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• Similarly as the Warsaw group, we are a 
subnode of IFJ-PAN Cracow

• Staff: 
M. Zrałek, K. Kołodziej, H. Czyż, J. Syska, J. G.

• Phd students: 
Sz. Szczypiński (finished last year), B. Dziewit, A. 
Smolin-Joniec, K. Kajda, A. Wapienik, M. Gunia, M. 
Ochman, R. Szafron

• ESR: T. Sabonis (12 months)



We are working within We are working within 

the following milestonesthe following milestones

• Multi-particle amplitudes
• study of four and six fermion production at e+e- 

colliders 
• completion and automatization of arbitrary tree level 

processes computations
• Computer algebra (development of packages for 

Feynman integral calculations) 
• precision calculations (Bhabha scattering)
• Alternative new physics (neutrinos)



Cooperation within EU networkCooperation within EU network

• DESY-Zeuthen, Aachen (J.G.)
• Karlsruhe, Bologna (H.Czyż)
• U. Granada (M. Zrałek)
• Humboldt U. Berlin, DESY Zeuthen (K. Kołodziej)



ConferencesConferences

•  Matter to the deepestMatter to the deepest: Recent developments in : Recent developments in 

physics of fundamental interactionsphysics of fundamental interactions.  
31st International Conference of theoretical physics, 
Ustron, Poland, September 5-11, 2007

• This year again, http://www.us.edu.pl/~us2009
• Many participants from the Heptools network













• M. Zrałek, F.del Aguila, R.Szafron, M. Ochman, J. 
Syska

•  “Impact of right-handed interactions on the propagation of Dirac 
and Majorana neutrinos in matter”, Phys.Rev.D76:013007,2007

•  “Neutrino production states in oscillation phenomena. Are they 
pure or mix?”, J.Phys.G35:065003,2008

• “Neutrino oscillations beyond the Standard Model”, 
J.Phys.Conf.Ser.136:042027,2008

Neutrinos properties beyond the Standard Model,

 
possibility of experimental verification.

J.Phys.Conf.Ser.136:042027,2008



The main obtained results:

Beyond the SM:

1.Neutrino production states are not pure QM states – 
   density matrix,

2.Final detection rates do not factorize,

3.It is possible to distinguish Dirac from Majorana 
   neutrinos, 

4.Coherent and incoherent oscillations, 

5.Density matrix is useful even for the   nSM   neutrino 
   oscillation.





Neutrino produced states are mixed Mixed state has the impact on neutrino oscillations 

  Influence of the NP on the Dirac and     
Majorana neutrino oscillation

      Difference between D and M neutrino oscillation 

          strongly depends on the model parameters

L = 732 km

E = 50 GeV



Plans for  the future:

1.SM calculation of the neutrino detection rates for new neutrino 
beams and detectors (superbeam, neutrino factory, beta beam 
and aqua, liquid scintillator, argon as a detector material).  

2. Calculation of the neutrino detection rates for future 
experiments  if neutrino production, oscillation inside matter 
and detection are described by New Physics (NP).

3. Search for the bounds on the NP parameters in the model 
independent  effective Lagrangian from new existing 
experimental data.

4. Neutrino oscillation in new physics models (experimental and 
theoretical bounds on the oscillation parameters beyond the 
SM: supersymmetry, unparticles, new gauge bosons, new 
Higgses, extra dimensions).



Bhabha scatteringBhabha scattering







Developing analytical toolsDeveloping analytical tools
 for loop calculations for loop calculations

• Mbtools
• http://projects.hepforge.org/mbtools/

http://projects.hepforge.org/mbtools/


AMBRE still
developing
to include
multiloop
tensor 
integrals



Other packagesOther packages

• hexagon is a new package for the tensor reduction of 
one-loop 5-point and 6-point functions with rank R=3 
and R=4, respectively; T.Diakonidis's talk

• CSectors is an interface for the package 
sector_decomposition by Bogner and Weinzierl and 
allows a convenient, direct evaluation of tensor 
Feynman integrals (still not published)



SummarySummary

• We continue to work on many important 
aspects of particle physics

• We hope for further close and fruitful 
cooperation with EU scientists within the 
Heptools network,


