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% The FINUDA experiment at DAONE

~ *» hypernuclear physics results:
. e SH, neutron-rich hypernucleus
e 2 o/ induced hypernucleus weak decay

% Looking to the future:
the INFN ULYSSES initiative @ J-PARC
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energy 510 MeV .,
luminosity 51032 cm=2 st
o, (rms) 2.11 mm
o, (rms) 0.021 mm
g, (rms) 35 mm
bunch length 30 mm
crossing angle 12.5 mrad
frequency (max) 368.25 MHz
bunch/ring up to 120
part./bunch 8.9 1010
current/ring 5.2 A (max)
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FINUDA key features @

@« very thin nuclear targets (0.1 =~ 0.3 g/cm?)

&’ [high resolution spectroscopy}

@ coincidence measurement with large acceptance

Q’ [decay mode study}

@ event by event K* tagging

Q’ [continuous energy and rate calibration ]

« irradiation of different targets in the same run

Q’ [systematic error reduction ]
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Physics output (S

-

nuclear

models .
neutron-rich

A-hypernuclei

—_ spectroscopy
(o)

M. Agnello et al., PLB 622 (2005) 35
M. Agnello et al., PLB 681 (2009) 139 .
M. Agnello et al., NPA 835 (2010) 414 medium
M. Agnello et al., PLB 698 (2011) 219 effect

low-energy
o#~Y interaction

Q D

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

4B weak
interaction

(weak) decay

quark
substructures

(@

M. Agnello et al., NPA 804 (2008) 151
M. Agnello et al., PLB 681 (2009) 139
M. Agnello et al., NPA 835 (2010) 439
M. Agnello et al., PLB 685 (2010) 247
M. Agnello et al., PLB 701 (2011) 556

M. Agnello ef al., PRL 94 (2005) 212303

M. Agnello et al., NPA 881 (2012) 322
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coincidence measurements

K-

Stop

+°Li—> 'H

double C-EX
p ~ 252 MeV/c

7

n.m. decay

p ~ 134 MeV/c

].

apparatus capabilities:

» selective trigger
(based on fast scintillator detectors)
precise K- vertex identification < 1 mm?3
(PID + spatial resolution + K- tagging)
%, K, p, d, ... separation (OSIM & LMDC dE/dx)
* high momentum resolution
6%o0 FWHM - @ 270 MeV/c
6% FWHM - @ 110 MeV/c
(tracker performance + He bag + thin target)
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Analysis techniquej

13

K-

stop

+°Li— H + 7"

SH—He+ 1~

(r(°He) ~801 ms)

if 6H, is a stable system = 2 independent two-body reactions:

decay at rest

M(K™)+3M(p) +3M(n) - B(°Li) + T(SH) 4+ M(zt)+T(x™)
= 2M(p) +4M(n) — B(°He) + T (°He) + M (™) 4+ T (= ")

VM2 (SH)+ p*(n*) = M (SH)

atomic
mass

\M?(°He)+ p*(”) — M(*He)

M(H)=MCH)+M(A)-B(A)

tables

N

\

[T(:ﬁ) +T (77 )|=M(K™)+ M(p) — M(n) —2M (7) — B(°Li) + B(°He) — T (°He) — T ($H)

J

=203.0+1.3 MeV (203.5+203.3 MeV with B, =0+6 MeV)

cut on|T(z")+T(x"): 202+204 MeV
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Data selection | @

o .y
S 16—
[ »
5260 = uf
3 250 + 255 MeV/c (c,=1.1 MeV/c) 2o
=250 -1 130 + 137 MeV/c (o,=1.2 MeV/c) 3 f
K i | o 10—
gmi | :, 8
e [ I > .
E2sof | | °F
E | i af-
w220 | 4F. ;
210 ¢ A fs0 180 200 220 240 vy 260 280 300
- e _x* momentum (MeV/c)
200 | | “

190557930 140 150 160 170 180 190 200 210
« momentum (MeV/c)

(out of 27 10° sto,b:ped K- events)

15

¥

SH + A 0.0 MeV

3H + 2n + A -1.7 MeV
4HA + 2n -3.74 MeV - EXTTTTTTITI T _'_:': 3 II

B L S Y CNN T I I N WA TR
%0 100 120 140 160 180 200 220
- momentum (MeV/c)
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Production ra teJ

background sources

® accidentals: =t (250 + 255 MeV/c) and = (130 + 137 MeV/c)

