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=« The FINUDA experiment @ LNF
~ The Hall-A and Hall-C @ JLab

. ast
< The HypHI experiment @ GSI g
<+ The STAR experiment @ BNL
= The ALICE experiment @ CERN/LHC
=~ The ULYSSES experiment @ J-PARC
<+ S = -1 NA-hypernuclei:
@ E10: search for neutron-rich A-hypernuclei (Dec 12 / Jan 13) present
@ E13: y-ray spectroscopy of A-hypernuclei (May/Jun 2015) & short
% S = -2 Z-hypernuclei: term future

@ EO5: search for =-hypernuclei (Oct-Nov 2015)

<+ The Al experiment @ MaMi-C
+ The PANDA experiment @ FAIR

< future perspectives: Rty
« JLab hypernuclear program <" /

@ J-PARC Hadron Hall Extension
% Hydrogen hyperisotopes (®H, and “H,) lifetime measurement
< hypernuclear weak decay further studies the JJ roadmap
(determination of some missing decay widths)
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I Physics motivations

5N Nakamura, Tohoku Univ., INPC2013, Firenze
Lattice QCD
Modern baryon Interaction models '.

4 Baryon Interaction

Quark degree of freedom
SUL3) Symmetry
. 4

-
Nuclear Force Hyper()n Force
Lots of NN scattering data Limited YN/YY scattering data

\k J ~

Established Calculation Tech. -\
Fadeev, ChPT,
Cluster Model

Shell Model /

Mean Field
4 N 4

Nuclear Structure Nuclear Structure

Normal/Exotic nuclei Hypernuclei
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Hypernuclear physics in a nutshellj 5

[

A hypernucleus is the outcome
of a genetic engineering manipulation
applied to the nuclear physics domain

t

do/dQ2
é I 1) strangeness exchange (both in flight and at rest):

‘ A A _ I
K + Z%AZ + T “’ \: J: ’;\17,
n _-'7"T'_*\

L a
80s 2) associated strangeness production:
A A n ———u
AE T A7 > hZ LK [ = ’

Alessandro Feliciello / I11 Incontro Nazionale di Fisica Nucleare, INFN/LNF, Frascati (RM), 14-16 novembre 2!

3) *“electro-production”:

i ? e +Z—>e +K+X(Z-1) ! — luz-n
. v

Cz!
)
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Hypernucleri’s Chartj
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The FINUDA experiment at

'ADA e ADONE

! STiryrg e,

= mCalcolo - 5:
- - i DAFNE-L 1 LR ' e

~
-
i
=
=
=
b
i v

e i L,

1

1)

SO o coust omagge 25

&=

Alessandro Feliciello / I11 Incontro Nazionale di Fisica Nucleare, INFN/LNF, Frascati (RM), 14-16 novembre 2!

Serviziy

atory Plazv‘on

d
' Laboy, CUMmenta sy,
one

o F-'&:;c.; L

@
b=
=)
>y
N
g
B
) <



8
¥ @D The FINUDA way
e~ + et— & o = 3.26 pb < =~ 1x1032 cm-—3s-1 ~ 300 Hz
B.R. ~ 49% K-+ K+ ~ 150 Hz

it 7 7 K5

high resolution
spectroscopy

systematic study

of decay modes
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interaction/target region

straw tubes

0

superconducting coil

compensating magnets

1m

/
LMDC
',‘il“h/ ~
beam pipe ) ' g
TOFONE .

*

o
.0

magnet yoke A
R z X

end cap

Frascatl D Factor\ comple‘{

)
INFN

hinule Maresale
di Fiskra Mucheare

LINAC

‘550 MeV e+
800 MeV e-

Be window

beam pipe

energy 5.'1'0,.Mev
luminosity p 10% C”f"iz..’s'
o, (rms) 2.11 mm K
o, (rms) 0.021 mm
o, (rms) 35 mm A —
bunch length 30 mm (Z + 1) + 7T
crossing angle 12.5 mrad A (A—Z)
frequency Z _) (Z _1) + + n
(max) 368.25 MHz | |A p
bunch/rin up to 120 (A—Z)

