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1.  Introduction1.  Introduction
++ Hadrons in nuclei++ Hadrons in nuclei ++++++ Hadrons in nuclei++ Hadrons in nuclei ++++

□□ TThe properties of hadrons in nucleihe properties of hadrons in nuclei tell us some hintstell us some hints
for understandingfor understanding the dynamics of strong interactionsthe dynamics of strong interactionsfor understanding for understanding the dynamics of strong interactionsthe dynamics of strong interactions..

------ Extension of “nuclear force”, dynamics in finite density,..Extension of “nuclear force”, dynamics in finite density,..

□□ Kaonic nucleiKaonic nuclei
“St l ” tt ti i t ti b t“St l ” tt ti i t ti b t------ “Strongly” attractive interaction between“Strongly” attractive interaction between
KNKN may make kaon bound may make kaon bound in nuclei. in nuclei. 

ーー> Dynamics of strong interactions > Dynamics of strong interactions 
including including strangenessstrangeness..

□□ Systematic study of decay pattern for kaonic nuclei Systematic study of decay pattern for kaonic nuclei 
is desired, since its is desired, since its KK absorption width is large.absorption width is large.
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1.  Introduction1.  Introduction
++ Non++ Non--mesonicmesonic decay of kaonic nuclei ++decay of kaonic nuclei ++++ Non++ Non mesonicmesonic decay of kaonic nuclei ++decay of kaonic nuclei ++
□□ Consider Consider nonnon--mesonic decay of kaonic nucleimesonic decay of kaonic nuclei. . 

□□ Λ(1405)Λ(1405) doorway process doorway process （（KNKN ーー> > Λ(1405)Λ(1405) ーー> > MBMB）） may may 
be the main one of nonbe the main one of non--mesonic decay. mesonic decay. yy

------ Λ(1405)Λ(1405) ( = ( = ΛΛ*) : *) : KN KN resonant state with resonant state with I I =0=0. . 

□□ IfIf ΛΛ* =* = KNKN quasiquasi bound statebound state ΛΛ* doorway* doorway□□ If If ΛΛ* = * = KNKN quasiquasi--bound statebound state, , ΛΛ* doorway* doorway
will be more important will be more important in the kaonic nuclei.in the kaonic nuclei.
KNKN l ti i k i l il ti i k i l i------ KNKN correlations in kaonic nuclei. correlations in kaonic nuclei. 

□□ Decay ratioDecay ratio ΓΓΛΛNN // ΓΓΣΣNN will be independentwill be independent□□ Decay ratioDecay ratio ΓΓΛΛNN // ΓΓΣΣNN will be independent will be independent 
from the production process. from the production process. 
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2.  Elementary 2.  Elementary Λ(1405) Λ(1405) NN ーー>> Y NY Nyy ( )( )
++++ ΛΛ**NN ーー>> Y NY N transitions ++transitions ++  ΛΛ N N Y NY N transitions transitions 

□□ Define Define elementary elementary ΛΛ**N N ーー>> Y N Y N ((Y Y = = ΛΛ or or ΣΣ) transiton rate) transiton rate::

------ TTYNYN : : ΛΛ**N N ーー>> Y N Y N nonnon--mesonic transition amplitudes,mesonic transition amplitudes,
ddΦΦ22 : phase space of final : phase space of final YY and and N. N. 

□□ Here we consider Here we consider 2 2 NN absorption of absorption of KK::
elementary elementary ΛΛ**NN ーー> > ΛΛN, N, ΣΣ00N, N, ΣΣ±±N N yy ,, ,,
((ΛΛ* doorway processes)* doorway processes). . 

------ Final Final NN will NOT be affected by will NOT be affected by 
Pauli blocking effects in nuclear medium, Pauli blocking effects in nuclear medium, 
since its momentum is about more than 500 MeV/c. since its momentum is about more than 500 MeV/c. 
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2.  Elementary 2.  Elementary Λ(1405) Λ(1405) NN ーー>> Y NY Nyy ( )( )
++++ ΛΛ**NN ーー>> Y NY N transitions ++transitions ++  ΛΛ N N Y NY N transitions transitions 

□□ We choose We choose oneone--meson exchange modelmeson exchange model for the for the nonnon--
mesonicmesonic ΛΛ**NN ーー>> Y NY N transition Amp.transition Amp. TTYNYN..mesonic mesonic ΛΛ N N Y N Y N transition Amp. transition Amp. TTYNYN. . 
(cf. non(cf. non--mesonic decay of mesonic decay of ΛΛ hyper nuclei).hyper nuclei).

Jido, Oset and Palomar, Jido, Oset and Palomar, Nucl. Phys. Nucl. Phys. A694A694 (2001) 525.(2001) 525.

