV/c)

= (133.0 MeV/c)

HYP2003

> Hybrid emulsion experiment @ JPARC may help to clarify this
qguestion
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sy Are nAA and nnAA bound ?

» AAn possibly bound

week ending

PRL 110, 012503 (2013) PHYSICAL REVIEW LETTERS 4 JANUARY 2013

Strangeness — 2 Hypertriton

H. Garcilazo' a .

'Escuela Superior de Fisica y Matemadticas, Instituto Politécnico Nacional, Edificio 9, 077 xico Distrito Federal, Mexico
2Departamento de Fisica Fundamental, Un ad de Salamanca, E » Salamanca, Spain
(Received 19 October 2012: published 4 January 2013)

We solve for the first time, the Faddeev equations for the bound state problem of the coupled
AAN — ZENN system to study whether or not a hypertriton with strangeness —2 may exist. We make
use of the interactions obtained from a chiral quark model describing the low-energy observables of the
two-baryon systems with strangeness 0, — 1, and —2 and three-baryon systems with strangeness 0 and — 1.

" system alone is unbound. However, when the full coupling to 1s considered, the strangeness
yaryon system with quantum numbers (7, J¥) = l%. %J’ ) becomes bound, with a binding energy of
about 0.5 MeV. This result is compatible with the nonexistence of a stable ':‘\H with 1sospin one.

» NNAA may be bound (particularly if nnA is bound)
S=0, I=1, L=0

No Pauli blocking

Groundstate: J°=0*

calculation still rather schematic

J.-M. Richard, Q. Wang, and Q. Zhao, Phys. Rev. C 91, 014003 (2015)

YV VYV VY VYV

» If nAA and nnAA are bound, they might help to understand the
E906 puzzle



isv nucleon-nucleon systems

» The two-nucleon system consists of an isospin singlet state
T=0: |np)—|pn)

and an isospin triplet
1
T=1:T,=1 |[nn) T,=0 ﬁ(\npﬁ\ pn)) T,=-1|pp)

» Simplified one-pion exchange gives rise to a term ~rt; 1,

(7,7,) = %(<z’2>—<712>—<722>) = %[(r(r +1))—(7.(z, +1)) (7, (7, +1))]
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*H + SHe + n

*H + He
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iy J-Lab E12-17-003 (e,e'K+)(nnA N

Proposal to Jefferson Lab PAC 45, July 2017
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MISSING Mass eXperlment
3H(e,e'K*)(nnA)

will measure mass and width

» approved , will run in November 2018
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Experimental Setup at FRS-S2 — WASA
(FAIR-Phase 0) central detector
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2019: for d+=
2 times better mass resolution
8 times better S/BG ratio

Counts /(2.8 MeV)
Count. / 1.0 MeV
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