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Physics motivation

W boson mass is one of a fundamental physical parameter in the Standard Model.

Direct measurement Indirect measurement
Measurement of the lepton transverse Global fitting from other electroweak
momentum at hadron collider parameters
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Jacobian peak in kinematic distribution of W production

Since the neutrino is not able to be detected, W boson mass is extracted from the Jacobian peak
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> Lepton energy calibration and hadronic recoil calibration
» QCD resummation calculation

x? —minimization

Fitting pr(D), pr(v), mp(W) to extract the My 5.0 o4 likelihood Vs M,, <==m CDF used
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Lepton energy calibration and hadronic recoil calibration

> Muon momentum calibration

A
- T gl:p The mass of J/y and Y(15) are well-known.
’ J/W — pup and Y(1S) — uu events are used to
! calibrate the track momentum.
<GeV/p:> !

Fig. 2. Calibration of track momentum and electron’s calorimeter energy.
(A) Fractional deviation of momentum Ap/p (per mille) extracted from fits to the
J/w — up resonance peak as a function of the mean muon unsigned curvature
(1/p#> (blue circles). A lingar fit to the points, shown in black, has a slope consistent
with zero (17 + 34 keV). The corresponding values of Ap/p extracted from fits to the
Y — pp and Z — pp resonance peaks are also shown. The combination of all of
these Ap/p measurements yields the momentum correction labeled “combined,’
which is applied to the lepton tracks in W boson data. Error bars indicate the

x10°
» Z mass measurement from Z - uu A 20f-

B y2/dof = 33/ 30
After track momentum calibration, Z-boson : o 2898 //
mass is measured using Z — uu events ! ks

IR

Finally, J /Y — uu, Y(1S) = uu, Z - pu events are - Mﬂf 1\‘%
used to calibrate the track momentum. %o 80 90 100 110
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Lepton energy calibration and hadronic recoil calibration

» Electron energy calibration
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P.=21% Electron radiates bremsstrahlung photons which
degrades its track momentum resolution.

1 3 '(W‘ - 76 After track momentum calibration, the peak of E /p

uncorrelated uncertainties (total uncertainty) for the individual boson measurements d i Stri b Uti O n i S used to Cal i b rate th e e I eCtrO n e n e rgy'

(combined correction). (B) Distribution of E/p for the W — ev data (points) and
the best-fit simulation (histogram) including the small background from hadrons
misreconstructed as electrons. The arrows indicate the fitting range used for

the electron energy calibration. The relative energy correction ASg, averaged over
the calibrated W and Z boson data [see fig. S13 in (63)], is compatible with zero.
In this and other figures, Pxs refers to the Kolmogorov-Smirnov probability of
agreement between the shapes of the data and simulated distributions.

» Z mass measurement from Z — ee

After energy calibration, Z-boson mass is
measured using Z — ee events

Mz =91 194.3 £ 13.84at £ 7.6yt MeV

Final energy calibration is obtained by combining
the E /p calibration and Z mass calibration
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Lepton energy calibration and hadronic recoil calibration
» Missing transverse energy and py(W) reconstruction

The vector transverse momentum sum of all detectable collision products accompanying
the W or Z boson is defined as the hadronic recoil.

The neutrino transverse momentum vector is inferred from p conservation:
pr(v) = —pr(D) —u pr(W) = —u
» Hadronic recoil calibration

There are no high-p; neutrinos in Z-boson data.

u in Z — [l events is used to measure the calorimeter response.
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Resummation calculation and nonperturbative refitting

> Break down of fixed order calculation

—
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Fixed order calculation breaks down when g — 0,
After g resummation, the g+ distribution can agree with data.
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» CSS Resummation formalism
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Resummation calculation and nonperturbative refitting
» Nonperturbative function

When b — oo, g — 0, the calculation is nonperturbative.

b

* C3Q? A2 202

b = s@u=[, =" (A (92 (1) . C) log 29 +B(u),cu,c2).
1+ 32} czpz M 1t

i)

Truar

Final resummation formalism is

dtl H / 9 —»f* -5 — S
— = E d“be" T Ve rertem NP () f;C° ® £,

2142 9.-\2 L VE
dQ)*dq.dy o (27)

» Nonperturbative refitting

BLNY formalism:  exp [—gl —g2In (%) — 193 In (100212 | B

The nonperturbative parameters g4, g,, g5 are obtained by a global fitting from the
various fixed target and collider data.

