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Overview of/ Motivation for

Hypernuclear Physics

Bringing Heaven to Earth

Josef Pochodzalla
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Neutron stars are Superstars

super high density

super strong magnetic fields
super fast rotation

super strong gravity /in Matter

~104

2GM

~100 miIIion
neutron stars

~10 billion
white dwarfs

in our galaxy ~300 billion stars
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First multi-messenger A |
observations of a binary
neutron star merger

Constraints in radius,

With improved sensitivity
to post-merger spectrum S T
= EOS 1A

. . . . Optical >
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sl EOS from Astronomical Observation Sz

Emel Annala, Tyler Gorda, Aleksi Kurkela, andAleksi Vuorinen

arXiv:1711.02644v1 eéclluded by
tida
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sl 5 decades of hyperons in neutron stk

N STAR MODELS

. W. CAMERON
L . S, I b Y SSIENENY < N SN <. RO |

DEFNAM © PANIS BV 40 A

sometimes with other

Alastair G.W. Cameron, Astro




sk Hyperon Puzzle A

Cameron 1959,
Ambartsumyan & But:

Saakyan 1960

o P> Py the appearance of hyperons
= relieve of Fermi pressure
= softer equation of state

Hn (P ) — reduction of maximal mass
mY
/’ln(pF)
m, m,
e +p—o>v, +A P, +m, >my

m,=1116 MeV, m = 939MeV = p., ~600MeV =3fm™

non-interacting Fermi-gas: p =

HA = HUn

3
pF,n

2
T

= Pea(p) =1.7fm™

— appearence of hyperons at p, = 5.5p, 12 km
with interactions p, =2 -3p,

, M(PSR J1614-2230) =1.928 + Mg
M(PSR 10348+0432)=2.01 + 0.0/ Mg
M(PSR J1946+3417)=1.828 + Mg

P. B. Demorest et al., Nature 467 (2010)
update: E. Fonseca et al., ApJ 832, 167 (2016)
J. Antoniadis et al., Science 340 (2013)

E.D. Barr et al., MNRAS 465, 1711-1719 (2017)




isll Possible Solutions to the Puzzle Grm

YN and YY Interaction

>

YY vector meson
repulsion: ¢ meson
coupled only to
hyperons; yielding
strong repulson at high p
Chiral forces: YN from
YEFT predicts A s.p.
potential more repulsive
than from meson
exchange

J. Haidenbauer, U.-G. MeiBner,

20}~ N. Kaiser, W. Weise DOI:
10.1140/epja/i2017-12316-4

exchange
20

Hyperonic Three- Quark Matter
body force > Phase transition to
Natural solution based deconfined QM at
on the known densities lower than
importance of 3NN hyperon appearence
forces in nuclear
physics > That requires QM which
(i) is significantly
repulsive
» (ii) attractive enough
Y. Yamamoto, T. Furumoto, N. to avoid reconfinement
Yasutake, Th. A Rijken,

Phys. Rev. C 90, 045805 (2014)

* hyperon mixing
« 3 Baryon repulsion in NNN and NNY

* hyperon mixing
« 3 baryon repulsion in NNN

.
.....
-

* no hyperon mixing . .
* no 3 baryon repulsion 6 lnsplred by

I. Vidana






@ Nomenclature

» a hypernucleus is specified by
the number of neutrons N
the number of protons Z
the number of hyperons Y

ber of f element
number o _
baryons KBX

total charge
N+Z+Y

(not number of
_— Y protons)

(number of)

hyperons
Y

since we have more than one hyperon (A, -, 29 one usually writes
explicitely the symbols of one (or more) hyperon

examples:
A — 1lambdas Be — 4 protons
fH —{ H —1 proton /\1/(\)56 —JAA — 2 lambdas
4 54-1-1=2 neutrons 10 — 10-4-2=4neutrons
1p+2n+1%°
+He —2p+1n+1x° indistinguishable

3p+0n+1%



sk How it began Frm

Marian Danysz, Jerzy Pniewski, et al. Bull. Acad. Pol. Sci. IIT 1, 42 (1953)
Marian Danysz, Jerzy Pniewski, Phil. Mag. 44, 348 (1953)

-/

/‘cosmic

|

5

|
f

S 80mm 510
c  300000km/s
7(A) =2.6-10s

= typical for weak decay




s The second event COMPTES RENDUS  &™..

DES SEANCES
DE L’ACADEMIE DES SCIENCES,

CONFORMEMENT A UNE DECISION DE L’ACADEMIE

PHYSIQUE NUCLEAIRE. — Emission probable d’un f}:r.!gmmﬁ nucléaire contenant
une particule V°. Note de MM. Jeaxy Crussarp et Daxier. MorgLrer,
présentée par M. Louis Leprince-Ringuet.

