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Pioneers of Quantum Chemistry GUTERERG..

Wechselwirkung neutraler Atome
und homdéopolare Bindung nach der Quantenmechanik .

Vor W, Heitler und ¥, London in Zirich.
Mit 2 Abbildungen. (Eingegangen am 30.Juni 1927.)

Das Kréftespiel zwischen neutralen Atomen zeigt eine charakteristische qnanten-
mechanische Mehrdeutigkeit. Diese Mehrdeutigkeit scheint geeignet zm sein, die
verschiedenen Verhaltungsweisen zu umfassen, welche die Erfahrung liefert: Bei
Wasserstoff z. B. die Miglichkeit einer homdopolaren Bindung, bzw. elasti-
scher Reflexion, bei den Edelgasen dagegen nur die letztere -— und zwar

dies bereits als Effekte erster Niherung von T 3ei
der Auswzhl und Diskussion der verschiedenj ~ \ \ ch
das Pauliprinzip auch hier, in Anwesdung a1 ° I\ \ | .
5
Die Wechselwirkung zwischen neul ¢ \\\\ \\ ‘e~
tischen Behandlung bisher erhebliche Schi ¢ |\ " lhd
man sich von den Anziehungskraften de §’,,. \\ %’\ in
. . . 1w
einfaches Bild machen konnte, schienen ¢ o = }\>\ _,____..:>3 B 1t
Atomen, insbesondere die Maglichkeit ein :; I\ P -
ordentlich schwer verstindlich, wenn ma D -
klarungen greifen wollte 2. B mspatire Ansichom
E!g = elastische Reflexion.)

Zeitschrift fur Physik, 44, 455—472 (1927).



Traditional View of the N-N Interactichn: .

» Experimental observation

» short range (r<0.5fm) repulsion

» intermediate (r=1fm) strong attraction

» long range (r>1.5fm) attraction R. Machleidt,
» Boson exchange model - Adv. Nuc]. Phys. 19, 189 (1989)

» Yukawa (1935)
» Klein-Gordon equation

(6% + P ) p(x) = g7y

» range of N-N interaction R=z2fm
» R=hc/mc?2 = m=100MeV/c? = pion 0

-100 |-




Modern Version of B-B Interaction svris.

» Pauli Principle not essential for repulsive core: Spin ® flavor ® color

» Understanding baryons and their mutual interactions is a complex,
quantum-fieldtheoretical, non-perturbative many-body problem

arXiv:0909.5585v1

Rudolf Fiebig 1000 | 150 rsmrmrmgmrermmempmrmrmemmpermresmrpee |
B . m_=380 MeV
‘ . m,=529 MeV ]
- o m.=731 MeV a7 |
O k= "1
[ e f  as S0

500

Ve(r) [MeV]

o G

" from Lattice GCD

,1he achievment is both a computational tour de force and a triumph for theory*
Nature Research Highlights 2007



G-Paritat TG

»

strong interaction conserves isospin and C-parity

» G=charge conjugation + 180° rotation around 2nd axis in isospin

(Lee und Yang 1956, L. Michel 1952 ,Isoparitat™)
G=C.€"™

1,1, —— [1,=1, ) _emz 1,15)
reminder: rotation in space

Y|m(19,¢) exp(iﬂLy) N Ylm(19+72',72'—¢) _ (_1)IY|m(9’¢)

isospin rotation

|| ’|3> exp(izl,) >(_]_)I || ’|3>

article-antiparticle systems N N
p p y ﬂ_o> _ (_1)1C‘,,—0> —_

+0
)

G|ff)=(-1)'C[ff) = (-1)'"**

ff)

O O O O




G-Parity and NN Potential GUTERRG:,

» G-parity of particle-antiparticle multipletts
300

ff_> ‘1 rk pi;}c?re 1L1[]

G|ff)=(-D'C|ff)=(-'"*

G 7Z_i0> _ (_1)1C‘7Z_i0> _ _‘ﬂ_iO> 00 B | |

1 V [MeV] _
Clp)=(1°Clp)=+|p)
Glw)=(-)°C|o)=—|o) | "

G G>=(—1)OC|G>=+|G> 0

» Hans-Peter Durr and Edward Teller,
Phys. Rev. 101, 494 (1956) -100 1=

» sign change in coupling constant
when going from NN to NN | D |
-200 .
_ | 0.5 1.0 1.5 2.0
V(NN)(r) =DV, (r) > V(NN)(r) =) G,V,, (r) i
M M

» Caveat: meson picture will probably not work at small distance
» Chance to study transition from meson to quark-gluon regime



The present nuclear chart GUTENRERG..

