


The problem:

A description of productions and decays of fundamental unstable particles

>

for colliders subsequent to LHC (—> ILC)
generally should be made with NNLO accuracy

(i) gauge cancellations and unitarity;
(ii) enough high accuracy of computation of resonant contributions

Existing methods:

e Pole expansion/DPA: Laurent expansion around complex poles
+ conventional PT for residues /LEP1,LEP2/

e Complex mass scheme (CMS): complex-valued renormalized mass

[1 complex-valued Weinberg angle etc. / A.Denner, S.Dittmaier, M.Roth, etc. /

e Pinch-technique method [ huge volume of extra calculations

J

> NLO

/J.Papavassiliou, A.Pilaftsis, D.Binosi, etc. /
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Modified perturbation theory (MPT):

direct expansion of the cross-section in powers of the coupling constant
with the aid of distribution-theory methods

Asymptotic expansion in o [ gauge invariance should be maintained
The accuracy of description of resonant contributions = ? ?

To clear up this question, I do numerical simulation in the MPT up to the NNLO

/ M.Nekrasov, Mod.Phys.Lett. A 26 (2011) 223,1807 /



Pair production and decay, double-resonant contributions

o(s) = / (s /s:9)6(s),  6(s)= [[dsidsy 6(5: 51,52) (1+0,)

Expansion in powers of d ' T |s; — M2+ aS(s)|
in the sense of distributions



Basic ingredients of MPT

* Asymptotic expansion of BW factors in powers of o / E.Tkachov,1998 /
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* Analytic regularization of the kinematic factor

\/)\(3’31732) —» lim {)\(3,31,32) }V / M.Nekrasov,2007 /
v—1/2

analytic calculation of “singular” integrals

* Conventional-perturbation-theory for “test” function ®
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Singular integrals, scheme of calculations
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Numerical calculations & estimate of errors

®* Fortran code with double precision

* Simpson method for calculating absolutely convergent
integrals (relative accuracy o, = 107%)

* Linear patches for resolving 0/0-indeterminacies  (x/x, x?/x?, ...)

@ € - actual size
of the patch

additional errors:

d,: due to patches themselves ——> 6, O €2 ¢",/¢

0

0,: due to the loss of decimals near indeterminacy points:

x/X: [@)—(0) _ f'(0) e—10M 5, 0 1070-M f

z e fo

o/xz: [O=10-a0) L E1OR o _1gn 5 [ g-0-m 2o
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0

minimization of errors 8,018, = N =8 at D = 15 double
(numerical estimate) precision

Overall error: 0=9, 0 0, 0 0, <103 <«—NNLO




Specific models for testing MPT

* Test function O :

ete” - (yZ) - tt ~WbWb o
Born approximation

ete — (y Z2) - WtW~- —4f
* Breigt-Wigner factors :

2 = a2+ a?2,+ a3%; <«— three-loop contributions to self-energy

* Universal soft massless-particles contributions :

Flux function in leading-log approximation:

lz:8) = Be(l — 2)% 7 — %ﬁe(l +2), g =22 (m - 1)

™ mg

Coulomb singularities through one-gluon/photon exchanges:

am | 2 Bul* — B=s"1/A(s,51,8)
%=k [1 - a”ta“( 28TmBy )] Bu = 1 — 40>~ 1MT) /s




Results of calculations. The case of top-quarks

Total cross-section O(s) :
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Results

of calculations. The case of W-bosons
Total cross-section O(s) :

MW =80.40 GeV MZ=91.19 GeV
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Conclusion

In the case of pair production and decays of unstable particles:

e The existence of MPT expansion practically has been shown
(working FORTRAN code up to NNLO is presented)

e MPT stably works at the energies near the maximum of the
cross-section and higher

e At ILC energies NNLO in MPT provides accuracy of

- a few 0.1%, in the case of top quarks ™
- less than 0.1%, in the case of W bosons

MTV is a good candidate for support at the ILC the pair production
and decay of fundamental unstable particles

*) The higher precision is possible if proceeding to NNNLO
or if using NNLO of MPT for calculation of loop contributions only,

11



	Страница 1
	Страница 2
	Страница 3
	Страница 4
	Страница 5
	Страница 6
	Страница 7
	Страница 8
	Страница 9
	Страница 10
	Страница 11
	Страница 12

