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_@ Introduction ~ N5153525“

N(1535) with J7=1/2~ J7=1/2*
chiral partner of the nucleon N(940) ?
N(940) and N(1535) degenerate
at high density and/or high temperature

2000

]

T I
. N Sll thi
Naive V(1535) C. DeTar and T. Kunihiro,

Phys. Rev. D 39, 2805 (1989);

————— Mirror

Mass [MeV

1000 - " =

m, T. Hatsuda and M. Prakash,
= N(938)P phys. Lett. B 224, 11 (1989):

mg =270 k

I

0 . , D. Jido, M. Oka, and A. Hosaka,
S0 100 Prog. Theor. Phys. 106, 873 (2001).

Chiral condensate &, [MeV]

strongly couples to the eta meson (n)
and nucleon (N) I=0, J7=0~
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_@ Introduction —~ N5153525“

N(1535) with J#=1/2"
chiral partner of the nucleon N(940) ?
N(940) and N(1535) degenerate
at high density and/or high temperature

elementary: N_
single particle

® ' composite:?]N
.J molecule-like state

strongly couples to the eta meson (n)
and nucleon (N)
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@ Introduction —~ N5153525“

compositeness X:
overlap with the two-body scattering state

X 1s directly given by the scattering length a

and effective range r

a==2 g r=2"p R=(2uB) "
X +1 X
S. Weinberg, Phys. Rev. 137, B672 (1965).

X can be also used for the near threshold
resonances T. Hyodo, Phys. Rev. Lett. 111, 132002 (2013).
compositeness for N(1535)S,,
X,y =0.04+1i0.37
h* T. Sekihara et al., Phys. Rev. C 93, 035204 (2016).
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Scattering length

low-energy scattering is characterized with
the S-wave phase shift 6( p)

1
pcoté(p):a | 2rp2+0(p4)

a . scattering length
r . effective range

positive (negative) g provides attraction
(repulsion)

a 1s negative If a bound state Is available

ii G T. Ishikawa
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Scattering length

fundamental and important

difficult to determine the scattering length
between neutral hadrons

- * coupled channel ® chiral perturbation

eta-nucleon scattering ' L s
from N - N, N - yN, _,,} =~
yN - N, yN - N £ |
g 04 |
Im: ~ 0.25 fm ' L e .

Re: widely distributed = ¥+

%0

0.2 0.4 0.6 0.8 1 1.2

Q. Haider and L.C. Liu, Re a, (fm)
h‘\ J. Mod. Phys. E 24, 1530009 (2015).
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_@ Final state interaction

* the final-state interaction (FSI) is often
utilized when a direct scattering experiment

Is difficult to be realized )
Tdisturtinn J
: L]
.. e
{M} é‘
i igh relative ®
momentum momentum *e/
1) low relative momentum between the two 2s)

hadrons of interest
2) small or well-known FSI effects for the others
3) well-known production mechanism effects
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Scattering length from FSI

wN scattering length from yp - wp
T. Ishikawa et al., Phys. Rev. C 101, 052201 (R) (2020).

1) relative momentum: low
2) FSI with another: no
3) production: small effects

nn scattering length from ed — e’ nn [planned]
S.X. Nakamura, T. Ishikawa, T. Sato, arXiv:2003.02497 (2020).

1) relative momentum: low
2) FSI with another: known & small
3) production: known & small effects
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N scattering lenath

proposed kinematics for @, ydetermination
usingvd — npn

940 MeV/c n production
P at o deg.
\ 940 MeV/c
d ‘t‘ —
TerT) \ well-separated
I "

\_/_.
low-energy -

nn scattering 7], pev/c

h‘“ T. Ishikawa June 19,2021 10

-

o0 MeV/c



N scattering lenath

differential cross section for for vd — npn
as a function of nn invariant mass
06 - & = ~ v o

—

impulse o : L
A2 full
T R e
N £ 04Fp imp+n —=== -
‘---;- Imp |||||||||||
nN rescattering g 0.3 - }
N -:"‘-‘- 02 B N
\n =
d \ N -E 0.1 - -
T %0
wIN—nN transition 1.8 B I ]
N _ 16| '-'
dﬂ g0 nN=nN
— N S 14t :
\\n bx
12+ T ammmm——ee Yo___ -
NN rescattering 1 P =TT WN_}”I\E*__ bl '-:'_'-f =
M - |

pn rescattering.

