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Outline of the talk 
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1.  Physics motivation. 
2.  K   results in the p+p experiment. 

3.  First K    spectra from the p+Nb experiment. 

4.  Summary. 

0 
S 

0 
S 



 Kaon-nucleon interaction 
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HADES (Ar+KCl@1.76AGeV) 
Repulsive KN potential: 39 MeV 

Without potential 

K0 
S 

With repulsive potential 

K0	
  
S	
  

Agakishiev et al. Phys. Rev. C 82(2010), 044907 
Benabderrahmane et al. Phys. Rev. Lett. 102, 182501 (2009) 

UrQMD-Goethe Universität Frankfurt 

ρ ≈ 2-3·ρ0  
@SIS18 1-3 AGeV 

FOPI (π-+A@1.15GeV) 
ANKE (p+A@2.3GeV) 
Repulsive KN potential: 20 MeV 

Büscher et al. Eur. Phys. J. A 22, 301-317 (2004) 



Motivation for our study 
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Goal: 
l  Comparison of the K   production in  
   proton-nucleus (p + 93Nb) and elementary (p + p) collisions. 
 
Features: 
l  High acceptance for the low pt region. 
l  No Coulomb interaction for the K   . 
 
Limitation of this measurement: 
l  Higher kinetic beam energy with 3.5 GeV 
  (previous measurements: ~1-2.3 GeV). 
l  p+p as a reference — doesn’t take into account nuclear effects: 
  p+n reactions, absorption, two-step production. 
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see M. Nanova‘s talk 



 Nuclear modification factor 
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RpA =
2 ! dN dpt( )pNb
Apart
pNb ! dN dpt( )pp

HADES data    M. Weber talk arXiv:0907.4644v2 

pt, GeV/c 

STAR data  
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15° 

85° High Acceptance Di-Electron Spectrometer: 
l  Momentum resolution ≈ 1-5 % 
l  Particle identification via dE/dx & TOF 
l  1.2·109 events in p+p 
l  4.2·109 events in p+Nb  
l  M ≥ 3 LVL1 trigger for both runs 

The HADES detector 

3.5 GeV beam 

G. Agakishiev et al. [HADES]  
Eur.Phys.J.A41:243-277,2009.  



Results from the p+p experiment 
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K   in p + p collisions  

l  Primary and secondary vertex cuts applied. 
l  Background reconstruction via mixed event method  
   not possible due to correlated pions. 
l  Fitting curve: polynomial Landau fit (polynom of 3rd order). 

Invariant mass π+π-  
after applying cuts 

Background subtracted 
invariant mass π+π-  
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PLUTO simulations  

l  Simulation of 13 K   production channels 
for p + p @ 3.5 GeV (91% of σtot) 
l  σtot = 0.10527 mb 

0 
S 

I. Frohlich et al. [HADES] PoS ACAT2007:076,2007.  
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pt-spectra in p + p 

l  High statistics obtained for the low-pt region. 
l  Spectra show symmetry w.r.t. mid-rapidity (maximal deviation 10%) è  
  acceptance and efficiency corrections under control. 

Acceptance & efficiency corrected pt-spectra 
mid-rapidity 
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pt-spectra in p + p: 
comparison with PLUTO simulations 

