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Significance of hypernuclear investigation

Unified understanding of the strong force ( SU(3) symmetry )

Nucleon-nucleon (NN) interaction —> Baryon-Baryon (BB) interaction

(Rich data of NN scattering exp.) (Scarce data of YN/YY scattering exp.)
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Significance of hyperr . .
. almost NO information

Unified understanding of the? for =N interaction
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The (K-, K*) reaction to produce S=-2 nuclei
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° Previous experiments of £ hypernuclei



Experimental situations before 1990

=’s binding energy E:Z_ Mass number dependence
8_He: 5.9 + 1.2 MeV!! e
11.8:9.2 + 2.2 MeV b
13.C: 18.1 £+ 3.2 MeV#! 15f_ % % %
15.C: 16.0 + 4.7 MeV 1 ok %
17.0:16.0 £ 5.5 MeV®! Lo
28_Al: 23.2 + 6.8 MeV 4 R
5 10 15 20 25 30
/’»" C.B.Dover and A.Gal (1983)
BRI Voo = 24 + 4 MeV (r, = 1.1 fm)

Ve =21 £ 4 MeV (r, = 1.25 fm)

G.A.Lalazissis et al. (1989)
Voz = 22 MeV

< K
., [1]D.H.Wilkinson et al., PRL 3 (1959)8
) [2]).Catala et al., Proc. Int. Conf. on Hypernuclear Physics,
1H Argonne, lllinois vol.2, p.758 (1969)

[3]A.S.Mondal et al., Nuovo Cimento 54A(1979)3
[4]A.Beckdolff et al., PL26B(1968)3



Experimental situations before 1990

=’ binding energy g ZZ Mass number dependence =
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Emulsion-counter hybrid experiment (KEK E176)

S.Aoki et al., PRL65(1990)14
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S.Aoki et al., Progress

B.(12C+E) = 0.62

S.Aoki et al., Physics Letters B 355(1995)45-51
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プレゼンター
プレゼンテーションのノート
(K-,K+) events: 866
Xi- candidates: 594
Stopped Xi-: 99
s


@Cou nter experiment at KEK rruudsctat, rcss 190s) 2

= f
= [
* i H v ®) : -12C(K-,K*)12.Be
71 %%gw Target - <0 FWHM = 22 MeV
0 i 2 3 4 sm DC2 DC\3 - ) E KEK E224 :'
BPC4 BPCS5 = :
/ Kf:;” (1) 0 |
7 ' b_‘r, L g W i E
K166 Ge\/ /gm TR / 1; (s\omgeV/c | 0 m
Op/p=0.5% (r m§) 1 e a0 50 jzﬁﬁn e
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1. Differential cross section (E-<7 MeV) % o.10 Bound region ]

A

( The first direct measurement in the missing mass spectrum. )

comparison with theory

2. Distribution shape analysis.

m) |- < 20 MeV |
Consistent with KEK E176 1! P20 15 10 5 o0 5 10



プレゼンター
プレゼンテーションのノート
E224


@Cou nter experiment at BNL exnaustovetat, prcst 2000 osasos

( The second direct measurement /n the missing mass spectrum. )

Diamond Target: [ sl _ L gy
ND—SGLﬁ BC1 - [ % S0 B+ < 8° 2.0 "
: - K+ A E
J E ;; 1;8 ." :
ID1-3 Fbo Fo1-2 20L oy i
P L gckynee
< I 20 [FWHM = 14 MeV
_ 1 40 GeV/c A " BNL E885 i
K-1 ROX XX 2 1§ : i
FCo 310- '--q 200 ‘," / ,.'QF
2 [ B O
e Target " v 48D48 © _ Q\E/’ - : -"/1
0 1 2 s . ; . 5__ 10— 12 12 Bg AB(=,'+A "
80 =60 -40 0 0 20
KEK BNL Excitation Energy (MeV)
E224 | E885
89 + 14 nb/sr (0 < 8 deg)
FWHM 22 14 (-20 < E-< 0 MeV)
[MeV] X\@ 2 42 + 5nb/sr (6 < 14 deg)
Sensitivity 0.05\ 1.6 m) |- < 14 MeV
[/(nb/sr)] x|32



プレゼンター
プレゼンテーションのノート
(-20<EXi<0 MeV)
60+/-45 nb/sr in KEK E224


KISO event (2014)

Overall scanning for old emulsion
> &~ + 1N = 2Be + ;He was uniquely identified!!!!