□□ There are 3 parts for the diagrams. There are 3 parts for the diagrams. 
:: ΛΛNN 1.1. ΛΛ**MBMB couplingscouplings GGMBMB (parameter).(parameter).: : ΛΛN N 1. 1. ΛΛ MBMB couplings couplings GGMB MB (parameter).(parameter).

2. Meson propagators including 2. Meson propagators including 
h th t l til tishortshort--range correlations. range correlations. 

3. 3. MBB MBB threethree--point interaction point interaction VVMBBMBB
: : ΣΣNN by flavor SU(3) symmetry. by flavor SU(3) symmetry. 

ーー>> Dynamics determined byDynamics determined by GGMBMB !!
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2.  Elementary 2.  Elementary Λ(1405) Λ(1405) NN ーー>> Y NY N
++ Properties of transition rate ++++ Properties of transition rate ++

yy ( )( )
++ Properties of transition rate ++++ Properties of transition rate ++

□□ MBBMBB couplings couplings VVMBBMBB are determined by the flavor SU(3), are determined by the flavor SU(3), 
with Exp fits for parameters (with Exp fits for parameters (DD andand FF))with Exp. fits for parameters (with Exp. fits for parameters (DD and and FF). ). 

ΛΛNN :                    :                    LargeLarge Small Small 
contributioncontribution contributioncontributioncontribution.contribution. contribution.contribution.

ΣΣNN :                    Small               :                    Small               LargeLarge
t ib tit ib ti t ib tit ib ticontribution.  contribution.  contribution.contribution.

□□ We expect that We expect that ΛΛ* couplings * couplings GGKNKN , , GGπΣπΣ will be important.will be important.
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2.  Elementary 2.  Elementary Λ(1405) Λ(1405) NN ーー>> Y NY Nyy ( )( )
++ Properties of transition rate ++++ Properties of transition rate ++++ Properties of transition rate ++++ Properties of transition rate ++

□□ What is the general propertiesWhat is the general properties
of nonof non mesonic decay ?mesonic decay ?of nonof non--mesonic decay ?mesonic decay ?

ーー> Regarding > Regarding ΛΛ* coupling ratio * coupling ratio 
GG // GG tt l tl tGGKNKN // GGπΣπΣ as parametersas parameters, plot, plot
ratio of the transition rate ratio of the transition rate 
γ γ ΛΛNN // γ γ ΣΣ00NN . . 

□□ BothBoth ΛΛ* and* and NN at rest.at rest.□□ Both Both ΛΛ  and  and N N at rest.   at rest.   
□□ MMΛΛ**= 1420 MeV, = 1420 MeV, GGηΛηΛ=0.=0.

------ Sensitive to Sensitive to ΛΛ* coupling ratio; * coupling ratio; 
Larger Larger GGKNKN // GGπΣπΣ leads to leads to ΓΓΛΛNN // ΓΓΣΣ00NN ratio enhancement !ratio enhancement !

Hyp Hyp -- X  @  TOKAI  X  @  TOKAI  （（Sep. 14Sep. 14--18, 2009 18, 2009 ）） 77



2.  Elementary 2.  Elementary Λ(1405) Λ(1405) NN ーー>> Y NY Nyy ( )( )
++ Properties of transition rate; Comments ++++ Properties of transition rate; Comments ++++ Properties of transition rate; Comments ++++ Properties of transition rate; Comments ++
□□ ΛΛ* mass dependence is small* mass dependence is small;;

similar result insimilar result in MM = 1405 MeV= 1405 MeVsimilar result in similar result in MMΛΛ**= 1405 MeV.= 1405 MeV.

□□ Initial momentum (Initial momentum (ΛΛ* or * or NN))(( ))
dependence is also smalldependence is also small. . 

<<ーー Due to large phase space of Due to large phase space of g p pg p p
final final YY and and NN, compared with    , compared with    
momentum scale ~100 MeV/c.momentum scale ~100 MeV/c.momentum scale 100 MeV/c.momentum scale 100 MeV/c.

ーー> > Similar Similar ΓΓΛΛN  N  // ΓΓΣΣ00NN ratio enhancement occur forratio enhancement occur for
nonnon--mesonic decay of kaons in finite nuclear densitymesonic decay of kaons in finite nuclear densitynonnon--mesonic decay of kaons in finite nuclear density.mesonic decay of kaons in finite nuclear density.