¢ K, ,+Li>3 + 7 +'He+n
Ln+tr*

- 67 4 +
* Kt Ll_)?L.H4+n+n+”
He + 7~

production rate

* total background on 6Li:

®* Poisson statistics:

‘ BR(7Z'_):H:()49 \ ............................ >

H. Tamura et al., PRC 40 (1989) R479

@™ | FINUDA Coll. and A. Gal, PRL 108 (2012) 042501

end point ~190 MeV/c
end point ~282 MeV/c

end point ~252 MeV/c
p(n) = 133 MeV/c

BGD1 + BGD2 = 0.43 £ 0.28 ev.

0.16 £

17

0.27 £ 0.27 ev. &

A
0.07 ev.

negligible

3 events DO NOT belong to pure background @ C.L. = 99%

R*BR(z")=(3-BGDI-BGD2)/[e(7 )e(x*)(n. K, on ‘Li)]

stop

R*BR(77)=(2.9%£2.0)10°/K

stop

R=(5.9+4.0)10°/K, | {m)

(2.5+0.5704

)10 /K,

stop

M. Agnello et al., PLB 640 (2006) 145
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Kinematics and binding energy &

T‘IOI 1)7{"' p;r_
(MeV) (MeV /c) (MeV /c)
2026+1.3 2513+ 1.1 135.1 £ 1.2
202.7%£1.3 250.1 £ 1.1 1369+ 1.2
202.1 £1.3 2538+ 1.1 13124+ 1.2

(N+Y)/Z(?H)=5>>N/Z(*He) =3

[ theoretical predictions J

M({H) M(SH) M({H) AM(JH)
prod. (MeV) decay (MeV) mean (MeV) {MeV)
5802.33£096  5801.41+0.84 5801.87 £ 0.96 092+ 1.28
5803.45 £0.96 5802.73 + 0.84 5803.09 £ 0.96 072+ 1.28
5799.97 £0.96 5798.66 4+ 0.84 5799.32 £ 0.96 1.31+1.28

formation mass values
systematically higher
than the ones from decay

M = (5801.4 + 1.1) MeV

(0.98 % 0.74) MeV

excited states
production

1* 5801.9 MeV

0* 5800.9 MeV

B, = 4.2 MeV R.H. Dalitz and R. Levi Setti, NC 30 (1963) 489 ..
. CH4A 5805.44 MeV
By, = 4.2 MeV | L Majling, NP4 585 (1995) 211c |- '
e *H +"é"n.3- A 5803.74
B ¢ .-o &« el ’
gHe | {He | 9He | iHe He | §He;, "
239 [ 302 418 | 523 | 7.16 | (8.5) Hanan £801.70
A | A |n0i7 (2292 nldY|n3d T TEL 580124 _52’?1\.,43
xxx | halo | ox | halo ¢
6
Akaishi 5799.64 H
. ‘0 , : " aishi A
A AH . nH AH &H
043 | 208 | (3.1) | (4.2) | (5. B, =(4.0+1.1) MeV (°H + A)
A | A [n-28| 2n-5|3004
— kXX 0 B, =5 eV + A)
A e = It eV

nrh prod. rate: ~10-2 hyp. prod. rate in (K g, 7°)

FINUDA Coll. and A. Gal, PRL 108 (2012) 042501
FINUDA Coll. and A. Gal., NP4 881 (2012) 269
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Physics output (S

=

nuclear

models .
neutron-rich

A-hypernuclei

spectroscopy

Q

M. Agnello et al., PLB 622 (2005) 35
M. Agnello et al., PLB 681 (2009) 139

M. Agnello et al., NPA 835 (2010) 414 medium
M. Agnello et al., PLB 698 (2011) 219 effect

low-energy
o#~Y interaction

Q

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

4B weak
interaction

(weak) decay

quark
substructures

M. Agnello ef al., PRL 94 (2005) 212303

23

(@

M. Agnello et al., NPA 804 (2008) 151
M. Agnello et al., PLB 681 (2009) 139
M. Agnello et al., NPA 835 (2010) 439
M. Agnello et al., PLB 685 (2010) 247
M. Agnello et al., PLB 701 (2011) 556
M. Agnello et al., NPA 881 (2012) 322




