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Overview	  of	  Project	  

•  Original	  mo5va5on	  for	  development	  of	  generator	  
1.  Background	  subtrac5on	  
2.  Analysis	  of	  systema5c	  uncertain5es	  

•  Progress	  on	  new	  version	  and	  future	  
1.  Add	  more	  physics:	   Implement	  published	  unpolarized	  

cross	  sec5ons,	  polariza5on	  observables,	  etc.	  
2.  Offer	  more	  op5ons	  aimed	  at	  diverse	  requirements	  of	  

analysis	  (study	  of	  background	  mechanisms)	  

2	  



� K+
Quasi&free*(QF)*

�

K+

⇤

Pion*mediated*sca5ering*

�

p
n

K+
Λn**resca5ering*

n

�

p
n

K+

Kn*resca5ering*

⇤

n

K+

N
N

N

⇡
N
N N

⇤,⌃
⇤,⌃

⇤,⌃,⌃⇤0,⌃⇤�

Reac5on	  Mechanisms	  and	  Background	  Channels	  

3	  



Channels	  in	  Generator	  

Addi5onally,	   two	   other	   channels	   are	   processed	   in	   the	   next	   process	   of	   conversion	  
from	  root-‐file	  to	  BOS-‐file.	  

•  Channel	  8:	  quasi-‐free	  for	  Λ	  produc5on,	  using	  the	  first	  step	  informa5on	  of	  
the	  channels	  2	  and	  3	  

•  Channel	  9:	  quasi-‐free	  for	  Σ	  produc5on,	  using	  the	  first	  step	  informa5on	  of	  
the	  channel	  4	  
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Generator	  

Channel Number Channel Name First step Second step

1 ⇡0
mediated for signal �n ! ⇡0n ⇡0p ! K+

⇤

2 Kn re-scattering for signal �p ! K+
⇤ K+n ! K+n

3 ⇤n re-scattering for signal �p ! K+
⇤ ⇤n ! ⇤n

4 ⌃n re-scattering for ⌃ production �p ! K+
⌃ ⌃n ! ⌃n

5 ⇡+
mediated for signal �p ! ⇡+n ⇡+n ! K+

⇤

6 Quasi-free for ⌃

⇤0
production �p ! K+

⌃

⇤0
⌃

⇤0 ! ⇤⇡
7 Quasi-free for ⌃

⇤�
production �n ! K+

⌃

⇤�
⌃

⇤� ! ⇤⇡�



Flow	  Chart	  of	  Generator	  	  
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How	  to	  Run	  

•  A]er	  compiling,	   the	  execu5ve	  file	  called	  “gendpi0”	  
is	  produced.	  

•  Example	  of	  how	  to	  run:	  
	  	  	  	  	  	  	  	  	  	  	  ./gendpi0	  -‐R	  example.root	  -‐M	  50000	  -‐E	  0.9:2.6	  -‐p	  pcs	  -‐n	  3	  -‐c	  246	  

§  Op5on	  R:	  Output	  file	  name	  
§  Op5on	  M:	  Number	  of	  events	  	  to	  be	  generated.	  
§  Op5on	  E:	  Photon	  beam	  energy	  range	  
§  Op5on	   p:	   Choice	   of	   unpolarized	   or	   polarized	   differen5al	   cross	   sec5on	   in	   the	  

first	  step	  
§  Op5on	  n:	  Number	  of	  reac5on	  channels	  to	  be	  processed	  
§  Op5on	  c:	  List	  of	  the	  reac5on	  channels	  according	  to	  numbering	  scheme	  on	  p.	  3	  	  
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Set$ webpage$ address$ with$
observable’s$name$and$bin$ranges$$

Create$a$empty$table$

Run$PHP$script$

Input$extracted$data$into$the$table$file$

Save$the$table$file$

Extract$ required$ data$ from$ the$
specific$webpage$

Loop$

How	  to	  Extract	  Cross-‐Sec5on	  Values	  	  from	  
Online	  Databases,	  Such	  as	  SAID	  

A	  batch	  program	  was	  developed	  to	  quickly	  create	  a	  table	  in	  the	  
format	  required	  by	  the	  generator	  using	  PHP	  script	  and	  C++.	  
	   Flow	  Chart	  
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Unpolarized	  Cross	  Sec5on	  of	  	  
the	  Second-‐Step	  Channels	  

•  There	   are	   no	   available	   results	   for	   unpolarized	   cross	  
sec5on	  of	  second-‐step	  π0p-‐>K+Λ	  and	  π+n-‐>K+Λ	  channels.	  