[1] HEFISG, FrEioh s st EER LR THREHH T FHFEDBEYEIF3EHEE



° Theoretical predictions



Theoretical calculations/predictions

YYamamoto, E.Hiyama, Th.A.Rijken, Few-Body Syst. (2013) 54:1267-1270
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Experimental resolution is assumed to be FWHM = 2 MeV



Theoretical calculations/predictions

T.Harada, Y.Hirabayashi, A.Umeya, NPA914 (2013) 85-90

CROSS SECTION (nb/sr MeV)
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Double A hypernuclei

Vo= = 14 MeV

=p-A\\ coupling




Theoretical calculations/predictions

T.Motoba and S.Sugimoto, NPA 835 (2010) 223-230

PC(KK)ZBe p.=1.7 GeVle (g.=0)
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°J-PARC EO5 experiment



J-PARC EO5 experiment

g
Confirmation of

-

the existence of 11B + =~ bound state (%Be)/

(1D Improvement of the energy resolution

< High momentum spectrometer systems

(2 More statistics
& High intensity K- (J-PARC)

12c(K=,K*)12Be

“os,, KEK BNL | J-PARC
oy, T | E224 | ESS5 | EQS
FWHM 22 = 14 2.5
[MeV] X 0/64 x?m

Sensitivity | 0.05 = 1.6 # 2.1
[/(nb/sr)] X 32 x[1.3




Experimental setup (J-PARC EO5)
@ K1.8 Beam line

|
K* spectrometer (S-2S) !
» p=125 —-1.45GeV/c
> Ap/p = 5.0 x 10~* (FWHM)

gl I BN I -

» 55 msr
» 0, =0.0 —8.0deg
Target
\
K" Beam spectrometer

Ap/p ~ 10.0 X 10~* (FWHM)
1.5 x 10° /spill

[
|
|
p = 1.8GeV/c I
|
|
|
4 seconds cycle |

YV V VYV



プレゼンター
プレゼンテーションのノート
<8 deg (25%)
<12 deg (10%)



Rough schedule of
experiments in K1.8 Beam line

2015 2016

E05 Phase-0 experiment with SKS(Minus)
= 12Be measuremet with a CH, target




Missing mass resolution with SKSMinus

(EO5 Phase-0 experiment)

- | & sKksMinus ........... SIMULA-HON ____________
| o | C(KK)2Be

9
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(CH, ) Target thickness [cm]

) MeV with 10 cm™ CH, target

" 10 cm = 9.3 g/cm?for the CH, target



Expected yield with SKSMinus
(EO5 Phase-0 experiment)

Assumptions N, = 9?’12i(1)2(,2><x1];,(123 [/m?]

O Q= 0.110 sr (SKSMinus) 1 Npeam = 4.5 X 10° X X 24 X7 X4
O 10 cm (9.3 g/cm?) CH, target [/month]

O 4.5 x 10° K /spill & = 0.6 X 0.7 (Total efficiency)

0 6 seconds beam cycle

O K* survival ratio: 0.6 Then, sensitivity is

O Efficiency: 0.7 S=10""%x 1028 x QX N, XN, X¢

= 3.35[/ (nb/sr) / month].

l Z—g= 42 + 5nb/sr -+ (0 < 14°)1

140 events [/month] (=20 < —Bz < 0 MeV)

[1] P.Khaustov et al., PRC 61 (2000) 054603



Missing mass resolution and yield comparison

12C(K_, K"') 1§Be Details will be talked by S.Kanatuski

KEK BNL E885!2] | J-PARC EO5 | J-PARC EO5
E2241 | PHASE-0 :(3 /5 [g/cm?))
FWHM 22 14 | 5 | 2.2/25
[MeV] f I
Sensitivity | 005 | 6<8 |6<14, 34 | 13/21
[/(nb/sr)] 0.47 1.6 | :
|
Cross section |60 +45 |89+ 14 |42 +5 | 42121 : 89[2]
[nb/sr] (6 < 14°) | (6 <8°)
Yield 3 42 67 | 140 | 112/187 E
TS RN : [/month] | [/month]
[1] T.Fukuda et al., PRC 58 (1998) 2 EKEM;’";S N S-25