: : Z+n+n
part./bunch 8.9 1010
current/ring 5.2 A (max)
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£ WINE

M. Agnello et al., PLB 640 (2006) 145
M. Agnello et al., PRL 108 (2012) 042501
M. Agnello et al., NPA 881 (2012) 269
M. Agnello et al., PRC 86 (2012) 057301

[—

nuclear
models

neutron-rich
A-hypernuclei

spectroscopy

=G [=

M. Agnello et al.,
M. Agnello et al.,
M. Agnello et al.,
M. Agnello et al.,

PLB 622 (2005) 35
PLB 681 (2009) 139
NPA 835 (2010) 414 medium
PLB 698 (2011) 219

effect

low-energy
e/~Y Iinteraction

(weak) decay

M. Agnello et al., PRL 94 (2005) 212303
2. M. Agnello et al., PLB 654 (2007) 80

4B weak
interaction

11

® N> Ok ®ODE

M. Agnello et al.,
M. Agnello et al.,
M. Agnello et al.,
M. Agnello et al.,
M. Agnello et al.,
M. Agnello et al.,
M. Agnello et al.,
E. Botta et al., PLB 748 (2015) 86

NPA 804 (2008) 151
PLB 681 (2009) 139
NPA 835 (2010) 439
PLB 685 (2010) 247
PLB 701 (2011) 556
NPA 881 (2012) 322
PLB 738 (2014) 499




Alessandro Feliciello / I11 Incontro Nazionale di Fisica Nucleare, INFN/LNF, Frascati (RM), 14-16 novembre 2!

Search for neutron-rich hypernuclef]

[central ISsue in hypernuclear physics}

* historical paper: R.H. Dalitz and R. Levi Setti, Nuovo Cimento 30 (1963) 489

existence of hypernuclei with
core nucleus near (or even beyond)
the neutron drip line

1. Pauli effect not effective for A
2. N\ extra binding energy

< unique opportunity to study: - effect of 3-body forces (Aclat)
- NeJ= 2o/ coupling contribution to binding en.
- hyperon behaviour in n-rich environment

Baryon number density r [ﬁ11_3] @
]GDDOI 1 1 I0|.5I I 1 :‘ Ifl ] I]-l5 . .
= w/0 hyperons direct influence on E |
§ 750 — stff EoS neutron star EoS ”
é‘ 500; —] g
E I s prediction of neutron star £
3 250 P main parameters z
(=} i v .- 1 3 0.
| T’ !-'I i W/ hyperons > 1 1 { T t -
0 — soft EoS J I. Vidafia et al., EPL 94 (2011) 11002 I‘ g 100 12 14 16
€ Radius R [km]




The status of art (as of 2011)J

Ko +"Z>MNZ-2)+7x"

stop

e K +p—>nl+A, 0 +p >t + n:
e« K+p-o>K +n, K+po> A+t
e KK+p—->nt+ 2, X+ p—>A—+n:

[ experimental results ]

e 'He(’Be):ul.=2.3-10"°

e °C(*0):ul.=6.2-10° /K, &l * e “Be(*C):ul.=(2.0£0.4)-10° /K,

2-step  (S-EX + C-EX)
2-step  (C-EX + S-EX)
1-step (S-EX)

INFN-LNF | @

e 'H(°Li):ul.=(25+1.4)-10° /K|
e 'H('Li):ul.=(45+1.4)-10° /K

[ theoretical predictions J 10° +107" /K,

T+ Z5N(Z-2)+ K"
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e w+p—>nd+n, 0 +p > K* + A:
e w+p—>KO+ A, KO+ p —» K* + n:
e w+p-o>K"+ 2, X+ p->A+n:

[ experimental results ]

PLi(B):do/dQ2=11.3+1.9 nb/sr

K. Kubota et al., NPA 602 (1996) 327 I
a

stop
stop

stop

M. Agnello et al., PLB 640 (2006) 145 I

T.Y. Tretyakova et al., NPA 691 (2001) 51c I

2-step (C-EX + AP)
2-step (AP + C-EX)
1-step (AP)

