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Intr oduction 2

LEP2 Needs corrections!

genuine EW corrections at 200GeV
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People/Papers 3

physics with YFSWW3 and KORALW

Papers:

YFSWW3:  Phys. Rev. D54 (1996) 5434;
Phys. Lett. B417 (1998) 326;
Phys. Rev. D61 (2000) 113010;
hep-ph/0007012; CERN-TH/2001-017
Comput. Phys. Commun. 94 (1996) 215;
Phys. Lett. B372 (1996) 289;
Comput. Phys. Commun. 119 (1999) 272,

CERN-TH/2001-102.

Author s of YFSWW3 and KoralW:
S. JADACH, W.P., M. SKRzZYPEK, B.F.L. WARD, Z. WAS

YFS3WW includes EW corrections by
J. Fleisher, F. Jegerlehner, K. Ko odziej and M. Zra ek
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People/Papers 4

Combining YFSWW3 and KoralW, very schematicaly

YFSWW3

O(a )

O(GIM)

KoralW

O((G/M)?)

Green boxes represent neglected contributions.
However, QED ISR is however included up to In LL,

and KoralW includes all background.
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Intr oduction 5

EXPERIMENTALLY:

W-pairs observed through 4f nal states + radiative photons

GENERAL PROCESS:

THEORETICALLY: also EW LOOP corrections necessary!

Exclusive Yennie-Frautsc hi-Suura Exponentiation:

e (

2. 2

2.

— Soft Photon Radiation Factor
— YFS FormFactor
YFS Residuals for n Real Photons

EW loop corrections enter through 's.
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WW Physics with YFSWW/KORALW 6

More Detalils:

TWO MC EVENT GENERATORS

YFSWW KORALW

Simplied Process Full Process
(Double-Resonant W) (All 4f Channels)

D D

As Much Rad. Corr. Simplied Rad. Corr.
As Possib le (Needed) (ISR, Coulomb, ..)

WW-Process

NL EW Corr. YFS LL ISR Non-WW 4f Contrib.

“Screened” Coul. Corr. Coulomb Correction YFS LL ISR
(Approximation For “Naive” QCD Caorr.
Non-Factorizable Corr.) Full CKM Matrix

W-BR's Incl. Rad Corr.

Anomalous TGC's

FSR by PHOTOS

Decays by TAUOLA
Hadronization by JETSET
Semi-An. Code: KORWAN

S. Jadach Granada, March, 2001



WW Physics with YFSWW/KORALW 7

TWO POSSIBILITIES:

For WW-Physics

When

NEW! Concurent relalization of

[Event generatiorj

wait

[Total MC weigr;t]

[Hadronization}-..,,“" fing
n
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Works effectivel y as a single MC event generator
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WW Physics with YFSWW/KORALW 8

— IS Impor tant expansion parameter!

More on WW Physics With YFSWW3

Double-Resonant Feyman Graphs (CCO03)

Non Gauge-Invariant!
POSSIBLE SOLUTION:
Leading Pole Appr oximation (LPA):

Matrix Element (For Gauge-Invariant Set of Feynman Graps)

Can Be Decomposed:
M)

Spinor and Lorentz Tensor Structure of M.E.
(External Wave Functions, etc.)
Lorentz Scalar Functions

(e.g. Describe Finite-Range W-Propagation)
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WW Physics with YFSWW/KORALW 9

TWO APPROACHES:

a) R. G. Stuart, Nucl. Phys. B498 (1997) 28 and Refs. therein

Expanded About Complex Poles (Laurent Series)
Corresponding to Unstable Particles (Here: W's)

Untouched by Laurent Expansion!
LPA: Only Leading-Pole Terms Kept!

IMPLEMENTED IN YFSWW: LPA RECOMMENDED

b) Yellow Report CERN 96-01, Vol. 1, p. 79 and Refs. therein®
The Whole Matrix Element M Expanded About Poles!
(Connection to On-Shell WW Production and Decay)

LPA: Only Leading-Pole Terms Kept!
IMPLEMENTED IN YFESWW: LPA For Tests

NUMERICAL DIFFERENCES :

Level LPA /LPA 1

Born Several Per Cent

A Few Per Mille

(Min. Gauge-Invariant Set

Born: LPA Very Close to CC11

of Feynman Diagrams)

2See also: W. Beenakker, FA. Berends and A.P. Chapovsky, Nucl. Phys. B548 (1999) 3
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Results

YFSWW3-1.14
(CC09/CC10/CC11 Channels)

KORALW-1.42

"S= 161 GeV
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™S = 500 GeV

ww [f 0
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Much Bigger Than

Granada, March, 2001




Results

YFSWW3-1.14
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Results

YFSWW3-1.14
@ LEP2 Energies

A. Denner, S. Dittmaier,
RACOONWW M. Roth, D. Wackeroth

YFSWW3

RAacooNWW

(Y

R)/Y [%]
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Agreement Within 0.4%
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Results 13

