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Why strangeness”?



Why strangeness”?

Spontaneous and explicit chiral symmetry breaking in low-energy QCD
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Mass (GeV/c2 )

Charm D
Strange quarks: not “light”, not “heavy” |
spontaneous and explicit chiral
symmetry breaking in low-energy QCD strange <
Weise 0
‘goldstone”™
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Spontaneous and explicit chiral symmetry breaking in low-energy QCD
e KN interaction
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o KNN?
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Why strangeness”?

Spontaneous and explicit chiral symmetry breaking in low-energy QCD
e KN interaction

* [In-medium hadrons e.g., mass, magnetic moment, ...?

o KNN?

Baryon-paryon interaction
* 3-body force ANN

 the origin/nature of repulsive core
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Baryon-baryon interaction SU(3)

Strage matter
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Why strangeness”?

Spontaneous and explicit chiral symmetry breaking in low-energy QCD
e KN interaction

* [In-medium hadrons e.g., mass, magnetic moment, ...?

o KNN?

Baryon-paryon interaction
* 3-body force ANN

 the origin/nature of repulsive core

Role of strangeness in dense baryonic matter”?
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s this picture consistent with the ~2 M® neutron star?
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What to study
experimentally’



Strange atoms scattering length at threshold
- K atom + room to improve

— 2 atom

_E‘ a'tOm 4+ NEW (J_PARC & FAlR) C.J. Batty, E. Friedman, A. Gal,

Physics Reports 287 (1997) 385 - 445
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Hypernuclel missing mass, inv. mass, y-ray, weak-decay
—-S=-1 (I*K*, K11, TTK*, ee’K*, p-induced, HI-induced...)
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Hypernuclel missing mass, inv. mass, y-ray, weak-decay
—-S=-1 (I*K*, K11, TTK*, ee’K*, p-induced, HI-induced...)
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Hidden strangeness

—N, N’, ... MEeson in nuclel
Exotica
—KNN, KKNN, ...

—anti-nyperon In nuclel
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'Hrch 11, 2011 - Earthquke

May 23 2013 accident (targetevaporatlon)

m—  JFY2008 Beams
<9 | = JFY2009 Beams

Bird's eye photo in January of 2008
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Beam power of SX operation in May of 2013. koseki, J-PARC

The maximum delivered power before May of 2013: 15 kW

35 . : . . . — . — * .
«———— Acc. Study (30 kW)
30 | , _
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| 1y _

—
Ol

Beam power [kKW]
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19:060:60 86:00:060 84:00:060 89:00:060 14:060:060

The accident of the hadron hall
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Beam power of SX operation in May of 2013. <oseki, J-PARC

The maximum delivered power before May of 2013: 15 kW
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koseki, J-PARC

Li. energy Li. current
upgrade upgrade
FX power [kW] (study/trial) 150 200 200 - 240 200 -300
(400)
SX power [kW] (study/trial) 3 (10) 10 (20) 25 (30) 20-50
Cycle time of main magnet PS 3.04 s 2.56 s 248 s .
New magnet PS for high rep. Manufacture
g g P — R&D ﬁ- installation/test ™
Present RF system Install. #7,8 Install. #9 Manufacture
New hlgh gradient rf system I R&D ﬂ_ installation/test ‘
Additional Add.collimato  Add.collimat
Ring collimators shields rs and shields ors (3.5kW)
(2kW)
|njection system In|. kicker J Kicker PS improvement, Septa manufacture /test ‘—
FX SVStem # Kicker PS improvement, LF septum, HF septa manufacture /test h
SX collimator / Local shields  SX collimator B |ocal shields B>
Ti ducts and SX devices with SX septum Beam ducts Beam ducts
Ti chamber endplate ESS
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'~ “Strangeness’-capable facilities

from Pochodzalla
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Strange atoms



Kaonic atom (KN at threshold)

strong-interaction shift and width

N W I
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Kaonic atom (KN at threshold)

. | | | A(1405) below the threshold
strong-interaction shift and width K-p interaction : attractive

X-ray shift : repulsive

> (1385) A (1405)

