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Disclaimers

| am not from CDF, nor have any expertise in hadron collisions.

S0, this presentation will be more like a journal club talk, rather than a full-blown
seminar.

Nevertheless, your active participation with questions/comments are welcome,
and we can think together.

This talk is based on the following documents:

- CDF II paper : Science, 376, 170 (2022) with supplemental materials, for the new
measurement

- Seminar slides by Ashutosh Kotwal (Duke) presented at SLAC, Apr. 11, 2022
- CDF paper : PRD 89, 072003 (2014), for the previous measurement
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CDF experiment
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The CDF Il experiment
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W and Z boson event selection

Events with a candidate muon with
pr > 18 GeV or electron with £t > 18 GeV
(50) are selected online by the trigger
system for offline analysis. The follow-
Ing offline criteria select fairly pure sam-
ples of W — uv and W — ev decays.
Muon candidates must have pp >
30 GeV, with requirements on COT-
track quality, calorimeter-energy depo-

W. Z event selection

sition, and muon-chamber signals. Cosmic-ray
muons are rejected with a targeted track-
ing algorithm (51). Electron candidates must
have a COT track with pt > 18 GeV and an EM
calorimeter-energy deposition with Et > 30 GeV
and must meet requirements for COT track
quality, matching of position and energy
measured in the COT and in the calorimeter
(Et/pt < 1.6), and spatial distributions of en-
ergy depositions in the calorimeters (43).
Leptons are required to be central in pseu-
dorapidity (In| < 1) (50) and within the fiducial
region where the relevant detector systems have
high efficiency and uniform response. When
selecting the W boson candidate sample, we
suppress the Z boson background by rejecting
events with a second lepton of the same flavor.
Events that contain two oppositely charged
leptons of the same flavor with invariant mass
in the range of 66 to 116 GeV and with dilepton
pr < 30 GeV provide control samples
(Z — ee and Z — up) to measure the detector
response, resolution, and efficiency, as well as
the boson pr distributions. Details of the event
selection criteria are described in (43).

Youngjoor-KwomYonsei\L) - . iy Narkshop @ L1oSy

containing energy deposition from the charged
lepton(s) are excluded from this sum. The

transverse momentum vector of the neu-

o —V ., o —)V_ —)/é — N
trino p. is inferred as p= — p — u from py

. 0
conservation, where p . is the vector pr (Et) of

the muon (electron). In analogy with a two-
body mass, the W boson transverse mass is
defined using only the transverse momentum

0 pav =t v
vectors as mr = 2<prT — Pt -pT> (563).

High-purity samples of W bosons are ob-
tained with the requirements 30 < p% < 55 GeV,
30 < pY < 55 GeV, |u| < 15 GeV,and 60 < my <
100 GeV. This selection retains samples con-
taining precise Mj; information and low back-
grounds. The final samples of W and Z bosons
consist of 1,811,700 (66,180) W — ev (Z — ee)
candidates and 2,424,486 (238,534) W — uv
(Z — up) candidates.

Simulation of physical processes

The data distributions of myr, pf}, and py are
compared with corresponding simulated line
shapes (“templates”) as functions of My, from
a0 Ma¥A XL+ a0 cimulation that has heen



pr < 30 GeV provide 7 boson control samoles |

W. Z event selectlon

(Z — ee and Z — up,
response, resolution,
the boson pr distribu
selection criteria are described in (43).

The Wsn mass 1s inferred from the
kinematic distributions of the decay leptons
(0). Because the neutrino from the W boson
decay is not directly detectable, its transverse
momentum py. is deduced by imposing trans-
verse momentum conservation. Longitudinal
momentum balance cannot be imposed because
most of the beam momenta are carried away by
collision products that remain close to the beam
axis, outside the instrumented regions of the
detector. By design of the detector, such prod-
ucts have small transverse momentum. The
transverse momentum vector sum of all detect-
able collision products accompanying the W
or Z boson is defined as the hadronic recoil
u —= X,;E;sin(0; )n;, where the sum is performed
over calorimeter towers (52) with energy E,,
polar angle 6, and transverse directions speci-
fied by unit vectors 7n;. Calorimeter towers
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q cnietnm Maonta (Marln cimmnilatinn that hag been
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lik mass and
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W] uT\ 3s section
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higher-order radiative quantum amplitudes.
RESBOS offers one of the most accurate theoretical
calculations available for these processes. The
nonperturbative model parameters in RESBOS
and the QCD interaction coupling strength o
are external inputs needed to complete the de-

scription of the boson pt spectrum and
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contalning energy
lepton(s) are exc
transverse mome ________ . _____ __ ____ ____

. —V . . —V N — N
trino p. 1s inferred as p= — p — u from pry

conservation, where p.; 1S the vector pT (Et) of
the muon (electron). In analogy with a two-
body mass, the W boson transverse mass is
defined using only the transverse momentum

2 (pf}p% - Py -fﬁ) (53).
High-purity samples of W bosons are ob-
tained with the requirements 30 < p. < 55 GeV,
30 < p% < 55 GeV, |u| < 15 GeV, and 60 < my <
100 GeV. This selection retains samples con-
talning precise My iInformation and low back-
grounds. The final samples of W and Z bosons
consist of 1,811,700 (66,180) W — ev (Z — ee)

candidates and 2,424,486 (238,534) W — uv
(Z — up) candidates.

vectors as mr =

Simulation of physical processes

The data distributions of mr, pf}, and py are
comnared with corresnoneisieotien e Wine
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Calldlates alld Z2,124%, 700 (£90,00%) VW — UV
(Z — uu) candidates.