[ theoretical predictions }

P.K. Saha et al., PRL 94 (2005) 052502 I
[

T.Y. Tretyakova et al., PAT 66 (2003) 1681 I
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coincidence measurements
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double C-EX apparatus capabilities:
- _|_6 L|_> 6 H P~ 252 MeV/c » selective trigger
stop A (based on fast scintillator detectors)
)' e precise K- vertex identification < 1 mm?
~ M« (PID + spatial resolution + K- tagging)
‘ n.m. decay « =, K, p,d, .. separation (OSIM & LMDC dE/dx)
; p~ 134 MeV/cJ « high momentum resolution

6%o0 FWHM = @ 270 MeV/c
6% FWHM = @ 110 MeV/c
(tracker performance + He bag + thin target)



Experimental evidence for °H, (2012)j

\\\7"[— K —

61 & 6 +
% sopt LI H+7 .

6 6 -
o +H—>"He+ 7 W
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The °H, puzzle

Tion Pt P M(§H) M({H) M($H) AM(SH)
{MeV) (MeV /c) (MeV /c) prod. (MeV) decay (MeV) mean (MeV) (MeV)

2026 £1.3 251.3£1.1 135.1 £ 1.2 5802.33 £0.96 580141 £ 0.584 5801.87 £0.96 0.92+£1.28
202.7 £ 1.3 250.1 £ 1.1 1369 £1.2 5803.45 £ 0.96 5802.73 £ 0.84 5803.09 £ 0.96 0724 1.28
202.1 £ 1.3 2538x1.1 131.2+1.2 5799.97 £ 0.96 5798.66 £ 0.84 5799.32 £ 0.96 1.31 £ 1.28

formation mass values | (0.98 + 0.74) MeV \
(N+Y)/Z(H)=5>>N/Z(*He) =3 systematically higher :
than the ones from decay excited state
production
[ theoretical predictions ) M = (5801.4 + 1.1) MeV

% B, =4.2 MeV R.H. Dalitz and R. Levi Setti, NC 30 (1963) 489
Gﬁ H+A ___ 5805.44 MeV <
2 - e E. Hiyama et al., NPA 908 (2013) 29
% B, =4.2 MeV L. Majling, NPA 585 (1995) 211c I‘ ___________ o
‘oo . e