\ l 1500

V5 [MeV,

N W I
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Ko X-ray - 1997-2011

Cross Section of the Seiup
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Ryu Hayano, Int.
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Conf. on Science and Technology for FAIR in Europe, Wy@rms, Oct 14, 2014
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T [eV] 2/d.o.f.
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Re a(K"p) = —-0.65+0.10 fm
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Chiral SU(3)

lkeda, Hyodo, Weise
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NEXT: accurate constraints from K d threshold measurements

complete information for both isospin I=0 and |I=1 KN channels

—0.3% (depending on 2p

' ' o)
Yield (Ka) estimates 3% state width)
Energy (Ka) e.m. 0.5 keV 7.8 keV
Shift (1s) eV -283+306(stat)+£6(syst) -800 7 (estimate)
Width (1s) eV 541+£89(stat)+22(syst) 800 ? (estimate)
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NEXT: accurate constraints from K d threshold measurements

complete information for both isospin I=0 and |I=1 KN channels

—-=20.29%, (depending on 2p

J-PARC? state width)
Energy (Ka) e.n DADNE? 8 ke

70800 2 (estimate)

Yield (Ka) estime S

~ -

Shift (1s) eV~ 083136aN6(5ysh

Width (1s) eV 541+£89(stat)+22(syst) 800 ? (estimate)
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—- atoms (J-PARC / FAIR)

T atoms K- atoms p atoms >~ atoms

Shift [eV]

I
>
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G |
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Hypernuclel
& J-PARC program
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J-PARC 2014-2015
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E10: Neutron rich hypernuclei via (", K™) reaction

“Be

P | “H
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E10: Neutron rich hypernuclei via (r",K™) reaction

R [ =
EEIIE@
u

Double Charge-Exchange (DCX)

A J-PARC E10
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E10: Neutron rich hypernuclei via (r",K™) reaction

A J-PARC E10

2L

60: -, f
> _ 7 [
=L |
s AN,
IIEE S, ElmET
oAU pl M
(K_,ﬂ:-l_) (TE_,K-I_) s 0 g =204 ++*++*+++++*ﬂ W
Double Charge-Exchange (DCX) O ey s ﬂssso s

Missing Mass [MeV/c?]

Result (negative)

B 729 (2014) 39
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so-called "K-

K-+p+p~237GeV/c?

B (K pp) [GeV]
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so-called "Kpp°

B (K pp) [GeV]
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E15: search tor "K-pp”

from lwasaki

K-+ 3He ->“K-pp” +n

missing & invariant mass

gm————- il ~-=- ftormation ---.

| - . [ i !

- B & at 1 GeV/c
i ; o . by both

formation decay

)

detect everything!
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Formation vs Decay

Formation channel
semi-inclusive

K +3He = n + X (6,=0)

— excess below threshold

— contribution from
A\(1405)n + ps (2NA)
may exist

Decay channel
exclusive

K'+3H99A+p+nmis.

— excess cannot be
N\(1405)n + ps (2NA),
because of Apn F.S.

Ryu Hayano, Int. Conf. on Science and Technology for FAIR in Europe, Worms, Oct 14, 2014
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o )

Counts per 40MeV/c?
o

140F

(@)
o
1 |

N
o
[

missing mass m,, [GeV/c?]

0 2.1 2.2 2.3 2.4 2.5 2.6 2.7

— Data :
Y decay rejected AL

10
)
O_...J_,L,.L,L_;'w""r'F".'T "
2 21 22 23
|.M. (Ap) of He(K ,ApP)N

missina

'242526272829 3

9

from lwasaki



E27 d(mmt, K+)X

+
n+ + nnn S "A*" + K

from Ichikawa, E27

"A*" +"p" --> bound Kpp  minor
--> quasi-free A* dominant

.... ““
'0.. . **
o... “‘O
Ny .0
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=2/ prellmmary

from Ichikawa, E27

Inclusive

80000

3 DY
70000 *
b =3
% BU{JOU§
E 500005—
= 40000
€ 300008 A
S 20000 - Y*
10000E- * T
S N S T A R
21 22 23 24 25
MMd[GEVfC?_
1p coincidence events
300 i_ J‘{‘ Proton coincidence
%.J 250 E_ H {‘ Side-band background
200
5 - ﬁ #%
B 150 J[
"g - HJ[
0 100 W 4
© coF ! i s B M
- ++F+Jr+++Jr ++H+++
- B #Wﬁj’*ﬁ T et bt 1 ot S W#MM#Ml L 0
S KR R X BV SR ¥
MMd[GEVfC?
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=2/ prellmmary