25

2cv'induced weak decay
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< relevance first pointed out by WM. Alberico et al, PLB 256 (1991) 134 |
% key role in data interpretation ————> many theoretical predictions
>
E. Bauer
G. Garbarino
A. Parrefio
A. Ramos
’0

» importance of the effect: ~20-25% of the total NMWD width

% several experimental evidences, but indirect

Ref. /Ty R/ Iyy Notes
BNL-E788 [47] <0.24 ‘th. nand p spectra
KEK-ES08 [48] 0.27 £0.13 0294+ 0.13 12C, nn and np spectra
FINUDA [8] 024+ 0.10 A =5-16, p spectra

“ o
FINUDA [9] 0.21 %0075 To a2 A =5-16, np spectra

E. Botta, T. Bressani, G. Garbarino, EPJA 48 (2012) 21

Alessandro Feliciello/ Italia del Futuro, Tokyo, Japan, May 17, 2013.

[at “smoking gun” evidence missing!}

I % experimental hardness: 3 nucleons emitted from A-hypernucleus g.s.
| 4-fold coincidence measurement (=, p, n, n)

-
INFN



2o+ induced decay exp. evidencej A

triple coincidence: (n + n + p) events

exclusive Anp — nnp decay event: |/Li—>‘He+p+n+n

I 3 lialy i 20

P, = 276.9 + 1.2 MeV/c
Pmiss - 217 + 44 MeV/c
) = = 178+ 23 MeV
MM = 3710 + 23 MeV/c?
5 U U E(n1) = 110+ 23 MeV
S P E(n2) = 16.9+1.7 MeV
2 : ‘ i E(p) = 51.11 + 0.85 MeV
9(n1l n2) = 94.8°+3.8°
E 9(nlp) = 102.2°+3.4°
T 9(n2p) = 154° + 19°
% no n-n or p/n scattering

LLi MM (MeV/c?)

4He 37274

, ) ‘He +n 3748.0
7 first, direct experimental evidence , Ht p 37472

@@ | M. Agnello er al., NP4 881 (2012) 322

-
INFN
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triple coincidence: (n + n + p) events

exclusive Anp — nnp decay event:

JLi—>*He+ p+n+n

counts/(10 MeV)

||||g||||SI||

Pr-
miss

Etot

MM

E(nl)
E(n2)
E(p)

3(nl n2)

3(nl1 p)
3(n2 p)

-
=]

Igllllgllll

-
=] =]
TTTITTrITT

Kinetic Energy (MeV)

276.5+ 1.2 MeV/c

447 + 18 MeV/c
147.1 + 4.2 MeV

3720.3 + 4.7 MeV/c?

21
35.3
90.83

+ 2.0 MeV
+ 3.6 MeV
+ 0.50 MeV
126.5° + 5.4°
53.5°+4.3°
124.6° + 3.9°

no n-n or p/n scattering
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triple coincidence: (n + n + p) events

exclusive Anp — nnp decay event:

Be—>’He+’H + p+n+n

P = 286.7 + 1.2 MeV/c
P = 253+ 18 MeV/c
Eeor = 123.51 4.9 MeV
MM = 5617.3 + 5.0 MeV/c?
E(nl) = 20.2 + 2.5 MeV
E(n2) = 31.5 + 4.2 MeV
E(p) = 71.77 + 0.80 MeV
9(n1 n2) = 133.6°% 7.5°
9(nlp) = 128.5°5.5°
9(n2p) = 95.4°% 3.6°

no n-n or p/n scattering

% Be MM (MeVic?)
6Li 5601.5
SLi4n 5607.2
‘He+d 5603.0
3He + °H 5617.3
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Background evaluation | &