Simulation of physical processes SimUIation ()f Signals

The data distributions of mr, pf}, and py are
compared with corresponding simulated line
shapes (“templates”) as functions of My, from
a custom Monte simulation that has been
designed and written for this analysis. A binned
likelihood is maximized to obtain the mass and
its statistical uncertainty. The kinematic proper-
ties of W and Z boson production and decay are
simulated using the rREsBos program (54-56),
which calculates the differential cross section
with respect to boson mass, transverse momen-
tum, and rapidity for boson production and
decay. The calculation is performed at next-
to-leading order in perturbative quantum
chromodynamics (QCD), along with next-to-
next-to-leading logarithm resummation of
higher-order radiative quantum amplitudes.
RESBOS offers one of the most accurate theoretical
calculations available for these processes. The
nonperturbative model parameters in RESBOS
and the QCD interaction coupling strength o
are external inputs needed to complete the de-

scription of the boson pt spectrum and

» All signals simulated using a Custom Monte Carlo

- Generate finely-spaced templates as a function of the fit variable

- perform binned maximume-likelihood fits to the data

e Custom fast Monte Carlo makes smooth, high statistics templates

- And provides analysis control over key components of the simulation

\
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e We will extract the W mass from six kinematic distributions: Transverse mass,
charged lepton p; and missing E. using both electron and muon channels
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Calldlates alld Z2,124%, 700 (£90,00%) VW — UV
(Z — uu) candidates.

Simulation of physical processes SimUIation ()f Signals

The data distributions of mr, pf}, and py are
compared with corresponding simulated line ; v
shapes (“templates”) as functions of My from

a custom Monte Carlo simulation that has been

designed and written for this analysis. A binned

likelihood is maximized to obtain the mass and RESBOS
its statistical uncertainty. The kinematic proper-
ties of W and Z boson production and decay are
simulated using the RESBOS program (54-56),
which calculates the differential cross section
with respect to boson mass, transverse momen-
tum, and rapidity for boson production and
decay. The calculation is performed at next-

to-leading order in perturbative quantum - Calculates triple-differential production cross section, and p-dependent

chromodynamics (QCD), along with next-to- double-differential decay angular distribution
next-to-leading logarithm resummation of

higher-order radiative quantum amplitudes.
RESBOS offers one of the most accurate theoretical
calculations available for these processes. The o« Multiple radiative photons generated according to PHOTOS
nonperturbative model parameters in RESBOS (P. Golonka and Z. Was, Eur. J. Phys. C 45, 97 (2006) and references therein)
and the QCD interaction coupling strength oy

are external inputs needed to complete the de-

scription of the boson pt spectrum and .
Youngjoon Kwon (Yonsei U.) my, Workshop @ UoS May 19, 2022

[
‘\\\\\\\\PHOTOS

e Generator-level imput for W & Z simulation provided by RESBOS
(C. Balazs & C.-P. Yuan, PRD56, 5558 (1997) and references therein), which

- calculates boson p, spectrum reliably over the relevant p range: includes
tunable parameters in the non-perturbative regime at low p



LO-1Cadlllllg OI'UCI 111 pclituloaltlvc ualltulil
chromodynamics (QCD) '~ =rth masrd 4
next-to-leading logaritl
higher-order radiative q
RESBOS offers one of the Mmoo avcurave uicurcucas
calculations available for these processes. The
nonperturbative model parameters in RESBOS
and the QCD interaction coupling strength o
are external inputs needed to complete the de-
scription of the boson pr spectrum and
are constrained from the high-resolution
dilepton p’f spectrum of the Z boson
data and the p?’ data spectrum. EM
radiation from the leptons is modeled
with the pHOTOS program (57), which is
calibrated to the more accurate HORACE
program (58, 59). We use the NNPDF3.1
(60) parton distribution functions (PDFs)
of the (anti)proton, as they incorporate
the most complete relevant datasets of
the available next-to-next-to-leading
order (NNLO) PDFs. Using 25 symmet-
ric eigenvectors of the NnNpDF3.1 set, we
estimate a PDF uncertainty of 3.9 MeV.
We find that the cr18 (61), MMHT2014
(62), and NnnpDF3.1 NNLO PDF sets pro-

. e wm M -

Simulation of signals

Constraining Boson p; Spectrum

o Fit the non-perturbative parameter g, and QCD coupling o 1n
RESBOS to p(//) spectra:

