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 Physics motivation
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Physics motivationPhysics motivation
• information on the modification of the kaon mass and 

tiK N i t ti i l di i t t

nn

antiK-N  interaction in  a  nuclear medium,  important 
for further understanding of spontaneous  and explicit 
symmetry breaking of QCD

iv
at
io

iv
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io symmetry breaking of  QCD 

• gain information on the transition from the hadronic

s 
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s 
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i gain information on the transition from the hadronic

phase to a quark-gluon phase 
 changes of vacuum properties of QCD and 

hy
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cs

hy
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cs g p p Q

the quark condensate

PhPh • kaon condensation in a nuclear medium

• nuclear dynamics under extreme conditions could be• nuclear dynamics under extreme conditions could be    
investigated (e.g. nuclear compressibility)
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LowLow--energy QCDenergy QCD
• The low-energy interactions of the lightest pseudoscalar
mesons (pions and kaons) with nuclear systems are largely(p ) y g y
dictated by the spontaneously broken chiral symmetry of QCD.

I th li it f l d d t k inn • In the limit of mass-less up, down and strange quarks, pions
and kaons would emerge as mass-less Goldstone bosons. The
explicit symmetry breaking induced by the small u− and d−quarksiv

at
io

iv
at
io

p y y g y q
masses (mu,d < 10 MeV), moves the pion mass to its empirical
(small) value.
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• The strange quark mass, ms ∼ 0.1 GeV, can still (with caution)
be considered small compared to the spontaneous chiralhy

si
cs

hy
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cs

p p
symmetry breaking scale and therefore deeply bound states of
kaons in the strong fields of a nucleus represent ideal conditions
f i ti ti th i hi h th t d li it

PhPh

for investigating the way in which the spontaneous and explicit
chiral symmetry breaking pattern of low-energy QCD changes in a
nuclear environment.
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Exploring dense nuclei with Exploring dense nuclei with 
KK b d t tb d t tKK-- bound statesbound states
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AntikaonAntikaon--mediated deeply bound mediated deeply bound 
nuclear statesnuclear states

 Deeply bound kaonic nuclear states in presence of

nuclear statesnuclear states
nn

 Deeply bound kaonic nuclear states in presence of
a  strong  antiK‐N  attractive  potential were  firstly
suggested by Wycech (Nucl Phys A450 (1986))
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suggested by Wycech (Nucl. Phys. A450 (1986)).

 A further important step in strangeness nuclear
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i  A  further  important step in strangeness  nuclear 

physics can be considered the work by Y.Akaishi, 
T.Yamazaki (Phys. Rev. C65 (2002) 044005) and by
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P. Kienle and W. Weise

PhPh Strong attractive I=0 antiK-N interaction favors
discrete nuclear states bound to ~ 100 MeV with
(narrow) width of 30-70 MeV (still under
discussion!).
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AntikaonAntikaon bound nuclear clusterbound nuclear cluster
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Production of KNCProduction of KNC
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r • stopped K- reactions on light nuclei
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• in-flight K- reactions
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• heavy ion collisions
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nu • heavy ion collisions

• stopped antiproton annihilation at rest
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 identification and study of antikaon nuclear cluster
b f i l i t
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ao by performing an exclusive measurement

formation  - missing mass
d i i tA
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n decay         - invariant mass
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FINUD data analysisFINUD data analysis
(LN(LN F tiF ti))
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JJ--PARC  E15PARC  E15
S h f K t th K1 8 (K t 1 8 G V/ ) b li
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Search for ppK- at  the K1.8 (K- momentum 1.8 GeV/c) beam line 
at J-PARC. 
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DISTO data analysisDISTO data analysis
(SATURNE(SATURNE S lS l ))

C
 
C
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Search for Search for ppKppK-- with FOPIwith FOPI
C
 
C
 

pppp
Search for the most fundamental KNC, namely K‐pp, by 
i th f ll i ti

d 
K
N
C

d 
K
N
C using the following reaction:

p + p → K+ + X
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p p

where X undergoes a successive decay:
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y  X = K‐pp → Λ + p → [p + π−] + p
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in this two‐body reaction one can obtain information on X 
from both the missing mass  and invariant mass:
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o o e i i g a a i a ia a