Increasing strangeness

- H"'l.. o - ke
'-Tﬂ-" """h - ,a:“,. I}i YP2006

e e e e H. Merkel

"\n-":.._.- "."‘__..l- ""=' — ‘;
.-..¢ \'l"-t.-
-ﬁ",: "'"!I.- """ '5_,!’ i

- o
> 7l
i

Present limitations
» only single A-hypernuclei close to valley of stability
» only very few AA-hypernuclei events
» no information on antihyperons in normal nuclei



Understanding Nuclear Structure GUTENRRRG.

» Steven Stephen C. Pieper et al., 2002
» potentials with increasing complexity

205 - E
E =N Bed :
== \L".'-.._ 0+ 0 1:_:; ?—;: o+ Hetn B 2" ;

305 T “m0” =7 E
; 4H e SH e R -0 -t":;_ -

- He — ~u_3 E

5 400 <\ E

% - | no spin- _::-—- .

s 505 | orbit E

o3 = o+, -

-60 = — AVIS SBE E
g AV AVE .
: IL2 ]
70 = E

» spin-isospin and tensor forces present in long-range one- plon-
exchange are essential

» multi-nucleon forces are vital
» sub-MeV precission (~3 parameters only)




Nature of emerging structures GUTENRERG..

nuclear

reaction

VRN AT
» Hypernuclei offer a bridge between traditional nuclear
physics , hadron physics and astrophysics

» It helps to explore fundamental questions like
» How do nucleons and nuclei form out of quarks?
» Can nuclear structure be derived quantitatively from QCD?
» Properties of strange baryons in nuclei and structure of QCD
vacuum?
» Can we constrain the interior of neutron stars?

astroph



JP.; Nch Tnstr. and Methods in PhyS|cs Re,' 3 -B 214 149 152 (2004) gl _r
A Sanchez Lorente A. Botvma JP . gt LR e ey e
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The first event (1) GUTENRERG:,

» 1.3-1.5 GeV/c K+Emulsion; 31000 K-

VoiruMe 11, NUMBER 1 PHYSICAL REVIEW LETTERS 1 Jury 1963

OBSERVATION OF A DOUBLE HYPERFRAGMENT

M. Danysz, K. Garbowska, J. Pniewski, T. Pniewskl, and J. Zakrzewski
Institute of Experimental Physies, University of Warsaw, Warsaw, Poland
and Institute for Nuclear Research, Warsaw, 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. Toner?
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

» carefully reanalyzel= .o, wonon sl
p Q6B yiRd orfigwler N/ .M. «May es-andubkRvhtetcher

1.3- and 1.5-GeV/c K~ mesons' in emulsions processes are summarized in Table I. All rea-
» irrBigtity te teatated Proee RamSoC, Lo nAd2:60ns b @ 98O Jther than
CERN,” an event has been found which is inter- that of a = hyperon capture at B leading to the

mnatasd sm tha frsadsnantiam Aawmd ocnhooar st ws oo s [ TP S N TR T TP TAR T SR TR TR



The observed first event

GUTENRERG,.

1.5 GeV/c K

50pum

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.



Decay Products of AA Hypernuclei  sviss.

» nuclear fragments — emulsion hadron+nucleus
» detection of charged products only
» limited to light nuclei
» weak decay products = BNL-AGS E906 Be(K-,K+)X
» resolution limited
» no information on excited states
» interpretation not unique because n momenta are similar
» v- spectroscopy = PANDA p+A
» NO excited states observed yet, but theoretically predicted
» How to identify the nucleus ?

