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Kaon-­‐Nucleon	
  Poten.al	
  

K +/0N→ K +/0N(π /η / ...)

No	
  conven.onal	
  mechanism	
  
for	
  kaon	
  absorp.on:	
  

K −N→Yπ K −NN→YN

An.kaon	
  can	
  be	
  absorbed	
  
in	
  nuclear	
  environment:	
  

Sca=ering	
  effects	
  of	
  (an.)kaons	
  
inside	
  nuclear	
  ma=er:	
  	
  
➝	
  Kaon-­‐Nucleon	
  Poten.al	
  
➝	
  Coulomb-­‐Sca3ering	
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π

A


λ =1.5 fm (pπ =1.7 GeV / c)
dC/Pb = 5.5 /14.2 fm

➝	
  π is	
  likely	
  to	
  undergo	
  reac+ons	
  
	
  	
  	
  	
  	
  with	
  nucleus	
  on	
  the	
  surface	
  of	
  	
  
	
  	
  	
  	
  	
  the	
  target	
  nucleus ➝	
  K0 produc+on	
  scales	
  with	
  the	
  

	
  	
  	
  	
  	
  surface	
  of	
  the	
  nucleus	
  in	
  pion-­‐	
  
	
  	
  	
  	
  	
  induced	
  reac+ons	
  (@	
  1.15	
  GeV/c)	
  

Benabderrahmane	
  et	
  al.	
  Phys.	
  Rev.	
  Lea.	
  Bd.	
  102,	
  182501	
  (2009)	
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π

A


λ =1.5 fm (pπ =1.7 GeV / c)
dC/Pb = 5.5 /14.2 fm

➝	
  π is	
  likely	
  to	
  undergo	
  reac+ons	
  
	
  	
  	
  	
  	
  with	
  nucleus	
  on	
  the	
  surface	
  of	
  	
  
	
  	
  	
  	
  	
  the	
  target	
  nucleus 
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A	
  =	
  C/W	
  

K −

K +
W( ) K −

K +
C( ) y, pT /Θ, p( )

(An.)Kaon:	
  
	
  
	
  

➝	
  Rapidity	
  distribu.on	
  
➝	
  Momentum	
  distribu.on	
  
➝	
  K− absorp.on:	
  
	
  
	
  
	
  
➝	
  Phi: 
	
   	
  ➝	
  K− from	
  ϕ	
  feed-­‐down: 

Φ
K −

C /W( )

Φ→ K −K +, BR ~ 49%
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High	
  Acceptance	
  Di-­‐Electron	
  
Spectrometer	
  @	
  GSI	
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Secondary	
  Pion	
  Beam	
  @	
  1.7	
  GeV/c	
  
➝	
  CEntRal	
  BEam	
  TRacker	
  for	
  PiOnS	
  @	
  TU	
  Munich	
  

➝	
  High	
  π-­‐	
  rates	
  (up	
  to	
  107	
  part./s)	
  	
  	
  	
  	
  
➝	
  Self-­‐triggering	
  and	
  σ(pπ)	
  <	
  0.5	
  %	
  

➝	
  3.105	
  	
  K+,	
  	
  6.5.103	
  K− and	
  300 Φ in	
  π-­‐	
  +	
  W	
  
➝	
  2.5.105	
  	
  K+,	
  1.104	
  K− and	
  500 Φ 	
  in	
  π-­‐	
  +	
  C	
  

Wirth	
  et	
  al.	
  Nucl.	
  Inst.	
  and	
  Meth.,	
  Phy.	
  Res.	
  A,	
  243-­‐244	
  (2016)	
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Applied	
  cuts:	
  
• Primary	
  vertex:	
  	
  
•  -­‐	
  85	
  <	
  z	
  vertex	
  <	
  -­‐	
  5	
  mm	
  
•  -­‐	
  10	
  <	
  x,y	
  vertex	
  <	
  10	
  mm	
  

• Energy	
  loss:	
  0	
  <	
  dE/dxMDC	
  <	
  50	
  
• Velocity:	
  0	
  <	
  β	
  <	
  1	
  
• Par+cle	
  iden+fica+on	
  via	
  dE/dx	
  and	
  p	
  
Energy	
  loss	
  and	
  magne+c	
  field	
  correc+on	
   0	
  ≤	
  y	
  <	
  0.2	
   0.2	
  ≤	
  y	
  <	
  0.4	
  390	
  ≤	
  pT	
  <	
  450	
   390	
  ≤	
  pT	
  <	
  450	
  

