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We performed a measurement of the inclusive missing-mass spectrum of the
12C(K~,K™) reaction at an incident beam momentum of 1.8 GeV/c. This measure-
ment was carried out by using the Superconducting Kaon Spectrometer (SKS) and the
K1.8 beamline spectrometer at the Hadron Experimental Facility in J-PARC. Our exper-
imental setup yielded a good energy resolution of 8.2 MeV (FWHM), which allowed us
to observe significant enhancements in the proximity of the £*Be production threshold
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We have measured, for the first time, the inclusive missing-mass spectrum of the >C(K~,p)
reaction at an incident kaon momentum of 1.8 GeV/c at the J-PARC K 1.8 beamline. We observed
a prominent quasi-elastic peak (K~p — K p) in this spectrum. In the quasi-elastic peak region,
the effect of secondary interaction is apparently observed as a peak shift, and the peak exhibits
a tail in the bound region. We compared the spectrum with a theoretical calculation based on
the Green’s function method by assuming different values of the parameters for the K—nucleus
optical potential. We found that the spectrum shape in the binding-energy region —300 MeV <
Bx < 40MeV is best reproduced with the potential depths ¥, = —80MeV (real part) and
W, = —40MeV (imaginary part). On the other hand, we observed a significant event excess in
the deeply bound region around Bx ~ 100 MeV, where the major decay channel of K-NN —
w XN is energetically closed, and the non-mesonic decay modes (K~"NN — AN and EN)
should mainly contribute. The enhancement is fitted well by a Breit-Wigner function with




Introduction BNL E885 experiment.
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Introduction BNL E885 experiment
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Theoretical study by Kohno

BNL E885 O=p_an~ 4.3 mb (~0.5 GeV/c)

W, is assumed J.K. Ahn et al., PLB 663, 214 (2006) (I'= ~ 3 MeV)
to be 0 MeV ::> V,=~ 0 MeV can also reproduce the data

Wide energy range and precise angle
selection data is essential !!
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Recent theoretical study by Harada

T. Harada and Y. Hirabayashi, Phys. Rev. C 103, 024605 (2021).
Vo= =-17 £6 MeV (W,= is difficult to determine)
% Wo= = Wy(Sp — =%) + Wy(Zp — AA)

No sensitivity to Imaginary part from the inclusive analysis
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EO05 2C(K-, K*) spectrum
= (\/,=, W,=) will be determined in high precision
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12C(K-, K*) spectrum near threshold
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Spectrum fitting

(a) QF(T = 0) + 1Gaus (b) QF(T" = 0) + 2Gaus )
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Result of spectrum fitting

Function x2/ndf (ndf) | P-value Fitting parameters (MeV)
(a) QF(I' =0) + 1Gaus | 1.83 (23) 0.00896 | Bz =T7.14 1.5 (stat.) 727 (syst.)
(b) QF(I' = 0) + 2Gaus | 0.849 (22) 0.665 Ist —89+1.4 (stat.) T +3 5 (syst )
2”d —2.4+1.3 (stat.) © + S (syst.)
(c) QF(I" # 0) + 1BW 0.954 (23) 0.524 B D (stat.) +83 (syst.)
I'=4.142.1 (stat.) T2 (syst.)
(d) QF(I" = 0) 2.49 (19) | 0.000332
(e) QF(T # 0) 1.39 (25) 0.0914 I =8.7+ 1.1 (stat.)
. (a)o QF(T" = 0) + 1Gaus = (b)o QF(T" = 0) + 2Gaus QF function
s s wf Oab<14
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Comparison between E05(8.2 MeV) and E/0(2 MeV)
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Counts /2 MeV

Counts /2 MeV

Simulated spectra with E05(8.2 MeV) condition

QF(Ir =0)+1gaus
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Counts /1 MeV

Counts/ 1 MeV

Simulated spectra with E70(2 MeV) condition

Same statistic is assumed

QF(Ir =0)+1gaus

QF(Ir #0)+1BW

Peak structure should be prominent!!
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J-PARC E42 experiment
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p(K K*) mlssmg mass analy3|s with CHZ2 target
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E42 byproduct: =-A potential determination

_______ —_, . E42 can decompose "?C(K", K*) inclusive spectrum
| . to =" escape/=p—AA conversion spectra

KURAMA . — Sensitive to W,= (Im) !!
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Exclusive Binding-energy Spectra for =-A Potential Study
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Exclusive Binding-energy Spectra for =-A Potential Study
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12C(K-, p) spectrum with J-PARC E05
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(V,, W,) determination from 2C(K-, p) spectrum

Y. Ichikawa et al., PTEP 2020, 123D01(2020)
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K--11B interaction potential
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12C(K-, p) spectrum by varying (V,, W,)

Optimum: (V,, W,) = (-80, -40) MeV!
Corresponding to shallow potential
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Suggestion of Y -nucleus state