SEANCE DU 5 JANVIER 1953.

probable. Un méson = est exclu (scattering trop faible). Un noyau lourd plus
rapide est impossible (absence de rayons ¢). On ne peut affirmer que la
particule s’arréte en A, mais sa vitesse résiduelle y est en tous cas trés faible.

-

‘2° I paraft préférable de rapprocher céﬁpﬁé;ﬁ-ﬁné'ne d’un cas observé
récemment par Danysz ("), dans lequel un fragment lourd (Z>:8), émis




@ Nuclear Emulsion

» Cecil Frank Powell (1903-1969)
> Nobel Prize in Physics 1950
» Multiple layers of emulsion
were historically the first
means of visualizing charged
particle tracks
> very high positional precision
> ionisation density (dE/dx)
> range
» 3-dimensional
view of the interaction

> An emulsion is made, as for photographic film,
of a silver salt, (AgBr), embedded in gelatine
and spread thinly on a substrate.

> grain size 0.2-0.5um (today: 40nm)
» during developement excited grains are
reduced to elemental silver

> density 3g/cm3

» Data acquisition by automated means (e.g. by
scanning the film with a CCD camera) is now possible.




sy Decay-pion spectroscopy in emulsio Grm

Example for ,*H (2-dimensional projection)

e result is that the event is consistent only
with a , H* fragment undergoing mesonic two- AH*-HE*+ T +@,

body decay. The binding energy of the A in j H*
is then !BI& =2.6+1.0 Mev | Evhich is consistent where|@Q =54.6+1.0 Mev.
also with other measurements of this quantity.”®

A.G. Ekspong et al., Phys. Rev. Lett. 3, 103 (1959)




iy Emulsion results on ,4H and ,*He W

\ M. Juri¢ et al. NP B52 (1973) f | [
7} G. Bohm et al. NP B4 (1968) - rom nuclear emulsion

] W. Gajewski et al. NP B1 (1967)
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» only three-body decay modes used for hyperhydrogen

» 155 events for hyperhydrogen, 279 events for hyperhelium




sk World data from emulsion (1973)

. Juric at al, Nucl. Phys. B52, 1 (1973)
4042 uniquely identified events in 1973

1
N
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Be
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sk Weak decay of A hypernuclei

mesonic decay

of hypernuclei

pr=270MeV/c

non-mesonic
decay
of hypernuclei

N
py=100MeV/c

A

L-L-!IH

A — pr +38MeV (64%)
A > nz’+41MeV (36%) suppressed by
r, =263ps Pauli blocking

weak AAK vertex!

Al=1/2 rule but the lightest

hypernuclei

> gq~400 MeV/c = probes short distances of baryon-baryon weak interaction
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Three-body forces in Hypernuclei Zrm,,

Bogdan Povh, Michael Uhrmacher
Physik in unserer Zeit 5, 138 (1981)

emulsion =

(K'_‘I') —t—

(a" K

(e.e’K") +—v—

AN + ANN (Il) —o—

Stefano Gandolfi Diego Lonardoni,
arXiv: 1512.06832

Three baryon interactions involving hyperons are essential
= precission studies of light hypernuclei



- 7
Y The twofold way to hypernuclei A




sy Missing Mass & Decay Spectroscop vim

Cosmic ray interactions (Emulsion)
Heavy Ion (HypHI, STAR, ALICE, CBM...)
Precission Pion Spectroscopy (MZ)
Antiprotons
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Neutron Number




W Past Hypernuclei Activities Zhv .

> Singl'e and double A hypernuclei existA
» The A potential of is about 2/3 of the nucleon potential

» The spin-orbit potential is very weak

W L - — —




sl Hypernuclear Activities Today fom

>

<33
&

KAOS @ MAMI

BM @ N, MPD @ NICA

} =
( \\ sFRS/CBM @ FAIR

Ty
T,

™. HKS2 @ JLab

ALICE @ LHC

Tools Methods Observables

* heavy * missing tudies * masses

« electro * invariant mass studies « excitation spectru

« photon » y-spectroscopy « lifetimes f
« meson b&ams » m-spectroscopy * branching rations

. antlproton’Beams  FSI * Cross section
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% HIM

Helmholtz-Institut Mainz







sy The Hypertriton Puzzle .

Do we understand the simplest Hypernucleus?