0	
  ≤	
  y	
  <	
  0.2	
   330	
  ≤	
  pT	
  <	
  390	
   0.2	
  ≤	
  y	
  <	
  0.4	
   330	
  ≤	
  pT	
  <	
  390	
  

Kaon	
  yield:	
  
•  Signal:	
  SIM(PID)	
  ➝	
  σ	
  from	
  gauss	
  ➝	
  ‘’gauss	
  (fixed	
  σ)	
  +	
  polN‘‘	
  	
  
•  Background:	
  ‘‘exp‘‘	
  leo	
  tail	
  (π+)	
  +	
  ‘‘exp‘‘	
  right	
  tail	
  (p)	
  
•  Signal	
  +	
  Background:	
  

•  ‘‘gauss(σ)	
  	
  +	
  expp	
  +	
  expπ	
  (+	
  polN)‘‘	
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Applied	
  cuts:	
  
• Primary	
  vertex:	
  	
  
•  -­‐	
  85	
  <	
  z	
  vertex	
  <	
  -­‐	
  5	
  mm	
  
•  -­‐	
  10	
  <	
  x,y	
  vertex	
  <	
  10	
  mm	
  

• Energy	
  loss:	
  0	
  <	
  dE/dxMDC	
  <	
  50	
  
• Velocity:	
  0	
  <	
  β	
  <	
  1	
  
• Par+cle	
  iden+fica+on	
  via	
  dE/dx	
  and	
  p	
  
Energy	
  loss	
  and	
  magne+c	
  field	
  correc+on	
  

An.kaon	
  yield:	
  
•  Signal:	
  SIM(PID)	
  ➝	
  σ	
  from	
  gauss	
  ➝	
  ‘’gauss	
  (fixed	
  σ)	
  +	
  polN‘‘	
  	
  
•  Background:	
  ‘‘exp‘‘	
  leo	
  tail	
  (π-­‐)	
  
•  Signal	
  +	
  Background:	
  

•  ‘‘gauss(σ)	
  	
  +	
  expπ	
  (+	
  polN)‘‘	
  	
  

0.2	
  ≤	
  y	
  <	
  0.4	
   0.4	
  ≤	
  y	
  <	
  0.6	
  

0.2	
  ≤	
  y	
  <	
  0.4	
   210	
  ≤	
  pT	
  <	
  270	
  

270	
  ≤	
  pT	
  <	
  330	
   270	
  ≤	
  pT	
  <	
  330	
  

TOF	
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pT-­‐y	
   TOT	
  	
  

C	
   K+	
   415456	
  

K−	
   22542	
  

W	
   K+	
   585961	
  

K−	
   11963	
  

p-­‐θ	
  	
   TOT	
  	
  

C	
   K+	
   404294	
  

K−	
   19215	
  

W	
   K+	
   581318	
  

K−	
   10862	
  

Acceptance	
  and	
  efficiency	
  correc.on	
  
based	
  on	
  simula.on	
  (GiBUU):	
  

Fcorr pT , y( ) =
Osim pT , y( )
Isim pT , y( )

Fcorr pT , y( ) := correction factor

Isim pT , y( ) := input from simulation
Osim pT , y( ) := output of sim. (acc., tracking, analysis)
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Phase	
  Space	
  +	
  φ	
  
(BR:	
  48.9	
  %)	
  

0.021	
  
0	
  

0.3548	
  
0.0697	
  

	
  	
   Tungsten	
   Carbon	
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   74	
   6	
  
A	
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N	
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Fermi-­‐mo+on	
  

σ
π −+p→K−X

[mb]
σ

π −+n→K−X
[mb]

σ
π −+p→K+X

[mb]
σ

π −+n→K+X
[mb]

π-­‐+p	
  
Threshold	
  
p	
  [GeV/c]	
  

Λπ0π-­‐K+	
   1.407	
  
Λπ-­‐K+	
   1.144	
  
Σ+2π-­‐K+	
   1.568	
  
Σ0π-­‐K+	
   1.290	
  
Σ-­‐π+π-­‐K+	
   1.585	
  
Σ-­‐π0K+	
   1.290	
  
Σ-­‐K+	
   1.035	
  
Σ0(1385)π-­‐K+	
   1.680	
  
Σ-­‐(1385)π0K+	
   1.680	
  
Σ-­‐(1385)K+	
   1.399	
  
pK0K-­‐	
   1.497	
  
pK0SK-­‐	
   1.497	
  
nK+K-­‐	
   1.495	
  
nΦ	
   1.559	
  

π-­‐+n	
  
Threshold	
  
p	
  [GeV/c]	
  