•  Data	   and	   model	   predic5ons	   are	   published	   for	   the	  
closest	  channels,	  such	  as	  π-‐p-‐>K0Λ,	  π-‐p-‐>K0Σ0,	  π-‐p-‐>K+Σ-‐,	  
and	  π+p-‐>K+Σ+.	  	  

•  The	   technique	   of	   isospin	   couplings	   for	   πN-‐>KY	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
is	   used	   to	   calculate	   unpolarized	   cross	   sec5on	   of	   the	  
second-‐step	  channels.	  

Calculation of Cross Section through Isospin Coupings

Tongtong Cao

September 29, 2015

In the strong interaction, isomultiplets are indistinguishable. In other words, the strong forces
experienced by isomultiplets are identical. It allows us to quantitively compare cross section between
reactions with incoming and outgoing particles from the same isomultipltes by isospin couplings and
conservation. Coupling states and uncoupling states are associated by Clebsch-Gordan coe�cients.
In this project, cross sections of the reactions ⇡�p ! K0⇤, ⇡�p ! K0⌃, ⇡�p ! K+⌃�, and
⇡+p ! K+⌃+ have been known. We will use these information to extract cross sections of the
reactions ⇡0p ! K+⇤, ⇡+n ! K+⇤, ⇡p ! K+⌃0, and ⇡+n ! K+⌃0.

Table 1: Isospin for hadrons of interest

Hadron p n ⇡+ ⇡0 ⇡� K+ K0 ⇤ ⌃+ ⌃0 ⌃�

I 1
2

1
2 1 1 1 1

2
1
2 0 1 1 1

I3
1
2 - 12 1 0 -1 1

2 - 12 0 1 0 -1

Firstly, let’s consider three processes of ⇡N ! K⇤.

(a) ⇡�p ! K0⇤

• Initial state: |ii = |1-1i|12
1
2i =

q
1
3 |

3
2 -

1
2i �

q
2
3 |

1
2 -

1
2i

• Final state: |fi = |12 -
1
2i|00i = |12 -

1
2i

(b) ⇡0p ! K+⇤

• Initial state: |ii = |10i|12
1
2i =

q
2
3 |

3
2
1
2i �

q
1
3 |

1
2
1
2i

• Final state: |fi = |12
1
2i|00i = |12

1
2i

(c) ⇡+n ! K+⇤

• Initial state: |ii = |11i|12 -
1
2i =

q
1
3 |

3
2
1
2i+

q
2
3 |

1
2
1
2i

• Final state: |fi = |12
1
2i|00i = |12

1
2i

Cross section can be express as

� = K|hf |H|ii|2 (1)

Here, H is Hamiltonian of the strong interaction, and K is a factor. We can obtain

1
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Technique	  of	  Isospin	  Couplings	  

•  In	   the	   strong	   interac5on,	   iso-‐mul5plets	   are	  
indis5nguishable.	  

•  For	   a	   reac5on,	   the	   ini5al	   and	   final	   states	   of	  
isospin	   can	   be	   obtained	   through	   Clebsch-‐
Gordan	  coefficients.	  

•  Cross	   sec5on	   is	   propor5onal	   to	   square	   of	  
magnitude	  of	  amplitude.	  
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•  Channel	  a:	  	  

•  Channel	  b:	  

•  Channel	  c:	  
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•  Channel	  a:	  	  

•  Channel	  b:	  

•  Channel	  c:	  

•  Channel	  d:	  

•  Channel	  e:	  
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Summary	  and	  Outlook	  
•  Source	  files	  about	  the	  generator	  can	  be	  found	  in	  the	  ifarm	  

directory	  /u/home/caot/simula5on.	  To	  be	  uploaded	  to	  the	  
standard	  CLAS	  repository.	  

•  Unpolarized	   differen5al	   cross	   sec5ons	   of	   the	   second-‐step	  
channels	  are	  in	  process	  to	  be	  added	  into	  the	  generator.	  

•  More	   polariza5on	   observables	   will	   be	   implemented	   to	  
calculate	   comprehensive	   polarized	   differen5al	   cross	  
sec5ons	  of	  the	  first-‐step	  channels.	  

•  Addi5onal	   op5ons	   will	   be	   offered	   for	   the	   convenience	   of	  
user	  applica5ons.	  
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