Y. Ichikawa et al., PTEP 2020, 123D01(2020)

Semi-Log plot
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E42 Kp Coincidence measurement

K1.8 Beamline

EO05 Kp: Inclusive 2C(K-, p) measurement @ . KURAMA

E42 Kp: Exclusive 2C(K-, p) Ap measurement . . @/ /@

We can improve S/N ratio!!
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Summary

« 12C(K-, K*) reaction to study =-hypernucleus and =-A interaction
« EO05 (K-, K*) paper has been submitted.
« We showed the wide energy-range spectrum (Carbon graphite target).
« We have performed spectrum fitting around the threshold region.
« (b) QF(I'=0) + 2Gaus and (c) QF(I'#0) + 1BW are likely.
* The peak structures will be prominent with E70’s resolution, 2MeV.

 E42 can decompose the inclusive spectrum to escape and conversion one.
— Good sensitivity to determine the W,~.

« 12C(K-, p) reaction to study K-A interaction
* (Vy, Wp) = (-80, -40) MeV, shallow potential, well reproduced the spectrum.
« We found the significant event excess (Y*-nucleus state?), around B ~ 100 MeV.

« E42 exclusive study will conclude the existence of event excess.



Back up



Introduction

* H-dibaryon:
Six-quark state consisting of uuddss quarks due to color magnetic force.

* History of H-dibaryon search

1977 ¢ Deeply-bound di-hyperon predicted by R. Jaffe
1980-2000 ¢ No evidence for the deeply-bound H from KEK, BNL,
and CERN experimental efforts by more than 8o MeV
2001 ¢ Mass constraint from observation of ‘.\(‘:".\Hc (E373)
1998,2007 ¢ Enhanced AA production near threshold was
reported from E224 and E522 at KEK-PS.
2011 LQCD calculations predict the H-dibaryon near maa
2013-2015 ® No evidence for H - Apn~ and H — AA
in high-energy e"e™, pp and AA experiments
2021 LQCD calculations point to the mass the H-dibaryon
very close to EN threshold (m, ~ 146 MeV)
2021 ¢ J-PARC E42 has successfully completed with HypTPC.



Analysis of KURAMA spectrometer
for the forward scattered particles
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TPC <dE/dx> (a.u.)

Analysis of Hyperon spectrometer (Hyp 1PC

for the decay particles
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p(K-, K*) missing-mass analysis with CH2 target
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AN reconstruction using HypTPC

3,000 AA events are reconstructed Summary of past experiments

with 46% E42 data | KeKE24 |

— 6,600 AA events with 100% data Beam K- p_(K)=1.65GeV/c p_(K)=1.66 GeV/c
p_(K*) [GeV/c] 0.95<p_(K*) <1.3 0.9<p_(K*) <1.3
*~46% of E42 dat
o0 == do/dQC (AN) 7.6 pb/sr 12.8 pb/sr
AA yield 35 events 68 events

E42 used p _(K) = 1.8 GeV/c beam
Considering 1.5 times larger cross section of =~ production

Comparison with expected yield

p_(K*) [GeVic] 0.95<p_(K*) <1.3 0.5 <p_(K*)

Assumed do/dQC(AN) 7.6 ubl/sr 12.8 pb/sr
Expected AA yield 337 events 570 events
115 Expected scaled AAyield 520 events 880 events

111 ( Ge\] [c?) Measured AA yield 1,390 events 3,030 events

i My Measured AA yield is larger than the expectation



Other physics topics of E42

4 Ph.D. students are analyzing the E42 data

(gigje;nf;g) » —~-nucleus interaction study (close relation with H-dibaryon)
' « E42 is sensitive for the W, (imaginary part) determination

Byungmin
(Korea Univ.)

« do/dQ) and P- measurement of K-p — K* ==/ =(1535) reaction

sungwook o dg/dQ measurement of p(K-, p)K*(892) and 12C(K-, p)K*(892)X

(Korea Univ.)

F. Oura 4 ' 12 - :
(Tohoka Univ.) Kaonic nuclear search by “C(K-, p) reaction

H-dibaryon box will be opened after we perfectly confirm the analysis



Experiments related to =-A interaction study
Ug(r) = Va(r) + iWa(E, r)
= [Vo~ + Wy g(E)] f (r)

V,=(Re): Interaction strength of =-A
W,=(Im): Absorption strength
(= p—/N\N\, = p—=°n)

=-A potential:

BNL E885

12C(K-, K*) inclusive spectrum

— Vo= ~ -14 MeV by neglecting Wy=

J-PARC E05/ET70

25| < P 12C(K-, K*) inclusive spectrum
[ - , 20 ¢ 7 . : i i
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P. Khaustov et al., PRC 61, 054603 (2000)

The 36t J-PARC PAC presentation

T. Gogami et al., EPJ Web
Conf. 271, 1102 (2022).




Experiments related to =-A interaction study

Uz(r) =Vz(r)+ iWz(E, r) Vo=(Re): Interaction strength of =-A
=-A potential: . e W,=(Im): Absorption strength
= Vo~ + W5 g(E)|f(r) (- p—AA, = p—ZON)

Reinvestigation using old BNL-E906 data by Harada and Hirabayashi

Vy= = -17£6 MeV
W,= is difficult to determine by the inclusive spectrum.
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T. Harada and Y. Hirabayashi, Phys. Rev. C 103, 024605 (2021).