Σ-­‐π-­‐K+	
   1.296	
  
pπ-­‐K0K-­‐	
   1.792	
  

π-­‐+p	
  
Threshold	
  	
  
plab	
  [GeV/c]	
  

Λπ+2π-­‐K+	
   1.711	
  
Λπ0π-­‐K+	
   1.407	
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   1.785	
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   1.790	
  
pK0K-­‐	
   1.497	
  
nπ+K0K-­‐	
   1.801	
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nK+K-­‐	
   1.495	
  
nΦ	
  (BR:	
  0.49)	
   1.559	
  

π-­‐+n	
  
Σ-­‐π-­‐K+	
   1.296	
  
pπ-­‐K0K-­‐	
   1.792	
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Yield	
  extrapola.on	
  in	
  pT	
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Par.cle	
   σ	
  [mb]	
  

C	
   K+	
   37.8	
  

K−	
   2.5	
  

W	
   K+	
   296.9	
  

K−	
   8.1	
  

Inside	
  HADES	
  acceptance	
  
0	
  <	
  y	
  <	
  1.2	
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Applied	
  cuts:	
  
• Primary	
  vertex:	
  	
  
•  -­‐	
  65	
  <	
  z	
  vertex	
  <	
  -­‐	
  5	
  mm	
  
•  -­‐	
  10	
  <	
  x,y	
  vertex	
  <	
  10	
  mm	
  

• Kaon	
  mass:	
  400	
  <	
  MK	
  <	
  600	
  MeV/c2	
  
• Par+cle	
  iden+fica+on	
  via	
  β	
  and	
  p	
  
•  (β	
  ≶(p/√(p2+mK

2)	
  ±	
  0.5)	
  
Energy	
  loss	
  and	
  magne+c	
  field	
  correc+on	
  

Phi	
  yield:	
  
•  Signal:	
  	
  ‘’gauss	
  +	
  gauss‘‘	
  	
  	
  

•  σ1:	
  finite	
  resolu+on	
  effects	
  
•  σ2:	
  mul+ple	
  scaaering	
  

•  Background:	
  ‘‘polN	
  .	
  (1	
  –	
  gauss(x,	
  threshold,	
  σ))‘‘	
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pT-­‐y	
   TOT	
  	
  

C	
   K−	
   22542	
  

W	
   K−	
   11963	
  

p-­‐θ	
  	
   TOT	
  	
  

C	
   K−	
   19215	
  

W	
   K−	
   10862	
  

p-­‐θ	
  	
   TOT	
  	
  

C	
   φ	
  
	
  

11310	
  

W	
   φ	
   5467	
  

pT-­‐y	
   TOT	
  	
  

C	
   φ	
   9146	
  

W	
   φ	
   5297	
  

π-­‐+C	
  
Φ /K − pT , y( ) = 0.41± 0.01 (stat)
Φ /K − p,Θ( ) = 0.59± 0.01 (stat)

π-­‐+W	
  

Φ /K − p,Θ( ) = 0.50± 0.02 (stat)
Φ /K − pT , y( ) = 0.44± 0.02 (stat)

s
π −N

=1.99 GeVM.	
  Lorentz	
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Summary:	
  
Kaons	
  
•  p-­‐Θ	
  and	
  pT-­‐y	
  analysis	
  almost	
  compa+ble	
  in	
  terms	
  of	
  

reconstructed	
  kaons	
  
•  K− absorp.on	
  in	
  four	
  kine+c	
  observables	
  
•  Rapidity	
  distribu+on	
  of	
  K+ different	
  for	
  C	
  and	
  W	
  
•  Rapidity	
  distribu+on	
  of	
  K− very	
  similar	
  for	
  C	
  and	
  W	
  
•  σ(K+/K−,C/W)	
  inside	
  HADES	
  acceptance	
  
	
  
Phi	
  
•  p-­‐Θ	
  and	
  pT-­‐y	
  analysis	
  almost	
  compa+ble	
  in	
  terms	
  of	
  

reconstructed	
  phis	
  
•  K− from	
  Φ	
  feed-­‐down:	
   Φ /K −(C) = 0.50± 0.01 (stat)

Φ /K −(W ) = 0.47± 0.01 (stat)

Thank	
  you	
  for	
  your	
  a=en.on!	
  