from Ichikawa, E27

SDC1
Inclusive
80000F oy ’ . RGA
__ 70000F T
G -
S 60000F
= 500001
= 40000F
I= - A . -
3o - o 1p coincidence probability
10000F- e ~ -
025 T ._F‘"TTJ.H: R R % 0.025 n i Proton coincidence
21 22 23 24 25 s -
MM,[GeV/c? ) 0 02: |
] 1p coincidence events % . g_ H H H %/ Side-band background
3001 H protoncsncidnce @ 0.0151 H‘ } k _
© 2501 i O - H K pp?
= - H WL Side-band background s B J{
> F 0.01F + +
200f Py 0 4
5 - i O - th J
% 1501 o 3 - b +++Jr JfJ[H Jf |
E - f < 0.005 P +1+++ 3 'TJrJf
S 1008 J[HJrJfHJrJr t +++ O B t +++ U
- ht — ey
50;_ +H+++-I+++ +++++ ++ K H ++++ H++|_|_+ -E %_ I %}tﬁﬂ#ﬂﬁtmﬁm M ﬁ/—ﬁjﬁ!‘é_jﬁiﬁ i“hj- bttty ]
QZ: Mg&fﬁﬁ%ﬁ;ﬁ Wﬁgmﬁﬂé#ww§w4m+ﬁi |2|5| . U 2 1 2 2 2 4 2 5
MM, [GeV/c?] MM, [GeV/c?]
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=13: Hypernuclear y-ray

4/\He, 19/\|:, 7/\Li, e
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=13: Hypernuclear y-ray

4/\He, 19/\|:, 7/\Li, e

. Charge symmetry breaking in AN interaction”
compare the mirror: 4\He and 4 H
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=13: Hypernuclear y-ray

4/\He, 19/\|:, 7/\Li, e

. Charge symmetry breaking in AN interaction”
compare the mirror: 4\He and 4 H

- FiIrst y-ray measurement on sd-shell hypernuclel
How effective interaction changes compared to p-shell?
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=13: Hypernuclear y-ray

4/\He, 19/\|:, 7/\Li, e

. Charge symmetry breaking in AN interaction”
compare the mirror: 4\He and 4 H

- FiIrst y-ray measurement on sd-shell hypernuclel
How effective interaction changes compared to p-shell?

: Magnetic moment of A\ in hypernucleil from B(M1)
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=13: Hypernuclear y-ray

4/\He, 19/\|:, 7/\Li, e

» 4, He: Charge symmetry breaking in AN interaction?
compare the mirror: 4\He and 4 \H

» 9, F: First y-ray measurement on sd-shell hypernuclei
How effective interaction changes compared to p-shell?

- ' LI Magnetic moment of A in hypernuclei from B(M1)

BIM1) = (2Jyp + 1) [< Wiow Il 1 | Wyp > 1

3 2J,,1
81 ZJQW-'— 1 (g/\- gC)2 [ “NZ]
C
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S=-2



e el
_ | KURAMA £~

3 —
it E R ? |
.{,i-&; o’ I )

J-PARC 2016-? / i
4
K1.8 o

. Emulsion Exp. (E07) "¢
- X-ray from =-atom (E03)

K1.8BR
- 3He(K-,n) K-pp (E15)

- d(K-,n)A\(1405) (E31)

E16@High-p (¢ in nuclel)

source, 18th J-PARC PAC (May 2014) 1. Takahashi
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F05: Missing mass spectroscopy of "“C(K™,K*)

AXIS

expectation for EO5 phase 1
(resolution<3 MeV)

_ : 7 > 120}
25_— $ 50: 20 :.’ {‘ E il VE= —20MeV
O T BK+<80 LT o
o 2T 8 i | @ 1[1
RN i = ] il
L w d0[ AGS E885 T = J-LLL
~ _ ] O
2 € F (resolution = : JI :
'2_15_ 7( 30: ; :'I_ il : - ) ﬂ
N Tt ~13MeV) 74 i i LT
175 O - ‘¢ ! :' { ‘ -I_r\_
€ 10f ST iy - 1T
o | B - - _|—
Q QN -
L '\C; i
5} 10L
:j : V== —14MeV
1 y 1 | N
-80 -60 N P

Excitation Energy (MeV) 5 10 - l15 -B= [MeV]
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-03: =-atomic X ray

=" produced by Fe(K-,K+) = stopped =- = X-ray emission

Fe target

Precisely calculable w/o strong
INnteraction

—Measure deviation from
calculation
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—07: Hybrid emulsion AN

i Emu sion ~ 7
" SCIF | - SCIFI
| Bl ock pYagk Bl ook |

0' "‘ Y

1 /_/‘T’,'K,.,
1./GeV/c '
K~ D amend :
. : “CiTargstl .
? ' | T | H
i = =

>, Hyperpa' '—J : - — )

‘Ge deotoctors?