Summary

* We have updated analysis code to improve the tracking efficiency and
resolutions.

« =" and A reconstruction efficiency is improved and it is checked by the CH,
target data analysis.

« 3,000 AA events are reconstructed using 46% dataset.
Reconstructed AA yield is larger than the expectation.
6,600 A\ events are expected with 100% dataset.

* We show preliminary result of the byproduct to study the =-A interaction.
We can decompose the inclusive “C(K", K*) spectrum to =" escape and
=p— AN conversion spectra. E42 is sensitive for the W,= determination.

* We hope to open the H-dibaryon box soon.



Sensitivity of E42 experiment
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Preliminary A / 2~ reconstruction via the CH, (K ~, K™)X reaction
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K* Momentum Spectrum with Exclusive Processes
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Table 5.2: Yield estimates for AA production events,

Parameters PAC E42

Beam power 60 kW 64 kW

K~ beam (M/h) (Fp-) 415

Accelerator operation (£,0c) 920%, 92%

Physics run (day) 29 27

Number of K~ particles 3.19 x 10 1.8 x 104

Target size Riage 0.95 0.80

Number of nuclei (Niarget) — 3.53 x 10% fem®  3.27 x 10** /em?®

Density (p) 3.515 g/em? 3.223 g/cm? KEK-E224[43)  KEK-E522(44]  J-PARC E42
do (dSI5 (AN) 7.6 pb/sr 10 pb/sr Pk (GeV/e) 165 1.66 1.82
AQ(K™) e :‘:ﬁg&i{}g 0.95?'<ti ;f s:: 1.3 0.90l 2;8;;1:;’:‘ 1.3 0.15:)!?;:
Br(A — pr—)? 0.41

K decay 0.63

AA reconstruction 0.45

EDAQ * Eoffline 80% = 95%-85%

Event rate (event /h) 7.9

AA Yield (events) 6200 4500

43



Expected Yield and Reconstructed AA Production Events

*SH Kim’s thesis

Table 5.2: Yield estimates for AA production events,

Parameters PAC E42
Beam power 60 kW 64 kW
K~ beam (M/h) (Fg-) 415

Accelerator operation (£,.) 90% 92%
Physics run (day) 29 27
Number of K~ particles 3.19 x 10" 1.8 x 101!
Target size Riarget 0.95 0.80
Number of nuclei (Nearget)  3.53 x 102 /em?®  3.27 x 10%% /em?
Density (p) 3.515 g/em® 3.223 g/em?
do /dS)5 (AA) 7.6 pb/sr 10 pb/sr
AQ(K™) 0.09 sr

Br(A — pr)? 0.41

K™ decay 0.63

AA reconstruction 0.45

EDAQ * Eoffline 80% = 05%-85%

Event rate (event /h) 7.9

AA Yield (events) 6200 4500

K- decay : 0.96

KEK-E224[43] KEK-E522(44]  J-PARC E42
pr- (GeV/e) 1.65 1.66 1.82
do /dQF (AA) 7.6 ub/sr 12.8 ub/sr 10 pb/sr

prr(GeVie) 095 <pr+ <13 090 <py+ < 1.3 0.50 < pg

™ a4

E42
Py. (GeV/c) 0.5 <Py 095<Pr.<13 05<Pr 0.5<Pg
Number of K~ 1.8x 10" 0.46 x 10" 1.8x 10" 1.8x 10"
doldQ;§ (AN) 7.6 ublsr 7.6 ublsr 128 ublsr
(expcectd) AA Yield 750 2900 4900
(expcected) Scaled AA Yield 1100 4450 7500
(Measured) AA Yield 8200 2800 8200 8200

0.46 x 10 = (1.8 x 10'1) x (99/(289 + 99))

The cross section for 12C(K~, K*) reactions at 1.65 GeV/e (KEK-E176)
095 <P k+<13GeV/e :99 £4 ub/s

0.5 <P_k+ <095 GeV/e : 289 + 12 pb/sr

1.65 -> 1.8 GeV/c scaling factor : 54/35
The =™ production cross section
(do/d)(Kp —= K=~ =54 ub/sr) at 1.8 GeV/c 44

(da/d€2) = 35 ub/sr at 1.65 GeV/e