Position of peak in boson p spectrum

depends on g,

N
o

T T # T I T T T T I T T I
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RESBOS offers one of the most acenirate thenretical
calculations available for o o o
nonperturbative model Simulation of signals
and the QCD interaction __ ________ _________ _,
are external inputs needed to complete the de-

scription of the boson pr spectrum and

are constrained from the high-resolution Parton Distribution Functions (PD FS)

dilepton p% spectrum of the Z boson

« Affect W boson kinematic line-shapes through acceptance cuts
data and the pY’ data spectrum. EM

radiation from the leptons is modeled  We use NNPDF3.1 as the default NNLO PDFs
with the proTos program (57), which Is  Use ensemble of 25 'uncertainty' PDFs => 3.9 MeV

calibrated to the more accurate HORACE
program (58, 59). We use the NNPDF3. 1
(60) parton distribution functions (PDEFs)

- Represent variations of eigenvectors in the PDF parameter space

- compute OMy, contribution from each error PDF

of the (anti)proton, as they incorporate e Central values from NNLO PDF sets CT18, MMHT2014 and

the most complete relevant datasets of NNPDF3.1 agree within 2.1 MeV of their midpoint

thg avalla,b(l)e ;B);t-to—pext-to-leadlng e As an additional check, central values from NLO PDF sets ABMP16,
order (NNLO) FDFs. Using 25 symmet- CJ15, MMHT2014 and NNPDF3.1 agree within 3 MeV of their

ric eigenvectors of the NnpDF3.1 set, we midpoint

estimate a PDF uncertainty of 3.9 MeV.

We find that the cr18 (61), MMHT2014 e Missing higher-order QCD effects estimated to be 0.4 MeV

(62), and nNpDF3.1 NNLO PDF sets pro- - varying the factorization and renormalization scales
duce consistent results for the 1#"boson - comparing two event generators with different resummation and
mass, within +2.1 MeV of the midpoint non-perturbative schemes.

of the interval spanning the range of
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values. The model-dependent 1
analysis implies that future imp1 T l'
corrections in any relevant theor C() a l gnm ent
ing can be used to update our measurement
quantifiably [see section IV of (63)]. | a
The custom simulation includes a detailed — — |
calculation of the lepton and photon interactions
in the detector (39, 43, 64), as well as models
describing their individual position measure-
ments within the COT. The COT position reso-
lution as a function of radius is determined
using muon tracks from Y meson, I/ boson
and Z boson decays. All wire 51t0'ns 'th
COT are measured th‘- \m precision usit
an in situ sample of c031c ons (65), in
addition to the electron tracks from W boson i
decays. The difference between electron and

positron track momenta relative to their
measured energy in the calorimeter (which

1s iIndependent of charge) strongly constrains

i

certain modes of internal misalignment in

the COT. —E L
Momentum and energy calibration Use a clean sample of ~480k cosmic rays
The track momentum measurement in the for cell-by-cell internal alignment

COT is calibrated by measuring the masses
of the J /vy and Y(1S) mesons r&eeeistnitebadonsei U.) my, Workshop @ UoS May 19, 2022 14



values. The model-dependent 1

analysis implies that future impi C ()T l'
corrections in any relevant theor a l gnm ent

ing can be used to update our measurement
quantifiably [see section IV of (63)].

The custom simulation includes a detailed
calculation of the lepton and photon interactions
in the detector (39, 43, 64), as well as models
describing their individual position measure-
ments within the COT. The COT position reso-
lution as a function of radius is determined
using muon tracks from Y meson, W boson,
and Z boson decays. All wire positions in the
COT are measured with 1-um precision using
an in situ sample of cosmic ray muons (65), in
addition to the electron tracks from W boson
decays. The difference between electron and
positron track momenta relative to their
measured energy in the calorimeter (which

1s iIndependent of charge) strongly constrains
certain modes of internal misalignment in
the COT.

Momentum and energy calibration

The track momentum measurement in the
COT 1is calibrated by measuring the masses
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values. The model-dependent 1
analysis implies that future impi1
corrections in any relevant theor
ing can be used to update our measurement
quantifiably [see section IV of (63)].

The custom simulation includes a detailed
calculation of the lepton and photon interactions
in the detector (39, 43, 64), as well as models
describing their individual position measure-
ments within the COT. The COT position reso-
lution as a function of radius is determined
using muon tracks from Y meson, W boson,
and Z boson decays. All wire positions in the
COT are measured with 1-um precision using
an in situ sample of cosmic ray muons (65), in
addition to the electron tracks from W boson
decays. The difference between electron and
positron track momenta relative to their
measured energy in the calorimeter (which

1s iIndependent of charge) strongly constrains
certain modes of internal misalignment in
the COT.

Momentum and energy calibration

The track momentum measurement in the
COT 1is calibrated by measuring the masses

of the J /vy and Y(1S) mesons r&eeeistnitebadonsei U.)

track parameter
bias versus
azimuth
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certain modes of internal misalignment in
the COT.