3 :
M. Juri¢ et al. NP B52 (1973) 1H from nuclear emulsion

o)
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sy The 3,\H Puzzle: Part 1 - A Binding Energy B

Helmholtz-Institut Main

» 3,H is most fascinating halo nucleus

« Binding energy ~130keV = Characteristic length of two-body s-wave
halo system small

(Ar?) =1n* / (4uB) —i"—10fm

KiRIisager,D.V.FedorovandA.S.Jensen,
Europhys! Lett 49, 547 (2000)

ratio of halo and core-potential
square radii

scaled separation energy



@ The 3,H Puzzle: Part 2 - Lifetime Frm .,
/\

H lifetime(ps)

3
A

PR136,B1803(1964)

small binding energy ?

R. H. Dalitz, 1962
R. H. Dalitz, 1963
(] M. Rayet, 1966
B. Ram, 1971
H. Mansour, 1979
66(19’70) waun J. G. Congleton, 1992
H. Kamada, 1998

PR180,1307(1969)

NPB67,
PRL20, 269(1973) STAR
819(1968) SCIENCE

PLB.754,360
(2016)

GSI
NPA913,
170(2013)

46(1970)
4 free A (PDG)

- ree A (STAR)

STAR arXiv:1710.00436v1 [nucl-ex] 1stOct 2017

ALICE, preliminary
237%33 5.(stat.)+17(syst.)ps

small lifetime



v Approaching the 3,H Puzzle Grm

small binding energy ? small lifetime

» New precision mass » new lifetime measurements
measurement at MAMI in - 2019: ELPH (y,K*)
2019 - 2019: WASA @ GSI/FAIR

Make use of excellent beam 2018: ALICE - end Run2: 2x

quality at MAMI statistics
Precision absolute energy ] 2023: ALICE - end run 3: 200x

calibration interference of stat.
undulator radiation «  202x: J-PARC (n-,K9)

DCM Cascade ® STAR Preliminary
UrQM-+hydro Model /A E864/AGS
] AN meltin STAR(S
STAR(Sci
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bsll Production of AA Hypernuclei Grm

simultaneous implantation of two A’s impossible
Z-conversion in 2A:  E+p —»A+A +

—large probability that two A’s stick to same nucleus

primary
production of
of &

capture

of Z-in
secondary
1000 target;
atomic
800 transistion

600
Ep=>AA
conversion
vy-decay and

et weak decay
0 1000 2000 3000 4000
PROJECTILE MOMENTUM (MeV/c)

400

Q)
>
(]
=3
=
=
}_
=z
i
=
)]
=
=
O
@
L
o
>
2

> two-step process
— spectroscopic studies only via the decay products



6y Hypei‘nuclei el

» nuclear fragments = emulsion hadron+nucleus
> detection of charged products only
> limited to light nuclei
» Wweak decay products — BNL-AGS E906 Be(K-,K*H)X
> resolution limited
> no information on excited states
> interpretation not unique because = momenta are similar

> v- spectroscopy — PANDA P+A

> no excited states observed yet, but theoretically predicted
» How to identify the nucleus ?

hyperon-
antihyperon

0 EIRRIE 1 ooo Ooo oo :
tWIﬁDD[DDD o oo ofg prOdudlon

at threshold;
rescattering = trigger

capture
of Z-in
secondary
target;
atomic

90 100 110 120 130 140 150 16dQ
P_ (MeVic)

T0wm




Helmholtz-Institut Main

sl The first event (1) 7

VoLuME 11, NumBer 1 PHYSICAL REVIEW LETTERS 1 Jury 1963

OBSERVATION OF A DOUBLE HYPERFRAGMENT

. Danysz, K. Garbowska, J. Pnlewski, T. Pniewskl, and J. Zakrzewski
Institute of Experimental Physics, University of Warsaw, Warsaw, Poland
and Institute for Nuclear Research, Warzaw, Poland

and

E. R. Fletcher
H. H. Wills Physics Laboratory, University of Bristol, Bristol, England

and

J. Lemonne, P. Renard,* and J. Sacton
Université Libre de Bruxelles, Bruxelles, Belgium

and

W. T. TonerT
CERN, Geneva, Switzerland

and

D. O'Sullivan, T. P. Shah, and A. Thompson
Institute for Advanced Studies, Dublin, Ireland

and

P. Allen, 8r.,M. Heeran, and A. Montwill
University College, Dublin, Ireland

and

J. E. Allen, M. J. Beniston, D. H. Davis, and D. A. Garbutt
University College, London, England

and

V. A, Bull, R. C. Kumar, and P. V. March
Westfield College, London, England
{Received 3 April 1963)

p  Durong i systernadic sean for intzractions of of u? ihe charped pucticies mvolrzld ia hese
1.3- and 1.5-GeV/c K~ mesong' in emulsions processes are summarized in Table I. All rea-
- irraoisted i the seperated £ meson >am at sonaie Inta+etations of this 2'raay, cther than

CERHN,® an event has been found which is inter-

rmmrrmtbmrd e e rrvrmrrdnnem bt e el s b T et R P T S e

that of a =~ hyperon capture at K leading to the

D P T T T T T T T

T T



sl The observed first event =N

- 3
&

= 4+p—o A+A+28.5I\/IeV|

FIG. 1. A photomicro-
graph and a schematic
drawing of the production
of a =~ hyperon in a 1,5-
GeV/c K~ -meson interac-
tion at A followed by cap-
ture at rest of the = hy-
peron at B with the emis-
sion of a double hyperfrag-
ment decaying in cascade
at C and D.