. e *He2h+A 580874 . A. Gal, D.J. Millener, PLB 725 (2013) 445 I‘
~~~~~ e a
v oW L e g7 e
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B! | & |- | | &1 0 T
., S 2
1HE iHE f He ! He e age ! e 5802 87 _____
' 8 3 . e e e 1* 5801.9 MeV
289 | 302 418 | 523 | 716 | (8.5) Hanen 560170 —_—
A A [ n0d7 (2292 | nldY|ndl —I L cgo1od —— 5:;1111{‘43 o 5800.9 Mev
xxx | hale | xox | halo e :
6,
Akaishi ——— 5799.64 H
3 -l¢ 3 ‘ ‘
H H | H [ H 'FH
A A n A A . 5
0.43 | 204 | (31) | (4.7 | (5.2 B,=(4.0x1.1) MeV (CH + A)

n-l8| fn-5 | Ja 04

Zx xKX o B, =5 eV + A) g >
A e = 1T~MeV | FINUDA Coll. and A. Gal, PRL 108 (2012) 042501
FINUDA Coll. and A. Gal, NPA 881 (2012) 269

r;_) nrh prod. rate: —10-2 hyp. prod. rate in (K-gyp, 7°)

o
=S
-
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The STAR experiment
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3T Booster ... =& 74:
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[: (‘Bm EectroMagnetic Catorimeter |

| ._ ,..J-:-'*:'
T T T N ] ]

Winm =i mi——

Au+Au@ 200 GeV

X’H—>3He +7

33— 33—
rAH—> He +7°

=

E:-:p-e-:tej |:-:|E"r_|'-:|
—*Ha

=

-—-1r
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i XX (KeViem)

o

=

] 1 2 2 d

C;J FI igidiw {Gev‘r‘:__} ] B.I. Abelev et al., Science 328 (2010) 58. I




BROOKHIVEN

NATIONAL LABORATORY

A a5

Hypernuclel in HI collisions

B

300
@ 250
£ 200
& 150
100
50

0

a5 3

*He + m Invariant mass (GeV/c”)

IJ =
e O =
e significance = 5.2 ¢

0.0025 GeV/c2

2.989 + 0.001 + 0.002 GeV/c?
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ﬁ 1“"0 ‘_I T T T T T T T 7T T T T 7T T TT ‘ T T T | T TT | T I_‘

E . Run7+Run10+Runll mb+central Signal 4

S i ¥indf  815/68 -

= Yield 602.10 = 63.15 -

800— Mean 2.991+ 0.000 —

600— —

400—

B « Signal .

200 —

L —rotated background i

. i — signal+background fit 1

i | Ll L |- | 11 | ‘ 11 1 ‘ 11 1 ‘ 11 1 | 11 1 | L 11 |
Cz! ?.94 296 298 3 3.02 3.04 3.06 3.08 3.1

=) M, (He3+m)(GeV)

3 140 — g T T .
3 120 3 AR
3 @ 100F 3
3 E— r N
3 S =F =
= [m} B ]

: . E o Wr 2
gighnal candidates 3 - o signal candidates
rotated backoround _ 0 3 ratated background E
signal+backgroundfit Ll p— signal+background fit
| 1 1 1 1 1 1 M D [ L L P 1 L L L L | L L M

305 31 295 3 405 a1

*He + " Invariant mass (GeV/c")

oIJ:
oO’E

2.991 + 0.001 = 0.002 GeV/c?
0.0025 GeV/c2

« significance = 4.1 0

~610 %< 106 eventsJ

* Signal observed from the data
(bin-by-bin counting [2.986,2.996] GeV): 602+ 63, significance: 9.6c

B.I. Abelev et al., Science 328 (2010) 58. I

* Background estimation: rotated background

(@ D

J.H. Chen @ HYP 2012.
Y. Zhu, NPA 904-905 (2013) 551c.
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Expanding the horizon...

20
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@)l Hypernuclei in HI collisions )

ALICE

ACORDE

o
EMCal T S Tracklng

,, N "*-\ = Pb+Pb@./Sy, =2.76 TeV

fH—>3He +7

3— 33—
AH—> He +7°

Pb- Pb 2011 run, (s =2.76 TeV negative particles
. " 1000:|| :I '"l T T T T
[ L3 Magnet | - - i = \
= - - ! — 900 = PEgFI;)}IgECE
3 E July 4", 2012
/ Posctive trucks \ & 8005_ \
%7005_
‘» 600
5 500F . H ¥
‘(-ﬁ' 5 1.5 222.5 3354
N 400 T (Gevirc?)
= g
O 300F
Poydavghterdes = £F O E
: a 200
At topological cuts - E
,r,mwm" ."_’5_"':,,_? __________________________ cos(pointing angle) > 0.9 o
\ © DCATCtrathOPV>O4cm 0:e L L L L1 | L 1 i3