Emulsion Stack
e

Thin Plate (1) Thick i1 Tota! 12 Thick Plates Thin Plate(2)
K* i ’ i
M
E — ™
\ LB B T ~— o ——
b 4

f | /_,,f"‘\\ ~— — Z\:: - | S |

r g - ~— \’\_ - \'::-:--_ — -

Emu's ¢on t=0.2mm. O. G&mm Emu S on

emulsion support

Goal:
* 10000 stopped =~ in emulsion
* 100 or more AN\ HN events

Ryu Hayano, Int. Conf. on Science and Technology for FAIR in Europe, Worms, Oct 14, 2014



Hidden strangeness at
FAIR



Nn-medium n’ (at FAIR)

i
7o
Ua(l) anomaly N
T, Ka 118, T)o K
+ scalar
partners Tr
T, K? T8
massless
mg = ms =0 mg = ms =0 mg # ms # 0
(@q) =0 (qq) # 0 (qq) # 0
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Nn-medium n’ (at FAIR)

UA(I) anomaly ‘

77
T, Ka 1185 7)o K
+ scalar
partners Tr
T, K? 718
massless
mg = ms =0 mg = ms =0 mg # ms # 0
(qq) =0 (qq) # 0 (qq) 7 O
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Nn-medium n’ (at FAIR)

UA(I) anomaly ‘

77 Jido, Nagahiro, Hirenzaki, PRC85 (12) 032201
T, K, s, Mo K Ua(l) anomaly a9y
* scalar contributes N’ mass
partners 7. K. g —_— through ChSB % %
" massless
mg = ms =0 mg = ms =0 mg # ms # 0
(qq) =0 (qq) # 0 (qq) # 0
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Nn-medium n’ (at FAIR)

UA(I) anomaly ‘

77 Jido, Nagahiro, Hirenzaki, PRC85 (12) 032201
T, K, s, Mo K Ua(l) anomaly a0
+ S:?";"'ers i contributes N’ mass
P ., K, ng  ———— through ChSB i @ U
massless
mg = ms =0 mg = ms =0 mg # ms # 0
(qq) =0 (qq) # 0 (qq) # 0 Amp ~ 150 MeV @ p = po
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BGO-OD@ELSA
2C(y,p) N X @ 2.8 GeV

FRS@GSI e

12C(p,d) X @ 2.5 GeV

K. ltahashi et al., Prog. Theo. Phys. 128(2012) 601

P n" N Y

formation and decay of ’-mesic state

Drift Open Dipole
e chambers forward spectrometer 2.5 G
Dipole magnet ~ o
4 ; 2D %39 % 15 m’ AP/P = |-2% : '7‘2 5
rd ’ﬂ " ‘__ 9tf Bmax~0.5T 2 Q
/ =t | el . 12C ¢ aerogel Ve J
e 47" B Tagging target S2 ,C | (ppo ¢ eute
T | el system ¢ erenkov OnS) \l;ons
bremsstrahl S
& radiator v -_'- 4
= . MWwWDC /'%
e — # ) " p/d separation by plastic . /
— B beam aerogel Cerenkov scintillators aerogel
Si strips  BGO-calorimeter pwpc J;gtgjeer; szIIer TOF S2-§4 (diff.~20 ns) Cerenkov
etector

BGO-OD ideally suited for exclusive measurement missing mass spectrometry: Am=1.6 MeV/c?

