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BASICS



The first event GUTERGERG:.

» 1.3-1.5 GeV/c K+Emulsion; 31000 K

VoLuME 11, NUuMBer 1 PHYSICAL REVIEW LETTERS 1 Jury 1963

» C
OBSERVATION OF A DOUBLE HYPERFRAGMENT

»  ~1963 hy..Pdls.5QwilersnM:, Mayes akd E.REletcher

. Institute of Experimental P'hyslca University of Warsaw, Warsaw, Po ls.nr.!
» Dalitz et al. »Hree. Ruboeclondsfdao, 1 (1989)

FIG. 1. A photomicro-
graph and a schematic
drawing of the production
" of a =~ hyperon in a 1,5-
e GeV/¢ 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-
X nt decaying in cascade
AA C and D.

1.5 GeV/c K
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Analysis of the Danysz-Event GUTERRERG:.

» Ionisation density = dE/dx = charge, momentum
» Range = mass, charge, momentum
» angles = momentum balance
» there remains some ambiguity!
Table I. Results of the measurements. 2
Star C Star D
Binding energy
Binding energy of the A°®
of a A? hyperon hyperon in the
in the double HF Decay mode of the ordinary HF  Momentum
Decay mode of the BA(AAZ) resulting ordinary BA{AZ) unbalance
double HF (MeV) HF (MeV) Ap(MeV/c)
ﬁABeiﬂuABe9+H1+n- 11.00.4 ABeg—*ZHe‘+H1+n" 7.2%0.6 20£12
11 _, 9 o i +
anBe TR e L 20 1080 4 p 4 2n k6 20+1z
Bell - Bell+ ). 6 17 £20
AA A Ls°Be 5 °Be+p+rn
AALiL-ALiHH‘ |_> . ). 6 40 +14
Be >a+a+p+n
9, 8, i A ‘
A’ L+ H X A=~ A Y 27+15
AALi‘”—-ALi3+H1+n+'n" < 7.5%0.5 ALiﬂ—-He‘+H3+H’+?r" 5.4%0.6 27 15

“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,



Baryon-baryon interaction GUTENRERG

» N-N interaction
» N-N scattering
» ordinary nuclei
» Y-N interaction
» low momentum hyperon-proton scattering
» Ss=-1Hypernuclei
» Y-Y interaction
» S=-2 hypernuclei

» N-N andY - N scattering
» antihyperons in nuclei




Exotic Hypernuclei GUTENRERG,.

» ,Neutronstars":
» at about 2p, hyperons may play a role in neutron stars
» consequence: softer EOS = lower mass and smaller radii

q%Jark-hybrid traditional neutron star
star

exotic quark
structures ?

hyperon

star neutron star with

pion condensate

Fe
absolutely stable 6 3
strange quark 10" g/em
matter 10" grom®
1014 g/cm3

strange star

Picture from

nucleon star . .
R - 10 km Fridolin Weber

M~ 1.4 Mg,

» Isospin dependence of Y-N and Y-Y interaction?
» = Information on hyperons in neutron rich matter/nuclei needed



Weak decay in double Hypernuclei s

N-N scattering AN—-N N and AA—-Y N
N N Tcapanao*) N (A)
K, K
AS=1
N A N (A)
» only parity violating » parity violating and parity-conserving
part of weak interaction part of weak, strangeness changing
» parity-conserving part interaction
masked by strong » meson vs. direct quark process

interaction

» Interesting theoretical developments:
» Effective Field Theories in S=-1 sector

A Parrenao C BRennhaold and B R _Haolatein niicl-th /00074 & N3INKNEKA
weak decay studies need the detection of the decay pion or nucleon

S.R. Beane et al., nucl-th/0311027



Birth, life and death of a hypernucleugrt .

target nucleus

! electromagnetic
decays

_Lk mesonic A — pr }
decays A = N

(. /nonmesor%\
strangeness deposition weak decay hadronic
e +e 5D >K +K Ap > np decay in
vopped ¥ Z N Z+ 1 An — nn emulsion

\_ FINUDA ) KAA —> YN Y,

strangeness production
(n+, K*), (z, K)

4 ) BNL,KEK, (GSI
ster)?;]g::gess : A ) 2p— An 2'n > Ap (Q =78MeV)
(K, n) , (K, n°) electroproduction] 2P —>AA  En > AA  (Q =26MeV)
(e,e ' KY), (v,KY) | Op—>A=° Qn—->A=E (Q=178MeV)
| BNL,KEK,JPARC] o A




Production of AA—Hypernuclei GUTENRERG

» Simultaneous implantation of two A is not feasible (- RHIC?)
» reaction with lowest Q-value: = p—>AA: 26MeV

» direct implantation of a = via a two-body reaction difficult because
of large momentum transfer

b iEmost
» progl e = =

» slowfhg down difd@apture m%secondaQOEhrget n4€180s
» spectroscopieROJEETIDBEIMPMENTIEMIidVIB\Ec)ecay products




=- capture GUTENRERG.