Momentum and energy calibration ?9 E Calibration AM,, = 2 MeV

The track momentum measurement in the
COT is calibrated by measuring the masses
of the J /yw and Y (1S) mesons reconstructed
in their dimuon decays and comparing them
with the known values (Z0). These meson mass
measurements are performed with maximum-
likelihood fits to the dimuon mass distributions
from data, using templates obtained from the
custom simulation. Measurements of these
masses as functions of muon momenta are
used to correct for small inaccuracies in the
magnetic field map, the COT position mea-
surements, and the modeling of the energy
loss by particles traversing the detector. A

mismodeling of the energy loss would lead to
a bias linear in the mean inverse pt of the two
muons. No such bias is observed after applying
the magnetic field nonuniformity, COT, and
energy-loss corrections (Fig. 2A). The curvature
q/pt measured by the COT, where ¢ is the
particle charge, is an analytic function of the
true curvature. The curvature response func-
tion analytically yields a linear dependence
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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 — pu resonance peak as a function of the mean muon unsigned curvature

<1 /p$> (blue circles). A linear 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 — up and Z — pu 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
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Momentum and energy calibration

The track momentum measurement in the
COT is calibrated by measuring the masses
of the J/y and Y(1S) mesons reconstructed
in their dimuon decays and comparing them
with the known values (10). These meson mass
measurements are performed with maximum-
likelihood fits to the dimuon mass distributions
from data, using templates obtained from the
custom simulation. Measurements of these
masses as functions of muon momenta are
used to correct for small inaccuracies in the
magnetic field map, the COT position mea-
surements, and the modeling of the energy
loss by particles traversing the detector. A

mismodeling of the energy loss would lead to
a bias linear in the mean inverse pt of the two
muons. No such bias is observed after applying
the magnetic field nonuniformity, COT, and
energy-loss corrections (Fig. 2A). The curvature
qg/ptr measured by the COT, where g is the
particle charge, is an analytic function of the
true curvature. The curvature response func-
tion analytically yields a linear dependence
of the measured invariant mass on p; 1 and
higher-order terms in p;' are negligible. The
correction for the fractional deviation of the
measured momentum from its correct value,
AP /D = Pmeasured / Prrue — 1, is inferred from the
comparison of the measured meson masses
to their more-precise world-average masses.
The Ap/p corrections extracted from the in-
dividual J/y and Y(1S) invariant mass fits
are consistent with each other, and the results

Youngjoon Kwon (Yonsei U.)
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are combined to obtain Ap/p = (—1393 + 26)
parts per million (ppm).

The combined momentum calibration is used
to measure the Z boson mass in the dimuon
channel (Fig. 3A), which is blinded with a
random offset in the range of —50 to 50 MeV
until all analysis procedures are established. The
unblinded measurement is M, = 91,192.0 +
6.4star T 4.0gysc MeV (stat, statistical uncertainty;
syst, systematic uncertainty), which is consistent
with the world average of 91,187.6 + 2.1 MeV
(10, 44) and therefore provides a precise con-
sistency check. Systematic uncertainties on M,
result from uncertainties on the longitudinal
coordinate measurements in the COT (1.0 MeV),

the momentum calibration (2.3 MeV), and the

x10°
20—

x2/dof = 33/ 30
P.=29%
Pcs =88 %

Events /0.5 GeV

%o 80 90 100 110
m,, (GeV)
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QED radiative corrections (3.1 MeV). The latter
two sources are correlated with the M mea-
surement. The Z — yu mass measurement is
then included in the final momentum calibra-
tion. The systematic uncertainties stemming
from the magnetic field nonuniformity dom-
inate the total uncertainty of 25 ppm in the
combined momentum calibration.

After track momentum (p) calibration, the
electron’s calorimeter energy (F) is calibrated
using the peak of the E/p distribution in
W — ev (Fig. 2B) and Z — ee[fig. S13 in (63)]
data. Fits to this peak in bins of electron Et
determine the electron energy calibration and
its dependence on Et. The radiative region of
the E/p distribution (£/p > 1.12) is fitted to
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are combined to obtain Ap/p = (—1393 + 26)
parts per million (ppm).
The combined momentum calibration is used

to measure the oson mass in the dimuon

channel (Fig. 3A), which is blinded with a.

random offset in the range of —-50 to 50 MeV
until all analysis procedures are established. The
unblinded measurement is M, = 91,192.0 £

6.4star T 4.0sysc MeV (stat, statistical uncertainty;
syst, systematic uncertainty), which is consistent
with the world average of 91,187.6 + 2.1 MeV
(10, 44) and therefore provides a precise con-
sistency check. Systematic uncertainties on M,
result from uncertainties on the longitudinal
coordinate measurements in the COT (1.0 MeV),
the momentum calibration (2.3 MeV), and the
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QED radiative corrections (3.1 MeV). The latter
two sources are correlated with the M mea-
surement. The Z — yu mass measurement is
then included in the final momentum calibra-
tion. The systematic uncertainties stemming
from the magnetic field nonuniformity dom-
inate the total uncertainty of 25 ppm in the
combined momentum calibration.