. hypenan-
twin 1 antihyperan
-~ 160 O o g 1ol TRaC Oooo OoOo oo :
-S_‘?_ [aN J=R=3n [x] Oo o0 M”?T .|:
> Sép@ﬁnﬂ@lleiluﬂD OO0 O oo at threshold; | - Kaons _
@ 150 &° O ol Joiojocfoono o000 rescattenn - trigpger
E - R = B 2dnmye ooo o | - ‘—":__._-' -
- [ ocojd0oo || O sa0,_00000 pO—
T qq - O Oo00og Oo Mwooo 1 GeWe Y)\./})
o (S e i | I gy e Y W= -
moodoOddo DDDDDDDDA . y =
cOocOoOOOO O odoo v i
130_ﬁ"DDD[DD odl OO0 I i
(= i gy du EjEgEpn | 7 .
puu% odocOg™MoOOoOo
120 o O¥OOo]00 glju 4 capture =
= EDDED*F oo of 2in | o [ _—
110 ;D@DDED [0l o l 11 secandany . \\\::L:,ﬂ ,'l
Lo oogdl][dd 2 target '-.‘__ _ .
ro NOzOo[d ’4 7 atomic % 5 O Y
[ 0O 0 y o r y N /"
100 Femoodo= 1 AA H’ AAHe 7 ransstoly L/ ('3“ SAY )
C ooOn ~/ w28MeV T\
woi™ 1 m E906 VARl
o or B13C [ EpeAn |
807|H\\|H||||||\H\\H||\|||H|\\HH\ CONVersior
80 90 100 110 120 130 140 150 160Q ::Ea;e:::;
P, (MeV/c) !




First approach to the AA interaction sV,

» We are mainly interested in the additinal binding energy between

the two As
= + + @
M(M ) _Bﬁ(ﬂTZ) _Bﬁ.(ﬂTZ) = ﬁ.(ﬁ.ﬁ. )

» in the case of the Danysz-event one obtains

B,\(,+Z) =B,(,~2)+B,(*/Z2)=@7.7+0.4)MeV
AB,,(,02)=B,(,Z)-B,(*Z2)=(4.3+0.4)MeV

note:

» 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 |[to the kinetic
» the core spin is zero energy of the

» No y-unstable excited states are produced g;‘gr?:ced




Double Hypernuclei — Status <2009 svEs.

s | - N
- s three-body frag.
— R, AaHe { mB 1
> 4 e T T B B I
E Prowse TR o SR
ST ' A E— ——— I — wWBe
5 ArBe (9Be*) .
(t)\B e " AA He i
n - _____\ ) ___C - _\__\__B _____ ®- - - -} ____
Danysz et al. (RC*) 0 Be i
AA Nagara event
A B  Demachiyanagi event
. J/
B S S — S E373
Be 1
I Aokietal] T
[ Takahashi et al.

» Interpreting AB,, as AA bond energy one has to consider e.qg.
» dynamical change of the core nucleus
» AN spin-spin interaction for non-zero spin of core
» AA-EN-XX coupling
» excited states possible, but have not been clearly identified so far



1/17
at HYP-X

 —
Double-A Hypernuclei via
Capture Reaction of = - hyperon at rest
in Hybrid-Emulsion Experiments

K.NAKAZAWA and KEK-E176 & E373 collaborators
Phys. Dept., Gifu Univ., JAPAN

Outline
1. Motivation of our experiment
2. Introduce recent data of double-A hypernuclei
2-1. from KEK-E176
13Baa nucleus  ==> S.AokKi et al., NP. A828 (2009) 191-232
2-2. from KEK-E373
{ NAGARA event 6Heaa nucleus
 MIKAGE event 6Heaxa nucleus
[ DEMACHI-YANAGI event 10Beaa (Excited) nucleus
/ HIDA event 11Bess (12Bean) nucleus
3. Summary and near-future perspective



15 [ 17
at HYP-X

¢.| Summary and perspective (1)
By checking consistency of ABaa (NAGARA) within 3 STD. errors,
=~ | Ba-Bz- ABui-Bz-|\Assumed B AB 1