» = -atoms: x-rays
» conversion

» =°(dss) p(uud) — A(uds) A(uds) AQ = 28 MeV
» Conversion probability approximatly ~10-20%

» individual nuclei may be populated with a
probability of a few %

Y. Hirata, J. Randrup et al.

10° g —
| T T .
- L i
- ni=E
.l 4 F o)
s o
5 F I | !
§ [ o
L | |
o T L
o 100 . ‘T H.C. (At l i i_:
AMD+Casc. & | |
I | | AMI:IJ-QL+CI,asc. Il | | i

Double Twin S=-2 Single Hyp. No Hyp.



What can we do GUTENHERG.

» we can only study the decay of double hypernuclei

» groundstate decay of the hypernucleus initiated by the decay of the
hyperon(s)
» goal: mass of decaying system
= need detection of nearly all decay products (p,n,d,t,a,y,...)
but: usually we can only detect charged decay products
= only light nuclei which decay exclusively in charged particles
still: low kinetic energies (few MeV per nucleon, few um range)
= need sub-um resolution
= emulsion
» interesting: AA-interaction in nuclear medium = heavy nuclei
» AA-hypernuclei and intermediate A-nuclei are produced in excited states
> Q-value difficult to determine
> nuclear fragments difficult to identify (neutrons!) with emulsion technique
» non-mesonic weak decay dominates

_ _ A+n > n+n+176MeV
> NON-Mmesonic: mesonic = 5

A+p > n+p+176MeV

» Nnew approach
» high resolution spectroscopy of y-rays from particle stable, excited states
= need of high statistics
= fully electronic detectors



DOUBLE Hy per nucl ei



First approach to the AA interaction sviE#s.

» We are mainly interested in the additinal binding energy between

the two As
= + +
AA(AA ) ( ) ( ) = ABAA(A//C\Z)

» in the case of the Danysz-event one obtains

B,.(,2Z) =B,(,02)+B,(*)Z2)=(17.7+0.4)MeV
AA(AAZ):BA(A//:\Z)_BA(AXIZ):(4.3i0.4)MeV —
» positive = attractive interaction AB. i
an 1S

» 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 E{g,?;ced




The Prowse Event (1)

GUTENRERG,,

VoLuME 17, NuMBer 14

PHYSICAL REVIEW LETTERS

3 QCTOBRER 1966

arHe® DOUBLE HY PERFRAGMENT*

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
exposed to about 10®° K~ mesons at 4 to 5 BeV
which appears to be consistent with the produc-
tion and decay of a p pHe® double hyperfragment.
It confirms that double hyperiragments exist
and confirms the value of the low-energy A-A
interaction, first measured by Danysz et gl,,‘
at sume 4.6+ 0.5 MeV. o

Description of the event.— (1) Production:
The event shown in Fig. 1 is initiated by a =~
hyperon which is apparently captured at rest
by a light emulsion nucleus producing only two
products, which are collinear. Their ranges
are 13.4 and 30.0 u; the shorter track appears
by inspection to be caused by a fragment of
a higher charge than the other track, Assum-
ing that the fragment initiating the two-star

782

chain is a double hyperfragment, there are
three interpretations involving double hyper-
fragments and a relatively stable recoil frag-
ment which balance momentum, and which are
consistent with the capture of a =~ hyperon
by a light emulsion nucleus.

These interpretations, shown in Table I,
are p p He® together with Li", AHe" with Be’,
or paLi" with Be'. The visible energies for
each of these possibilities are 14.5, 18.3, and
23.9 MeV, respectively. The @ values for the
nuclear capture of a =~ hyperon giving two
free A hyperons are negative except for the
AAHe® possibility. The total binding energies
of the A hyperons necessary to explain the mea-
sured visible energies are 10,9, 27.8, and 32.0
MeV, respectively.