□□ GGηΛηΛ dependence is also smalldependence is also small due to small due to small VVηηNNNN. . 
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2.  Elementary 2.  Elementary Λ(1405) Λ(1405) NN ーー>> Y NY N
++ Short summary;++ Short summary; ΓΓΛΛNN // ΓΓΣΣ00NN enhancement ++enhancement ++

yy ( )( )
++ Short summary; ++ Short summary; ΓΓΛΛN N // ΓΓΣΣ00NN enhancement ++enhancement ++

ΛΛNN :                    :                    Largest Amp. Largest Amp. Small Small 
fffor large for large GGKNKN.. contribution.contribution.

ΣΣNN S llS ll L t AL t AΣΣNN :                    Small               :                    Small               Largest Amp. Largest Amp. 
contribution.  contribution.  For large For large GGπΣπΣ..

□□ Larger Larger ΛΛ* coupling* coupling GGKNKN // GGπΣπΣ <<ーー> > ΓΓΛΛN  N  // ΓΓΣΣ00N  N  enhancement !enhancement !
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3.  Non3.  Non--mesonic decay of kaonic nucleimesonic decay of kaonic nucleiy f ky f k

++++ KNKN system in finite nuclear density ++system in finite nuclear density ++++ ++ KNKN system in finite nuclear density ++system in finite nuclear density ++
□□ NonNon--mesonic decay width mesonic decay width 

of kaonic nuclei:of kaonic nuclei:of kaonic nuclei: of kaonic nuclei: 

------ γγYNYN : non: non--mesonic transition rate (mesonic transition rate (ΛΛ**NN ーー> > Y NY N),),γγYNYN (( ))
Fermi gas approximationFermi gas approximation for the initial for the initial NN (nuclear matter). (nuclear matter). 

□□ Chiral unitary approach givesChiral unitary approach gives ΛΛ** inducedinduced KNKN >> MBMB AmpAmp□□ Chiral unitary approach gives Chiral unitary approach gives ΛΛ**--induced induced KNKN ーー> > MBMB Amp.Amp.
TTχχ

KNKNーー>MB >MB : : KNKN ーー> > ΛΛ* * ーー> > MBMB process. process. 
R ti f t itiR ti f t iti TTχχ tt ΛΛ* k ( 1420 M V) i* k ( 1420 M V) iーー> > Ratio of transition Ratio of transition TTχχ

KNKNーー>MB >MB at at ΛΛ* peak (=1420 MeV) is* peak (=1420 MeV) is
equal toequal to ΛΛ**MBMB coupling ratiocoupling ratio, as a good approximation:, as a good approximation:
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3.  Non3.  Non--mesonic decay of kaonic nucleimesonic decay of kaonic nucleiy f ky f k

++ Branching ratio vs baryon density ++++ Branching ratio vs baryon density ++++ Branching ratio vs. baryon density ++++ Branching ratio vs. baryon density ++
□□ Plot Plot branching ratio branching ratio ΓΓΛΛNN / / ΓΓΣΣ00NN vs. nucleon densityvs. nucleon density..

□□ ΓΓΛΛNN / / ΓΓΣΣ00NN ~ 1.2 in chiral~ 1.2 in chiral
unitary approach.unitary approach.y ppy pp

------ Large Large GGKNKN / / GGπΣ πΣ . . 

□□ Large phase space   Large phase space   
ーー> Independence from> Independence from ρρ
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3.  Non3.  Non--mesonic decay of kaonic nucleimesonic decay of kaonic nuclei

++ Value of non++ Value of non--mesonic decay width ++mesonic decay width ++

y f ky f k

++ Value of non++ Value of non mesonic decay width ++mesonic decay width ++
□□ ΓΓΛΛ**ーー>>πΣ πΣ = 40 MeV (obtained from chiral unitary approach)= 40 MeV (obtained from chiral unitary approach)

<< > |> |GG | =0 78 at| =0 78 at ΛΛ* peak position (=1420 MeV)* peak position (=1420 MeV)<<ーー> |> |GGπΣπΣ | =0.78 at | =0.78 at ΛΛ* peak position (=1420 MeV).* peak position (=1420 MeV).

□□ Estimate Estimate absolute valueabsolute value
of nonof non--mesonic decaymesonic decay. . 