g g d  DCA between tracks < 0.7 cm 0.1 0.2 0.3 1 2 38 45
« p;(3He,n) > 1 GeV/c P (Gevic)
e ct>1cm g -
7 R. Lea, NPA 914 (2013) 415. I‘




Hypernuclel in HI collisions

ALICE

= 500 — — 500

g Y [ Pb-Pb\sy, =2.76 TeV —o— Data &) [ Pb-Pb\sy, =276 TeV —&— Data

g ""'>- L Like-Sign Background 3 + Like-Sign Background

E q) 400 ; _.l Combined Fit (pol3+gauss) GJ 400 L Combined Fit (pol3+gauss)
3 g I r =

S : - I

£ 2 300f B 300,

2 T i c

s 3 I =

% O 200+ O 200+

: - ALICE i

E 100_ PERFORMANCE 100_ ALICE

S 54/07/2012 : PERFORMRNCE

,‘E I _+_ _+_ _+_ + + V + A 24/07/2012

? o4ty Ty T T NARISUE O AW SAUEIEIN
;_E I-<:)-|III Ill-fllll IJ|II\||I\++ :L-I¢-J|LIJ|Ll|||llﬁllﬁlllllllllj}b
;E 296 298 3 3.02 3.04 3.06 3.08 296 298 3 3.02 3.04 3.06 3.08
Invariant Mass(*He, ') (GeV/c?) Invariant Mass(°He, %) (GeV/c?)
= e U =2.990 + 0.001 GeV/c2 e p=2.993 + 0.001 GeV/c2

z e 0=(3.35*0.70) x 1023 GeV/c? e 0=(2.00 = 1.20) x 102 GeV/c?
g e N, =119 + 35 e Ny = 77 + 22

E « S/V(S+B) = 4.6 * S/V(S+B) = 3.6

L 4 7

~23 x 106 eventsJ

Cz R. Lea, NPA 914 (2013) 415.
\ E‘_) d




The light hypernuclel lifetime puzzlej

%2 __F -

&350 - | He bubble (heavy) ions

: 2 300 —

= 3 i A

%‘ -n = - '”-. ................................................................................. S s

= e < 250 = & free A lifetime {2632ps} ?3)\0

z C ]

. |wa=203%ps| || 1

200 . __‘ '''''''''' 3 >

R e N n NN

¢ | photographic w.a.=193"] ps

g emulsions w.a.=185"; ps

= | | | []

: 100 + ~20 years

: o § R

. so Bl
1960 1970 1980 1990 2000 2010 2020

year

rg L M-Agrel ctal PA 95 ot 170 I large error bars < small data samplesJ
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E13: physics motivationsj

S-PRRC

to explore the s-shell A—hypernuclei (“He,)
% doorway to investigate the CSB effect in A = 4 systems

to explore the sd-shell A—hypernuclei (*°F,)

% study of radial dependence of AN interaction

to measure B(M1) In order
to evaluate g, In nuclear matter



E13: experimental setupj

Iron blou
TOF J

SDC3,4

Ge array

nHyperba"J” Bcs 4

43

Pion
spectrometer
“SkSM inUS”

SKS magnet
(25T)

— sDC1,2

Qiz Various
PID counters

Mass slit o
e K1.8 Beamline
et
\:\BFT ) 5m




CSB In A = 4 systems

L TT7T rTr JLIII
I |

50 M. Bedjidian et al., PLB 62 (1976) 467 I‘ Old Nal data
- Target ‘b ©
© WO 10" K stopped | i e S A \- ‘He + A

(08 003 | Mey

E 145 005 | Mey
l (145 +0051 1+ 4964004

1.24+0.05 \ 1%

+ . M1
172 ,::1 1.00:£0.02 M1 ot

~ 1.15+0.04 |-,
3 H B, 0% - —
y o7 3
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E 4 H 2.39:+0.03 He g
;".' n A % 4AHe §
14 p = 132922 0.2 [sta) = 011 (calip) £ 0.4 [stabil) MaV/c | | BA "
_1E - MeV S
g TH>'He+x (MeV) . .
R __no systematic error
% = 3 & =i 4
S — =" Old emulsion data g

S ,._,J T A_ﬁ_f i 100+

o B ) it G P & e

13 1315 132 1325 133 1335 134 1345 135 304

Pion momentum in SpekC (MeV/ic) “'I
A. Esser et al., PRL 114 (2015) 12501 I‘ % ol “T-‘mm"
40+
304 20+
B, = (2.12 + 0.01 = 0.09) MeV N WM |
" | i
T ron g%{ ; ?

. . E | o .t NIRRT Py
origin: N 05 0 18 20 25 1d
’:‘ ??? g o ENERGY OF f 'RAVS{MQV:’
possible explanations: M. Juric et al., NPB 52 (1973) 1 'ao- L M. Bedjidian et al., PLB 83 (1979) 252 I‘

- - a
% A2 mixing 201 |
- I :
% AN-2N coupling D* I
9 1 7 3 & B, (MeV)
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E13: experimental results on 4He,

Counis fchannal
