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<+ n’-nucleus interaction and
N’ mesic nucleus

<+ n’-nucleon interaction and
(possible) n'N bound state

irrelevant ton’

< d*(2380) dibaryonic state at J-PARC

Hiroyuki Fujioka (Kyoto Univ.), “Progress on J-PARC hadron physics in 2016”



pseudoscalar mesons in broken chiral symmetry
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N’ meson in medium

< At finite density/temperature,
chiral symmetry will be partially restored

» cf. deeply-bound pionic atom

» large mass reduction, as a consequence of
suppression of the anomaly effect?

< optical potential: V(r)=(Vo+iWo)p(r)/po

» |Vo|= (mass reduction), 2|Wy|= (absorption width)
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n’ optical potential: state of the art
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transparency ratio measurement

transparency ratio
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excitation function and momentum distribution
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elementary process : pp—ppn’
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elementary process : pp—ppn’ n

I ' Czerwinski et al., PRL 113, 062004 (2014)
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n’ optical potential: state of the art
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Searching for n’ mesic nuclei

+ (p,d) reaction @ GSI| and FAIR

K. Itahashi, HF et al., PTP 128, 601 (2012)
First experiment in August 2014, Y.K. Tanaka et al., in preparation

< (y,p) reaction @ LEPS2/SPring-8
@ BGO-OD/ELSA

< (rm*,p) reaction @ J-PARC
HF and K. Itahashi, Eol submitted in 2012
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comparison among different reactions
(Y,p) (r+,p) (p,d)
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J-PARC hadron experimental facility

HIHR beamline

igh ntensity: ~10° ni/sec

igh esolution: dispersion-matchs;

one of planned experiments :

A hypernuclear spectroscopy with (Jil

existing facility
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pion-induced n’ production
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n’ optical potential: state of the art

100 Y0 %0 CosY-11 10
I ] Vo [MeV]
(=Mn’(Po)-My’)
7/ COSY-11
. . T '2p. (WA int)
CBELSP/TAPS exp. (n'Nint.)
chiral theory
unitary COSY-11
—+-20
NJL linearoc QMC Wo [MeV]
(=-T/2)

Hiroyuki Fujioka (Kyoto Univ.), “Progress on J-PARC hadron physics in 2016”



possible existence of n’N bound state

attractive interaction

(large) mass reduction between K and nucleon (nucleus)
1 r s . :" .

of r]’ in nucleus n’-N mter?c’aon

n’-nucleon int«la'raction in LoM
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_____
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Sakai, DJ, PRC88 (13) 064906; l

in preparation

interaction strength (symmetric limit) ¢ _ 0086 MeV:'  WT term of K®'N (1=0)

V3
Viyn =6B - f{,ﬂ{ = -0.053 [MeVA-1] — 10-15 MeV binding of K*'N
; tate
/\ ( 7 405) calculated in the same way as /A(1405) of K®'N bound state
i ffect (N'N, NN)
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1
the details numbers are sensitive to the parameters of symmetry breaking
1
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Searches for n’N bound state

< direct search

» y+d—=(n'n)+p or m+d—(n'p)+p (cf. K+d—A(1405)+n)

LEPS
» y+p—(N'n)=n+p -~ .n'nthreshold
m+p—(n'n)—=n+n B
.':.:‘.’:“‘ .s d e C a y
<+ indirect search dinto n'n
= (Tn) = n'+n mass
sdecay into nn, (1
» signature of n'n bound - Y nn, (mn)

state just above n'n threshold? cf. f0(980), a0(980) — KK
» (merit) background-free (as far as N* dominance model is valid)

» (demerit) only sensitive in case of small B.E. ~ T
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total cross section o [nb ]

cf. n-3He system
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The d+p — 3He+n Scattering Amplitude

Extracted scattering amplitude (Q > 0 MeV)
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previous measurement (in 1970s, at RAL)
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photoproduction cross section close to threshold
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experiment under consideration

detected by forward neutron counter

@ J-PARC K1.8 (existing beamline)

mp—n'n

L. i n

B.R.=43%
L, T|'+T|'-T|'O

B.R.=23%
proposed in E42/E45 collaboration meeting (Sep. 2015)

K. Hosomi, presentation at NSTAR2015

E45 HypTPC Spectrometer
J-PARC E45

Studies of Baryon resonances in (m,27) reaction for Measure (x,2x) in large acceptance TPC in dipole magnetic field

wp—mtan, B°xp 2 charged particles + 1 neutral particle

* Deeper understanding of non-pertabative QCD ' p—alm'p, Ata'n —missing mass technique
* Preceise measurements of baryon resonance ANKY (2-body reaction) ' ith hodoscope
properties ap—KOA
— Many resonance have not been established Tp—K*St (1=3/2, A*) e —— I
experimentally -

— aIN—7nnN: “Critical missing piece” for the N*

spectroscopy
— New N—nnN data will provide

1.significant modifications to the current N* mass

2.discovery of new N* states.
» Search for new type baryon states
— e.g. hybrid baryons (qqqg)

NSTAR2015

a*- beam on liquid-H target
(p=0.73-2.0 GeV/c
W=1.5-2.15 GeV)

LH target: ®5cm

Superconducting Helmholt
Dipole magnet (1.5 T)

LH targfet \
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I O

< large mass reduction of n'in medium (= strong
attraction in n’-nucleus interaction) anticipated

v 12C(r1+,p) reaction @ J-PARC HIHR beam line

» re-measurement of elementary cross section
(mp—n'n) necessary

» possible existence of n'N bound state
might be investigated by mp—n'n reaction
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On the possibility of
d*(2380) production by
diffractive dissociation
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d*(2380) dibaryon resonance (ABC effect)

< confirmed by WASA-at-COSY

< seen in pn—=dnon®, dr*mr, ppmrom,

<+ M~2380MeV, [~80MeV, JP
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production via diffractive dissociation?

discussion with M.N. Platonova and V.l. Kukulin
D Or T D Or T

Y/

0]

ABC Effect in pd — He + n'n"
d d * (2 3 80) * We propose a different mechanism — D, excitation from the short-range

(6g+0) component of the deuteron:
E;n ~400MeV (need 500 MeV for D,;)

possible at J-PARC [
high-p beamline?

E', =530MeV

.
.
.

g O_ [] CELSIUS/WASA
IEI =@ WASA-at-COSY
O  ceLswus * The same story in dd — ‘He + n’z":
ol (Vs) =424GeV, T, =105GeV = (Vs) ~213GeV, (V5]
pn p
¢ E' ~250MeV, E, ~330MeV, but Ej, =490MeV!
I * Dy, excitation via 6 exchange between the quark-meson components of two
1 deuterons?
] * The contributions of different mechanisms to pd and dd double-pionic fusion
need more detailed investigation.
~ 25
?q_ o ¢ ..,
P. Mdsch3fhd P%p l[((';,l V;‘ — ,
S |Ge
P. AdBRoA O 21 (3975201 (2015) M.N. Platonova, presentation at MENU2013
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Roper excitation
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