AZ captured,  [MeV] [MeV] \ level  [MeV]  [MeV]
5 BAd =6.79 + 0.91B =~ (+-0.16) 6.91 0.67
NAGARA AxHe 12¢ ABAA= 0.55 + 0.91B=- (+/-0.17) D $-016  +/-0A47
B =-<1.86
" 9.93 3.69 10.06 3.82
MIKAGE \YHe "2Cc ' " 41, w172 PR 4172 +H-1.02
DEMACHI- 4 Be*'2 1177 -1.65 11.90 -1.52
e*”C | 4043 +-015 |8 1-0.13 _ +/-0.18
YANAGI AA | of. Ex=3.0 0 Ex=3.0
HIDA 11 16 . 20.26 2.04 20.49 2.27
arBe "0 42145 H-123 [ #-115  +-1.23
[ 1 14 . 22.06 22.23 i
AaBe "N 5 +-1.15 3D #/-1.15
_ 23.3 0.6
E17e  {iB ':’A | Py . +-07 +-0.8
AT 79 ""“,-,,‘ _____________ not 14.7 13
e S ARBe :h?& Be Ex = 3.0 checked, +/-04 +/-04
M. Danysz et a! PRL.11(1963)29; '":-yet' ;

R.H.Dalitz et al., Proc. R.5.Lond A436(1989)1

B =- (atomic 3D) = 0.13 MeV ['2C- =], 0.17 MeV [“N- E-], 0.23 MeV [160- =-].



Production of AA Hypernuclei GUTENRERG..

» simultaneous implantation of two A’s impossible
» = conversion in 2A: Z+p ->A+A + 28MeV

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

/ primary
o— —/— production of

WO of x-
capture ) 7

of X~ In \
secondary
target;
atomic
transistion
7

Epc AA
conversion
vy-decay and

weak decay
4




Pion momenta GUTERRERG.

AB, , (MeV)

_1 IIIIiIIIIiIIII\‘iIIIIiIIIIiIIIIIIIiIIIIiII\IiIIII

90 95 100 105 110 115 120 125 130 135 140
PT (MeVic)

104 MeV/c 114 MeV/c 133 MeV/c
» ...is not straight forward



Questions GUTENGRAG

» DO excited states exist ?

» What is the chance that individual excited, particle stable
states of double hypernuclei are produced ?

» Can we develop a strategy to identify and assign possible y-
transitions?




Spectroscopy of AA-hypernuclei

GUTENRERG,.,

MeV

2.0

0.0

-10.0

-12.0

-14.0

=16.0

E. Hiyama, M. Kamimura, T.Motoba, T. Yamada and Y. Yamamoto
Phvs. Rev. 66 (2002) . 024007

6y 7 T

wHe ) wHe L

THAAFA  GANPARA O APEA LA
Input

- Nagara event

rd+A+A

1t 1291 i

Bk
anLd

52

ra

[

1

5,96

4 55

0.3
0.00

E,

|
anBe

12— 0.71

3r2‘m 0.00
(=

100\
L\__-‘-“B‘fﬁ'

2 e 288

Demachi-Yanagi

=15.05

many excited, particle stable states in double hypernuclei predicted
level structure reflects levels of core nucleus



Multifragmentation GUTENRERG.

conversion width Z+p¢ AA around I'=1MeV

= excitation energy ~40MeV/12= 3MeV/nucleon
» fragmentation of excited projectile remnants are well understood in that
regime
» — Statistical decay models Mmay work (E. Fermi; J.P. Bondorf et al.)
» De-excitation of light nuclei via Fermi break-up process
» Conservation of A, Z, H, Energy and momentum

START(|:|)\|FG POINT START“'cN;? POINT
DYNAMICAL MODELS STATISTICAL MODELS
| |
| |
| |
' Y
\
Y \w @ / of
O= 09 2O/
Y el O Oo
o
................ > T 0 O e me— ° O Q .\
o -0 Ry
- O o |
fragments (Z>2) ®
j liquid drops \

At freeze—out : thermal and chemical equilibrium



Excitation Function for B decays  SVTENEG.