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ENERGY OF ( -RAYS(MeV)
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140 10" K stopped i

(108 £003 ) MeV
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Energy af W =roys [MeV}
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M. Bedjidian et al., PLB 83 (1979) 252 I
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{1752 G4 Jedel

M. Bedjidian et al., PLB 83 (1979) 252

T
ENERGY OF ( -RAYS(MeV)

(d)

ToHe: ' 07 (1406)
2

| SI[}[]
E, [keV]

1000 2000 2500

AR {
i

o |
504 i
L0
‘He(K™, 77)H
e 7T ) A e 0
20k
10k
SH+A 0 SHe+ A !
Lo
‘He(K",n"} a5
(r=1.5 GeV/c)
1% 0.95£0.04 | 0,98+0.03 1+/ v
' 12+ 150 B
E~1.09 - , 2
"o, g~ T LS
+g.002 / He 50
0 + d [present] E
2.04+0,04 ot LR
5 3 o
AH 2.39+0.03
4
Y AH e
BA [MeV]

\

| AB,(1%) = (0.03 * 0.05) MeV |

[ABA(0+) = (0.35 =+ 0.05) MeV }

J

by combining E13 results with emulsion data

T.O. Yamamoto et al., PRL 115 (2015) 222501 I
[
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NAN- and =-hypernucleus productionJ

—- atomic capture reaction at rest

is one of the most effective way to look for double A-hypernuclei

+~compound double A state: ‘ E+ 758Nz -D)eAD 4 I
|5 +p—A+A+28MeV I

+quasi deuteron model: E+72— N(Z -1+ ni';;gel:'gy

— high
B 5+ udn N “AA” +n e;]gergy

A

¢ Berge et al.
= Dauber et al.
& Burugun et al. |

| K‘+AZ—>§(Z—1)+K+I

K- beams:

a<do/d QL>AV (ﬂb/sr)

S Pegma @ BNL 1.88 GeV/c
S N ' —_ @ KEK 1.66 GeV/c
\ = I~ +
g \ K+p—-&2+K @ J-PARC 1.80 GeV/c
10 + /1 \i\ 1
5 //O ‘ . ‘\l
1 1.5 2 2.5 . . i )
Prap, (GeVic) S = -2 systems study is not just a simple extension

of what has been done for S = -1 system
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The status of art for E—hypernucleij

previous experiment: BNL-E885

“C(K™,K*)X

evidence for =-hypernuclear bound state
(not definitive because of
limited mass resolution)

signal shape analysys and

counts in bound region,

compared with DWIA calculations,
suggest a weakly actractive =N potential
~-14 MeV deep (B= — 4.5 MeV)

production cross section:
e do/dQ) = 89 = 14 nb/sr (< 8 deg.)
e do/dQQ =42 = 5 nb/sr (< 14 degq.)

EU:- BK“ = 140

/2 MeV

2 &
=
T

[
=
|

counts
()
=

<d20/dQdE> (nbist 2 MeV)
5
T I T T T

T\ T T T

A L
= =
T | DL

200

counts / 2 MeV/
=
T l T

bk
=
T [rrrT T

5
<d?aidQdE> (nb/sr 2 MeV)
2
I

uh

1k

Excitation Enargy (MaV)

P. Khaustov et al., PRC 61 (2000) 054603 I



The status of art for E—hypernucleij

The "KISO" event

K. Nakazawa et al., PTEP (2015) 033D02 I

. Z- + 14N — 10Bg, + SHe,
* B. = (4.38 = 0.25) = (1.11 + 0.25) MeV

@ =-hypernuclei do exist!

Alessandro Feliciello / I11 Incontro Nazionale di Fisica Nucleare, INFN/LNF, Frascati (RM), 14-16 novembr

measurement of:

I ? Re(V.)

(8| ? Tanoaa
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¥ /2 |[EO5: physics motivationsj

SPARRC

@ First spectroscopic study of S = -2 systems
via the (K-,K*) reaction
=Z-hypernuclei (= double AA-hypernuclel)
Zp-AA Mixing
first step for multistrangeness baryon systems

ale di Fisica Nucleare, INFN/LNF, Frascati (RM), 14-16 novembre 2016

@ =N Interactions: essentially no information
actractive or repulsive? = potential depth
Zp-AA conversion? = conversion width
Isospin dependence? = Lane term (tz - 1-/Ac)

Alessandro Feliciello / 111 Incontro Nazion

-
F
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Observation of =