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

0.5

1 Corr. Exp
Pluto

 < -0.85
cm

-0.95 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000
310×

Corr. Exp
Pluto

 < -0.75
cm

-0.85 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

200

400

600

310×

Corr. Exp
Pluto

 < -0.65
cm

-0.75 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

200

400

600

800

310×

Corr. Exp
Pluto

 < -0.55
cm

-0.65 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

310×

Corr. Exp
Pluto

 < -0.45
cm

-0.55 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500
310×

Corr. Exp
Pluto

 < -0.35
cm

-0.45 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

310×

Corr. Exp
Pluto

 < -0.25
cm

-0.35 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

310×

Corr. Exp
Pluto

 < -0.15
cm

-0.25 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

2000
310×

Corr. Exp
Pluto

 < -0.05
cm

-0.15 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

2000
310×

Corr. Exp
Pluto

 < 0.05
cm

-0.05 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

310×

Corr. Exp
Pluto

 < 0.15
cm

0.05 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

310×

Corr. Exp
Pluto

 < 0.25
cm

0.15 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

1000

2000

3000

4000

310×

Corr. Exp
Pluto

 < 0.35
cm

0.25 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

0.5

1 Corr. Exp
Pluto

 < -0.85
cm

-0.95 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000
310×

Corr. Exp
Pluto

 < -0.75
cm

-0.85 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

200

400

600

310×

Corr. Exp
Pluto

 < -0.65
cm

-0.75 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

200

400

600

800

310×

Corr. Exp
Pluto

 < -0.55
cm

-0.65 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

310×

Corr. Exp
Pluto

 < -0.45
cm

-0.55 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500
310×

Corr. Exp
Pluto

 < -0.35
cm

-0.45 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

310×

Corr. Exp
Pluto

 < -0.25
cm

-0.35 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

310×

Corr. Exp
Pluto

 < -0.15
cm

-0.25 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

2000
310×

Corr. Exp
Pluto

 < -0.05
cm

-0.15 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

2000
310×

Corr. Exp
Pluto

 < 0.05
cm

-0.05 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

310×

Corr. Exp
Pluto

 < 0.15
cm

0.05 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

310×

Corr. Exp
Pluto

 < 0.25
cm

0.15 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

1000

2000

3000

4000

310×

Corr. Exp
Pluto

 < 0.35
cm

0.25 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

0.5

1 Corr. Exp
Pluto

 < -0.85
cm

-0.95 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000
310×

Corr. Exp
Pluto

 < -0.75
cm

-0.85 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

200

400

600

310×

Corr. Exp
Pluto

 < -0.65
cm

-0.75 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

200

400

600

800

310×

Corr. Exp
Pluto

 < -0.55
cm

-0.65 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

310×

Corr. Exp
Pluto

 < -0.45
cm

-0.55 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500
310×

Corr. Exp
Pluto

 < -0.35
cm

-0.45 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

310×

Corr. Exp
Pluto

 < -0.25
cm

-0.35 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

310×

Corr. Exp
Pluto

 < -0.15
cm

-0.25 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

2000
310×

Corr. Exp
Pluto

 < -0.05
cm

-0.15 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

2000
310×

Corr. Exp
Pluto

 < 0.05
cm

-0.05 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

310×

Corr. Exp
Pluto

 < 0.15
cm

0.05 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

500

1000

1500

310×

Corr. Exp
Pluto

 < 0.25
cm

0.15 < y

 [MeV/c]tp
0 200 400 600 800 1000

co
un

ts
/(7

5 
M

eV
/c

)

0

1000

2000

3000

4000

310×

Corr. Exp
Pluto

 < 0.35
cm

0.25 < y

l  Single normalization factor (from midrapidity).  
l  Spectra show good overall agreement. 

mid-rapidity 



-0.35 < ycm < -0.25 
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pt-spectra in p + p 
and Boltzmann fits 

Boltzmann distribution for pt 
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l  Fit in the region 200-750 MeV/c. 
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0.05 < ycm < 0.15 0.15 < ycm < 0.25 0.25 < ycm < 0.35 mid-rapidity 



-0.35 < ycm < -0.25 
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pt-spectra in p + p (PLUTO simulation) 
and Boltzmann fits 

Boltzmann distribution for pt 
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l  Fit in the region 200-750 MeV/c. 

-0.15 < ycm < -0.05 -0.25 < ycm < -0.15 -0.45 < ycm < -0.35 

0.05 < ycm < 0.15 0.15 < ycm < 0.25 0.25 < ycm < 0.35 mid-rapidity 
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Boltzmann slope parameters: 
experiment versus simulation 

l  Systematics from the variation of the fit range (±50 MeV/c). 
l  Good agreement between experiment and simulation for extracted slopes. 
l  Further studies with PYTHIA simulations. 

� SIM 
� EXP 



Results from the p + Nb experiment 
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1 
 

p + Nb experiment: 
trigger issues 

Centrality selection 
with LVL1 trigger 

K    multiplicity per event in the HADES 
acceptance versus LVL1 trigger mult. 

0 
S 

UrQMD 

l  M ≥ 3 LVL1 trigger was used. 
l  <Apart> ≈ 2.7. 
l  Ratio M3/minimum bias in the HADES acceptance 1.57. 

minimum bias 

LVL1 

UrQMD 
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K   signal in p + Nb 

l  Analysis strategy very similar to the p+p case. 
l  Background via polynomial landau fit. 
l  Mixed event background shown to give consistent results. 

Invariant mass π+π-  
after applying cuts 

Background subtracted 
invariant mass π+π-  

0 
S 
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First pt-spectra in p + Nb 

Acceptance & efficiency corrected pt-spectra 

mid-rapidity 
0.15 < ycm < 0.25 -0.05 < ycm < 0.05 -0.15 < ycm < -0.05 

l  Efficiency correction with the simulated tracks  
  embedded into the real data.  
l  High statistics obtained for the low-pt region. 



e/π separation: 
electron purity 

19 

 
Comparison 

 
p + p experiment: 
l  Corrected pt (mt) spectra → high statistics in low pt. 
l  Obtained pt spectra are symmetric w.r.t. midrapidity →  
  acceptance and efficiency corrections under control. 
l  Description of the low-pt component: 

l  Simulations with Pythia, GiBUU. 
 
p + Nb experiment — cold nuclear matter: 
l  Corrected pt spectra → high statistics in low pt. 
l  Analyze pt spectra with GiBUU. 
l  Extract pNb/pp ratio, analyze with transport models (GiBUU, HSD). 
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