MX =MM(pp − K+)
M =Minv(Λ p)SeSe MX =Minv(Λ − p)

experiment performed at GSI 2009
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Search for Search for ppKppK-- with FOPIwith FOPI
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Experimental programme Experimental programme 
f AMADEUSf AMADEUSof  AMADEUSof  AMADEUS
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 study of the most fundamental antikaon deeply bound
nuclear systems, the kaonic dibaryon states:    

K- d ( K-) d d i 3H
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it ppK- and  (pnK-)  produced in a 3He gas target 

t t th k i 3 b t t

M
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er

M
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er  as next step, the kaonic 3-baryon states:

ppnK- and pnnK- produced in a 4He gas target
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 in addition, we plan to extend these studies
systematically over a broad range of nuclear

St
e

St
e systematically over a broad range of nuclear

targets, like Li, B and Be
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AMADEUS within KLOEAMADEUS within KLOE
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EMC
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KLOE –
Drift Possible setup
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Chamber for AMADEUS
within KLOE:
Cryo target
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Kaon trigger
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OBELIX (’86~’96) [Nucl. Phys., A797, 109 (2007).]( ) y ( )
pbar4He annihilation
stopped  pbar @ CERN/LEAR
 t t (4H @NTP H @3 t )

tio
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tio
n

gas target (4He@NTP, H2@3atm)
cylindrical spectrometer 
spiral projection chamber, scintillator barrels, jet‐drift chambers
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t p p j , , j

2.4x105/4.7x104 events of 4/5‐prong in 4He
pmin = 100/150/300MeV/c for /K/p
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Signal of bound states ?Signal of bound states ?
04 04 KppnKHep  

000 KdKppnK 
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G. Bendiscioli, et al., Nuclear Phys. A 789 (2007) 222
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KaonKaon production production in in pbarpbar--HeHe
Bendiscioliet al., NPA 797(2007)109;  Bendiscioliet al., NPA 815(2009)67

tio
n

tio
n

ni
hi
la
t

ni
hi
la
t

on
 a
nn

on
 a
nn

ip
ro
to

ip
ro
to

A
nt
i

A
nt
i

Production enhanced compared to pbar-p 
production by a factor 13 22 respectively!
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production by a factor 13, 22 respectively!
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Strangeness S=Strangeness S=--2 production yields2 production yieldsgg p yp y
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G. Bendiscioli, et al.,
Nuclear Phys. A 789 (2007) 107
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33 double kaon events were found
i ld 10 4
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yield ~ 10-4



Strangeness S=Strangeness S=--2 production2 production
We propose to use the antiproton annihilation reaction on light 
nuclei to produce and study double-strange nuclei in reactions

tio
n 
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nuclei to produce and study double strange nuclei in reactions 
such as: 

  KKKKpp
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i )]([ ppp

bound state formation  EB ~ 100 MeVbound state formation  EB 100 MeV

2 K+ indicate a strong binding of the K- pair in
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The double‐strangeness production yield of ~10‐4
k it ibl t l th ti t

tu
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makes it possible to explore the exotic systems.
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St
e

St
e pp

FLAIR Meeting Liverpool, February 21, 2011



tu
t

tu
t

‐‐I
ns
tit

In
st
it

M
ey
er

M
ey
er

ef
an

ef
an
‐‐MM

St
e

St
e

FLAIR Meeting Liverpool, February 21, 2011



How to Measure?

3 0   ( )p He K K X X K K pp      
we focus the reaction:

(although K‐K‐pp decay modes are not known at all,)
we assume the most energetic favored decay mode:

K K pp    

final state = K+K0

We can meas re the K‐K‐pp signal exclusivelyWe can measure the K‐K‐pp signal exclusively
by detection of all particles, K+K0, using K0+‐ mode

We need
24

e eed
wide‐acceptance detectors.



Expected Kinematics
i00 assumptions:

widths of K‐K‐pp = 0
isotropic decay

3 0
Sp He K K K K pp     

KK++KK00X momentum spectraX momentum spectra

isotropic decaySp pp

B.E=120MeV B.E=150MeV B.E=200MeV(th.+11MeV)
/~70MeV/c Kaon ~150MeV/c Kaon ~200MeV/c Kaon

In the KIn the K‐‐KK‐‐pp production channel, the kaons have very smallpp production channel, the kaons have very smallIn the KIn the K KK pp production channel, the kaons have very small pp production channel, the kaons have very small 
momentum of up to 300MeV/c, even if B.E.=200MeV.momentum of up to 300MeV/c, even if B.E.=200MeV.

