
Strangeness	
  with	
  Pion	
  Beams	
  

Elementary	
  Reac6ons	
  
	
  	
  	
  *	
  Channels	
  and	
  Tools	
  
	
  	
  	
  *	
  Expected	
  Sta6s6cs	
  
π+A:	
  
	
  	
  	
  *	
  K0,	
  K+	
  in	
  cold	
  nuclear	
  maDer:	
  what	
  can	
  we	
  s6ll	
  do?	
  
	
  	
  	
  *	
  K-­‐:	
  Absorp6on	
  Measurements	
  
	
  	
  	
  *	
  	
  Λ:	
  analysis	
  of	
  the	
  kinema6c	
  variables	
  and	
  femtoscopy	
  
	
  



Kaon	
  and	
  An6kaon	
  Produc6on	
  in	
  π+p	
  collisions	
  

�TOT (⇡
� +N) = 34mb@1.7GeV/c⇡� + p@1.7GeV/c



Feasibility	
  Studies	
  	
  



Analysis	
  Tools	
  
Pluto	
  Events	
  
Geant	
  
DST	
  
Physics	
  Analysis	
  
	
  

+	
  Cut	
  on	
  Neutron	
  missing	
  mass	
  
+	
  Kinema6c	
  Refit	
  	
  



Reaction

day

= �
⇡

� · I
Prob

Reactionday = 5.37 · 107

�⇡� = 3.6 · 105 1
s
· 8.64 · 104 s

day
· 0.3 · 0.8

�⇡� =
⇡

�

s

· s

day

·Dead time · Duty Factor

For	
  a	
  5	
  cm	
  long	
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Rates	
  
�TOT (⇡

� +N) = 34mb@1.7GeV/c⇡� + p@1.7GeV/c



	
  
Sigma0	
  +	
  K0	
  
Exclusive	
  Analysis:	
  
	
  
Cut	
  on	
  Lambda	
  
Cut	
  on	
  K0	
  
An6-­‐cut	
  on	
  wrong	
  Lambda+K0	
  combina6ons.	
  
Kinema6c-­‐Refit	
  on	
  K0	
  
	
  
	
  
Semi	
  Exclusive	
  Analysis:	
  
Cut	
  on	
  K0	
  
Kinema6c-­‐Refit	
  on	
  K0	
  
	
  
!!	
  ONLY	
  K0S	
  have	
  been	
  simulated,	
  hence	
  a	
  further	
  factor	
  0.5	
  should	
  be	
  considered!	
  

Exclusive	
  and	
  Semi-­‐Exclusive	
  Analysis:	
  K0Σ0	
  



	
  
	
  
Lambda	
  +	
  K0	
  
Exklusive	
  Analyse:	
  
	
  
	
  
Cut	
  on	
  Lambda	
  
Cut	
  on	
  K0	
  
An6-­‐cut	
  on	
  wrong	
  Lambda+K0	
  combina6ons.	
  
Kinema6c-­‐Refit	
  on	
  K0	
  
	
  
Semi	
  Exclusive	
  Analysis:	
  
Cut	
  on	
  K0	
  
Kinema6c-­‐Refit	
  on	
  K0	
  
	
  
!!	
  ONLY	
  K0S	
  have	
  been	
  simulated,	
  hence	
  a	
  further	
  factor	
  0.5	
  should	
  be	
  considered!	
  
	
  

Exclusive	
  and	
  Semi-­‐Exclusive	
  Analysis:	
  K0Λ	
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⌃0K0⇤K0

�TOT (⇡
�p) = 34mb

14% · (0.9)2 · 0.95

*:	
  0.95	
  =TOF	
  Purity,	
  0.9=	
  Purity	
  dE/dx	
  
Both	
  numbers	
  are	
  included	
  in	
  the	
  other	
  two	
  analyses	
  already	
  

Factor	
  2	
  because	
  we	
  only	
  see	
  K0s	
  

Expected	
  Rate/	
  day	
  

1	
  day	
  =	
  3	
  shies	
  



Λ(1405)	
  in	
  π+p	
  reac6ons	
  	
  

Shie	
  Puzzle	
  



p+p	
  and	
  π+p	
  



Cut	
  on	
  K0s	
  inv	
  Mass	
  
Cut	
  on	
   3π	
  Miss	
  Mass	
  (Σ+)	
  
K0	
  Missing	
  Mass	
  -­‐>	
  Λ(1405)	
  



Conclusions	
  I	
  

Enough	
  	
  stas6cs	
  for	
  PWA	
  in	
  2	
  weeks	
  of	
  beam,	
  even	
  varying	
  the	
  energies.	
  
-­‐>	
  Combined	
  PWA	
  

Λ(1405);	
  
	
  Threshold:	
  Ekin=	
  1.3	
  GeV	
  
	
  4	
  HADES	
  publica6ons	
  with	
  800	
  counts	
  
12.500	
  counts	
  es6mated	
  for	
  25	
  days	
  of	
  beam	
  	
  	
  



Production Cross-Section 

A 
π+A-> φ/K+K- +X 

π 

σ(prod)~A σ(prod)~A0.8 σ(prod)~A2/3+.. 

Low Interaction Probability 
-> Production in the whole 
volume 
 

Strong Interaction 
-> Production close the 
surface 
-> Production of secondary π	



-> Production on the 
surface 

This is rather Model Dependent!! 