After track momentum (p) calibration, the
electron’s calorimeter enorew (IN ic nalihratad

using the peak of th A x10°
W — ev (Fig. 2B) and ~

data. Fits to this peak
determine the electron -
i1ts dependence on Et.'
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10

Events / 0.5 GeV

y2ldof = 33 / 30

=29 %
P.s=88 %

0

my, Workshop @ UoS

80

May 19, 2022

. m .
m,, (GeV)

400

110

19



W/AANVAALALALANA \J. .l.o. IS4 -L/, vV AAANAA ANJ AT AL ALAANANS A Yy AVA A A

random offset in the range of —-50 to 50 MeV
until all analysis procedures are established. The
unblinded measurement is M, = 91,192.0 +

6.4star T 4.0sysc MeV (stat, statistical uncertainty;
syst, systematic uncertainty), which is consistent
with the world average of 91,187.6 + 2.1 MeV
(10, 44) and therefore provides a precise con-
sistency check. Systematic uncertainties on M,
result from uncertainties on the longitudinal
coordinate measurements in the COT (1.0 MeV),
the momentum calibration (2.3 MeV), and the

QED radiative corrections (3.1 MeV). The latter
two sources are correlated with the My, mea-
surement. The Z — yu mass measurement is
then included in the final momentum calibra-
tion. The systematic uncertainties stemming
from the magnetic field nonuniformity dom-
inate the total uncertainty of 25 ppm in the
combined momentum calibration.

After track momentum (p) calibration, the
electron’s calorimeter energy (F) is calibrated
using the peak of the E/p distribution in
W — ev (Fig. 2B) and Z — ee [fig. S13 in (63)]
data. Fits to this peak in bins of electron Et
determine the electron energy calibration and
its dependence on Et. The radiative region of

the E/p distribution (E/p > 1.12) is fitted to
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Events / 0.007
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AM = 6 MeV

x10° W

- AS; =12 143, ppm

- v2/dof = 39 / 33

B sz = 21 %

- P, =69 %

l l S = calorimeter energy

scale factor
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E/p (W—ev)

uncorrelated uncertainties (total uncertainty) for the individual boson measurements
(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, Pks refers to the Kolmogorov-Smirnov probability of
agreement between the shapes of the data and simulated distributions.
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random offset in the range of —-50 to 50 MeV
until all analysis procedures are established. The
unblinded measurement is M, = 91,192.0 +

6.4star T 4.0sysc MeV (stat, statistical uncertainty;
syst, systematic uncertainty), which is consistent
with the world average of 91,187.6 + 2.1 MeV
(10, 44) and therefore provides a precise con-
sistency check. Systematic uncertainties on M,
result from uncertainties on the longitudinal
coordinate measurements in the COT (1.0 MeV),
the momentum calibration (2.3 MeV), and the

QED radiative corrections (3.1 MeV). The latter
two sources are correlated with the My, mea-
surement. The Z — yu mass measurement is
then included in the final momentum calibra-
tion. The systematic uncertainties stemming
from the magnetic field nonuniformity dom-
inate the total uncertainty of 25 ppm in the
combined momentum calibration.

After track momentum (p) calibration, the
electron’s calorimeter energy (F) is calibrated
using the peak of the E/p distribution in
W — ev (Fig. 2B) and Z — ee [fig. S13 in (63)]
data. Fits to this peak in bins of electron Et
determine the electron energy calibration and
its dependence on Et. The radiative region of
the E/p distribution (E/p > 1.12) is fitted to

Youngjoon Kwon (Yonsei U.)

p, E calibration

S = calorimeter energy
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FIG. S13: (Left) Measured calorimeter energy scale in bi

ns of electron tower in W — er data after corrections are

applied, with the line Sg = 1 overlaid. The towers are numbered in order of increasing |n| and each tower subtends

An ~ 0.11. (Right) Distribution of E/p for Z — ee data

(circles) after the full energy-scale calibration; the best-fit

template (histogram) is overlaid. The fit region is enclosed by arrows.
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random offset in the range of —-50 to 50 MeV
until all analysis procedures are established. The
unblinded measurement is M, = 91,192.0 £
6.4star T 4.0sysc MeV (stat, statistical uncertainty; p 9
syst, systematic uncertainty), which is consistent
with the world average of 91,187.6 + 2.1 MeV

(10, 44) and therefore provides a precise con-
sistency check. Systematic uncertainties on M,
result from uncertainties on the longitudinal
coordinate measurements in the COT (1.0 MeV),
the momentum calibration (2.3 MeV), and the

QED radiative corrections (3.1 MeV). The latter

%Nfrsdtrrce&aFEJ %lated with the My mea- 1

)

surement. The Z — pu mass measufement is |

then included in the final momentum calibra-
tion. The systematic uncertainties stemming
from the magnetic field nonuniformity dom-
inate the total uncertainty of 25 ppm in the
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using the peak of the E/p distribution in
W — ev (Fig. 2B) and Z — ee [fig. S13 in (63)]
data. Fits to this peak in bins of electron Et
determine the electron energy calibration and
its dependence on Et. The radiative region of
the E/p distribution (E/p > 1.12) is fitted to
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FIG. S13: (Left) Measured calorimeter energy scale in bins of electron tower in W — ev data after corrections are

1 overlaid. The towers are numbered in order of increasing |n| and each tower subtends
An ~ 0.11. (Right) Distribution of E/p for Z — ee data (circles) after the full energy-scale calibration; the best-fit
template (histogram) is overlaid. The fit region is enclosed by arrows.
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then included in the final momentum calibra-
tion. The systematic uncertainties stemming
from the magnetic field nonuniformity dom-
inate the total uncertainty of 25 ppm in the
combined momentum calibration.

