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Overview of Presentation

Radiative Corrections in K,; Decays

Outline of Previous Studies

Overview of Calculation

KL3 GENERATOR and other Event Generators
(PHOTOS, KE3ALL).

Remaining Work




How do Radiative Corrections
Affect KI3 Decays?

1. Correction to thetotal K, decay rate:

Mz = (1407) [y
where. 8. = 0, +

(LD Correction, o -, is~ 1.5% from previous study)




How do Radiative Corrections
Affect KI3 Decays?

Radiative effects (bremsstrahlung) necessary to study

Monte Carlo acceptance.
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Basic Lowest Order K,; Decay (Born):
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Matrix Element:




Feynman Diagrams for Radiative Corrections




Radiation from Radiation from Radiation from
Pion (1) Lepton (1) Eff. Vertex

**All 8 diagrams plus Born Diagram will
contribute to the Decay Rate, I (K53).
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Ginsberg Study:




Fearing, Fischbach, Smith (FFS) Study:




Cirigliano et. al. Study:




What we need:




Overview of bremsstrahlung calculation:

| mportant Issues to Consider:

e How do we treat the pion?
\What is“t” for radiative events?

How do we treat the K-1t-l-v Vertex? Some of the external
particles are no longer on shell!

*\What is the vertex for when the photon radiates off the vertex?




What is“t” for radiative KI3 Decays?
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The KO%-11-1*-v Vertex:

» Use born-level diagram to obtain a
Feynman Rule.

» Assume this holds for when the pion
or lepton are off-shell.

 From earlier dide, effective vertex is
then,




The K%1T-I*-v Vertex (v2):

» There are many equivalent versions
of this“Feynman Rule” that give same
“Born-level” result.

» The difference between versions are
“ Structure Dependent” Terms.

where the form factors come from the hadronic matrix element:




lllustrate that EV1 and EV 2 are Equivalent
for Born Diagram

u(p,)EV,v(p) =
iV2G V. T(p, )Pal(pe + p) . (8) + (P« — B,) F_(O)IV(P)

** use Energy Momentum Conservation **

=iv2G.VU(p, )Pl(2p — b, — B) F. () +(p, + p) F_(O)IV(P,)

** use Dirac Equationsfor v and | **
=iV2GVU(p, R:[(2p +m) f, (1) - m f_(DIv(p)
=iv2G V. 0(p, )P [2py f. (1) +m f,(D)]v(p)

=1(p,)[EVi]v(p)




Photon Radiation from the Effective Vertex:




Bremsstrahlung Matrix Element:




K3 Event Generators




K3 Event Generator Functionality:

ovima




KL3 GENERATOR Features:

 Standalone Event Generator for Neutral K ; Events (writes unweighted
eventstofile).

* Program written in FORTRAN and utilizes the following packages:

8 (plotting, etc.)

§ (linear algebra)

8 (scalar and tensor loop integrals)

8 (MC phase space integration).
e Tested on both Linux and Unix/Alpha architectures.
 Implement cross checks:

8§ Matrix Elements Numerically Computed by different methods:
analytic expression for squared/summed matrix element (checked with
FORM) and numerical matrix element calculation (spinors, Dirac
matrices, etc.) and compare with KESALL ME routine.

8 Numerically check cancellation of infrared divergences.




cos(6";,) Comparisons (v1)
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cos(6";,) Comparisons (v2)

-0.8 -0.6 -04 -02 O 0.2 04 06 08 1

Compoaring KE3ALL to KL3GEN (EV2)  cos(@)

AO 1.029 + 0.1520E-03
Al —0.4025E-01 4+ 0.1776E-03
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Remaining Work

e Complete Cross-Checks on the Matrix Elements.

o Complete implementation of Virtual Correctionsin
KL3 GENERATOR. Thisisused for event
generation and 9, , calculation.

o Analyze effect of different form factor models on
radiative correction parameter o, .