]

counts /(1 MeV/c)
g
T 1 t TTT | TTT |

K +(np)>2 +p

> ST +n

8

(2]
l T

- & Italmﬁgﬁmm

= 1p B R
Sof W ° :
D = I 40_
@ = 35 r
S 06| E
) E 20—
2 04 [ 30 X y B
g 0.2 ;_ - 25 T 200 200 3[mpion mom?te?'ltium (Mewz;)o
g 3 Target 3(np) E . (MeV)
S ~E 15 : o °
: 04l 7Li 33.4°+3.7° 51.11+0.85
5 = - 1
2 0sf __am ° Li 121.7°+3.2°  90.83 £ 0.50
3 2 5
E o - %Be 159.3°+5.9° 71.77 + 0.80
5 19 20 40 60 80 100 120 140 160 180 200
3 Proton energy (MeV)
T
s % significant back-to-back correlation = this feature rules out completely the first event on 7Li
§ < the correlation between cos3(np) and E, was studied for the simulated background:
<

major contribution from this source when = and p are emitted nearly back-to-back and E, = 100 MeV

< evaluation of the number of simulated events surviving to a 30 cut on cos$(np) and E, on “Li and °Be:
~10-3 events were found for both targets

I the 2 Anp — nnp real events DO NOT belong to background

cz) to a confidence level = 99%.
A

INFN



B= 4% Gt

12013

A

INFN

o

Alessandro Feliciello/ Italia del Futuro, Tokyo, Japan, May 17, 2013.

S~
LR
o

SKS @ J-PARC

@ Sialion

N
m  Alrport
—— Japan Railways (R) |

Private Rallroad

Haneda Alporte

Narita Airport
Ueno,
Hamamaltsu-cho ¥o Chiba

J-PARC site
JAERI

Narité "

The Paciic Ccean

<= Neutrino Facility

beam extraction to

Hadron HaII

( - — = e 4 .<l"— - .-.\

Viaterials and Life

- Science Facility
-

Nuclear and Particle Expenmenta\ Facmty
(Hadron Hall)

33




Alessandro Feliciello/ Italia del Futuro, Tokyo, Japan, May 17, 2013.

J-PARC scientific program

-~ J-PARC PAC Approval summary after the 15th meeting — Proposals
rom 2012
{Co-Jspokespersons Affillation Title of the experiment | Approval status (PAC
recommendation L Referees
K. Tanica SN Measurement of X rays from g Atom Stage 2 |Welse Kishimoto,Nagae, Shimizu
U of Iingis at Urbana- gt
PO |ICPeng; SSawada | o KEK Hg e 50.GeV Proton Deferred Primary  [Nagse, Gross-Pendekamp, Imal, Dote
T.Nagae [Kyoto U Spectroscopic Study of §-Hypernucleus, ¥ Be, via the ?C(K, K*) Reaction Stage 2
Limazato KEK T-viohting nK > %y v Decays Stage 1
Kimal, K Nakazawn,
T JAEA, Gifu U, Tohoku U Method Stage 2
AKnatenkova nmep [Plon couble charge exchange on oxygen at J-PARC Stage 1
A Sakaguchi T. Fukuda [Osaka U, Osska£CU | 00 0 Stage 2
T. Kobayashi KEK Tokal-to Kamioka (T2K) L Stage 2
HTamura Tohoku U Gamma-ray spectroscopy of light hypemuciel Stage 2
T.¥amanaka |Osada U Proposal for K-> &% yv-bar Experiment at J-PARC Stage 2
MMasaki THagae  [RIKEN, Kyoto U A Search for doeply-bound kaonic nuckear states by In-fight SHe(K., n) reaction Stage 2
S Yokkidchi RIKEN the JPARC 50-GeV nQeo Stage 1
F.Hayano, HOuta |U Tokyo, RIKEN Precision spectrascopy of Kaonic "He 3d->2p X-rays Stage Z
H.BRang, HOUta, HPark |SNU, RIKEN, KRISS of the 12,6 nd the three Stage 2
M Naruki [KEK High-resolution Search for a* Pentaguark Inap -> KX Reactions Stage 2
toru @ ry of 107" with a Slow
¥.Kuno Osakall Stage 1
S. Ajimura, A Sakaguchi (Osaka U Exclusive Study on the Lambda-N Weak Interaction in A=+ Lambd; }|Stage 1
T25 |SMhara KEK |Extinction Measurement of J PARC Proton Beam at K1.88R Test Experiment
SeercrTor oo e xeTT
K.Ozawa KEK |modification in the in-medium w->x"y decay. Stage 1
TNagae [Kyota U Search for a nuclear Kbar bound state Kipp in the d{n* K') reaction Stage 2
Search f udear bound inthe %75 ¢+ ™0 (2-1) reaction
HORrishi RIKEN b Sy eptey (T ) Stage 1
HNoumi |Osska U Spectroscopke study of hyperon resanances below KN threshold via the (K n) reaction on Deuteron Stage 1 K1.28R weise, Shimizu, Imal Kihimoto
'schedule and beam time:
T32 |A Rubbia ETH, 2urich Towarss & Long tlon 100 kton Liguid KLIBR  [Blucher, Inoue, Louis Kieinknecht
|Argon TPC detector at Ok poraded |- PARC Neutrino beam PN
Bhucher, Louis, Gross-Perdeckamp,
P33 WM. Shimizu INagoya Ll of Neutron Deferred Linac et ot kit