Hadron In-Medium Modification 

There are several scenarios.. 2 examples: 
Old One: Brown-Rho scaling (1992) 
 
 
One of the new: QCD Sum-Rules 
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m = m0 1−α
ρ
ρ0
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−Q2 ds ImΠHad (s)
(s + Q2)s2∫ = A(Q2) +

1
Q4 B ⋅ q q med + C ⋅ G2 + ...( ) +

1
Q6 D ⋅ q4 + ...( ) + ...

Urban et al.,1998 P.Mühlich et al.,NPA 780 (2006) 187 



Kaon in Matter 

€ 

ρ uu + ssρ

uu + ss
≅1− ΣKN

fπ
2mπ

2 ρ + ...

Mean Field Dynamics C. Fuchs Progr. In Part and Nucl. Phys. 56 (2006) 1-103 

€ 

∂µ ± iVµ( )
2

+ mK
*2[ ]φK ± (x) = 0

mK
* = mK

2 −
ΣKN

fπ
2 ρS +VµV

µ

Vµ =
3
8 fπ

2 jµ

ΣKN =

Klein-Gordon equation with Mesons and Baryons as DOF 

Effective or Modifies Kaon Mass 

Scalar potential, ~300-450 MeV, same for K+ and K- 

Vector potential attractive for K- repulsive for K+ 

How does the mass change as a function of the density of the environment? 

Strange condensate shows this dependency: 

è 

€ 

mK
*2 = mK

2 −
ΣKN

fπ
2 ρ +ϑ (kF

4 )



Our	
  Understanding	
  of	
  the	
  Poten6al	
  











Status	
  of	
  K0s	
  in	
  cold	
  nuclear	
  maDer	
  
Solid	
  evidence	
  of	
  the	
  shie	
  of	
  the	
  Kaon	
  mass	
  (	
  to	
  be	
  released	
  on	
  Friday)	
  
	
  
Ar+KCL	
  @	
  1.756	
  AGeV	
  HADES	
  (	
  Comparison	
  with	
  HSD	
  and	
  IQMD)	
  
p+Nb	
  @	
  3.5	
  GeV	
  HADES	
  (	
  Comparison	
  to	
  GIBUU)	
  
	
  

π+A	
  FOPI	
  and	
  ANKE	
  	
  but	
  only	
  compared	
  to	
  HSD	
  and	
  IQMD	
  and	
  small	
  sta6s6cs	
  (~2000	
  
K)	
  



Available	
  Sta6s6cs	
  so	
  far:	
  KAONS	
  
Covered	
  Phase	
  Space	
  



Phase	
  Space	
  Distribu6on	
  fo	
  K0s	
  



K0
S Cross-Section π+A 

€ 

σ π− + A→K 0 + X( ) =σ eff ⋅ A
b

σ eff = 0.87 ± 0.13mb
b = 0.67 ± 0.03

Sum of elementary 
cross-section 

Factor 2: Multiple-step processes? 
Same Trend as a fc. of A  

The A dependence of the Kaon production is more under control 
Since K+ and K0

s are not absorbed in nuclear matter they can serve as 
reference for K- 





Comparison	
  Low	
  and	
  High	
  Beam	
  Energy:	
  K0S	
  

⇡� + Cu@1.62GeV

⇡� + Cu@1.2GeV

Model:	
  GiBUU	
  aeer	
  Lapidus	
  tuning	
  



Comparison	
  Low	
  and	
  High	
  Beam	
  Energy:	
  K+	
  

⇡� + Cu@1.62GeV

⇡� + Cu@1.2GeV

Model:	
  GiBUU	
  aeer	
  Lapidus	
  tuning	
  



Inclusive K- 
Tag of the K- not coming from φ Decay via K+K- invariant Mass selection 
To study absorption of K- without in-medium properties of φ	



 Kaonic Atoms and Kaon Absorption 
If one looks at kaonic atoms the optical potential used to parametrize the 
interaction looks like:  

€ 

2µVopt (r) = −4πηaeff ρ( )ρ(r) = −4πη(a
K _n
ρ + a

K −P
ρ) + 2µUAbs

η =1+
mK

MN

a
K −n
, a

K − p
= scattering lengths

The Absorption part as comes from the imaginary part of aeff 
This value gives the absorption at p=0 
How does this depends on the momentum? 
 
 
 

Method: 

As a function of the Kaon Momentum!! 

J. Yamagata et al. arXiv:nucl-th/0503039v3 

€ 

R =
TA
TC

=
12σK −

A

AσK −
C

Real	
  part	
  only!	
  



K0
S Cross-Section 

€ 

σ π− + A→K 0 + X( ) =σ eff ⋅ A
b

σ eff = 0.87 ± 0.13mb
b = 0.67 ± 0.03

Sum of elementary 
cross-section 

Factor 2: Multiple-step processes? 
Same Trend as a fc. of A  

The A dependence of the Kaon production is more under control 
Since K+ and K0

s are not absorbed in nuclear matter they can serve as 
reference for K- 

σ(K-) : Production Threshold decreases! 



Calcula6ons	
  



Expected	
  Rates	
  

With	
  a	
  2.5%	
  Interac6on	
  Target	
   ⇡� + p@1.7GeV/c



Λ	





In	
  p+A	
  and	
  π+A	
  collec6ve	
  effects	
  should	
  be	
  negligible	
  so	
  that	
  the	
  correla6on	
  depends	
  
Only	
  on	
  the	
  strong	
  scaDering	
  length.	
  
Studies	
  are	
  currently	
  carried	
  out.	
  



Conclusion	
  II	
  
•  First	
  π+A	
  large	
  sta6s6cs	
  sample	
  for	
  Kaons,	
  An6kaons	
  and	
  Lambda	
  

•  J	
  