J N oLl o . . . .
N 1.49 15 1.51 1.52

M,, (GeV)
h@ S.X. Nakamura, H. Kamano, T. Ishikawa,
W shikawa PNYS. Rev. C 96, 042201 (R) (2017). June 19,2021 11
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_@ Eerriment

1) energy-tagged photon beam
2) eta-meson identification (EM calorimeter)
3) forward proton detection (spectrometer)

(940 MeV/ J n production

fp at o deg.
4 L 940 MeV/c
d | er) \ well-separated
N\

.. R, MeV/c
low-energy -

nn scattering “‘(nO—*Mfg/c )
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g Eerriment

1) energy-tagged photon beam
2) eta-meson identification (EM calorimeter)
3) forward proton detection (spectrometer)

% . - Py z =
™ BN - Vacuum Chamber
- - y.

Movable

Electron
Beam

- _— . .
outside - Z AN inside

STB ring S Carboi Thesd STB ring
~ 1 A adiator Frame (Radiator)

' _the energy of each produced photon:
determined by detecting the

e - corresponding post-bremsstrahlung
1.3 GeV Booster STorage Ring electron

E =0.80~1.25GeV

l T. Ishikawa et al., NIMA 622, 1 (2010); T. Ishikawa et al., NIMA 811, 124 (2016);

Y. Matsumura et al., NIMA 902, 103 (2018); Y. Obara et al., NIMA 922, 108 (2019).
P Ishikinbo June 19,2021 13
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g Eerriment

1) energy-tagged photon beam
2) eta-meson identification (EM calorimeter)
3) forward proton detection (spectrometer)

Backward Gamma T. Ishikawa et al.,
I RS II1 . LOTUS
SCISSO 1:_11)5 Rafflesia II Ph(l}ﬂ)l:}/lA 832, 108 (2016).
Beam

62 Lead Glasses

192 C crystals SciFi modules 5% @ 1GeV
3% @ 1 GeV 2% @ 1 yk ol .

FOREST elec ro-magnetic

. Target: 45 mm thick LH2 & LD2 calorimeter June 19. 2021 14
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@ Eerriment

1) energy-tagged photon beam
2) eta-meson identification (EM calorimeter)
3) forward proton detection (spectrometer)

SF5 fore/n

W """'.‘ :

heam

N
forward proton spectrometer

Blc magnet from the low-energy ring at KEK-B

@“‘T. Ishikawa June19,2021 15



_@ Current status

data acquired

two particles in FOREST

In coincidence with photon-tagging signals

2017.10.30~11.20
2017.11.23~11.30
2018.06.07~06.25
2018.10.12~11.04
2019.04.08~05.06
2020.04.09~05.21

0.40 G
0.20G
047G
0.75G
0.75G
0.99G

0.31G
0.49G
0.88G
1.39G
2.72 G

0.02 G
0.05G
0.09G
0.07 G
0.12 G
0.13 G

current statistics: ~2/3 that of the original plan

il T. Ishikawa
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Q Current status

nn invariant mass distribution
’
P NP shape provides 1N rescattering

50 f |
B ‘ what to do:
40 .
BT event selection
2 ok momentum analysis
= |
S s | ‘L
§ o E a pentaquark-baryon candidate N(1680),
~ s E ' + which appears injyn — nn is not observed
IR
5 E
o F ++|1111++++41+++
-100 -50 0 50 100 150 200 250 300 350 400
b«:&.‘ M, -M,-M, (MeV)
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_@ Summarx

differential cross section for 4p—npn is

measured to extract a,N
E =940 MeV and 0 =(Q0o |s the Ideal condition

940 MeV/c n production
7 p at o deg.

k.{‘ 940 MeV/c
d
TorT] \ well-separated
IR n
N\

S.X. Nakamura, H. Kamano, T. Ishikawa, 0 MeV/c
Phys. Rev. C 96, 042201 (R) (2017): I?cv;::t‘:;?'?n .

T. Ishikawa et al., Acta Phys. Pol. B 51, n g o MeV/c
27 (2020).

current statistics: ~2/3
analysis Is on-going
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@ Related toEics

interaction between N and N(1535)51¢
nd threshold structure in yd - n°nd

1) 1~ nNN bound state coupling to TNN
2) strong nd attraction 1sf EATORTISGeV

T. Ishikawa et al., arXiv: 2105.10887 (2021). 0%

24 245 2.5 255 2.6 2.65
bk M (G@V)
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_@ Related toEics

interaction between N and N(1535)51¢
reaction mechanism of yd —» n°nd

1) yd - 0~ - n°[nd];- - nnd

. [~ E=L01-115GeV

2) yd - 2% - n|nd L+ m'nd *:Eg”
rather flat NG S
appearance of NN* dibaryon?; o pp———=se
a  k E,=0.95-1.01 GeV

E 20 f'\\hgc_n-t_n- and Fix

nd scattering length, related [ o o
to pN scattering length ey
0 W meTe s
%Lshikawa et al., in preparation. e S TR
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