» DHP VA: double hypernuclei dominates

» SHP @O : single hypernuclei below B
» THP O: twin hypernuclei ~10%

-12MeV only 12,B states

40 30 20 Excitation energy (MeV)
L1 I I I I ..
10° F o
-— - . |
C -1 . ®
Q 10 = =
> ooy o ¢
Q =g, arget 3
Q N DHP g.s. ]
o Tl R ex. s. 1
< 10°F 5 A+SHPgs. @ =
~ [ § ex e ]
a THP g.s and g.s. 1
107 F -- BX.8. e
I ' --g.s and ex. s. 1
P A+AH
10 i | 1 1 | | E
0 ) 10 15 20 25
Z Binding energy [MeV]

» note: relevant range probably B-x-5...0MeV



Energy Balance for

conversion

GUTENRERG,.,

» Maximum energy available with respect to 13,,B

-

g.s.

E, =m(™C)+m(E")+B. -m(’B)

=" binding energy unknown

» Theoreticals calculations on = nuclear potential leads to 0.6 — 3.7 MeV
(C.J Batty et al, Aoki et al.,..

)

-10 _'\AHS +8 Be

"B+ A+A

"He+ H+a

>He+5 He+n+d
YBe+2 H
~He+ He+t

“Be+i H

SLi+, He

5He+a+n+d A
He+c:r d+A

iBe+n d+A
— H+'Be+A

iﬂ'e-t—u’—i + 4 l

YBe+d+ A
5He+lJ—\
?Be+r+\

—_—tLitatA

MBin+ A
N

——B:A

adopted from T.Yamada
and K. Ikeda, Phys. Rev. C
56, 3216 (1997)

~40 MeV



Population of individual states for 12CT#s.

» 9AA|_i, 10AABe, 11 nBe CE o o g o O
dominate (few percent) W o0 00°°%0 oo 3
» excited state in 10,,Be more lmmaenf®
likely than ground state — eb e R
c.f. E. Hiyama 1wt | N o
» relative large probability 0 fageen 8280 0 F 3
(~5%) for individual excited ) e —

N Ee

States .EI m::;".E_EJ ooc ;

10778

(3 g E
AP taan’
e O+ 3
E 10¢ 10 g E
b} PLLE [0
o s Le .,
o 107 o . 3
[ ]
D 0% coocoo @ o O ]
E ... l“
- 2L ]
“:I T T I T T
1w . -
"‘III;J!.LL
107 ‘t E
ar GIRE O o ]
1% R ‘".' . ]
D JSE
2L _
1D T T I T T
100 | .
aal grognds. ©
S F | EXS. 4
0 F 2exs O 3
3 exs &
107 F .
10r? L .-.:“'.'-'-l 1 ] ]
5 10 15 20 25

= Binding energy [MeV]



Simulation within PANDA_ROOT GUTENGERG..

» Example: secondary 12C target (~2 weeks™) )
Alicia Sanchez (Mainz)

75

(14 9 |
a:lj'x1,’&Be b ]A A L !

Counts

s} [ = &n =1} =] [==] =)
[TTTTJITIT ¥ f f III

=

"M\mﬂm z‘llMthMMHﬂm i

£
%123 4 5 6 7 8 9 10 %12 34 5 6 7 8 9 10
Gamma-ray Energy (MeV) Gamma-ray Energy (MeV)

c) Be+1H d).’ Be

g8 9 10 1772 3 4 5 6 71
Gamma-ray Energy (MeV)

4 5 6 T 8 9 10
Gamma-ray Energy (MeV)

“)In these simulations we assume a = capture and conversion probability of 5%
(arXiv:0903.3905)



Identification of double hypernuclei s §ss.

» PANDA will explore several targets: °Be, 19B, 11B, 12C, 13C

» Sum of dominating first and second excited state
26— ————————————————

12

11.5

—
—

...........

jry
o
13}

Mass number A
°

9.5
Jc® Target
9 . ic"™ Target
[ 1B" Target
8.5 B'® Target
9
sf O |:| Be™ Target
7-5_|||||||||||||||||||||||||||||||||||||||||||||||||
15 2 25 3 35 4 45 5 55 6 65

Charge number Z

» caveat: probabilities need to be folded with efficiency






DIE WELT 4. September 2001

GUTENRERG,.,

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 unihnlich 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 groBer 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
zuriickfiihren lasst.