The Prowse event (2) GUTEGERG..

QUT OF, STACK
i

» interpreted as ,’He
» very likely no excited state
» COre spin is zero

R T 4C® = ,He® + LT COLINEAR
N anHe® — w~+p+ ,He® COPLANAR
aHe® — w7 4p+ a COPLANAR

BAA(AAGHe)
AB,, (, He)

(10.9+0.5)MeV
(4.7 +0.6)MeV

77 MESONT  f
| -
0 10 20u J -w .
SCALE . T .

» Nno 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.



Pros and Cons of Emulsion TechniquesV#s.

R excellent track resolution

N 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
DC DC \

3

liquid hydrogen target

aerogel

Cherenkov

spectrometer

FIGURE 3. Schematic diagram of proposed hybrid emulsion experiment to study double
hypernuclei. (pc is drift chamber and N is scintillator.)

» applied by KEK-E176 and KEK-E373 collaboration



The Aoki-Event (KEK-E176)

GUTENRERG.

» S. Aoki et al., Prog. Theor. Phys. 85, 1287 (1991)

[1]

at point A: 2 + *C —» *H + 'Be
at point B: [’Be - ’B+ 7z~

at point C: '’B — °He + *He + p + 2n

— AB,, = -4.9+0.7MeV

» repulsive AA interaction!?

» re-interpretation:
C.B. Dover, D.]J. Millener, A.
Gal and D.H. Davis, Phys.
Rev. C 44, 1905 (1991)

14

at point A: 2 + "N >n+ XC >n+p+ B

at point B: ’)B— C+7
at point C: '’)C - °He + *He + *He + 2n

or —» °Li+*He + p +2n

— AB,, = +4.8 +0.7MeV

A

(a)




The E906 strategy GUTENRERG.

fully electronic detector
use p(K,K+)Z" to produce Z on a nuclear target
="p—AA conversion after capture by another target
Identification of AA hypernucleus through sequential weak decay via
T emission
» in light nuclei the pionic weak decay dominates
» the pion kinetic energy is proportional to AB, ,

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

¥y ¥y vy

» example \ 05 i
e
Py~100MeV/c I M
9 _
- — B+rx
L j — -
AA
p, ~
maoime
A
deper

. 9B
A - pr +38MeV (64%)

A > nz’+41MeV (36%)



.but life is not so easy

» there may be excited states involved

» the assignment maygnot be unique

» of course mass and charge conservation

may provide additio constraints
) 9 - 9 % _
% WLl — 'Be +x 9[363

> two gO|ncPden]c1|§’|'c\)4ﬁ¥/ﬁ1ay be "
emi®ed also from twin nuclei

i.e. two single hypernucle;Be B4+ 1

produced in the initial reéct|
with the = 55]7MeV/c

monoenergetlc

o [iezo il . \ 1148\ \ .

_1 IIIIiIIIIilll:illllillllilllli

------- .

90 95 100 105 110 115 120

125 130 135 140
P_ (MeVic)

GUTENRERG.



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 |
-~ 160 O Oo [OoQ [[o o ooo oo oo oo
*--"2 - o Cofoaono O oo o0 25 — ‘l’ L v
> m oo |o OO0 oOOfdoOOO0 O oo
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— Do oOqOoO0dogd0]e OOO o
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I140__ a EE‘D?] Oao Oooo 15 — —
0o ocoooobo o O0og eSO e
mooOo[DOe g 10]0o0R 0 10 — —
130J:|EIDDDEDD Eljg DD[I ]
T OooOdoQlolo o
— B Oocd O ocgasy
Q_B 120_Q—DD§D,[DDD[]DD o 0 - I|||||I| I .|I?|||| L
o € oooOE Gadmsate N 25 L
£2 | fEnsE) (o)
i) — JO§OO o 7
u— g 10 S‘DEDDDE / 20 — II IV
o £ 0 _DHeOad || 7 ~
= OOono % 7’ 15 —
| —ooOr]o -
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— 0o
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CI)Q 90 B00 ‘K_I/ II1
€ c o S
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80 90 100 110 120 130 140 150 160 100 125 150 100 125 150
P, (MeV/c) P_(MeV/c) P_(MeV/c)

momentum of the pion
with lower momentum



Suggested decay mode

GUTENRERG.

