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Invariant mass distributions (K-  )

What about subsystems? Let's have a look...



  

Invariant mass distributions (K- ) and ( )

Aha, there is structure, too → Assuming an isobar decay chain...



  

Isobar model assumption: A decay chain
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Isobar model assumption: A decay chain
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Note: Assuming no direct 3 particle decay



  

Dalitz plots
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http://www.staff.uni-mainz.de/jasinsk/temp/talk/Dalitzplots_animated_final.gif


  

Quantum numbers to deal with

http://pdg.lbl.gov/2009/download/rpp-2008-plB667.pdf  Page 172

http://pdg.lbl.gov/2009/download/rpp-2008-plB667.pdf


  

Decomposition of the decay chain (reversely)
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For us relevant quantum numbers: 

Quark spin: s = +- ½ Parity: P = +1
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Isobar states (resonances in the subsystem)
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For us relevant quantum numbers: 

Quark spin: s = +- ½ Parity: P = +1
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Introducing additional inner 
Quantum number:

Orbital angular momentum: l = 0,1,... 

Parity of the quark pair becomes

P = P
1
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 x (-1)l+1 = -1 (for l=0)

From now on forget about the quark pair interpretation!
Look only at the final states and combine quantum numbers:
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From now on forget about the quark pair interpretation!
Look only at the final states and combine quantum numbers:



  

Decomposition of the decay chain (reversely)
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Isobar states (resonances in the subsystem)

Important notation:

here:

Total Spin still couples

|s-l |  J |s+l |

and thus every J bigger than 0 is possible
due to the orbital angular momentum l = 0,1,2,...
But not all J are observed!

particle1[ ls ] particle2

K− [ l=0,1,2,
∣s1−s2∣≤s≤∣s1s2∣=00]



  

Decomposition of the decay chain (reversely)

X
+

 -

 - -

p
target p

recoil

Isobar

Isobar states (resonances in the subsystem)

It is now assumed to have a good knowledge about the Isobars appearing in the subsystems.
(Of course the subsystems are not fully understood at all!)

2 particle subsystems are usually already analyzed in further experiments and we use this
Knowledge to setup now a partial wave set based on the observed Isobars.

As an example we use the clearly visible resonances:
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The diffractively produced resonace

Renaming the total spin J → s
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Projection of J is the quantum number M = -J,-J+1..,+J
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The diffractively produced resonace

K∗8920[ l=0,1,2,
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Decomposition of the decay chain (reversely)
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The diffractively produced resonace

K∗8920[ l=0,1,2,
∣s1−s2∣≤s≤∣s1s2∣=11]−

Regroup to values of same JP(C) since
It is an observed fact that same JP(C) states 
mix and are therefore dealt as one and the 
same resonance in the PDG.
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Decomposition of the decay chain (reversely)
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The diffractively produced resonace
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Decomposition of the decay chain (reversely)
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The diffractively produced resonace
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Grouped again to same JP(C)

J P L M
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3 - 2 -3,...,3

4 - 2 -4,...,4



  

Listed resonances in the PDG
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Observed resonances listed in the PDG

K(1460)

K1(1270),K1(1400)

K*(1410),K*(1680)

K*2(1430),K*(1980)

K2(1580),K2(1770),K2(1820),K*2(1980),...

-

K*3(1780)

-

Only resonances listed with observed decays containing these two example isobars
Italic if K*(892) decays were observed but no K*2(1430) contribution.

Let's see whether we can observe them...



  

Basic partial wave set based on visible isobars

K∗8920[ l=0,1,2,
1 ]−

K 214300 [l=0,1,2,
2 ]−

K 014300[ l=0,1,2,
0 ]−

K− [l=0,1,2,
1 ]7700

K− [l=0,1,2,
0 ] f 09800

K− [l=0,1,2,
2 ] f 212700

- Take only M  0 (natural 
parity exchange, J = 
0+,1-,2+,... since pomeron 
dominated)
- l  2
- Take only visible, known JP 
states, 1+ and 2 -

→ 32 waves + flat wave !

- Fit on 40 MeV bins



  

“ basic “ wave set results (JP=1+) 

K1(1270)  ~90 MeVK1(1270)  ~90 MeV

K1(1400)  ~170 MeVK1(1400)  ~170 MeV
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“ basic “ wave set results (JP=2-) 

K2(1770)  ~186 MeVK2(1770)  ~186 MeV



  

“ basic “ wave set results (JP=2-) 

K2(1770)  ~186 MeVK2(1770)  ~186 MeV

D
om

inant                                                



  

“ basic “ wave set results (flat wave)

Note: I did not show all waves

Conclusion:

- initial partial wave set is still leaving 
too much structure in the flat wave → 
missing partial waves to describe

- Isobar system is not complete 
(missing for example flat ( )

s
 ( )

s
 

waves)

- tuning of wave set is needed 
(thresholds, resonance description of 
 for example)

- A look at the phase motion is not 
shown here but needed to determine a 
resonance

How can we see that I'm going in the 
right direction? → Implement the wave 
set of WA03 (same channel) and 
compare to it...



  

COMPASS vs. WA03



  

The final wave set by ACCMOR-Collab. (WA03) 

 = ()s-wave  I used  ;  = K(800) ; K** = K*(1430) ; f = f2(1270)

Using this wave set for a first try of the ROOTPWA software package



  

some results for COMPASS 2008 data compared to WA03
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some results for COMPASS 2008 data compared to WA03

Major differences are due to:
- no spinflip waves included
- no mass cuts applied
- differences in the PDG value
- differences in the broad S-waves



  

Conclusion and outlook

● The basic work flow of the PWA program ROOTPWA, 
mainly maintained and developed by Sebastian Neubert 
and Boris Grube, is understood. I need to learn to use the 
correct “buttons” in a appropriate way.

●  MC acceptance correction is still to be applied but 
expected to be flat. 

● Studies on the background are being prepared. (3 ) 
background, (3 K) background, combinatorial background 
(~30%), leakage studies, deck effects, etc.

● And lot of other work to do... It's fun!



  

Thank you!



  

Backup slides



  

Mass independent PWA in a nutshell

(from a talk by Sebastian Neubert)
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