Ryu Hayano, Int. Conf. on Science and Technology for FAIR in Europe, Worms, Oct 14, 2014
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N’ -nucleus: an attempt at GS|

p (Tp=2.5GeV, I,>10'%spill)

\ background .y -
missing-mass resolution :

12C target (4 g/cm®) e p* ~ 800 k/spill o~ 1.6 MeV/c?
signal

~ ™ 4 (P;=2.7-2.9GeV/c)
: momentum

- ~ 4k/spill (at S4) mMeasurement
([ MWDCx2 |

S4

Scintillator/
(SC) %

Aerogel
Cherenkov (AC)

Fragment Separator (FRS) R
y Fujioka
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N’ -nucleus: an attempt at GS

p (Tp=2.5GeV, I,>10'%spill)

\ background .y -
missing-mass resolution :

/12C target (4g/cm®) ‘I p ~ 800 /spill o~ |.6 MeV/c?
Signa

pilot experiment successfully done In
August 2014

: (SC)
Tisp ©rsiva Aerogel
Cherenkov (AC)

[

Fragment Separator (FRS) 72m

by Fujioka
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future of n" at super-FRS @ FAIR

. 4

2nd Step : Semi-exclusive measurement of (p,dp) with Super-FRS at FAIR

{ missing-mass
| measurement w/ S-FRS

decay of N’ mesic nuclei :
-N'N = nN or 1IN
-N'NN — NN

i Tagging proton in ‘

, e . S :.“
Target N" mesic nuclei | coincidence with deuteron |

— S/N ratio can be improved
by Fujioka
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signal
/ . .
N° mesic nuclei

background
multi-TT production

| nucleon absorption 2 nucleon absorption

x 102 : :
800 | sampling calorimeter

700 (conceptual design)
600
500 -
400

300

200 -

100 —

0F i L. AN
0 02 04 06 08 1.0 1.2

proton momentum [GeV/c]

Tl

I

I

count [a.u.]

T T

deuteron by Fujioka
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Open strangeness at
FAIR



AA\-Aypernuclel at PANDA

from Pochodzalla

and tracking fur
- pions from
—— weak decay

L] L]
* e . "
e —— e e
2

Trlple Ge-
cluster array
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AA-Aypernuclel at PANDA

from Pochodzalla

O‘Kaons 1
o trigger Hype.ron-

PO— antihyperon
3 GeV/c \Q\A production
—_ at threshold
N =
~
~
2 Ta
Capture f
R 1AVAVAVAY
secondary
target nucleus D
p
VAVAVAVAL';
_om = +28MeV
Final State Cross section (# reconstr)events/y 3.
Meson resonance + anything 100ub T==="T010 y-spectroskopy

with Ge-detectors
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AA-Aypernuclel at PANDA

from Pochodzalla

O‘Kaons 1
o trigger Hype.ron-

PO®— antihyperon
3 GeV/c \Q\‘ production
—_ at threshold
N =
~
~

COmpet|tlon |th J- PARC expenments

target nucleus

D ﬂ
vVVVV'Y
_om = +28MeV
Final State cross section (% reconstr) events/ 3.
Meson resonance + anything 100ub T=====7010 y-spectroskopy

with Ge-detectors
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Nuclel with antinyperons: unique at PANDA

from Pochodzalla

h

J.P., PLB 669 (2008) 306

I
os
.
G
.
.
.
.
.
\ o

» = transverse momentum
close to threghold of
coincident YY pairs

a :<pJ_(A)_pJ_(/_\)> @ p

p.(AN)+p, (/_\)
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Promising future of
HypHI



HypH!

relativistic hyperfragment

L
Sihse
a2’ .'.%d participant
.

"t _» il
A v 4 ' til
‘.' . .{.(.‘ . projectile

> \ 4 fragment
-

target

projectile
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HypH!

Magnet

target
ﬁ A-Hypernugleus
e R —————

— ~b

Residues

\‘
p, T

~
X

Trigger

M Tables of kinematical relations (from simulations)
lPr'ogr'ammed in fast online hardware (FPGA)

— Displaced vertex trigger
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Possible reach (but nontrivial reconstruction)

| j 1'E YR}
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some puzzles posed
by HypHI



p+n” for A
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Why 3aH lifetime so short”

C. Rappold et al. / Nuclear Physics A 913 (2013) 170—184
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Why 3aH lifetime so short”

C. Rappold et al. / Nuclear Physics A 913 (2013) 170—184
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SD STAR & ALICE also report short lifetimes
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Counts /(2.8 MeV)

Counts / (2.8 MeV)
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A+TT (a2) d+7-
100 i —2 < 7Z < 30 cm
: W75
sof |, 3L )
ool AF LT
401/ by
20 &
0 I
C PR T SR TR T AT TN NN S NN SN S SN N
2.04 2.06 2.08 2.1
Mass (GeV)
_ (b2) t4n~
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50 /\
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3San (NN/\) 7?7

RAPID COMMUNICATIONS

PHYSICAL REVIEW C 88, 041001(R) (2013)

Search for evidence of Ifn by observing d + 7~ and ¢ 4+ n~ final states in the reaction
of °Li + 2C at 24 GeV

C. Rappold,"*" E. Kim,'* T. R. Saito,"*>! O. Bertini,"** S. Bianchin,' V. Bozkurt,!"®* M. Kavatsyuk,” Y. Ma,'* F. Maas,"*>
S. Minami,' D. Nakajima,'® B. Ozel-Tashenov,' K. Yoshida,'>° P. Achenbach,* S. Ajimura,'® T. Aumann,’-!’