» PRL 87, 132504-1
(2001)

» AB,, depends then
on excitation energy

E, (MeV) [AB,, (MeV)
/.75 1.8
8.75 0.8
9.84 -0.26
o Prop ties of
NUBAGETOTT (EXPRR) g9

RIS ARG, ol - 104V C -
» H. Nemura, Y. Akaishi, Khin (for AB,, = 0.5MeV) ALI

» GRRERASHS yariational cg

M Chnah DDr 71 n’)Am)4

AAn — ’H+ 7~ (104MeV/c)
for AB,,=4MeV

’H — °He + n~(114.3MeV/c)

‘o

4H AfH — A“He* + 7

P, ® N 4t
104MeV/c AHe

3
AH+P 5 75Mev

4pga* 3
He — ‘H+p
A3H—>3He+7z_

114.3MeV/c
*He

71 ; 7 70 i* -
AALI wHe - [Li +x

ILi" - 'Be+ 1

3.8 MeV
p. = 114 MeV/c

Be

‘He

A



KEK-E373: the NAGARA event GUTENRERG,.

» H. Takahashi et al., PRL 87, 212502-1 (2001)
» hybrid emulsion technique

» cCleanest event so far (also theoretically)

E +'"C > *He+t+  ’He 3

6 5 =
wHe - He+p+r

. AB,, = +1.01+0.2°0%MeV \

\.
» inconsistent with Prowse \( : X

event

» one additional event
» Demachiyanagi-event:

10
Be

10um




Summary

GUTENRERG.

AByx [MeV]

ebo T (———
- three-body frag.
ared|| 4B g
sfl ABe p TS A I N L
N A JEC T N 3: 0 O
(| Be 1 (UBe¥)
- 9
\Be*
N R 03—
Danysz et al. ('RC*)
y ‘ Be §
e L B - 3 g
I Demachiyanagi event
-
B T -
\Be ¢
S Aokietal| 1

Takahashi et al.

Interpreting AB,, as AA bond energy one has to consider e.g.

» dynamical change of the core nucleus
» AN spin-spin interaction for non-zero spin of core

» AA-ZEN-XX coupling

» excited states possible, but have not been clearly identified so far



Future of
Doubl e Hy per nucl ei



Relativistic Hypernuclei GUTENGERG..

» Production of hypernuclei in relativistic heavy ion collisions
» Production of many hyperons
» Multiple Coalescence of hyperons with fragments
» (n,K), (K,n) and (K,K*) reactions on fragments
» Many predictions based on coalescence model
» M. Sano, INS-PT-31 (1982) K

M. Wakai, H. Bando and M ian«.;lEC 38, 748 (1988)
J. Aichelin and K. Wer’ , 260 (1992)
ainihata, PRC 48 2

» [ Hirenzaka, T. Sv u
' appl. 117, 99 (1gSah
L L B B a

Sano and M

: I R R R A R AR T R T A IR B J
I--—
IOE {’He+C--ﬁH¢X Dubna % exp B . C*C—*?HE‘GX
— ""'""th 115'_, i\
£ L P
2 |y M. Wakai, .
— 3 NP 547, 89c (1992
5 f 5 coalescence
107k 152 "Meson induced of hyperons
2 production
I’['i't!tll‘)‘l'! [P T T T B N T |
2 4 6 8 10 12 14 2 4 6 8 0 12 % 1B

E (GeVfinucieon) E (GEV/I'IUC[GO”J



Production of =- GUTEGRG:,

> = conversion in 2 A: ETEP S ATAT285MEV

1000

» =- production
» p(K,K+H)=E"
> needs K- beam (c:t=3.7cm)
> recoil momentum >460 MeV/c
» KEK-E176: 102 stopped =
» KEK- E373: 103 stopped = >per week(s)

200 ]
» AGS-E885: 104 stopped = O\A"A’F L

800 | =

600 |- Qﬁ =K* i

400 [~ -

HYPERON MOMENTUM (MeV/c)

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

» antiproton storage ring HESR

» few times 10> stopped E per day
= y-spectroscopy feasible




The Discovery of the anti-Xi

GUTENRERG.,

» discovered simulataniously at CERN and SLAC

FIG. 1. A prinﬁff the
event p+p—E +E as
photographed in the BNL
20-in. liquid hydrogen

bubble chamber is shown.

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
Table I.
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me /
(5) /
/
/
/
/
" J"
: 75":
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Target considerations GUTENRERG.