[2] P.Khaustov et al., PRC 61 (2000) 054603



Missing mass resolution and yield comparison

12C(K—,K")ZBe

KEK BNLE885!? | J-PARC EO5 ' J-PARC EO5
E2240] | PHASE-0 |(3/5 [g/cm?])
FWHM 22 14 ::> 5 (2.2 /2.5
[MeV] x 0,36 x2.0 "~~~
Sensitivity 005 | 6<8 |6<14° 3.4 | 1.3/2.1
[/(nb/sr)] 0.47 1.6 | |
I
I
Cross section |60 45 |89+ 14 {42+ 5 | 4212 | 89[2]
[nb/sr] L 0<149) | (<8
. :> : 4 N
(—20 <Y—IBeglgo MeV) } + > X|2 140 mz /“127"'
. (/month) | (/month)
[1] T.Fukuda et al., PRC 58 (1998) 2 SKSMinus $-2S

[2] P.Khaustov et al., PRC 61 (2000) 054603



Theoretical predictions by
ESC08 T.Motoba and 5.Sugimoto, NPA 835 (2010) 223-230

=
Expected spectrum 2 i-parceos | 2IMULATION
S
= 30F PHASE-0 SKS
T.Motoba and S.Sugimoto, NPA 835 (2010) 223-230 2 25E 3.4 [/(nb/sr)/month]
2 FWHM = 5.0 MeV
12C(K‘,K*)?Be pg=1.7 GeVie (6§ =0) Y, 20 10 cm CH, target
0.05 L =
15
0.04 Vo (ESCO8) - : 0;_
- 3 C
ﬁl N 15 .. (ESC044d) 5;_
3z TPy . 15 -10 10 15
"f; 0.02 i - 2. -B_ [MeV]
HE NS LN R Ly
001 - 1|' r s/ ESCO8 $ﬁ§;§E )c;esdécg;r?\so?g NPA 835 (2010) 223-230
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000 smemiecnat’ 1 == 2 50E 1.6 [/(nb/sr)]
- F FWHM = 14 MeV
HYPERANC RGY E: MeV) 2 5eF
3 C
| T i Inthe case of
B
*  BNLE&85
In the simulation, 5§
the conversion width was OE
not taken into account. -15 -10 -5 0 5 10 15

B [MeV]



Theoretical predictions by
ESC08 T.Motoba and 5.Sugimoto, NPA 835 (2010) 223-230

> F
Expected spectrum 2= searceos | 2IMULATION
o _F
= 30 PHASE-0 SKS
T.Motoba and S.Sugimoto, NPA 835 (2010) 223-230 € 258 3.4 [/(nb/sr)/month]
- 9 3 F FWHM = 5.0 MeV
s C(K",K)ZBe p,=1.7 GeVlec (6.,=0) <. 20 10 cm CH, target
15
0.04 - Vo (ESCO08) JoE
12~ C
@ Iy & A (ESC04d) sF
o 0.03 > sis [|\ .
G Si ob. | ol ik
3 dir Py N\ . 15 —10 -5 0 5 10 15
L o002 AR A 2 -B_ [MeV]
© NS 137\ . Theoretical predictions by -
ool - E AR s/ EY D8 TMotobaand SSugimoto, NPA 835 (2010) 223-230
el LY s S 99F
Y\ Y 32 SIMULATION
N L 25 N
0.00 AT RPe I MTTI L1 A M \o- -
10 S 18 ' 5-25
HYPERMNC RGY E: (MeV) £ 16;— 2.1 [/(nb/sr)/month]
3 14 FWHM = 2.5 MeV
212E 5 g/cm? 2C target
105
85
6
. . 4F-
In the simulation, SE
the natural width was not taken into account 05 o L)

-B_ [MeV]



Strangeness -2 Spectrometer (S-25)

Cherenkov - 2

detectors — {
for KID g

Water: n = 1.33
Aerogel: n = 1.05

TOF detector

for trigger

Drift chambers
for particle tracking K







Strangeness -2 Spej S
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Magnhets
o Optical design

° Construction status
will be given by S. Kanatsuki :
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Magnetic field shield

Removable frame

Cherenkov M
detectors — 0 &

700 PMT (H11284-100UV)

L / ]

