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C. Rappold et al., PRC 88, 041001(R) (2013)
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Three-bddy system with A

0.13 MeV
(emulsion)




Can the nnA be bound? 3/21 X

E. Hiyama, S. Ohnishi, B.F. Gibson, and Th. A. Rijken, Physical Review C 89, 061302(R) (2014).
AV8 NN + NSC97f YN potentials

Experiment

NO BOUND
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Tensor component of the AN-XN coupling was varied.
—> No solution was found to make the nnA bound
maintaining the consistency with the H (1H, tHe) data.
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Resonant nnA state
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" e v’ Resonant state may exist
-l v Energy + width = nA Interaction
v’ Strongly related to By (3H)

> E12-19-002 (HKS)
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M. Schafer et al.,, PRC 105, 015202 (2022)
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(e,e’K+) reaction spectroscopy

Missing-mass measurement at JLab
=» Sensitive to both bound and resonant states !!

c.f.) Invariant mass spectroscopy is sensitive to only bound stafe



JLab E12-17-003

T, target, Hall A, Oct—Nov 2018
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xperimental setup at Hall A

py = 2.22 GeV/c + 4.5% prx = 1.82 GeV/c + 4.5%
0,. = 13.2° O.x = 13.2°

* High resolution

+ = 2x107 ©

* Long path length
S Re=~15% @

E, = 4.32 GeV
Ie = 22. 5 I.lA o y r..
e ' : [ igh resol.html
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Independent analyses
to doublecheck (triplecheck) results
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An FSI, elementary production, nnA search, nnA production-cross section, etc.

This talk = K.N. Suzuki et al. PTEP (2022)
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\ Iteration D ANALYSIS FLOW

Efficiency
j ivegtex Cor. factors
ngle
v Momentum v’ Data analysis

v Geant4 MC simulation

Reaction

v’ Coincidence time

v’ Cherenkov detectors @ UD@ @ @ @ @ @ﬁﬁ @ @

v’ Reaction vertex efc.
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Angle calibration by using sieve slits

The 4™ order polynomial

Sieve slit pattern (RHRS)

-

e Hadrons
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nergy calibration by A and X

Fig from K.N. Suzuki's Ph.D. thesis (2022)

- Detectors

¢ data
p(e,e' K*)A (sim)
p(e, e’ KT)ZO (sim)

Counts /(1 MeV/c?)

¢
o

0 60 80 100 120 140
My —m, (MeV/c?) Scattering
25cm  Target Chamber
» * (Calibration with well known masses H,,T,
* Geant4 simulation 1s consistent with data HRS Geant4 simulation



‘H(e,e’K")X

DATA 4
Simulation [

QF prod.
/\/w‘p Y @
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Elem. prod.
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« Simulation w/o FSI
 w/ acceptance cut
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“H(e,e'Kt)X

Binding energy:
By, = (2M, + My) — M,,

v Overall structure is
understandable

v FSI may need to be taken into
account for the threshold region
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spectrum  [16/21 <

Unbinned maximum
likelihood fit

(—20 < B, < 20 MeV)
Probability density function (PDF):

1. Response function (RF) N
» Geant4 simulation

— Next page
2. Decay width
» Breit Wigner

3. QF shape (=Bj > 0)
» Unknown
= Linear function @ RF

4. Combinatorial background
» Data - the 4™ order polynomial
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esponse function @ BW

‘H(e,e’ K" )nnA
Reponse func. ® BW (I)

SIMULATION

1. Response function (RF) B
v" Geant4 simulation ['=0MeV
1 MeV

2. Signal function N 2 MeV
v RF convoluted by Breit Wigner 5 MeV

80
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result ("rypicol cases)

Kamada (2016): YN int. = Nijmegen89 Belyaev (2008): YN int. = Minesota
S 140 (B, ) =(0.25, 0.8) MeV < 14F (-B,, ) =(0.55, 4.7) MeV
< 1 - s 12 -
% 1 % 10
sz S 8
2 g
B s

%0
do +4.1 d +4.2
T = 11.2 + 4.8 (stat. )T57 (sys.) T = 18.1 + 6.8 (stat. )X5§ (sys.)
K/ Fita K/ FitB

2.7 o (only stat.)

2.3 o (only stat.)
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pper Iimit at 90% C.L. (2-D scan)

Upper limit x;; :

stat.

[y UL g(x)dx
[y g(o)dx
@® Belyaev where, g(x) is a Gaus.

$
Xy = X5+ sys.err.
Schifer @ E

® Kamada Theoretical calculations
'E 4 3 -2 1 0 1 2 3 4 5 to be compored with the
—Bj (MeV) results are awaited !l
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Other analyses in progress

*  Exp.data

wio FSI
if. FSI Julich A

w/. FSI Julich B
/. FSINLO13(600)
. FSINLO13(650)
/. FSINLO19(600)
/. FSI NLO19(650)
. FSINSCOT7f

» Peak search
from a count base spectrum
(Hampton Univ.)

doldQ , [(nb/sr) / 2.0MeV]

H(e,e'KT)X

» An FSI T | T

(Iohoku Univ.)

Figure from K. Itabashi (Tohoku Univ.)
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SUMMARY

nnA search experiment (E12-17-003, 2018)

» The existence of nnA bound state is a deep mystery (theory)
» Resonant state may exist (theory)
» SH(e,e’K")nnA @ Hall A
» Sensitive to both bound and resonant states = very unique

A
00
Analyses

1. Production cross section € Published, and introduced today.
* Excess was found to be about 2.3~2.7 ¢ (Fit-A and B)
 Upper limits at 90% C.L. : 21 and 31 nb/sr for Fit-A and B

2. Peak search with a count-base spectrum
3. nA FSI from the QF shape

K.N. Suzuki et al., PTEP 2022, 1, 013D01 (2022)
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- T, target

- p(e,e’ KA
DATA 4
Simulation [ [l

Counts / 2 MeV

H, In T, target

A few % of H, compared to T,

50 100
M -M (MeV/c?)




S 140 (B, T) =(0.25, 0.8) MeV S 14- (B, T) =(0.55, 4.7) MeV
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Fig. 11. The differential cross-section as a function of —B, (MeV). Spectral fits were done by assuming
(—Ba,I') = (0.25,0.8) MeV and (0.55.4.7) MeV respectively, which are predictions adopted from Refs.
[8,12]. Each panel shows the differential cross-section of exceeded events over the assumed QF distribu-
tion as a function of an assumed peak center.
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