1.5 GeV/c l

-

[1]




s Analysis of the Danysz-Event G

» Ionisation density = dE/dx = charge, momentum
» Range = mass, charge, momentum

Star D

Binding energy
ot % A® hyperen rymaran in the
in the dmi;:i?e HF Decay mode of the ordinary HF  Momentum
Decay mode of the BA(J’LAZ] resulting ordinary BA(AZ) unbalance
double HF (MeV) HF (MeV) Ap(MeV/c)
\ABe”—vﬂBe“ H'+ 7~ 11.0+0.4 ABe9——2He*+H1+n' 7.2%0.6 20 £12
mBe“ﬁﬁBehHHnw- < 7.60.7 ABes—-2He‘+H1+ﬂ' 7.2%0.6 20£12
xﬁBe“—*ﬁBe“H H' +7~ 11.1%0.4 ABe‘”—~2He‘+ H2 + 7~ 7.5%0.6 17 £20
mLi”—-ALiHH‘w' 10.8%0,4 ALi*-He‘+H2+HI+n* 6.5+0.6 40 £14
"LALiL'ALihHun_ - 1rlxéq in_cio Til — Hel + W3+ 1 + 7~ 5.4+0_A 97 £15
\ALi‘n“ALi3+H1+n+ﬂ-d a C_)AABe+p+2n 27 £15
Ls%Be » °Be+p+n
12 |—>A98e—>a+a+p+7z‘;§ L8

aTh(:: errors given for the angles include those resulting from measurements. The errors in ranges take into
account, apart from measurement errors, also those resulting from straggling.
The interpretation in terms of a , 4 Li®»®!® hyperfragment requires the emission of an additional charged par-
ti%le from star B which does not give rise to an observable track.
Large errors in the determination of the range and direction of this track results from the observational dif-
ficulties and are to be treated as maximum errors.
A capture star is observed at the end of this track.




sl interaction?

» The binding energy B, of a A particle in a hypernucleus can be
determined from at point

» for example

m(38e) = mle) - m(e) - m(p) () + ST

B, (.Be) = m(°Be) + m(A) - m(fBe)
= m(°Be) + m(A) - m(a) — m(a) - m(p) -m(z") - > T,
m(\Be) = m(Be)+ m(p)+ m(x") + 3T,
B, (.'Be)= m(Be)+m(A)-m( \'Be)
_ m(A‘-’Be) + m(A) - m(fBe) -m(p)-m(z") = > T,
= m(A) - m(p) —m(z") =D T,
B,, (AlAOBe) = m(SBe) +2m(A) - m(ffBe)
= m(®Be) +2m(A) - m( ?Be)- m(p) - m(z ) - > T,,
= m(®Be) + 2m(A) - 2m{a) - 2m(p) = 2m(z ) = > T,

> Problem: if excited states in °,Be involved — B, , overestimated
> Result: B,,=17.5+0.4MeV



bskl Production analysis

Capture of the negative =Z by an atom
=-Binding energy B-
B,, from point

m(2) - B. + m(**C) = m( \’Be) + mCH) + Y. T},
m( wBe) = m(E) - B, + m(*C)-mCH)- T/,
B, (ivBe) = m(°Be)+2m(A) - m( \'Be)

= m(SBe) +2m(A) - m(E) + B, - m(**C) + mCH) + > T},

> B,,=10.9+0.6MeV
> Lower limit



bsk First approach to the AA interaction

» We are mainly interested in the additinal binding energy between
the two A's

— ABAA(A/'\AZ)

BAA(AJ,\AZ) _BA(A;&Z) _BA(A;\lZ)

» in the case of the Danysz-event one obtains

B, . (,"Z) =B,(,%Z)+B,(*Z)=(17.7£0.4)MeV
AB, (,°Z)=B,(,"2)-B,(*Z) =

(

» positive = attractive interaction AB,, iS

» this is the net AA binding provided that proportional
> the core is not distorted by adding one A after the other [J{SRialsRNIalSiale
> the core spin is zero energy of the