» very limited space — nuclear wire target .o
» = production for given pbar rate *

— heavy target (not very critical) 0.010 1

» beam scattering, neutrons

Production factor
:
*

— light target (critical) 005 - . o®
» secondary target ] . 't
» geometry defined by =- range, ¢ s ¢ *
angle distribution and lifetime 0,000 . . . . .
» thickness ~5 gr/cm?2 (~2.5 cm) 0 a0 LSRR Gl

Mass number of primary target A

» 4 sectors with 4 different targets
(Li,Be, B, C)+Si-strip detectors
» identification can rely on existing
information on single hypernuclei
» low y-ray absorption
» No x-ray background




PANDA: s-baryons in complex systenyg .

» Physics case

» double hypernuclei (y-spectroscopy)
» hyper atoms (- quadrupole moment)
» pair production of hadron - antihadron

pairs in nuclei (?)

Pp interaction rate 510571
P momentum 3 GeV/e
internal target Z =30
detector see Sec. 2
reactions of interest PP — = g
pn— = =7
cross section (p/NV) 2 b
rate 20051
=~ PF (see Sec. 4.6) 61073
total stopped =~ 104 000 per day
=7 p — AA conversion probability 5%
produced AA hypernuclei 5200 per day
probability of individual transition 10%
target escape probability (£, = 1MeV) 70%
tull energy peak efficiency 3.5%
trigger efficiency 40 %

detected individual transitions

150 per month




CONCLUSION



Conclusion GUTEGERG:

» Double hypernuclei exist
» Double Hypernuclei offer a wide range of unique opportunities to
study strong interaction in a multi-body environment n
» baryon-baryon interaction
» weak decays
» new nuclear structure effects
» baryons in nuclear medium

» New production schemes seem to be very promising

» Finally: There are many more things
» ...next year HYP2006 in Mainz



discussion



GUTENRERG.

Hypernuclei — Phase IV
observable n-rich [stable |p-rich
groundstate mass, energy levels
A momentum distribution |
lifetime |
g-factors (M1, spinrotation) |
y-decays |
weak decays
AA-nuclei
K-nuclei
antibaryon-nuclei
» (m,K), (K,®r) - JPARC
» (K-,K*) - JPARC
> Kstop - FINUDA
» (e,e’) -~ MAMI-C
» HI - HypHi, JPARC
» pbar-p - PANDA



Questions concerning (not only) HypHiE s

» What information is most wanted?

» How important are low energy hyperon-nucleon scattering
experiments ? Can we live without them?

» What nuclei to study ? (YN-interaction, n-stars,...)
» How well does coalescence work ?
» What can be said about stability of exotic? nuclei ?

» Is the H-particle still relevant?
» Are hyperons relevant for nova explosions, element formation,....?
» Are there excited states in kaonic nuclei ?



ANTI-HY PERONS
in Nucl ei



Antibaryons in nuclei GUTENRERG

» Hans-Peter Durr and Edward Teller, Phys. Rev. 101, 494 (1956)
1 » baryons described Dirat espaggion | |N in nucleus:
vacuum » relgtisdstir mean field Eppreaeto(—HD Walecka, 1974)
(

» bEFRERHAREY to sc v Resme\ficlds@-0-0-0—
, V-S=-50MeV —@-@-@-@—
E (P =V, 57 +p——0-0-0-0—
—0-0-0-0—
—0-0-0-0—
- -- R I L —0-0-0-O—
my 3 P ey s —0-0-0-0—
S A +V —O0-0-0-0—
L 2m, S :2(mMy-S) —0-0-0-0—
0 (My-S) 5
: v
: __o0-0'0-0— _
v _— p in nucleus:
: —0-0"0-0— —0-0-0-0—
: 7 e-0-0-0— —0-0-0-O0—
-My -0 0Y0—-0— 0-0-0-0 S=350MeV
'eo-0-0-0— — 0-0-0-0— _‘_._._._o—o—o—o V="-300MeVv
L 0-0-0-0— V-S=-650MeV7
—0-0-0-0— —0-0-0-0—
0-0-0-0 —0-0-0-0— —0-0-0-0—
—0-0-0-0— —0-0-0-0— —0-0-0-0—
—0-0-0-0— —0-0-0-0— —0-0-0-0—
—0-0-0-0— —0-0-0-0—
—0-0-0-0—




Why do antihyperons in matter mattef 2.