C. Ayerbe Gayoso,* H. C. Bhang,® C. Caesar,"!! S. Erturk,® T. Fukuda,'? B. Gokiiziim,"® E. Guliev,’ J. Hoffmann,' G. Ickert,’
Z. S. Ketenci,® D. Khaneft,"* M. Kim,? S. Kim,? K. Koch,! N. Kurz,' A. Le Fevre,"!° Y. Mizoi,'? L. Nungesser,* W. Ott,'
J. Pochodzalla,* A. Sakaguchi,” C. J. Schmidt,! M. Sekimoto,'* H. Simon,' T. Takahashi,'* G. J. Tambave,” H. Tamura, '

W. Trautmann,' S. Voltz,! and C. J. Yoon’
(HypHI Collaboration)
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]

ol of °Li+ 12C at 24 GeV

0 - '_¢..' ' '% ,4 F. Maas,l,4,5
» fann, 11!

w1 theorists say 3\n is unlikely to exist fz:¥r

§ H. Tamura,"”
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thIS must be re-checkea



HypHI at FRS 1s being planneo

Improve invariant mass resolution

Negatively charged particle (77)
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and also



HypHI at Super-FRS is being considered

?\H jl\H ?\He jl\He ?\He ?\He
2ub  12ub 12ub 34 ub 26 ub 1.4 ub
jl\Li ?\Li ?\Be ?\Be Z\Be iBe

1.4ub 1.2ub 04 ub 1.6 ub 0.6 ub 0.8 ub
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bUt | ’[hlﬂk (and Take Saito agrees)
it makes sense to consider ...



HypH|I @ CBM
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HypH| @ CBI\/I

Transition T ey

Radiation \\_ ol IS HypHI can be done @ CBI\A
Ring Imaging Detectors
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HypH|I @ CBM

 Unigue - new species, relativistic,
(no competition with the J-PARC experiments)
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HypHI @ CBM

 Unigue - new species, relativistic,
(no competition with the J-PARC experiments)

e Use light relativistic ions (easier reconstruction)
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HypHI @ CBM

 Unigue - new species, relativistic,
(no competition with the J-PARC experiments)

e Use light relativistic ions (easier reconstruction)

 Measure polarization (A weak decay asymmetry wrt reaction
plane)
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HypHI @ CBM

 Unigue - new species, relativistic,
(no competition with the J-PARC experiments)

e Use light relativistic ions (easier reconstruction)

 Measure polarization (A weak decay asymmetry wrt reaction
plane)

* Direct measurement of hypernuclear magnetic moment(s)
(spin precession in the CBM’s target dipole)

¢ g9 THE UNIVERSITY OF TOKYO Ryu Hayano, Int. Conf. on Science and Technology for FAIR in Europe, Worms, Oct 14, 2014



HypH|I @ CBM
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HypH|I @ CBM
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HypH|I @ CBM
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summary

e Strange quark - not light, not heavy
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summary

e Strange quark - not light, not heavy

* J-PARC’s emphasis is on S=-2,
pbut high intensity (>100 kW) necessary
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summary

e Strange quark - not light, not heavy

* J-PARC’s emphasis is on S=-2,
pbut high intensity (>100 kW) necessary

* Atomic X-ray experiments are also important
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summary

e Strange quark - not light, not heavy

* J-PARC’s emphasis is on S=-2,
pbut high intensity (>100 kW) necessary

* Atomic X-ray experiments are also important

o Anti-hyperon experiments @ PANDA are unigue
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summary

e Strange quark - not light, not heavy

* J-PARC’s emphasis is on S=-2,
pbut high intensity (>100 kW) necessary

* Atomic X-ray experiments are also important
o Anti-hyperon experiments @ PANDA are unigue

 HypH| @ CBM (pa in particular) worth pursuing
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