» no y-unstable excited states are produced Eirgs:ced




sk The Prowse Event (1) Grm

VoLUME 17, NuMBER 14 PHYSICAL REVIEW LETTERS 3 OcTOBER 1966

A hHee DOUBLE HYPERFRAGMENT™

D. J. Prowse
University of Wyoming, Laramie, Wyoming, and University of California, Los Angeles, California
(Received 14 July 1966)

An event has been found in an emulsion stack chain is a double hyperfragment, there are
exposed to about 10° K~ mesons at 4 to 5 BeV three interpretations involving double hyper-
which appears to be consistent with the produc- fragments and a relatively stable recoil frag-
tion and decay of a p pHe® double hyperfragment. ment which balance momentum, and which are
It confirms that double hyperiragments exist consistent with the capture of a =~ hyperon
and confirms the value of the low-energy A-A by a light emulsion nucleus.
interaction, first measured by Danysz et al.,! These interpretations, shown in Table I,
at sume 4.6+ 0.5 MeV, — are p pHe® together with Li’, , JHe" with Be’,

Description of the event.— (1) Production: or g pLi" with Be'®. The visible energies for
The event shown in Fig. 1 is initiated by a =~ each of these possibilities are 14.5, 18.3, and
hyperon which is apparently captured at rest 23.9 MeV, respectively. The @ values for the
by a light emulsion nucleus producing only two nuclear capture of a =~ hyperon giving two
products, which are collinear. Their ranges free A hyperons are negative except for the
are 13.4 and 30.0 pu; the shorter track appears AAHe® possibility. The total binding energies
by inspection to be caused by a fragment of of the A hyperons necessary to explain the mea-
a higher charge than the other track, Assum- sured visible energies are 10.9, 27.8, and 32.0
ing that the fragment initiating the two-star MeV, respectively.

782



W The Prowse event (2) Al

» interpreted as ,’He

> very likely no excited state OUT 0F, STACK
» Core spin is zero G et et s counen

B,.(,’He) =(10.9+0.5)MeV
AB He) =

6
AA(AA

> ho independent study of the
event

» reconsidered by Dalitz et al.,
Proc. R. Soc. Lond. A426, 1
(1989)

» event is now regarded as
questionable

FIG. 1. Drawing of the event.
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W Pros and Cons of Emulsion Techniqu qdss

excellent track resolution

time consuming analysis: it just takes a long time to find the very few
interesting events

» higher K-rates needed

» combine emulsion technique with electronic counters
> use (K,K*) to produce ="
> track K- and K* to determine interaction point in the emulsion/target
> e.g. suggested 1989 by Dalitz et al.

Simicrostrips emulsion stack

S
Liguid hvdrogen target % ’ aerogel
W %

Cherenkov

FicUrre 3. Nchematic diagram of proposed hybrid emulsion experiment to study double
hypernuclei. (pe is drift chamber and 8 is scintillator.)

» applied by KEK-E176 and KEK-E373 collaboration and today EO7@3J-
PARC




sk The KEK-E373 Experiment G

KEK proton synchrotron
1.66 GeV/c K- beam

Tracking Detector Emulsion

1.67GeVi BEEE )

K- beam

o2 Madg.
SciFi Block

Specti

K
IB F‘-
DC:

VH,BVAC ,FAC

Heavy Metal !
Collimater BPC
- T 1 BAC1,2 I
A —t-
BPC3 BrPG4 12
[

Dizmonad Targe!,
Emulsion, SciFi
Sysienm




s KEK-E373: the NAGARA event AT

» H. Takahashi et al., PRL 87, 212502-1 (2001)
> hybrid emulsion technique
> Cleanest event so far (also theoretically)

E +'”C — “He +t+  °He

6 5 =
wHe - He+p+r

— AB,, = +1.01+0.2'%MeV

» inconsistent with Prowse
event

» one additional event
» Demachiyanagi-event:

10
wBe




isv Double Hypernuclei Today

% HIM

Helmholtz-Institut Main

H. Takahashi et al., PRL 87, 212502-1 (2001)

B

#

Nucleus

ABan(2,2) (MeV)

Experiment

Reference

Remark

.i.' 1Be

4.3+04

Danysz (1963)

[77, 78]
[74]

K~ + nuclear emulsion;

A Bx a consistent with
NAGARA if decay to } Be*
at E; = 3MeV [81, 11]

4.7+0.6

Prowse (1966)

[108]