» antibaryons in nuclei allow in principle to determine S and V
separately

» because of the strong cold compression color degrees of freedom
might become very important

» allow to study the formation of a baryon antibaryon pair inside a
nucleus = study formation time t~h/Ec~5fm/c



Can we measure the potential for an Ax@.

» p+p— A+A close to threshold in complex nuclei

» Question: is the momentum of the
A and anti-A on the average equal? A

A
» possible answer: Q O

» at the point of creation inside
the nucleus one has momentum
conservation

» but: A and anti-A have different

is this effective mass (= different potential)
correct? » as soon as A and anti-A leave -
the nucleus they will have different . p

asymptotic momenta

» the momentum difference is sensitive
to the potential difference

» experimental details
» need to average over Fermi motion
» use light nucleus to reduce rescattering (Li?)

» use A and anti-A polarization to enhance anti-AA pairs which did not
encounter a rescattering on their way out



Simple MC: 1.6 GeV/c pbar-C GUTERRERG..

E,(B) =V +(m, - Sy + p’

» proton: S=350MeV V=300MeV (V-S=-50MeV)
» antiproton: S=350MeV V=-300MeV (V-S=-650MeV)
» C target
» A potential=2/3 of nucleons pOaproiGeVic
." Ferml mOtlon 0 I I I bperpQ—vs—ppérm =}
» leading effect °T
» lambda: 0.445 GeV/c 08 ) )
» antilambda: 0.244 GeV/c ot o °
& N ® ; : %oos
’ @ =B % o
0%, ° 8.
02| o ee ooo o ®o o . @
c g gt L e

a 0.2 0.4 0.6 0.8 1 1.2

» can be extended to every hadron-antihadron production (AA....)



Some open questions GUTERRERG,.

» different absorption of hyperon and antihyperon

» rescattering
» influence of nuclear mass = use light nucleus to reduce rescattering

» but: coherence length of A antiA pair: t~h/E~5fm/c = need large
nucleus

» use A and anti-A polarization to enhance anti-AA pairs which did not
encounter a rescattering on their way out

» if method is successful: can be extended to any hadron-antihadron
production (even A _A_...)



BACKUP



How it began GUTENRRAG

for 241a9ri5a3r; Danysz, Jerzy Pniewski et al.; Bull. Acad. Pol. Sci.1, 42

» Marian Danysz, Jerzy Pniewski, Phil. Mag. 44, 348 (1953)

» A cosmic ray particle (Ex30

enters the emulsionm £

» Interacting with a bromine Q‘Q
silver nucleus thegparti r

an upper star. : '

» 21 tracks: 9a+

» Finally, ,X disin
the bottom stat

» Second star cg
> 2 p,d,t ¢
> 1mx, p,

> 1 recoil
» energy release >140MeV
.S 80um 56 901

¢ 300000km/s
7(A)=2.6-10"%s ; ‘ .
= typical for weak decay ud ,

» Many associated particles in primary reactlom




Nomenclature GUTERERG.

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

element
number of =
baryons B total charge
N+Z+Y X (not number of
(number of) Y AOAE)
hyperons
Y

» Since we have more than one hyperon (A, =, %) one usually writes
explicitely the symbols of one (or more) hyperon

» examples:
Be — 4 protons

PUBe 5 J{AA — 2 lambdas
10 — 10-4-2=4neutrons

1p+2n+1%°
JHe —2p+1n+12° indistinguishable
3p+0n+1%"



=-(dss)p(uud) b A(uds)A(uds) GUTENRERG,,

» =- capture on 12C
 T. Yamada and K. Ikeda, PRC 56, 3216 (1997)

_ TABLE VIIL. Calculated production rates per 5 (R/E) aver-
aged over the absorption rates in the case of Vyz=16 MeV.

Channel RIE (%)
12 B+n 1.48
zifoBHp | | 0.99
AaBe+d 1.81
X Be+t | 0.02
AaLi+ | 0.02
8 \He+Li 0.23
AH+Be 0.20
iBe+4H | 0.07
8 Li+3He 0.04

LRy A 1.08

P individual states may be populated with a probability of a fraction of 1%
» high production rate needed



Can we determine the AA interaction®m s,

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

» for example
Be >a+a+p+n m(,\gBe) =m(a)+m(a)+m(P)+m(”_)+sz';n

B, (. Be) = m(°Be)+ m(A) - m( JBe)
= m(*Be) + m(A) - m(a) - m(a) - m(p) - m(z") - DT}
S50 She-p | m{ 56e) - m(268) o ) mir )+ T
B, (.'Be)=m(Be)+m(A)-m( . Be)
= m(JBe)+m(A)—m( Be)-m(p)—m(z ")~ T,,
=m(A)-m(p)-m(z )= > Ty
B, (+.Be) = m(°Be)+2m(A) - m( ’Be)
= m(°®Be)+2m(A) - m(Be) - m(p) - m(z") - > T,
= m(°Be) + 2m(A) - 2m(a) - 2m(p) - 2m(x" ) - 3 T,,,



What about Heavy Nuclei? GUTENHERG..