~—— J-PARC PAC Approval summary after the 15th meeting -— Progasals
‘ o o and cuts Browger e, sckamp,
N Safto, M. Wasakl  [KEK, RIEN it D Mot S FARE o stage 1 MF o i
umﬂ.ssmm eskaly | MERSLIEMENt OF F{Ks > €4 YM/T{Ks > s v)and Search for heavy sterke neutrinos using the TREK e (RTRE Lok st
y et
K Miva Tohok U of sections of (3K (Gross-Perdekamp, Dote, Nagae, Imal
Pa1 Mokl Osaka Ll A4 e foru — Nudlear Fleld 107" with Pulsed Proton MLF mmm—.w.m
u | Dibaryon Kie Kishimoto, Dote, Nagae, Sakural
T43 Kok RIKEN Test of Hadron Blind Detector and GEM Tracker for the J-PARC £16 Experiment K1.18R
T44 | TKoike Tokoku U :,_m":“m i e KIIBR  [Discussion in the sub-committee
P45 |KH Hcks, H.Sako  (Ohiol, JAEA 3-Bocy Hadronic Reactions for New Aspects of Baryon Soectroscony Ki.e 'Shimizy, Dote, Nagas
P46 |K Ozawa KEK EDIT2013 beam test program KIIBR  |Discussion in the sub committee
Declsion In PACTS

36
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Physics output (S = -1) | \

j- E10 |

4B weak

nuclear = E
interaction
TOR— neutron-rich
\ A-hypernuclei /

D ‘ y
E13 | spectroscopy 1 7 o (weak) decay
p

medium \
effect quark
substructures

low-energy
o/~Y interaction
. : )

E18
E22
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J'-PHHE

E13 experiment Iayoutj

y-ray spectroscopy of hypernuclei

< further study of AN interaction: 4He,, 1°B,, 11B,, 1°F,

AN-ZN coupling and 3-body force
& charge symmetry breaking (An # Ap?)

« radial dependence (interaction range)

< g, in a nucleus from spin-flip B(M1): 7Li 5

[

UM

SksMinus + HyperBall

Hyperball
Project

Q@
J-PARC

S
0

Ge crystal

BPER
Batl

SUppressor

K" beam

PWO
suppressor

Ge
cooling
system
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Physics output (S = -2) | \

(&/
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H dibaryon

existence
strangelets
H particle
spectrosco A g weak) deca

/

low-energy
Y-Y interaction

nuclear
models

« E42
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K0

with SKS+

EO5 experiment Iayoutj AXiS

% first spectroscopic study of
S =
in (K-,K*) reaction

L)

?

on) on) o) o

o] ="
=y

S

,ff_r' —

IJ

Spectroscopic study

ok — of Z-hypernucleus, 12Be,,
AL ﬁ% via the 12C(K-,K*) reaction

3
(]
L

T

<+ =N interaction

-2 systems

attractive or repulsive
depth of =-nuclear potential
isospin dependence

=N-AA coupling force

SksPlus

SKS

New
D-Magnet

XD Cs
SDC6
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Summaryj

= ® | ast but not least results from FINUDA:

& first experimental evidence for
the heavy hyperhydrogen °H,

y Japaﬁzow

__

& first direct observation of
2 o/ induced hypernucleus weak decay

0, Tokyo, Japan, May 17, 2013.

. ® FINUDA could be considered °/
- anideal bridge between --
:  the KEK and the eras: S PARC

we are now looking forward for
new and exciting world class results

o -
INEN
(o
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