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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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J-PARC EO05
EXPERIMENT

Yudai Ichikawa et al.,
PTEP 2024 9, 091D01 (2024).
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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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Model Assumption for Spectrum fitting

Function Assumption

QF(I = 0) + 1 Gaus 1 state with visible ['zy_
QF(T=0) + 2 Gaus 2 states with negligible I'z\_
QF("#0)+1BW 1 state with visible 'z
QF(I = 0) Null hypothesis with negligible I'z\_an
QF (I #0) Null hypothesis with visible 'y ax




Results with Null hypothesis
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Results with =-hypernucleus (1 state)
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Results with =-hypernucleus (2 states)

Model Function Assumption
QF(I =0) + 1 Gaus 1 state with negligible N'=n_an

QF(r#0)+1BW 1 state with visible N'=y_ A
QF( =0) Null hypothesis with negligible M=n_an
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(b) QF(T" = 0) + 2Gaus T.Motoba and S.Sugimoto, NPA835 223 (2019).
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Summary of the Spectrum Fitting
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Summary of the Spectrum Fitting

Function X2/ndf (ndf) | P-value Fitting parameters (MeV)
(a) QF(I'=0) + 1Gaus | 1.83 (23) 0.00896 | Bz =7.1%1.5 (stat.) T2 (syst.)
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Further experiments of E05 at J-PARC

Decay particle

EO05: Inclusive 12C(K-, K*¥)
with SKS (8 MeV (FWHM))

Resolution improvement

measurement

E42: Exclusive

12C(K-, K*="), 12C(K-, K*AA)
with HypTPC (35 MeV (FWHM))

E70: Inclusive ?C(K-, K*)
with S-2S (4(2) MeV (FWHM))
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experiment

Exclusive
12C(K-, K*="), 12C(K-, K*AA)
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E42 byproduct: 12C(K-, K*=-), 12C(K-, K*AA)

-

E42 can decompose '2C(K-, K*) inclusive spectrum
to =- escape/=-p—AA conversion spectra
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12C(K-, K*="): Escape ="
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12C (K-, K+/\/\) = p SRYAYA Copversmn
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Feedback to EO5 result

Function X2/ndf (ndf) | P-value Fitting parameters (MeV)
a) QF(I' = 0) + 1Gaus . 0.00896 Bz =T7.1+ 1.5 (stat.) 724
(b) QF(I' = 0) + 2Gaus | 0.849 (22) 0.665 1st — 8.9+ 1.4 (stat.) I3
2nd — _2.441.3 (stat.) I%
(c) QF( #0) + 1BW | 0.954 (23) 0.524 | Bz = —2.7+ 2.2 (stat.) FE' (syst.)
I'=4.142.1 (stat.) 152 (syst.)

(d) QF(T = D) 2.49 (19) | 0.000332

(e) QF(T # 0) 1.39 (25) 0.0914 [ =8.7+1.1 (stat.)

(a) QF(T" = 0) + 1Gaus (b) QF(T" = 0) + 2Gaus
3 «f - Fittotal 3 «f - Fittotal QF function & |
L —QF= 3 b —QF = = E42
= ey = | = nucieus 4 h(BL) = Cy/Bsexp(aBL +BBZ) 5, 21 12 X
: % Tees nucleus #2 - C(K-, K+M)
o g T Convoluted by Gaus (' =0
© k) E ’ » y . 1.5 1

o s el Convoluted by Voigt (I # 0)
B [MeV] B [MeV]

(c) QF(T # 0) + 1BW (d) QF(T = 0) () QF(T % 0) 1
5 b - Fit total 5 wb - Fittotal S b - Fittotal
= - 2 30f & gf . i
£ "F - = nucleus #1 c Null hypothesis = Null hypothesis 0.5 g
% ”g 20: % 20:— (FEN_,M # 0) | | | |
g S of S o 64 - 04 08 06 01 0%
- v L =" Momentum (GeV/c)




Further experiments of E05 at J-PARC

EO05: Inclusive 12C(K-, K*¥)
with SKS (8 MeV (FWHM))