After track momentum (p) calibration, the
electron’s calorimeter energy (F) is calibrated
using the peak of the E/p distribution in
W — ev (Fig. 2B) and Z — ee [fig. S13 in (63)]
data. Fits to this peak in bins of electron Et
determine the electron energy calibration and
its dependence on Er. The radiative region of
the E/p distribution (E/p > 1.12) is fitted to

measure a small correction (=5%) to the
amount of radiative material traversed in
the tracking volume. The EM calorimeter
resolution is measured using the widths of
the E/p peak in the W — ev sample and of
the mass peak of the Z — ee sample.

We use the calibrated electron energies to
measure the Z boson mass in the dielectron
channel (Fig. 3B), which 1is also blinded with
the same offset as used for the dimuon chan-
nel. The unblinded result, M, = 91,194.3 +
13.84tat T 7.64yst MeV, 1s consistent with the
world average, providing a stringent consist-
ency check of the electron energy calibration.
Systematic uncertainties on M, are caused
by uncertainties on the calorimeter energy
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Fig. 3. Decay of the Z boson. (A and B) Distribution of (A) dimuon and (B) dielectron mass for candidate Z — pu and Z — ee decays, respectively. The data (points)
are overlaid with the best-fit simulation template including the photon-mediated contribution (histogram). The arrows indicate the fitting range.
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then included in the final momentum calibra-
tion. The systematic uncertainties stemming
from the magnetic field nonuniformity dom-
inate the total uncertainty of 25 ppm in the
combined momentum calibration.

After track momentum (p) calibration, the
electron’s calorimeter energy (F) is calibrated
using the peak of the E/p distribution in
W — ev (Fig. 2B) and Z — ee [fig. S13 in (63)]
data. Fits to this peak in bins of electron Et
determine the electron energy calibration and
its dependence on Er. The radiative region of
the E/p distribution (E/p > 1.12) is fitted to

11100 111vavulrLliiviliy 1v

measure a small correction (=5%) to the
amount of radiative material traversed in
the tracking volume. The EM calorimeter
resolution is measured using the widths of
the E/p peak in the W — ev sample and of
the mass peak of the Z — ee sample.

We use the calibrated electron energies to

“channel (Fig. 3B), which is also blinded with
the same offset as used for the dimuon chan-
nel. The unblinded result, M, = 91,194.3 +
13.85tat T 7.65yst MeV, 1s consistent with the
world average, providing a stringent consist-
ency check of the electron energy calibration.
Systematic uncertainties on M, are caused
by uncertainties on the calorimeter energy
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Jmeasure the 7 boson mass in the dielectron
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(6.5 MeV) and track momentum (2.3 MeV),
on the 2 coordinate measured in the COT
(0.8 MeV), and on QED radiative corrections
(3.1 MeV). Measurements of the Z boson
mass using the dielectron track momenta,
and comparisons of mass measurements using
radiative and nonradiative electrons, provide
consistent results. The final calibration of the
electron energy is obtained by combining the
E/p-based calibration with the Z( — ee) mass-
based calibration, taking into account the cor-
related uncertainty on the radiative corrections.

AM = =

e | - 5.8 MeV

y2/dof = 46 / 38
4l P.=16%
- Ps =93 %

Events / 0.5 GeV

P . N e :
070 80 90 100 110
m,, (GeV)

my, Workshop @ UoS

The spectator partons in the proton and
antiproton, as well as the additional (=3) pp
interactions in the same collider bunch cross-
ing, contribute visible energy that degrades
the resolution of «. These contributions are
measured from events triggered on inelastic
pp interactions and random bunch cross-
ings, reproducing the collision environment
of the Wand Z boson data. Because there are
no high-pr neutrinos in the Z boson data, the
primbalance between the p.. andu inZ — ¢/
events is used to measure the calorimeter
response to, and resolution of, the initial-
state QCD radiation accompanying boson
production. The simulation of the recoil vector
u also requires knowledge of the distribution of
the energy flow into the calorimeter towers
impacted by the leptons, because these towers
are excluded from the computation of «. This
energy flow is measured from the W boson data
using the event-averaged response of towers
separated in azimuth from the lepton direction.
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The spectator partons in the proton and
antiproton, as well as the additional (=3) pp
interactions in the same collider bunch cross-
ing, contribute visible energy that degrades
the resolution of u. These contributions are
measured from events triggered on inelastic
pp Interactions and random bunch cross-
ings, reproducing the collision environment
of the Wand Z boson data. Because there are
no high-pr neutrinos in the zZ boson data, the
primbalance between the p.. anduinZ — ¢/
events is used to measure the calorimeter
response to, and resolution of, the initial-
state QCD radiation accompanying boson
production. The simulation of the recoil vector
u also requires knowledge of the distribution of
the energy flow into the calorimeter towers
impacted by the leptons, because these towers
are excluded from the computation of %. This
energy flow 1s measured from the W boson data
using the event-averaged response of towers
separated in azimuth from the lepton direction.

ucts have small transverse momentum. The
transverse momentum vector sum of all detect-
able collision products accompanying the W
or Z boson is defined as the hadronic recoil
u = X;E;sin(0;)7n;, where the sum is performed
over calorimeter towers (52) with energy E;,
polar angle 6;, and transverse directions speci-
fied by unit vectors 7;. Calorimeter towers
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Ings, reproducing the collision environment