Pure water (n=1.33) 15 mm acrylic

[ ilJ_:\

200
J’)
A

@)

150

\ For LED/cables




Strangeness -2 Spectrometer (S-25)

’___‘

{@h@ﬁ@mk@w \l

@@“@@@‘@@WS —+—
Ifor KID |

Water: n = 1.33
Aerogel: n = 1.0

Det
oritt chambers

for particle tracking



vew Water Cerenkov Detector

WC ->

p-K* separation
(on-line / off-line)

Prototype test @ ELPH
2014/6/29-30

<

Details will be given by

Experimental setup of k k
prototype WC detector test K ° Ta e n a a

at ELPH




summary

N
J-PARC EO5 will be performed

_to confirm the existence of 11B + Z~ bound state (1ZBe).

(1D FWHM =5 MeV, yield = 140 [/month] (PHASE-0, SKS)
=» Bound state as a bump structure.

(2 FWHM = 2.5 MeV, yield = 190 [/month] (S-2S)
=>» Structures would be measured as peaks.



Collaborators of J-PARC EO5 experiment

O Kyoto University, Japan: Tomofumi Nagae (spokesperson), Hiroyuki Ekawa, Hiroyuki Fujioka, Yudai
Ic¥1ikawa, ToshiyYJki gogami, S%unsu e an:gtspuki, I\ﬂegum)lNaru?éi, Kouhei 'I‘akeng/ka .

O KEK, Japan: Toshiyuki Takahashi, Kanae Aoki, Masaharu leiri, Yoshinori Sato, Shin'ya Sawada, Michiko
Sekimoto, Hitoshi Takahashi, Akihisa Toyoda

O JAEA, Japan: Kenichi Imai, Hitoshi Sugimura

O Tohoku University, Japan: Yu Fujii, Takatsugu Ishikawa, Hiroki Kanda, Masashi Kanda, Takeshi Koike,
Yue Ma, Kazushigey'l\/la%da, Satoshi Na amugra, Hiro?<azu Tamura, Mn?uyu Ukal, Hirohito Yamazaki

O RIKEN, Japan: Kenta Itabashi
O Gifu University, Japan: Kazuma Nakazawa,

O Osaka University, Japan: Shuhei ﬁjimura, Toshihjko Hiraiwa, Tadafumi Kishimoto, Manabu Moritsu, .
Hiroyuki Noumi, Atsushi Sakaguchi, Koutarou Shiratori, Tomonori Takahashi Atsushi Tokiyasu, Yu Yosoi

O JINR Dubna, Russia:_Petr Evtoukhovijtch, Vladimir Kalinnikov, W. Kallies, N. Kravchuk, A. Moiseenko,
Valentine Samoilov, Zviadi Tsamalaidze, O. Zaimidoroga

O ITEP, Russia: A.P. Krutenkova, V.V. Kulikov
O Seoul National University, Korea: Kiyoshi Tanida, Ryuta Kiuchi, Kim Mijung

O Korea University, Korea: JungKeun Ahn ’6

O Pusan, Korea: B.H. Choi bgy Q) %

O CIAE, China: YJ. Fu, C. Li, X. Li, C.Zhou, S.H.Zhou, L.H.Zhu //%}'ol,

O Broohaven National Laboratory: R.E. Chrien 4, fO,-

O University of New-Mexico: B. Bassalleck, Yuncheng HAN .s%bkw }'o

O Florida,International University: Jeorg Reinhold "3’0,0 ’Q

0 Hampton University/J-Lab: L. Tang w.a‘:lb Q[)t,

O Torino(Universit), Italy: B. Luigi, S. Marcello, S. Bufalino /‘40%'/,0/) Y,

O Torino(INFN), Italy: M. Ombretta, E. Botta, M. Agnelllo, A. Feliciello q’(/be 4

O Saha Institute: Chhanda Samanta 'b/eos/

O BARGC, India: Bidyut Jyoti Roy, Harphool Kumawat



Backup



.