» interesting: AA-interaction in nuclear medium

» AA-hypernuclei and intermediate A-nuclei are produced in excited
states
» Q-value difficult to determine
» nuclear fragments difficult to identify (neutrons!)

with usual emulsion technique
» Non-mesonic weak decay dominates

A+n —> n+n+176MeV
A+p — n+p+176MeV - Ty @

» NON-Mesonic: mesonic ~ 5 - )
15 —

! - j

_ P w0 B -]

» new concept required ; + ;
» high resolution s [ " = s
y-spectroscopy : = % :
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GUTENRERG.

69 oM die modernen Alchimisten 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 Zusammenstifen 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 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
zurlickfithren lasst.

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

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

Aus den Millionen von Daten, die
wihrend 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 ~ Compufer  zunachst
100 000 heraus, unter denen man
dann 30 bis 40 mit den gesuchten
Eigenschaften fand. ,Hier wurde
zum ersten Mal eine grofere 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 (iber 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 Himmels-
korper entstehen, wenn heifle Ster-
ne am Ende ihres Lebens ausge-
brannt sind und in  sich
zusammenstirzen. Man vermutet,
dass sie grofle Mengen seltsamer
Teilchen enthalten und dass sie der
einzige Ort im All sind, wo seltsame
Materie stabil existiert.

fiy) Weitere Informationen im Web:
<=2 www.bnl.gov



The E906 experiment GUTENERG..

~2x10°, 1.8 GeV/c K/AGS spill Aerogel Counter 1OF Wall
: | e Drift Chambers 2
With ~ 0.5:1 K-/n BD1.2
Coll plus booster
Fleld Cla\m\ps DR R
Yoke Coil

—
—

Drift Chamber

El /’“
]
™

4

target

—

b

Hodoscope Cylindrical Drift |77
V. C 8
Chamber 137 kG % L5m Field Clamp
w/pole tips
yli i ) K Beam
Cylindrical Detector System (CDS) — 1m —]

« Large solid angle (65% of 4 17)

i
* Good dp/p resolution (~ 4% rms at 100 MeV/c) 0N \ D\ \ \
* High rate (~ 3x10% K/spill) Floor \
: ' \\ NN\ N

N
\'\'\\\\\\'\\\\\\\\\'\\'\'\\\\\\\\\'\'\.\\\\:\\\:‘\\




The KEK-E373 Experiment

GUTENRERG.

» KEK proton synchrotron
» 1.66 GeV/c K beam

1.67GeVie BF ﬁ d target (high
K- beam._ density

> PPO3g

Hist - }
» tra eteghor (9r
incgmygg G
Specti

VH,BVAC ,FAC I

K
Heavy Metal \ & il
DC

Collimater BPD
> Kﬁ n Cc1,2
=no

: —H
sfcal BRcK OR
» 766 analyzed

» KEK-E373 (1998-

Tracking Detector Emulsion

- .
4 9DE'| can%é%ates

DC2.3 FTOF | gT

» 1.4-10Digmoph Teaggjet, 1.3 -107 trigger

» 9.104 (K_Ililzyéslon,s IFi

yEgactions, 5096 = tracks in SciFi



Consistent Description - not yet! GUTENRERG.

» I.N. Filikhin, A. Gal, Phys. Rev. C 65, 041001 (R) (2002)
» Faddeev-Yakubovsky calculation

12 | | | | | | | | | |

11k 4-body model

"°Be’
10 | =

Bir(x1°HE) (MeV)
(o)

13 14 15 16 17 18 19 20

» NO consistent description possible so far



Interpretation GUTENBERG..

7

AB, , (MeV)
o]

_1 IIIIiIIIIilIII\‘iIIIIiIIIIiIIIII\IIiIIIIiIIIIiIIII

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
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