W h t t t l t i l d t t
25

We have to construct low mass material detectors.
~200MeV/c  from K0S,  ~800MeV/c ,  ~700MeV/c p from ,  ~150MeV/c ‐ from 
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Search for Search for antikaonantikaon bound systems bound systems 
performing an “exclusive”performing an “exclusive” measurementmeasurement

A
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performing an exclusive  performing an exclusive  measurementmeasurement

formation process:
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o atio p ocess:
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decay processes:
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Future efforts to search for Future efforts to search for 
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  doubledouble--bound antikaon nuclear clusterbound antikaon nuclear cluster

i ti t ihil ti t t ith

at
  F
LA

at
  F
LA using antiproton annihilation at rest with a new

dedicated setup at FLAIR (CERN-AD?)
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 New detector concept for FLAIR  
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la • Start counter – scintillating fibres with 

Geiger Mode - APD readout
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• PID – with a TPC - GEM 
( i il d f PANDA)
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• For neutral particle detection - a Calorimeter
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p
with alternating scintillating fibres – lead layers
(KLOE-type)

FLAIR Meeting Liverpool, February 21, 2011

( yp )



KLOE electromagnetic calorimeterKLOE electromagnetic calorimeter
A
IR

A
IR

Reconstructed Ks mass from photon energies of the decay of  
Ks o o, with  o
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Calorimeter efficiency for neutronsCalorimeter efficiency for neutrons
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Calorimeter efficiency for neutronsCalorimeter efficiency for neutrons
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PANDA TPC prototypePANDA TPC prototype
work within EUwork within EU FP7 HadronPhysics2FP7 HadronPhysics2

‘Main’ Media 
distribution flangeA

IR
A
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work within EUwork within EU--FP7  HadronPhysics2FP7  HadronPhysics2
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LV distribution
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Read‐Out flangePad & GEM support 
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Antiproton annihilation setupAntiproton annihilation setup
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Antiproton annihilation on Antiproton annihilation on 44He at restHe at rest
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Three nucleon absorption: pbar-4He annihilation
reactions into four and five prongs with production of
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to reactions into four and five prongs with production of

two K+ admitted by the energy conservation, i.e.,
with threshold energy less than the pbar 4He mass
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nt with threshold energy less than the pbar-4He mass
(4664 MeV).
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Crude rate estimateCrude rate estimate
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• using the OBELIX result for: 
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• with a pbar rate ~ 104 s-1
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• efficiency for correlated events ~ 0 5 %
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~ 20 K+K+-pairs produced per day!
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   20 K K pairs produced per day!

~ 150 K+K+-pairs produced per day!
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 150 K K pairs produced per day!
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Only at FLAIR studies
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SummarySummary

U i th OBELIX lt it i i
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• Using the OBELIX results, it seems very promising 
to perform the outlined experiment at FLAIR to 
study “strangeness production”
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it study “strangeness production”

 more detailed studies necessary
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 Work started on the development of a TPC-GEM
detector SiPM - within the EU 7th – Framework
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an
‐‐MM detector, SiPM - within the EU 7 – Framework

Programme: HadronPhysics2 (new proposal for
HadronPhysics3 -> active target)
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e HadronPhysics3 > active target) 
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KK--pp System pp System 
self consistent AMD calculationself consistent AMD calculationself consistent AMD calculationself consistent AMD calculation
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Symmetry and symmetry breakingSymmetry and symmetry breaking
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Annihilation in Annihilation in hadronhadron physicsphysics
• Annihilation is a fascinating process, one of the most interesting
in low-energy hadron physics, in which matter undergoes a
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transition from its baryon structure to one consisting solely of
mesons.
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• The quark model offers a new way to describe the so-called
“annihilation” (not only the actual annihilation of all incoming
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er quarks and antiquarks), namely due to a simple re-arrangement

into quark–antiquark pairs.
(If quark re arrangement will be the leading mechanism NN
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‐‐MM (If quark re-arrangement will be the leading mechanism, NN

annihilation would be better considered by analogy with
rearrangement collisions in atomic or molecular physics.)
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• Intermediate scenarios are however conceivable, where some
of the incoming quarks and antiquarks annihilate and newof the incoming quarks and antiquarks annihilate, and new
quark–antiquark pairs are created.
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