	
  	
  pT-­‐y	
  Distribu+on:	
  K+	
  	
  

18	
  

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

10

20

30

40

50
310× 0.0 < y < 0.2

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

10

20

30

40

310× 0.2 < y < 0.4

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

10

20

30

310× 0.4 < y < 0.6

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

5

10

15

20
310× 0.6 < y < 0.8

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

5

10

310× 0.8 < y < 1.0

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

2

4

6

310× 1.0 < y < 1.2

Joana	
  Wirth	
   55.	
  Interna+onal	
  Winter	
  Mee+ng	
  on	
  
Nuclear	
  Physics	
  	
  

PRELIMINARY	
  



	
  	
  pT-­‐y	
  Distribu+on:	
  K−	
  	
  

19	
  

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

200

400

600

800

1000
0.2 < y < 0.4

EXP
GiBUU
Boltzmann

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

500

1000

1500

0.4 < y < 0.6

EXP
GiBUU
Boltzmann

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

500

1000

1500

2000
0.6 < y < 0.8

EXP
GiBUU
Boltzmann

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

500

1000

1500

2000

0.8 < y < 1.0

EXP
GiBUU
Boltzmann

Joana	
  Wirth	
  

GiBUU	
  

55.	
  Interna+onal	
  Winter	
  Mee+ng	
  on	
  
Nuclear	
  Physics	
  	
  

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

0.2

0.4

0.6

0.8

1
310× 0.2 < y < 0.4

EXP
Urqmd
Boltzmann

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

0.5

1

1.5

310× 0.4 < y < 0.6

EXP
Urqmd
Boltzmann

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

0.5

1

1.5

2
310× 0.6 < y < 0.8

EXP
Urqmd
Boltzmann

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

0.5

1

1.5

2

310× 0.8 < y < 1.0

EXP
Urqmd
Boltzmann

Urqmd	
  

GiBUU/Urqmd	
  scaled	
  in	
  each	
  rapidity	
  bin	
  seperatly	
  to	
  discribe	
  the	
  pT-­‐distribu+on	
  



	
  	
  pT-­‐y	
  Distribu+on:	
  K−	
  	
  

20	
  

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

500

1000

1500

0.2 < y < 0.4

EXP
GiBUU
Boltzmann

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

1000

2000

0.4 < y < 0.6

EXP
GiBUU
Boltzmann

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

1000

2000

3000

0.6 < y < 0.8

EXP
GiBUU
Boltzmann

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

1000

2000

3000

0.8 < y < 1.0

EXP
GiBUU
Boltzmann

Joana	
  Wirth	
   55.	
  Interna+onal	
  Winter	
  Mee+ng	
  on	
  
Nuclear	
  Physics	
  	
  

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

0.5

1

1.5

310× 0.2 < y < 0.4

EXP
Urqmd
Boltzmann

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

1

2

310× 0.4 < y < 0.6

EXP
Urqmd
Boltzmann

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

1

2

3

310× 0.6 < y < 0.8

EXP
Urqmd
Boltzmann

 [MeV/c]
T

p
0 200 400 600

  [
1/

(M
eV

/c
)]

T
dN

/d
yd

p

0

1

2

3

310× 0.8 < y < 1.0

EXP
Urqmd
Boltzmann

GiBUU	
   Urqmd	
  

GiBUU/Urqmd	
  scaled	
  in	
  each	
  rapidity	
  bin	
  seperatly	
  to	
  discribe	
  the	
  pT-­‐distribu+on	
  



Rapidity	
  Distribu+on:	
  K+/K−	
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K +

TOF	
  Sta.s.c	
  Error	
   Piosson/Gauss	
  
	
  

Systema.c	
  
Error	
  

Par.cle	
  Idenifica.on	
  via	
  dE/dx	
  
and	
  p	
  
➝	
  	
  Asymmetric	
  cut:	
  4σK/3σK	
  

	
  ➝	
  4.5σK	
  /3.5σK	
  
	
  ➝	
  3.5σK	
  /2.5σK	
  

	
  

Kaon	
  spectrum	
  fit:	
  
➝	
  Gauss(σ)	
  	
  +	
  expop	
  +	
  expoπ	
  	
  
	
  	
  	
  	
  	
  (+	
  polN)	
  

	
  ➝	
  σ	
  ±	
  σerror	
  

Extrapola.on	
  in	
  pT:	
  
➝	
  σBoltzmann	
  

Normaliza.on:	
  10%	
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  Corrected	
  Yield:	
  Φ	
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Event-­‐by-­‐event	
  acceptance	
  and	
  efficiency	
  correc.on	
  based	
  on	
  simula.on	
  (Pluto):	
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Event-­‐by-­‐event	
  acceptance	
  and	
  efficiency	
  correc.on	
  based	
  on	
  simula.on	
  (Pluto):	
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