K~ + nuclear emulsion
only schematic drawing

—4.9£0.7
0.6 0.8

KEK-E176 (1991)
Aoki event

[20, 245]
[88, 24, 172]

hybrid-emulsion
(K™ K=,

':'F“!.Oj}j}{j{i

0.67 £ 0.17

KEK-E373 (2001)
NAGARA event

[226, 172]
[11]

hybrid emulsion

—1.65 £ 0.15

KEK-E373 (2001)
DEMACHIYANAGI event

[10, 172]
[11]

Baa consistent with
Danysz if E; ~ 2.8 MeV

3.77T£1.71
3.95 £+ 3.00 or 4.85 £+ 2.63

KEK-E373 (2003)
MIKAGE event

[227, 11]

2.00 £1.21
2.61 = 1.34

KEK-E373 (2010)
HIDA event

[172, 11]

=" p—o>AA+28MeV




s E07 @ J-PARC L

The EO7 experiment
with a hybrid emulsion method

; Enulsion
Ge (Hyperball -X) Stack ] ZP=AA +28 MeV

o

1.8 GeV/c

%ﬂf

KURAMA Magnet

1. Pure K-beam
Emulsion Stack ( X 3.5 than KEK-PS)
2. Enough emulsion volume

(x 3 than KEK-E373)

= 10 times statistics
e of E373

+ 11 + 1 = 13 plates /1 stack
Thin plate Thick pl. Thin pl.

1

> Beam exposure has successfully been performed for all emulsion
stacks in 2016/2017

auto-scanning has started

limitation: only ground state masses for AA-hypernuclei can be
determined



% HIM

Helmholtz-Institut Mainz]

sy DIE WELT 4. September 2001

Maschi deln die modernen Materie ineinander um oder erzeugen gar Materieformen, die es auf der Erde iiberhaupt nicht gibt. Das Foto zeigt eine Kernfusionsanlage in Neu-Mexiko

Doppelt seltsame Atomkerne synthetisiert

Nach 40 Jahren gelingt Physikern in den USA die Herstellung von exotischer Neutronenstern-Materie

VON BRIGITTE ROTHLEIN

Brookhaven — Drei Jahre nach Ab-
schluss einer Serie von Experimen-
ten konnten Forscher im Brookha-
ven National Lab auf Long Island
bei der Auswertung der Ergebnisse
eine bisher nicht bekannte Art von
Materie nachweisen. Sie entstand
1998 bei Zusammenstofien von
Wolframatomen mit superschnellen
Protonen.

Die Physiker sprechen von ,dop-
pelt seltsamen Kernen“ und bringen
damit zum Ausdruck, dass sich bei
den Kollisionen im Beschleuniger
ein Komplex aus mehreren Teilchen
gebildet hat, der normalen Atom-
kernen nicht unéhnlich ist. Das Be-
sondere daran ist jedoch, dass diese

Gebilde je zwei ,seltsame” Teilchen
enthalten

Die Experimente von Teilchen-
forschern laufen in Sekunden-
bruchteilen ab. Man lisst dabei be-
schleunigte Elementarteilchen auf
Ziele prallen und untersucht mit
Hilfe grofier Detektoren, welche
Bruchstiicke dabei entstehen. Die
Vielzahl der in den letzten Jahr-
zehnten auf diese Weise entdeckten
Teilchen hat gezeigt, dass sich unse-
re ,normale“ Materie auf zwei so
genannte Quarks (mit den Namen
»up“ und ,down“) und Elektronen
zuriickfithren ldsst

Daneben gib es aber auch noch
exotische Arten von Materie, die aus
schwereren Teilchen bestehen und
auf der Erde iiblicherweise nicht

vorkommen. Zur Unterscheidung
erhielten die Quarks dieser Materie
die willkiirlich gewiihlten Namen
wstrange® (seltsam) und ,,charme*

Aus den Millionen von Daten, die
wiahrend einer Messkampagne ent-
stehen, miissen die Physiker am
Ende die wirklich relevanten ,Er-
eignisse® herausfinden, die sprich-
wortliche Nadel im Heuhaufen. In
Brookhaven hat sich die Miihe of-
fenbar gelohnt; aus 100 Millionen
infrage kommenden Ereignissen
filterten =~ Computer  zunichst
100 000 heraus, unter denen man
dann 30 bis 40 mit den gesuchten
Eigenschaften fand. ,Hier wurde
zum ersten Mal eine groBere Anzahl
von seltsamen Atomkernen er-
zeugt”, erklart Adam Rusek, der

stellvertretende Sprecher der 50 be
teiligten Physiker aus sechs Lén
dern.