□□ Total nonTotal non mesonic decaymesonic decay□□ Total nonTotal non--mesonic decaymesonic decay
width = 22 MeV at thewidth = 22 MeV at the

t ti d itt ti d itsaturation density saturation density 
( ( ΓΓΛΛN  N  = 7 MeV, = 7 MeV, ΓΓΣΣ00N N = 5 MeV,= 5 MeV,
ΓΓΣΣ±±N N = 10 MeV ). = 10 MeV ). 
------ About half of About half of ΛΛ**ーー> > πΣπΣ..
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4.  Discussions4.  Discussions

++ Non++ Non--mesonic decay width ofmesonic decay width of KNNKNN ++++++ Non++ Non mesonic decay width of mesonic decay width of KNNKNN ++++
□□ In our approach In our approach the nonthe non--mesonic decay width of mesonic decay width of KNN KNN 

can roughly be estimatedcan roughly be estimated if density betweenif density between NNNN is knownis knowncan roughly be estimated can roughly be estimated if density between if density between NNNN is knownis known
(in the Ansatz that (in the Ansatz that KNKN is is ΛΛ* in the * in the KNNKNN).).

------ Density between Density between NNNN relatesrelates
to nonto non--mesonic decay width. mesonic decay width. yy

untiary approachuntiary approachuntiary approach.untiary approach.
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4.  Discussions4.  Discussions

++ Non++ Non--mesonic decay width ofmesonic decay width of KNNKNN ++++++ Non++ Non mesonic decay width of mesonic decay width of KNNKNN ++++
□□ Examine our results in comparison with nonExamine our results in comparison with non--mesonic mesonic 

decay width ofdecay width of KNNKNN in other approachin other approachdecay width of decay width of KNNKNN in other approach.in other approach.
------ DoteDote--HyodoHyodo--Weise Weise estimates estimates nonnon--mesonic decay widthmesonic decay width

4 12 M V f4 12 M V f KKーー tt= 4 ~ 12 MeV for = 4 ~ 12 MeV for KKーーpppp system, system, 
with prediction of with prediction of 0.03 fm0.03 fm--33

h ih i d id ias the maximum as the maximum NNNN density.density.
Dote, Hyodo, Weise, Dote, Hyodo, Weise, Phys. Rev. Phys. Rev. C79C79 (2009) 014003.(2009) 014003.

□□ Our approach indicates total Our approach indicates total 
width ~ 5 MeV at 0.03 fmwidth ~ 5 MeV at 0.03 fm--33..

ーー> Consistent results! > Consistent results! 
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5.  Summary5.  SummaryS yS y

++ Summary ++++ Summary ++++ Summary ++++ Summary ++
□□ We investigate We investigate nonnon--mesonic decay of kaonic nucleimesonic decay of kaonic nuclei with with 

oneone meson exchangemeson exchange under theunder the ΛΛ(1405)(1405) doorway processdoorway processoneone--meson exchange meson exchange under the under the ΛΛ(1405)(1405) doorway processdoorway process..
□□ Branching ratio Branching ratio ΓΓΛΛNN / / ΓΓΣΣ00NN is sensitive to is sensitive to ΛΛ* couplings. * couplings. 
------ Larger Larger GGKNKN // GGπΣπΣ <<ーー>  >  ΓΓΛΛN  N  // ΓΓΣΣ00N  N  enhancement. enhancement. 

□□ Using chiral unitary approach we obtain branching ratioUsing chiral unitary approach we obtain branching ratio□□ Using chiral unitary approach we obtain branching ratio Using chiral unitary approach we obtain branching ratio 
ΓΓΛΛNN / / ΓΓΣΣ00NN ~ 1.2 ~ 1.2 for nonfor non--mesonic decay of kaonic nuclei.mesonic decay of kaonic nuclei.

□□ Total nonTotal non--mesonic decay width is about 22 MeVmesonic decay width is about 22 MeV at satuat satu--
ration density. ration density. ------ About half of About half of ΛΛ**ーー> > πΣπΣ decay width. decay width. yy yy

□□ Consistent width for Consistent width for KNNKNN system with Dotesystem with Dote--HyodoHyodo--Weise. Weise. 
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5.  Summary5.  SummaryS yS y

++ Future plan ++++ Future plan ++++ Future plan ++++ Future plan ++
□□ 2 2 NN absorption potential for absorption potential for KK

We can evaluate (imaginary)We can evaluate (imaginary)------ We can evaluate (imaginary) We can evaluate (imaginary) 
potential in the same approach. potential in the same approach. 

33H (H (KKーー )) KKーー titi・・ 33He (He (KKーー, , nn) ) KKーーpp pp reaction. reaction. 
(poster by Yamagata(poster by Yamagata--Sekihara). Sekihara). 

□□ InIn--medium effects on hadronsmedium effects on hadrons, such as by RPA Approx., such as by RPA Approx.□□ InIn medium effects on hadronsmedium effects on hadrons, such as by RPA Approx. , such as by RPA Approx. 

□□ KK absorption by deuteronabsorption by deuteron ーー> We can see > We can see ΛΛ* properties?* properties?
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Thank you very muchThank you very much
for your kind attention.for your kind attention.
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ーー>>
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