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• We considered the main systematic errors which were the most
important in previous i.e. Tevatron measurements of W mass

∆Mw [ MeV] ES = 0.05% ES = −0.05% RF = 0.7 RF = 1.3 ∆kT = −1[ GeV] ∆kT = +1[ GeV]

Z Candle, CQCD −2.6± 6.2 1.0± 6.0 3.3± 5.9 −6.3± 6.3 −0.6± 6.0 −3.8± 6.1

χ2/ndof 1.1 1.0 1.0 1.2 1.2 1.3
Standard −29± 1.8 25± 1.8 14.1± 1.8 −22.8± 1.8 > 31 > 40
Simple Z Candle −19± 4.91 15± 4.9 > 50 > 77 > 66 > 76

even larger shifts of KT are also in the statistical errors:

∆Mw [ MeV] ∆kT = −4 ∆kT = −2 ∆kT = −1 ∆kT = 1 ∆kT = 2 ∆kT = 4[ GeV]

Z candle CQCD 14.6± 6.1 5.6± 6.0 −0.6± 6.0 −3.8± 6.1 −6.8± 6.2 −26.7± 6.3

χ2/ndof 1.3 1.4 1.2 1.3 1.1 1.5

• the results are mainly constrained by statistical errors but studies
were preform for one year of low luminosity 10fb−1 run.
• all this tricks are feasible at LHC (maybe in the mature stage ...)
Filip’s Moortgat question.



Then using PYTHIA1 we opened

Pandora’s box...
but this is the next part of this story

1and WINHAC + ZINHAC
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Introduction

• Tevatron :

I CDF II [Aaltonen et al., Phys. Rev. D77, 112001 (2008)]

W → µ νµ MW + −MW− = 0.286 ± 0.152 GeV
W → e νe MW + −MW− = 0.257 ± 0.117 GeV
W → µ νµ, e νe MW = 80.413 ± 0.048 GeV

I Precision on MW achievable because W + CP⇐⇒W− in p − p̄ collisions

• LHC :

I Announce δ
(sys.)
MW

∼ 10 MeV,. . . but forgot W +
CP
⇐⇒6 W− in p − p collisions

–Our prospect–
Dedicated systematic-robust strategies/observables
for MW + −MW− & MW pT ,l -based measurements

. . . , but first some basics on W + and W− in Drell–Yan-like at the LHC
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W± production in p − p̄ & p − p collisions
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W± decay for p − p̄ & p − p collisions
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• LHC : q̄ < q ⇒xq̄ < xq⇒pT ,q(v) > pT ,q̄′(s) in q(v) q̄′(s) ,. . . V − A does the rest

Charge asymmetry at the LHC = q̄ < q ⊗ pT ,W ⊗ V − A

• Lessons
I Loss of symmetry - at the LHC the W + and the W− bosons must be treated as

distinct particles.
I Stronger dependencies from PDFs

I MW measurement? Two equivalent solutions :

(1) MW + & MW−

(2) (MW + + MW− ) & (MW + −MW− )
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W± decay for p − p̄ & p − p collisions
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Addressed systematics errors in our studies

• Apparatus :

I Energy Scale (ES)
I εl+ = +εl−
I εl+ = −εl− NEW!

I Track parameter reconstruction

• Phenomenology :
I Quarks < kT >

I PDF (global)

I u(v) − d (v) NEW!

I s − c NEW!

I b (for MW ) NEW!

• Analysis :
I Monte Carlo : WINHAC (W → e νe , µ νµ), ZINHAC (Z → e+e−, µ+µ−)

I L = 10 fb−1, ATLAS tracker (ie. pT ,l > 20 GeV & |ηl | < 2.5)

I MW + ±MW− → Template method (χ2)
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Flavour asymmetries
longitudinal momentum

• The momentum distribution of the “matching parton” (the one needed to create W- and
Z-bosons) is  the dominant source of  the biases in the relative  transverse momentum
distribution of the W and Z bosons!!!

• Note: u(v) = d(v) for the proton beam !

MW = MZ  

• The momentum distribution of the “matching parton“ (the one
needed to create W and Z-bosons) is the dominant source of the
biases in the relative transverse momentum distribution of the W
and Z bosons!!!
• Note: u(v) 6= d (v) for the proton beam !



Polarisation
expected precision

Expected biases in the measured values of MW+-MW- Expected biases in the measured values of MW

Note: Only mutually

compensating shifts

leave the Z-boson

rapidity distributions

invariant
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The flavour asymmetries
expected precision

Expected biases in the measured values of MW

Note: b-quarks influence

the biases while relating

the spectra for W-bosons

to the corresponding

ones for Z-bosons
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Summary

• Tevatron : W + CP⇐⇒W− ⇒ Precision measurement for MW

• LHC : W +
CP

⇐⇒6 W−

I Loss of symmetry ⇒ New important sources of δ(sys.) (PDFs)

• Solutions :

I Energy Scale :

(1) “Z+” & “Z−”, or. . .

(2) ~B → −~B
I Improve valence sector knowledge :

(1) the proton structure functions measured with better precision then
available today Muon DIS (SPS)

- LOI for such an experiment by F. Dydak and M.W. Krasny or. . .

(2) d − d LHC-runs the LHC with deuteron beams (elegant)

Final Warning : These problems will have to be
considered in other LHC processes (eg. single top)
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Programme 2: Isoscalar beams
expected precision

Expected biases in the measured values of MW+ -  MW- [MeV]

• Isoscalar beams  u(v) = d(v)  up to a small ~0.2 % QED
corrections

      In addition the measurement of the W-bosons charge asymmetry constrain directly
the s-c distribution…



Dedicated relative calibration of the positive and negative lepton
momentum (energy) scale.

• Exploit the lucky coincidence that the sin2(!W)
value chosen by nature happens to:

      (1) “equalize” the forward-backward asymmetry

             in the Z-resonance region (statistics)

      (2)  gives rise to a very small F/B

            asymmetry in the chosen region

Dedicated relative calibration of the positive and 

negative lepton momentum (energy) scale

• Use the lepton-pair events in the mass region where the
FB asymmetries for u and d quark cross each other - in
order to be independent of the u/d structure of protons.



C++, XML, SVN, Trac, Doxygen
Comparison with D. Bardin et al. ”SM-BSM physics at the

LHC” CERN TH Institute 3-28 Aug. 2009, CERN





Thank you for the attention!


