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KKMGChh for Precision EW Phenomenology

A KKMGhhis an adaptation of KKMC to the hadroBielFYan process
|ncludmgexponentlatednultl photon effects: at the quark level,
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including exact (| )hd( 0) ISR, FSR, and IFI photonic corrections.

A Exponentiation is implemented at the amplitude level (CEEX) or-cro
section level (EEX: traditional YFS style). Only CEEX supports IFlI.

A 0( )EW corrections are included via an independent DIZET6.45 mc
used to generate EW tables before the KKMCun.

A Originally developed in a mixture of Fortran and C++, KKiM@s now
been reprogrammed entirely in C++. This will facilitate compilation o
broader range of platforms and integration with modgyarton
showersc a work in progress.




KKhhFoam: SemAnalytical Implementation

KkFoam forQ'Q © &ff “© a & € T is an update of an earlier program
KKsento implement the soft photon exponentiation in a compact, relatively
easyto-understand package that can be used for crolsecks of the more
versatile but much more complex KKMC generator.

This update was intended to provide a sandependent crossheck of the
Initial-Final Interference (IFI) calculation of KKMC for FCC physics.

Recently, we ported kibam to the hadronic environment a8&KhhFoam

This talk will focus primarily on KKnhhFoam and cobexks between it and
KKMGhh.

We will also look at how KKM@ or KKhhFoam adds photons to quarks and
compare this numerically to the effect of using a @ieirected PDF for
collinear photonic ISR. [KKM also includes noollinear ISR ]




KKhhFoam: SemSoft Approximation for CEEX

The structure of the CEEX matrix element, neglectingsodnparts, Is
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|l Near a Narrow Resonance

For a very narrow resonance, the spdcae separation of ISR and FSR is significant, and |
correspondingly suppressed by fac s 1L . For real photons, the resonant effects are
handled numerically through the MC generation in KKMC. In aseftrapproximation, the
photon sums can be done analytically leading to the results on the next slide.

The corresponding virtual interference terms were summed by Greco et al* and lead to a
resonant form factos-0 d,
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While not strictly a soft contribution, this is a numerically significant correction:

. {3
This Is essential for obtaining the correct suppression of IFI at the Z pole, when combine
the other CEEX contributions.

*M. Greco et al.Nucl Phys. B101 (1975) 234, Phys. Lett. B56 (1975\2&,Phys. B171 (1980) 118 [Erratiducl Phys.
B197 (1982) 543




Result of Analytic Photon Integration

The integrals can be evaluated in the sawit limit giving a compact expression
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Beyond the SemiSoft Approximation

KKhhFoam extrapolates this calculation to the entire phase space by replac

the additive constrainfn 1 ) M n) Pp L L 1 | SBbya
multiplicative ansatz
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and upgrading the radiative factot§/ b )i | h to order| following
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by adding the noAR parts of th¢ [and] dbox diagrams to the Born spin
amplitudes, replacing (i ho) with

(i . (i ) . (it ) g6 (g ) |36 o8

EW corrections are included in the Born amplitudedDimet6.45, as in KKMC.




KKhhFoam Complete Cross Section

KKhhFoam also must generate the initial quark flavor and momentum fractic
adding threedimensions to theohoton radiation parametershb h b aadthe
angles—Huo0f the final state fermion, giving adimensional integral evaluated
by the Foam adaptive MC by S. Jadach.

Including the PDF8 ¢di Hior quarkr) in hadronQwith momentum fractionow
andscaleHu(n n) i(ww (withi 'O interms of the proton CM
energy) gives a cross section
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with quarklevel cross sectiopn iHeconstructed as described on the previous
pages.



Lepton Invariant Mas$g Distribution
Withak p Ol kp O kp 1 anddo k p i and defining scales

{Hv o wi (quarks before ISR),i[k &i Fui O a U iHleptons after FSR),
the integral overt’x can be swapped for one oveland thei eenstraint for one omx giving
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Invariant Mass Distributions,0 Comparisons

The next slides will show comparisons of invariant mass distributions made with-KIiKMC
and KKhhSemwith some comparisons to calculations without KKMQSR but with a QED
corrected PDF. The slides will show ratios ofor 0  distributions, with muon final states.
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Ratios ofu

These graphs show ratiosof distributions for muons imp4 A éollisions. The ratio of
KKMGhhto KKhhFoam is shown for IFI dffaick or on (nagentg. The IFI on/off ratio is
shown forKKMChH{greef) and KKhhFoam{/d). Agreement is best where hard photon
contributions, which are incomplete in KKhhFoam, are less important.
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Ratios ofo  distributions: single quarks

These graphs show ratiosof distributions for muons imp4 A éollisions. The difference
30 for ISR org off is shown for KKhhFoarafl), for KKMChl{blue) by comparing
distributions or @reen) via weight differences in a single run.
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The IFI contribution is linear in the quark charge, so the up quark gives about twice the €
as the down quark, with the opposite sign. Sea quarks have egm&DFs, so ho asymmetr)



QED ISR and PDFs: Soft Collinear Limit

It is illuminating to rearrange the ISR and PDF factors using the fact that the basic radiator functis
have a simple convolution rule
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In the soft limit, the replacemerit p U can be made, and neglectingad term, the constraint
can be replaced iy a a a , allowing the ISR radiator to be factorized in the form:
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Defining a convolution of the hatadiator with each PDF factor gives Qé&fidrected PDFs
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KKMChh ISR vs QEBCorrected PDFs

The collinear relation of the QCD PDFs, the ISR radiator function, ando@ye&led
PDFs suggests a paradigm for comparing kKiM&th calculations based on PDFs
Incorporating QED evolution and for testing the influence of quark masses on rest
including KKM&K K &banitio ISR calculation, in which the quark masses are treatec
LIKé aAOlIfftée YSIFIYAYy3IFdzZ LI N YSGSNARAZ y?2

We plan more studies on this topic with both KKdland KKhhFoam.

The PDF¥) ah Hshouldbe based on data with QED subtracted. Such PDFs prese
do not exist. The distinction between Qiebrrected PDFs is not the presence of
absence of QED In the input, but in the equations used for evolution.

Nevertheless, there are reasons to expect that the influence of residual QED In th
PDF input data is small, and we can test the agreement by comparing-KiKISR to
the effect of switching to a QE€drrected PDF. Agreement is expected only for

inclusive observables suchias distributions, since a PDF alone cannot reproduce
transverse momentum effects.



Comparison of KKM&hh ISR to NNPDF3-LuxQED

These graphs show the ratio of ISR on / ISR off fodistributions in KKM@h (red) vs the ratio of
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Comparison of KKM&hh ISR to CT14qged

These graphs show the ratio of ISR on / ISR off fodistributions in KKM@h (red) vs the ratio of
CT14ged NLO PDFs / normal CT14nlo RPDFE3 fp tmuon eventsO P4 A6

All Quarks Down Up
no FSR or IFI o 1&- A6 no FSR or IFI a cg- A6 no FSR or IFI
Strange Charm Bottom

& puvaAs6 no FSR or IFI G pdU A6 no FSR or IFI G 18U A6 no FSR or IFI