Expected yield with S-2S

Assumptions N, = 20X6022007 [ /2]

O Q= 0.055sr ‘]Vbeangxlo5>< X24X7X4

O 3 g/cm? 12C target [/month]

O 9 x 10° K /spill & = 0.6 X 0.7 (Total efficiency)

0 4 seconds beam cycle

O K* survival ratio: 0.4 Then, sensitivity is

O Efficiency: 0.7 S=10""x10%8 x QO X Nt X Nbeam X ¢
= 1.26 [ / (nb/sr) / month].

l Z—; =89 + 14 nb/sr --- (6 < 8°)U1

112 events [/month] (=20 < —Bz < 0 MeV)

[1] P.Khaustov et al., PRC 61 (2000) 054603


プレゼンター
プレゼンテーションのノート
12Cの密度を1.7g/cm3と仮定した


Missing mass resolutions
with *C target (3, 5 and 8 g/cm?)

Missing mass resolutions with 12C target (3, 5, 8 g/cm?)

e 3g/cm? 12C
SKSM: FWHM = 3.99874 +/- 0.0501584 MeV
S-2S: FWHM = 2.1545 +/- 0.00934945 MeV

e 5g/cm? 12C
SKSM: FWHM = 4.25089 +/- 0.0613503 MeV
S-2S: FWHM = 2.49876 +/- 0.0130645 MeV

e 8g/cm? 12C
SKSM: FWHM = 4.78436 +/- 0.0931848 MeV
S-2S: FWHM = 3.0576 +/- 0.0240659 MeV

LI NINI NIV NI NI NI P )

LI NINI NIV NI NI NI P )

Assumed Momentum/Angular Resolutions:
dp/p (K- Beam): 10.0E-4

dp/p (S-2S): 5.0E-4

dp/p (SKSM): 27.0E-4

d_theta: 2 mrad

hyperdragon3: /home/dragon/POSI2/analysis/root/elos/
By Toshi Gogami on 22Sep2014



[Counts /0.6 MeV]

Figures (ESCO8

Theoretical predictions by
T.Motoba and S.Sugimoto, NPA 835 (2010) 223-230

Theoretical predictions by
T.Motoba and S.Sugimoto, NPA 835 (2010) 223-230
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Theoretical predictions by
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Theoretical predictions by
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-10

10 15
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Missing mass resolution

Toshi Gogami
28Aug2014



Assumptions

The natural width was not taken into account.
dE resolution was not considered.

Effect of the inverse transfer matrix is zero.
Assumed resolutions are the following:

Ap

K*: = 5.0 X 107%(5-2S), 2.7 x 1073 (SKSMinus),

AY=2.0mrad .




Simulation results

Results [MeV] Remarks
Target [g/cm?] - - - CH, (2.79/4.65/9.30/13.95)
Reaction p(IK, K= |7Li(K,K") =H| °B(K ,K")*-Li 12¢(Kk K" %Be
ntrins: Pk- 1.16 1.62 1.66 1.67 Calculat
nnnsic o, 0.38 0.57 10.58 10.59 acuations
Resolution for S-2S
[MeV] B -0.35 -0.12 -0.09 -0.07
Total 1.27 1.72 1.76 1.77 Quadratic sum
Simulation
w/o target 1.29 1.73 1.77 1.78
(S-2S)
Simulation
w/o target 2 2.9 3 3
(SKSMinus)
Simulation
w/ target 23/2.7/3.7/4.6
(S-2S)
Simulation
w/ target 41/43/5.1/5.6
(SKSMinus)
Simulation
1.0/16/28/4.1
Only target 0/1.6/28/




Missing mass resolution (FWHM) [MeV]

o

N W B~ U1 O N 00 WO

—

Simulation results

[ SSkns ] SIMULATION.
f_ - - Only target‘ 12C(K-5K+)I;Be
g | || |||||
0 2 4 6 8 10 12 14 16

Target thickness [cm]




Each term contribution to
the missing mass resolution

Missing mass, M,

\M% — (1 +mi — E2)% — (57 — p3)?

~ 6MH 1 ]
( o )A = M [g (m¢ — Ea) + p2 6089 Ap1
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Calculated event by event
- Mean values will be shown in results.



Each term contribution to
the missing mass resolution

Missing mass, M,
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Calculated event by event
- Mean values will be shown in results.



Monte Carlo simulation with Geant4

Geant4.10.0.p02
Hadronic processes ON.
Electromagnetic processes ON.




Particle generation
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Momentum Loss in Target

(Sample figures)
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K- momentum loss

K* momentum loss

Momentum loss correlations
between K and K*
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