Motivation

Motivations for Measurements of EW Observables

Comparing direct measurements of My, from LEP2 (W pair production) and the
Tevatron (single W production) with indirect measurements from LEP1/SLD can
yield signs of BSM physics - so far agreement

The total W production cross-section is useful for detector calibration

Precise predictions and measurements of M|y, together with m; constrain the
value of My

Anticipating experimental precision of My, = 15 MeV — necessary to help
reduce systematic error with more precise theoretical tools

» most recent DZero measurement: My, = 80.401 £ 0.044GeV
Motivations for including mFSR in theoretical predictions

Masses and widths of W and Z extracted from their kinematic distributions
depend heavily on EW corrections, specifically:
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» collinear final state photon radiation = alog % = largest contribution at O(«)
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» WGRAD2includes the complete O(a) electroweak radiative corrections including one
final-state photon. How much can mFSR shift the prediction for My, ?
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WGRAD? is a parton level MC program that includes the complete O(«a)

electroweak radiative corrections to p(B — WE - =,
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at O(«) large logs ( ~ alog Q—z) are present in WGRAD2 - must match to avoid

I
double counting

Matching Procedure

Extract O(a), leading-log (LL), term from DN>(z, Q2)
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DS (2, Q?) = lims, o | T O(L — 2= &) = J(Ind; + 3)]

subtract this term from the full mFSR cross-section and add the complete O(a)
cross-section

OWGRAD3 = OWGRAD2 + OmFSR — O[] — 0o
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Studies of final-state photon radiation in Drell-Yan W boson production
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Abstract

We study the effects of multiple soft, collinear photon radiation off a final state lepton in the process of Drell-Yan W boson production as implemented in the Monte Carlo program WGRAD3. EW next-to-leading
(NLO) effects are also included. We have compared our implementation with existing results in the literature and found agreement. Work is currently underway to include parton shower effects using POWHEG
and mixed QED + QCD corrections up to NNLO.
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Implementing mFSR using QED Structure Function Approach

X1:X2

7

1
T mFSR =/ dz/dxldXZ Z q(x1, Q%) G(x2, Q?) oo (x1%2S) D°(z, 5)O(cuts)
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hadronic cross—section

» Non-Singlet Electron Structure Function - only photon bremstrahlung, no pair
production
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Altarelli-Parisi (AP) splitting function

» can be solved iteratively - Parton Shower (PS) method - implemented in
HORACE!

» can be solved using Mellin Transform (MT) techniques

» a combination of the two — more on this later
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Tuned Comparison

» HORACE and Brensing! et.al both contain full O(a) + mFSR
> Brensing et.al = additive hybrid QED Structure Function

» HORACE = PS Approach

Comparison with Brensing et.al - agrees within statistical error

P, < 25(GeV) pr,. < 50(GeV)
/s =14 TeV | WGRAD3 | Brensing et.al. || WGRAD3 | Brensing et.al
oo (pb) | 4495.9(2) | 4495.7(2) || 27.590(2) | 27.589(2)

Omrsr (%) 0.122(3) 0.12t%'.%3é 0.320(3) 0_311-%..%87

» Next: perform x? analysis using Mt and pt distributions to calculate AMy due
to mFSR - a la HORACE?

» HORACE analysis with Run Il cuts — AMy ~ 10 MeV in muon channel, a few MeV
in electron channel
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Mellin Transform Technique - obtain DN°(z, s) to infinite order

5 d ! / 1 d
DYS(z,5) = §(1 — 2) + [ as’ ols) / Y py)phs(Z, <)
m s’ 2m J; oy y

Mellin Transform deconvolutes the above convolution

1
MT[DV] = MO (s) = / dz 2671 DM (z, s)
0

-1 _|_/ dt ﬂ M(C)(t)p(C)
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Inverse Mellin Transform to obtain expression for D">(z, s)

MTMT[D"™]] = D™ (z,5) = 5-exp (5n(s) (5 — e))

X /o" dtx " exp (3n(s)(—W(it + c) — W(it + ¢ +2)))
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can only be solved numerically - not useful for calculating cross-sections

Current Work and Future Plans

Current Work

implementation of all NLO QCD corrections

> vertex corrections, self-energies
> collinear and hard gluon radiation

incorporation of mFSR (for both final state leptons) to Drell-Yan Z boson
production

» In order to improve the measurement of the W boson mass it is necessary to have
precise predictions for Z boson observables.
» This would be an update to ZGRAD2!

Future Work

In addition to mFSR and QCD NLO corrections, we plan to model initial-state
parton shower effects using POWHEG.?

Ultimately include the complete set of mixed QED and QCD corrections up to
NNLO

With WGRAD3 one could then study effects on the W boson mass and other
observables due to NNLO mixed QED + QCD corrections, initial-state parton
shower and final state multiple, soft photon radiation.
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Approximate, Finite Order Solutions to DV°(z, s)

» Gribov soft photon approximation®,z — 1

exp(57(s) (3 — 7)) 1 ()1 )"
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» Exponentiation procedure improves soft, all-order solution with finite order terms
» Additive Hybrid?
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» Factorized Hybrid?

DY (z,5) = Dz ) 51+ 2) + 2~ 201+ 32)Inz - (1 - 2?)
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» Both are implemented in WGRAD3
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