Of.r_l.A TX7 ~ca A 77 a minca Ak DV e~ AV i A e

» p, E calibration - lepton removal

response to, and resolution of, the initial-
state QCD radiation accompanying boson
production. The simulation of the recoil vector
u also requires knowledge of the distribution of
the energy flow into the calorimeter towers
impacted by the leptons, because these towers
are excluded from the computation of . This
energy flow is measured from the W boson data
using the event-averaged response of towers
separated in azimuth from the lepton direction.

u

 We remove the calorimeter towers containing  Lepten towers
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lepton energy from the hadronic recoil
calculation
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» p, E calibration - lepton removal

response to, and resolution of, the initial-
state QCD radiation accompanying boson
production. The simulation of the recoil vector
u also requires knowledge of the distribution of
the energy flow into the calorimeter towers
impacted by the leptons, because these towers
are excluded from the computation of . This
energy flow is measured from the W boson data
using the event-averaged response of towers
separated in azimuth from the lepton direction.
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Extracting the W boson mass

Kinematic distributions of background events
passing the event selection are included in
the template fits with their estimated nor-
malizations. The W boson samples contain a
small contamination of background events
arising from QCD jet production with a hadron
misidentified as a lepton, Z — ¢/ decays with
only one reconstructed lepton, W — tv — /vy,
pion and kaon decays in flight to muons (DIF),

Youngjoon Kwon (Yonsei U.)
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and cosmic-ray muons (t, tau lepton; v, anti-
neutrino). The jet, DIF, and cosmic-ray back-
grounds are estimated from control samples
of data, whereas the Z — ¢/ and W — tv
backgrounds are estimated from simulation.
Background fractions for the muon (electron)
datasets are evaluated to be 7.37% (0.14%)
from Z — /¢ decays, 0.88% (0.94%) from
W — 1v decays, 0.01% (0.34%) from jets,
0.20% from DIF, and 0.01% from cosmic rays.

The fit results (Fig. 4) are summarized in
Table 1. The My fit values are blinded during
analysis with an unknown additive offset in the
range of =50 to 50 MeV, in the same manner as,
but independent of, the value used for blinding
the Z boson mass fits. As the fits to the different
kinematic variables have different sensitivities
to systematic uncertainties, their consistency
confirms that the sources of systematic uncer-
tainties are well understood. Systematic uncer-
tainties, propagated by varying the simulation
parameters within their uncertainties and re-
peating the fits to these simulated data, are
shown in Table 1. The correlated uncertainty in
the mr ( pf}, py ) it between the muon and

my, Workshop @ UoS

electron channels is 5.8 (7.9, 7.4) MeV. The mass
fits are stable with respect to variations of the
fitting ranges.

Simulated experiments are used to evaluate
the statistical correlations between fits, which
are found to be 69% (68%) between mr and
pL (pY) fit results and 28% between p’ and py,
fit results (43). The six individual My results
are combined (including correlations) by
means of the best linear unbiased estimator
(66) to obtain My = 80,433.5£9.4MeV,
with x2/ dof = 7.4/5 corresponding to a prob-
ability of 20%. The mr, p;, and pY fits in the
electron (muon) channel contribute weights
of 30.0% (34.2%), 6.7% (18.7%), and 0.9%
(9.5%), respectively. The combined result is
shown in Fig. 1, and its associated systematic
uncertainties are shown in Table 2.
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and cosmic-ray muons (t, tau lepton; v, anti-
neutrino). The jet, DIF, and cosmic-ray back-

grounds are estimated from control samples W Transverse Mass Fits

of data, whereas the Z — /¢ and W — 1v x10° x10°

backgrounds are estimated from simulation. g 2/dof = 50/ 48 § . 2dof = 39/ 48
Background fractions for the muon (electron) 3 _ | P.=37% 2 40~ P =79 %
datasets are evaluated to be 7.37% (0.14%) 2 P:s=98 % 2 [ p:S=76 %
from Z — ¢¢ decays, 0.88% (0.94%) from 2 2

W — 1v decays, 0.01% (0.34%) from jets,
0.20% from DIF, and 0.01% from cosmic rays.
The fit results (Fig. 4) are summarized in
Table 1. The My fit values are blinded during
analysis with an unknown additive offset in the 70 80 20 80 90 100
range of —50 to 50 MeV, in the same manner as,
but independent of, the value used for blinding
the Z boson mass fits. As the fits to the different
kinematic variables have different sensitivities
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tainties are well understood. Systematic uncer- I
tainties, propagated by varying the simulation I
parameters within their uncertainties and re- ! Fig. 36 |
peating the fits to these simulated data, are 1 Y S S 3 Y T S
shown in Table 1. The correlated uncertainty in
the my (p5, pY) fit between the muon and
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and cosmic-ray muons (t, tau lepton; v, anti-
neutrino). The jet, DIF, and cosmic-ray back-
grounds are estimated from control samples
of data, whereas the Z— ¢/ and W — v
backgrounds are estimated from simulation.
Background fractions for the muon (electron)
datasets are evaluated to be 7.37% (0.14%)
from Z — /¢ decays, 0.88% (0.94%) from
W — 1v decays, 0.01% (0.34%) from jets,
0.20% from DIF, and 0.01% from cosmic rays.