Resolution improvement

BC4
S$-2S magnetic spectrometer (Q.QD) SDC1 B> / BC3 K1.8 beamline spectrometer (20D00)
Ap/p = 6.0x10™ Ap/p = 3.3x10™
(FWHM, design value) £ , 1 j (FWHM, design value)

2 . E70: Inclusive 12C(K-, K*)
with S-2S (4(2) MeV (FWHM))

scattered K* K™ beam
~1.37 GeV/c 1.8 GeV/c




E70: Inclusive 12C(K-, K*)with S-2S (4(2) MeV (FWHM))
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EOS Spectrum Fitting

. _ (@) QF(I" = 0) + 1Gaus . : (b) QF(T" = 0) + 2Gaus QF fUﬂCtiOﬂ
E wof — Fittotal E’ wof - Fit total |
% f —QF = B b - QF = h(BL) = C/BL exp(aBL + 3BZ)
2 "F --Z nucleus £ | --—- = nucleus #1
L N L - —
o $ % - = nucleus #2 = Convoluted by Gaus (I = 0)
9 L Convoluted by Voigt (I # 0)
O 750"
B, [MeV]
(¢) QF(T # 0) + 1BW (d) QF(T = 0) (€) QF(T £ 0)
S wb - Fit total S wf - Fit total > «f - Fittotal
% C QF - \EQ C % -
g %0 s _ g 30f .
£ -—- = nucleus #1 S F  Null hypothesis = Maiypoless
Y S 20F - =0 5 20F (T=n—An# 0)
a a - ( EN-AA ) a s




Comparison between E05(8.2 MeV) and E70(4 MeV)

QF (I =0)+2gaus

-E05: 8.2 MeV(FWHM)
-E70: 4 MeV(FWHM)
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Simulated spectra with E70(4 MeV) condition

Peak structure should be prominent!!

: QF (I =0)+1gaus + — QF (I =0)+2gaus m
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Summary

« J-PARC EO05: Inclusive °C(K-, K*) with 8 MeV (FWHM) resolution
« 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.
« J-PARC E42: Exclusive ?C(K-, K*=") and ?C(K-, K*AA) with HypTPC
 We measured escape =~ and =p —AA conversion spectrum.
* 0=, .= 2mb corresponds to ['- = 1 MeV.
« This result favors (b) QF(I'=0) + 2Gaus model in EO05.
« J-PARC E70: Inclusive “C(K-, K*) with 4(2) MeV (FWHM) resolution.
« With better E70 resolution we should clearly see the =-nucleus peak structures.



Back up



Counts /2 MeV

Counts /2 MeV

Simulated spectra with E05(8.2 MeV) condition

QF(Ir =0)+1gaus
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S-2S analysis (E70)
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Basic detector performance
was checked by E70

However, the momentum resolution

is worse than design value.
(2 — 3 times worse)

JJ7— Target
— BAC

B 5nc2
HTOF SDC1
HypTPC
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We scale the calculated
B-field map for the Runge-
Kutta analysis.

(Ap/P) twhm

x [em]

0

s ;B "Bl

ABq [%]

B gpca2
2 SAC — = — 'Spc1

100 200 300 HTOF — (75— Target
Sl HypTPC /Qj— BA(g3

Ap/p x 1073 (FWHM)
Before adjustment After adjustment

-500 -400 -300 -200 -100 O

Beam momentum [GeV /¢]

- 1.2 2.6 2.1
; 14 VRN /mproved XAY
1.5 2.2 2.0

Inconsistency of calculated B-filed map
will be the reason of worse resolution,,




AX [mm]

AX [mm]

—|nconsistency of calculated B-field map can be study with ON/OFF gé?

Calculated B-field adjustment to improve the momentum resolution

Position difference due to the magnetic field at SS (Simulation)

(a) Q1 scale (b) Q1 scale
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Calculated B-field adjustment to improve the momentum resolution

(a) (b)
= 150 hist2 wo E
£ - Entries 276690 “E y= 0Omm
£ C Mean x -5.522 o
C 27.09 =
100~ 71.66 —E
C 3069 | E
50— ;:
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-100 :— é_
15855 150 é_

We took only magnet off data
due to strong field around fine-mesh PMT.

— Further test with MPPC in next beamtime.
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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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