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
nstrange” (seltsam) und ,charme”.

Aus den Millionen von Daten, die
wiihrend einer Messkampagne ent-
stehen, missen die Physiker am
Ende die wirklich relevanten ,Er-
eignisse® herausfinden, die sprich-
wiirtliche 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 griBere Anzahl
von seltsamen Atomkernen er-
zeugt”, erklirt 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 ilber 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 niher 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 Kriifte, die
zwischen den Teilchen wirken. Da-
raus wollen sie Riickschlilsse auf die
Prozesse in so genannten Neutro-
nensternen ziehen. Diese Himmels-
kirper entstehen, wenn heifle Ster-
ne am Ende ihres Lebens ausge-
brannt sind und in  sich
zusammenstirzen. Man vermutet,
dass sie grolle Mengen seltsamer
Teilchen enthalten und dass sie der
einzige Ort im All sind, wo seltsame
Materie stabil existiert.

(FU Weitere Informationen im Web:
- www.bnl. gov



The E906 experiment

GUTENRRRG::

~2x106, 1.8 GeV/c K/AGS spill Aezogel Counter TOF Wall
With ~ 0.5:1 K/ glgﬂl-’t;hambers
Coll plus hooster

Field Clamps N TRl

N\

Drift Chagnber

B

-

|
s
P

Hodoscope
Cylindrical Drift |775cmga )
Chamber 137 kG x L5m Field Clamp
w/pole tips
Cvlindrical Detector System (CDS) l— 1m _.I K Beam

* Large solid angle (65% of 4 v)

* Good dp/p resolution (~ 4% rms at 100 MeV/c) \\\\\\\ N
» High rate (~ 3x10% K-/spill Floor \ \
:‘\\\\.g'\'\\\\(\\\\\'\\\P\\?\\\\\\\\\\\\\\\\:\\\\\\\\\\ k
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E906

GUTENRERG,.,

» 9-10!1 K- on Be target

consistent with single A hypernuclei

» 1.1-10° trigger twin 114 MeV/c 133 MeV/c
hypernuclei |
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.._"3 - E Oo[ooo ;D;DUDD 25 — * — A4
> m ool |o OO0 DO0p[J0O0O0 O oo
@ 150 B0 050 eodefoeneso oO0 20 — I -
S Do oOdDOoD0doogO0Je OOO o
— - sO0O[]g0Ooo |[LO0™ogo O00o0
T q40 = © 0 o OO Oo| 008000 15 — —
0 g g | ) =R W=
oo oOsO0OF gl l000oOf0s 10 — —
10 27322025580 Ee RS
Oodoao [m]
c R —— 5 5 1104 MeV/c —
o E i I—II—I'—'I—U*'-"'I'_IQ oo
a S coob »M0eHs D'DE# I|||| |I|]W]|-4.|I?\I/|/F| L
Q5 120 [BoO00O0oj000oN o 0 -
C L . — ||
29 EEDE‘D[]%H%E@DH\' (IID 25
-+ r OO0y oo O 7
y— g 110 — [S.DEDDDE 7 20 — I IV
(@) E O DEI{‘[IDD /'
o OO L
€. 100 CenoooT -7 15
= C oo 10
— oDaoao
59 90 :J;I_Dm @ 111 '
€ c o >
CE)-'g BO_IIIIIIII|IIIIIIII|III|IIII|IIII|IIII| 0||||||| |||||||||||||||||| ||||
80 90 100 110 120 130 140 150 160 100 125 150 100 125 150
P, (MeV/c) P_(MeVic) P_(MeVic)

momentum of the pion
with lower momentum



E906 — What is it? GUTENRERG.
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Nuclei with hyperons GUTENGERG.

Increasing strangeness

Nucleon ~ -40MeV
[ ambda ~ =-27MeV

. Cascade ~-15MeV (S
\Antinucleon  ~-150MeV = —=
Antilambda ? =

Anticascade 7
--a-.: _'..‘:ﬂhié:,-. < \ ol ik
==X, Can we do a scattering

experiment with low
momentum antihyperons?

In principle Yes !

HESR + m




How to measure a potential (differenee)s.