68

= bound states

Search for

E—hypernuclei (*2Bey)

spectrometer

K1.8 beam line
spectrometer

-20 < -B.E. < 0 MeV { B =

EOS fall 2015

measurement

Bmdmg euerg‘y 1"C(K K*) (Carbon)

12(_ K- K*)

(Counts /2 MeV)

missing mass

¥

136300 33630050 400

567160

\:'9.
=r
[=]

focus on this region

Counts (2 MeV

Osn'

Binding energy C(K’, K*) (Carbon + CH2)

E bound region

anlﬂlnﬂﬁﬂ‘

70 =60 -50 —40 30 -20 ~10 0 "0

Counts /2 MeV

Bjndjng enerey 12C(K', K*) (Carbon + CH2)

ackpround level : 108 Counts /2 MeV
FEvent (2B Fx 0 MeV) : 55 Counts

—
=]
|||||||||||||||||||_

14

Unphysical Background
——————

|||||||||||%’|||||||||

[T =1

930160~ 140—1"‘0—100 -80 —60 —40 =20 O
BE. [MEV

T =S + B =55 counts

I\.\ ||||||||||||||||||||||||||||||| 1

il |

10.8 counts = S/AS = 5.5

/& Mev |

Lounts

x

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

— BNLES85(x05) AE=14 MeV

— I-PARC E05 AE=5.4 MeV

o

consistent with BNL E885 data
t with better energy resolution

10

5

0

i

vl v by v by b b by b v L A

80

-0 o0 50 40 -30 -20 -10 O

10

20

-BE. [MeV]

two signals resolved with AE = 5.4 MeV (FWHM)

for the first timel!!!

(-B.E.:

-9.1 and -2.1 MeV)
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Jefferdon Lab |A=7, T=1 tripletj

M. Jurié et al., NPB 52 (1973) 1 I‘

| i

| Jdlab EQ1-011

Tl

10 ] i i 10
-B, (MeV)

S.N. Nakamura et al., PRL 110 (2013) 012502 I

(daj 26+5.1+9.9 nb/sr
do

5.26 + 0.03

M. Juri¢ et al., NPB 52 (1973) 1 I‘
a

°Q 5.16 = 0.08
‘ 0’ M Juri¢ et al., NPB 52 (1973) 1
H. Tamura et al., PRL 84 (2000) 5963

(de/dil) e (nb ar per 0.3M=V)
L]
|




CSB In A = 7 systems (?)

76
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B, (th.) =5.36 MeV

B, (,/He,1/2") =5.68+0.03 MeV

S.N. Nakamura et al., PRL 110 (2013) 012502 I

B, (/Li",1/2") =5.26 £ 0.03 MeV

B, (th.) =5.28 MeV
B, (th.+ CSB) =5.29 MeV

E. Hiyama et al., PRC 80 (2009) 054321 I‘
a

M. Juri¢ et al., NPB 52 (1973) 1 I‘
a

B,(/Be,1/2") =5.16+0.08 MeV

B, (th.) =5.21 MeV

B, (th.+ CSB) =5.44 MeV E}l

— exp.
— th.
-=-=th. + CSB

2 D)

M. Juri¢ et al., NPB 52 (1973) 1
H. Tamura et al., PRL 84 (2000) 5963
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CSB In A = 7 systems (?)

=3

-3.1

- B, (MeV)

-5.2
-5.3
-35.4
—5.5
—3.6
=87
-5.8
-3.9

390 + 170 keV

.

|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

) +170 keV

E. Botta, T. Bressani, A.F., arXiv:1608.07448 [nucl-ex]
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offset between emulsions and
counters experiments values

Coulombian differential shrink of
‘He, and "Be, cores (—150 keV)

= THe TLi' LI’ TLi' "Be
- i JLab FINUDA SKS emuls emuls
of 1 | | |
-1 0 0 0 1
T;

updated valueifrom:

T. Gogami et al., PRC 94 (2016) 021302 I) @ Ha” C: E05_115

E. Hiyama et al., PRC 80 (2009) 054321 I‘

T
% 3? | #: HTTV;: HH
@ 33 #2 1{
’?gu i ﬂ ht ﬁw HM | f |
Eo;ﬂ{ﬂ'l il -l
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Future perspectives at the | Jefferdon Lab
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Proposal to JLab PAC44 June 3 2016

An iso-spin dependence study of the AN interaction
through the high precision spectroscopy of
A-hypernuclei with electron beam

(update of the conditionally approved C12-15-008)

JLab Hypernuclear Collaboration
Spokespersons:

F. Garibaldi',
G.M. Urciuoli!

P.E.C. Markowitz’, SN.Nakamura’ ., JReinhold’. L. T.'mg“\