40 Jahre lang hatte man in den
USA, Europa und Japan nach den
Gebilden gesucht, aber nur je eines
davon gefunden, zum Teil mit zwei-
felhafter Sicherheit. Nun gelang es
nachzuweisen, dass iiber einen
mehrstufigen Zerfallsprozess
Strukturen entstanden waren, die
aus einem Neutron, einem Proton
und zwei Lambda-Teilchen bestan-
den. Diese enthalten je ein up- und
ein down-Quark und ein seltsames
(strange) Quark. Die Lambda-Paa-
re sind nun die bejubelten , doppelt
seltsamen Kerne“. Es ist allerdings
sehr schwierig, sie naher zu unter
suchen, da sie bereits nach weniger

als einer Milliardstel Sekunde wie-
der zerfallen

Die Forscher erhoffen sich vom
Studium der seltsamen Kerne Er-
kenntnisse iiber jene Krifte, die
zwischen den Teilchen wirken. Da
raus wollen sie Riickschliisse auf die
Prozesse in so genannten Neutro-
nensternen ziehen. Diese Himme
korper entstehen, wenn heifle Ster
ne am Ende ihres Lebens ausge
brannt sind und in sich
zusammenstiirzen. Man vermutet,
dass sie groBe Mengen seltsamer
Teilchen enthalten und dass sie der
einzige Ort im All sind, wo seltsame
Materie stabil existiert

(i1l Weitere Informationen im Web
=21 www.bnl.gov




s The E906: °Be(K-,K*n-r-) frm

Doube Hypernulei [PZ" —» Z+ X
— 7 +2(Z+1)
> 7 +'(Z+2)

Twin Hypernuclei 7" —» "Z +%Z + X

Aerogel Counter TOF Wall

Drift Chambers G
BD1,2

Coll plus booster

Field Clamps 48D48, E813

\
Cylindrical Drift
Chamber

Hodoscope

f=]
137 kG x L.5m
w/pole ti
K Beam

* Large solid angle (65% of 4 )
* Good dp/p resolution (~ 4% rms at 100 MeV/c)

* High rat
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consistent with#
single A -
hypernuclei

s E906

> 9-1011 K- on Be target

» 1.1-10° trigger twin
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W The E906 strategy alll

fully electronic detector
use p(K-,K*)=" to produce = on a nuclear target
=-p—AA conversion after capture by another target (°Be)
Identification of AA hypernucleus through sequential weak decay via
n~ emission

» in light nuclei the pionic weak decay significant

» the pion kinetic energy is proportional to AB,,

» coincidences between two pions help to trace
the decay of the AA-nucleus

YV YV Y V

> example A/?Li wLi— JBe+

Be > °B+n

AAgLi > fBe+7z*
~116MeV/c fBe

momoenergetic

depends on AB,,
’Be » °B+rx”
p. =97MeV/c
monoenergetic




6y E906 — What is it? G

VOLUME 87, NUMBER 13 PHYSICAL REVIEW LETTERS 24 SEPTEMBER 2001

Production of x'{ H Hypernuclei

J.K. Ahn." S. Aiimural.l” H. Akikawa,’ B. Bassalleck. YA Budw D. Cmm.ur R.E. Chrien,' C.A Davis.®

11

P. Euga.4 ’ " K. Imai.’

S-H. AAH = Ty 3 N8 = Boge & 7797|v|eV/c +* H taniny

M. Ma,,
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PHYSICAL REVIEW C 66, 014003 (2002)

Pionic weak decay of the lightest double-A hypernucleus % \H

3 6

[zumi Kumagai-Fuse and Shigeto Okabe
Center for Information and Multimedia Studies, Hokkaido University, Sapporo 060-0811, Japan
(Received 31 December 2001; published 22 July 2002)

PHYSICAL REVIEW C 76, 064308 (2007)

Reevaluation of the reported observation of the A;.“ H hypernucleus

S. D. Randeniya and E. V. Hungerford
Department of Physics, University of Houston, Houston, Texas 77204, USA
(Received 11 June 2007; published 10 December 2007)




s =~ Stopping & Fusion: Z~ +° Be - Li'G

*H + tHe + 3n

41446
iH+ﬁHe H+>He | 3+ 2H + *H+n
. " | [] L] (] |

*H + iHe + 2n
H + H + °H

A +,\H+4He+3'1

/\+ﬂHe+p |
*H + He A+%e+%
—_— A4+ 2n
— A+ H+*He+n |
A+%e+%
*H + He + n
*H + He

Threshold Energy (MeV)

—  A+%i+n

A+ 5L
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s Suggested decay mode (104/114) HEW

> PRL 87, 132504-1 mH = (He" + 7

(2001) “He' = H+p
> AB,, depends then p, = 4H * 3H 5 3He + 7~
on excitation energy 104MeV/c A € y
A

H+p 7_75.\,.e>A

E

m_ Lfa:shevije
3
‘ He

» Hungerford (HYPO3) an Ll wHe = [Li" +

. . . 77 ¥ 7 _
> requires isomeric _ Li—> 'Be+x
state at 3.8MeV P, ~104MeV/c s
(foraAB,, =0.5MeV)\ A
> Gal (HYPO3) 3.8 Mev
n— ’H+ 7z (104MeV/c)

9
for AB, =4MeV. o Be
3H S *He + 7 (114.3MeV/c) ALl

p_ =114 MeV/c




sy Can nnAA solve the puzzle? ZHm.