Can we measure the potential for Y 2.

» antiprotons are optimal for the production of mass without large

momenta

consider p+p ¢ Y+Y close to threshold within a nucleus /—\
A and 1. that leave the nucleus will A _p
have different asymptotic momenta O

depending on the respective potential

» experimental complications
» Fermi motion of struck proton
» Non-isotropic production
» Density distribution U(p)
» EXxclusiveness

@

= need to look at average transverse momentum close to threshold of
coincident Y Y pairs



Parameter Scan GUTENBERG,

» Parameter variation by +50% | | |

» Other potentials (p,p,A)

» absorption cross
sections

» angular distribution
» diffuseness
» Transverse asymmetry

mainly determined by total
potential

» Effect largest for backward
emitted L

» ar hon-zero even if V+5=0

S(A )=—200MeV

il

V(A)+S(A)=—400MeV

o
N
|

(Pr(A)=pi(A )/ (pr(A) +pr(A))

O

e———xnr

o bt —
— 1 -0.5 0 0.5
@ (p(A)— DL(K»/(DL(A)"’DL(K» é

® ©




YY at PANDA GUTERRERG..

p Momentum [GeV/c]

O 2 4 6 8 1012 15
1 1 1 T T T 1

light qq Hyp

Momentum [GeV/e| Reaction Rate [s~ 1] i
1.64 Pp — AA 580 |
4 Pp — AA 980 :
Pp — = = 30 I

15 p — AA 120
Table 4.45: Estimated count rates into their charged 4
- decay mode for the benchmark channels at a luminosity ||

of 2-10%?cm?s~!

Spin

3 4 5
s”2=m [GeV/c?]




Other hadron-antihadron pairs GUTERRERG,

0.15 ——
L 1.66 GeV/c 0 "’C —> A+A Required running time
0.125 — -
JAY F2.9GeV/c p’C = Z+= for 6a/a=10%:
< 0.1 6.7GeV/c p'®C = D'+D" |
& i AL: few minutes
+ i EX: several h
< 0.075 - DD: several months
= i at PANDA
~ 0.05 | :
= : T
5 0.025F . A
S C——
£ : ;
Vo —0.025 F -
~0.05 L—— ' '
—1 -0.5 0 0.5 1

(pL(h)_pL(R))/(pL(h)—FpL(ﬁ))
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> Moderh theoretical approaches offer the chnce to extract Y-N and Y-Y
interaction from hypernuclei

AR,

» Gamma spectroscopy of double hypernuclei will be feasible at PANDA

» Antiproton collisions with nuclei are the ideal tool to produce exclusively
hyperon-antihyperon pairs in nuclei at momenta close to threshold

| » Transverse momentum correlations of hyperon-antihyperon pairs produced
R close to threshold offer'a unique opportunity to explore thespotential of
#l antihyperons relative to that of hyperons




	Studies of Hyperons and Antihyperons       in Nuclei ��Josef Pochodzalla
	Pioneers of Quantum Chemistry
	Traditional View of the N-N Interaction
	Modern Version of B-B Interaction
	G-Parität
	G-Parity and NN Potential
	The present nuclear chart
	Understanding Nuclear Structure
	Nature of emerging structures
	S=-2 Nuclei
	The first event (1)
	The observed first event
	Decay Products of LL Hypernuclei
	First approach to the LL interaction
	Double Hypernuclei – Status <2009
	Foliennummer 16
	Foliennummer 17
	Production of LL Hypernuclei
	Pion momenta
	Questions
	Foliennummer 21
	Multifragmentation
	Excitation Function for       decays
	Energy Balance for X conversion
	Population of individual states for 12C
	Simulation within PANDA_ROOT
	Identification of double hypernuclei
	The E906 Puzzle  
	DIE WELT  4. September 2001
	The E906 experiment
	E906
	E906 – What is it?
	Foliennummer 33
	Foliennummer 34
	Antihyperons in Nuclei
	Nuclei with hyperons
	How to measure a potential (difference)
	Can we measure the potential for    ? 
	Parameter Scan
	Foliennummer 40
	Other hadron-antihadron pairs
	Summary