Precise hypernuclear { HRS - Electron
spectroscopy on medium to L2 Vertical band
heavy hypernuclei with electron s ’
beams is only possible with the #&m

To dump

CEBAF electron beam,
due to equipment, beam quality
constraints, and above all the

possibility to calibrate absolute
energy scale by the p(e,e’K*), and
p(e,e’K*)s° reactions, impossible
with hadron beams due t8 lack of
pure neutron targets.

HKS - Kaons
Horizontal band

except the
FINUDA
experiment!

credit to G.M. Urciuoli

Goal of the experiment:

understanding neutron stars
; by solving the

hyperon puzzle

JLAB Theoreticians’ comment

The neutron star puzzle born of the observation of two-solar
mass specimens is indicative of a stiffer EOS than expected if
hyperon components become active at the resulting densities.
Models where the YN interactions are only two-body have shown
to lead to a soft EOS for which a neutron star cannot be heavier
than about 1.5 solar masses.

Three or more body interactions seem to be necessary, but
unfortunately at this stage close to nothing can be said about
them.

In addition, the neutron star’s large isospin density requires that
the isospin dependencies of the Y N interactions be known.

The proposed experiment has the best potential to give
information about both the three body Y N interactions as well as
the dependency on isospin.

The latter has been recently illuminated in light hypernuclei by
Mainz and J-PARC experiments, but much more information is
needed especially for heavier hypernuclei.

It seems that the proposed experiment should be a first one in a
program that hopefully continues with the goal of establishing
hypernuclear physics which is crucial for understanding
important problems, such as the neutron star puzzle.
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& Interesting results have already been achieved

© several open questions on fundamental issues
B stimulating discovery potential

& perspectives look promising

& active and well motivated physicists’ community
experimental activity definitively started at J-PARC
extension of the J-PARC Hadron Experimental Facility

call for new ideas and proposals
(light hypernuclei lifetime, further decay mode)

s J| 2l hypernuclear physics program

N
INFN
L~ e




	Diapositiva numero 1
	Outline
	A worldwide interest
	Physics motivations
	Hypernuclear physics in a nutshell
	Hypernuclei’s chart
	The FINUDA experiment at
	The FINUDA way
	FINUDA @ DAΦNE 
	Physics output (S = -1)
	Search for neutron-rich hypernuclei
	The status of art (as of 2011)
	The new NRH search strategy
	Experimental evidence for 6HΛ (2012)
	The 6HΛ puzzle
	The STAR experiment� at RHIC
	STAR 3HΛ signal
	Hypernuclei in HI collisions
	Expanding the horizon…
	The ALICE experiment at LHC
	Hypernuclei in HI collisions
	Hypernuclei in HI collisions
	The light hypernuclei lifetime puzzle
	The J-PARC E13 experiment
	E13: physics motivations
	E13: experimental setup
	CSB in A = 4 systems
	E13: experimental results on 4HeΛ
	The J-PARC E05 experiment
	ΛΛ- and Ξ-hypernucleus production
	The status of art for Ξ-hypernuclei
	The status of art for Ξ-hypernuclei
	E05: physics motivations
	Observation of X bound states
	The JLab experiments
	A=7, T=1 triplet
	CSB in A = 7 systems (?)
	CSB in A = 7 systems (?)
	Future perspectives at the
	Conclusions