In CDF experiment, g,, a, are refitted using the p(Z) data. Refitted ResBos
generator is used to generate the theory prediction and perform simulation.
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Data driven method to reduce the theoretical uncertainty

» Scale uncertainty of pr(W)/pr(Z)

Scale uncertainty should be included by varying the calculation scale:

Fixed order scale: ug, urp

Resummation scale: C;, C5, C3
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Data driven method to reduce the theoretical uncertainty

» Reduce the scale uncertainty of py (W) /pr(Z)

» Reweight the normalized pT(W) distribution (with i=1) by J0.08
2 %4 gata

— Scalelp

a*(En(pr) —1)+1

= ScaleDown

with a varying from -1 to 1, for every pT bin. ( do ) oo

» Generate the normalized pT(W) distribution after 0.04
reweighting the (i=1) result by applying the weight a. The
result of a=0 corresponds to the result of i=1, i.e. D;.

» Fora given pr(W) , after reweighting, one can extract 001
My, from the corresponding mr, pr(e), pr(v) distributions.

: |

%+ Lower panel shows the normalized pT(W) ratio to D, (with a = 0). | ‘ | ; j | j
% ScaleUp is fora = 1, and ScaleDown is for @ = —1, which are S

derived from the —‘ ratio plot. Pr
+ The shaded band shows the statistical error of the CDF data.
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Background

» Estimated by data driven method

QCD jet production with a hadron misidentified a lepton.

Pion and Kaon decays in flight to muon
Cosmic ray muons

» Estimated by MC simulation

Z — ll decays with only one reconstructed lepton

W - tv - lvov
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Results

» W and Z data samples

e Cuts:
o pr(Z) <15 GeV, pr(W) < 15 GeV
e 30 < pr(f) < 55GeV,
30 < pr(v) < 55 GeV
o [n(0)] <1
o 66 < My, < 116 GeV (Z events),
60 < mp < 100 GeV (W events)

@ Number of Events:
1,811,700 W — ev
66,180 Z — ee
2,424,486 W — v
238,534 7 — uu

» My, result and uncertainties

My, = 80433.5 £+ 9.4 MeV
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Table 1. Individual fit results and uncertainties for the My,
measurements. The fit ranges are 65 to 90 GeV for the my fit
and 32 to 48 GeV for the p% and py fits. The x” of the fit is
computed from the expected statistical uncertainties on the
data points. The bottom row shows the combination of the six
fit results by means of the best linear unbiased estimator (66).

Distribution W boson mass (MeV) y2/dof
MTEV). o 80,429.1+10 340t £ 8.595t 39/48
PEC. e 80A1LA+10.7ga £ 18yt . 83/62
PE®).ce 80,4263+ 14 5 £ 11 7eyst .. 69/62
mrpy)..........80446149 26 730, . 50748
PR 80,428.249.645 £10.3gyy 82/62
P o 80,428.9+ 1315 +10.9g 63/62
Combination 80,433.5 £ 6.4stat + 6.9yt 1.4/5

Table 2. Uncertainties on the combined

My result.

Source Uncertainty (MeV)
Lepton energy scale 3.0
Pt
R e PR
e e R
o e
e T
B i
prmodel o A8
pr/prmodel e 33
Parton distributions 39

GED i .
T e
s e G {a—



Discussions

» 70 deviated from standard model global fitting

» Out-of-date low order ResBos generator is used to give prediction
Nonperturbative refitting reduces the higher order effect

Data driven method reduces the scale uncertainty

> New electroweak global fitting needs to be performed
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