Summer 2000 LEPZ2 Data

21/07/2000

LEP Preliminary
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YFSWW3-1.14: Total WW xSect. including LC

Results

14

ww [pH

P s[GeV]

Born

ISR

Best

ISR Born
Born

[%]

Best ISR

Born

[%]

155000
157.000
159000
161000
163000
165000
167000
168000
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Exponentiation for charged resonances 15

The problem of photon emission from
Problems and questions:

Exponentiation for 's does not make sense,
because for 's there is are IR singularities!
Of cour se it does! Is almost stable particle!

See example of
Where is the truth? What is the mechanism?

How big are QED interf erence between resonance
production and decay?

The so called Non-Factorizab le (NF) corrections.

What are distrib utions of photons with ?
All (except one) calculations of NF are inclusive .
Can one do fully exclusive MC calculation with NF

interf erences?
Related question: How impor tant is Coulomb effect?

Altog ether there are about papers published on NF,
although the net effect is In terms of

Nevertheless, subject is very interesting theoretical y.

The following material is result of collaboration with W. Placzek

and M. Skrzypek.
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16

Basic facts

Quite general argument: QED interf erences between
production and decay of instab le particle are supressed by

because of time separation.
Since the effect is in . the net effect is

The basic mechanism is that both real and virtual emissions
are cut at . Factor just represents the quality

of the soft photon approximation.

The case of charged resonance is more complicated

because it also can emit photons.

Three possible approaches:

Neglect ineterf ences between production and decay
completel y (YFSWW3).

Include them in soft photon approximation at
(RacoonWWw),

Include them in soft photon approximation to
exponentiate (done in KKMC for ).

Here we show how to do it for

S. Jadach Granada, March, 2001



All virtual and real emissions, in soft limit

The complete exclusive (coherent) exponentiation
for 2 charged resonances
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Notation: EM real and virtual current

Virtual lines are pair-contracted giving -factors:

where is charge, for initial, ®nal state and

( Exactly as in YFS61)

S. Jadach Granada, March, 2001



Warm up: Standar d Yennie-Frautsc hi-Suura-1961, 6 external legs

Pim

e -C

P J(K)J(-K)

S. Jadach Granada, March, 2001



CEEX for 2 narrow charged resonances
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Closer look at 1-real-photon case ﬁﬁ% ﬁgﬁ,
g ¢} Dl d

.

For : Normal YFS small limit, Emission from 's cancels out!
For : Each Intermediade Is present twice (4+3+3=10 sour ces),
Energy shift in W propagator proprly coherentl y accounted for,

Three gaug e-invariant currects for production and 2 decays.
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with incomplete

IR- nite  's from Feynman diagram calculations (without NF):

IR cancellation occur automatical y after phase space integration:

Non-factorisable (NF) included in the soft-photon approximation (as in all existing calculations

in the literature); good enough for differential distributions (disregarding normalization).

This is Double-Pole (DP) component, Single-P ole (SP) next slide

S. Jadach Granada, March, 2001



Single-Pole

is Single-P ole component of Born.

and SP at to be added coherentl y!
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The Real Challeng e: with complete

It makes practical sense with the for the DP part,

plus at the Born level ( ), trivial.

for IS necessar y as a raw material,

with explicit split into DP+SP.
Ordinary ISR up to LL, (also NLL ?7?)

The overall precision tag . Needs WW-pairs.

S. Jadach Granada, March, 2001



Derivation of EEX of YFSWW3 from new CEEX

Only one essential step: Neglect interference between production and decays in

Neglect iterference terms
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Derivation of EEX of YFSWW3 from new CEEX

Using Bose symmetry it can be brought to traditional EEX (YFS-1961) form:

where and

Three independend EEX, one for production and two decays.
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SUMMARY 27

SUMMARY

Nontrivial seen in process at LEP2 and agree with the SM
calculation of YFSWW3 and RacoonWW.

Interf erences between production and two decays can be implemented for

fully inclusive diffrential distrib utions to in nite order.

-complete calculation plus Double-Pole is a challeng e

for the future .
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Polish Node 28

People:

Krakow: S. Jadach, M. Jezabek M. Skrzypek, W. Pgaczek, Z. Was, E. Richter- Was.

Katowice: M. Zragek, K. Kogodziej

Warszawa: J. Kalinowski, M. Krawczyk
Examples of inter-node activity:

Krakow-Zeuthen, process

Katowice-Zeuthen, WW process

Warsaw-Hamburg, SUSY models
Current works:

MC programs for LEP/TESLA: WW,

Massive neutrinos

SUSY models at LHC

and more...
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