A. Gal, HYP2003

October 17, 2003

Another Possibility 4, ,n

104 X 114 MeV Lines 114 X 133 MeV Lines

(assumes single A binds to nn by 0 MeV

3 o . o1 / 1 o r T oy - .
aall (assumes single A binds to n by 0 MeV) 4 A\ and nn adds 2 MeV binding)

Al

AN
N\ (1143 MeV/e)
\
\
\\
4
3He

HYP2003




sy Are nAA and nnAA bound ? .

» AAn possibly bound

week ending

PRL 110, 012503 (2013) PHYSICAL REVIEW LETTERS 4 JANUARY 2013

Strangeness — 2 Hypertriton

H. Garcilazo' a .

'Escuela Superior de Fisica y Matemadticas, Instituto Politécnico Nacional, Edificio 9, 077 xico Distrito Federal, Mexico
2Departamento de Fisica Fundamental, Un ad de Salamanca, E » Salamanca, Spain
(Received 19 October 2012: published 4 January 2013)

We solve for the first time, the Faddeev equations for the bound state problem of the coupled
AAN — ZENN system to study whether or not a hypertriton with strangeness —2 may exist. We make
use of the interactions obtained from a chiral quark model describing the low-energy observables of the
two-baryon systems with strangeness 0, — 1, and —2 and three-baryon systems with strangeness 0 and — 1.

" system alone is unbound. However, when the full coupling to 1s considered, the strangeness
yaryon system with quantum numbers (7, J¥) = l%. %J’ ) becomes bound, with a binding energy of
about 0.5 MeV. This result is compatible with the nonexistence of a stable ':‘\H with 1sospin one.

» NNAA may be bound (particularly if nnA is bound)
S=0, I=1, L=0

No Pauli blocking

Groundstate: J°=0*

calculation still rather schematic

J.-M. Richard, Q. Wang, and Q. Zhao, Phys. Rev. C 91, 014003 (2015)

YV VYV VY VYV

» If nAA and nnAA are bound, they might help to understand the
E906 puzzle
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skl The Discovery of the anti-Xi
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discovered simulataniously at CERN and SLAC
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FIG. 1.
event p +p—

B Sl ST R

Eo e

20-in. liquid hydrogen
bubble chamber is shown.

photographed in the BNL
The sketch of the event

as shown is labelled ac-
cording to the most like-
ly mass interpretation

for each observed track.
The numbers on each

track are those used in



JG’”| PANDA - a Factory for strange and charmed YY-Pairs G

® pp— AA
— A +ce.
§e ; X3
— 3%’
N

—_0—0

e

#’,.u.v-.-'-- e

®
! T |
Az’ ) Q0 AA

%j_\lj\sJﬂ¢ ¢|||||||TL|C|I|I|

6 17 18 19 2 21 2 4 6 8 10 12 14
Momentum [GeV/c] Momentum [GeV/c]

o
|

=
— =

BBy

1]l
[1]

S

Production Rates (1-2 (fb)/y)

S

i . ’ ~
Final State Cross scctlon{\ # reconstr. events/y

Meson resonance +anything 100ub S Hﬂ)ml
50ub 1010
2ub 108 (109)

250nb 107
630nb 109

3.7nb 107

20nb 107

0.1nb 105




sk Strange Systems at PANDA

=" production
PN— = +X D
.

rescattering in
primary target nucleus

Y
° M hyperatoms

Y

hypernuclei

atomic cascade of =-

=Zp—-AA conversion

fragmentation

— excited AA-nucleus
v-decay of AA hypernuclei

weak pionic decay



W =" properties determine setup ZHm.

> = mean life 0.164 nsec

—

(nsec)

—
o

Carbon
5mm+C

10mm +C

STOPPING TIME

—_
(=]

5mm+Si
10mm+Si

MOMENTUM (MeV/c

STOPPING PROBABILITY

MOMENTUM (MeV/c)

> minimizeminimize distance production
& capture

> initial momentum 100-500 MeV/c
» thickness od secondary target few mm Carbon

RANGE (mm)

500 750
MOMENTUM (MeV/c



sk PANDA-HYP setup
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