The fit results (Fig. 4) are summarized in
Table 1. The My fit values are blinded during
analysis with an unknown additive offset in the
range of —50 to 50 MeV, in the same manner as,
but independent of, the value used for blinding
the Z boson mass fits. As the fits to the different
kinematic variables have different sensitivities
to systematic uncertainties, their consistency
confirms that the sources of systematic uncer-
tainties are well understood. Systematic uncer-
tainties, propagated by varying the simulation
parameters within their uncertainties and re-
peating the fits to these simulated data, are
shown in Table 1. The correlated uncertainty in
the my (p5, pY) fit between the muon and
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and cosmic-ray muons (t, tau lepton; v, anti-
neutrino). The jet, DIF, and cosmic-ray back-
grounds are estimated from control samples
of data, whereas the Z— ¢/ and W — v
backgrounds are estimated from simulation.
Background fractions for the muon (electron)
datasets are evaluated to be 7.37% (0.14%)
from Z — /¢ decays, 0.88% (0.94%) from
W — 1v decays, 0.01% (0.34%) from jets,
0.20% from DIF, and 0.01% from cosmic rays.

The fit results (Fig. 4) are summarized in
Table 1. The My fit values are blinded during
analysis with an unknown additive offset in the
range of —50 to 50 MeV, in the same manner as,
but independent of, the value used for blinding
the Z boson mass fits. As the fits to the different
kinematic variables have different sensitivities
to systematic uncertainties, their consistency
confirms that the sources of systematic uncer-
tainties are well understood. Systematic uncer-
tainties, propagated by varying the simulation
parameters within their uncertainties and re-
peating the fits to these simulated data, are
shown in Table 1. The correlated uncertainty in
the my (p5, pY) fit between the muon and

Youngjoon Kwon (Yonsei U.)
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and cosmic-ray muons (t, tau lepton; v, anti-
neutrino). The jet, DIF, and cosmic-ray back-
grounds are estimated from control samples
of data, whereas the Z — ¢/ and W — 1v
backgrounds are estimated from simulation.
Background fractions for the muon (electron)
datasets are evaluated to be 7.37% (0.14%)
from Z — /¢ decays, 0.88% (0.94%) from
W — 1tv decays, 0.01% (0.34%) from jets,
0.20% from DIF, and 0.01% from cosmic rays.

The fit results (Fig. 4) are summarized in
Table 1. The My fit values are blinded during
analysis with an unknown additive offset in the
range of —50 to 50 MeV, in the same manner as,
but independent of, the value used for blinding
the Z boson mass fits. As the fits to the different
kinematic variables have different sensitivities
to systematic uncertainties, their consistency
confirms that the sources of systematic uncer-
tainties are well understood. Systematic uncer-
tainties, propagated by varying the simulation
parameters within their uncertainties and re-
peating the fits to these simulated data, are
shown in Table 1. The correlated uncertainty in
the my (p5, pY) fit between the muon and
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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 pt 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) x2/dof
M(€,V) o 80,4291+ 10.36tat £8.0yst 39/48
pree). ... 804114+10. 765 +11.80 83/62
Pr®) 80,420.3+ 1405t + L. /gyt 69/62
my (].L, V) 80,4461 + 9-25tat + 7-3syst 50/48
pr(w) . 804282:+064 103y  82/62
PY() 80,428.9 % I3 Lstat £10.9gyst 63/62
Combination 80,433.5 + 6.4t + 6.9yt 71.4/5
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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 %* 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) x2/dof
mr (e, v) 80,429.1 = 103zt £ 8 55y 39/48
pi(e) ... 804ll4x1074+118yy ~ 83/62
Pr(€) o 80,4203+ 14.0¢tat T 1175yt 69/62
() 8044611 Doy + 7 3 50748
Pr(w) ... 804282+964+103yy ~ 82/62
PI) 804289213 1542t £10.9gt 63/62
Combination 80,433.5 + 6.4t + 6.9yt 7.4/5

We present a measurement of the W-boson mass, My, using data corresponding to 2.2 fb~! of integrated
luminosity collected in p p collisions at /s = 1.96 TeV with the CDF II detector at the Fermilab Tevatron.

The selected sample of 470126 W — ev candidates and 624 708 W — uv candidates yields the

O~ CDF Il (previous) PRD 2014

measurement of the W-boson mass to date.
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measurement My, = 80387 4 12(stat) 4= 15(syst) = 80387 + 19 MeV//c?. This is the most precise single
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DO | 80478 + 83 T o mW Qth‘aCtl()n
CDF | 80432 + 79 o
DELPHI 80336 + 67 o
L3 80270 + 55 ——eo— electron channels is 5.8 (7.9, 7.4) MeV. The mass  Taple 2. Uncertainties on the combined
OPAL 80415 + 52 : fits are stable with respect to variations of the M,, result.
fitting ranges.
ALEPH 80440 + 51 — Simulated experiments are used to evaluate Source Uncertainty (MeV)
DO I 80376 + 23 —e— the statistical correlations between fits, which 4
ATLAS 80370 + 19 | are found to be 69% (68%) between my and ~ Leptonenergyscale 30 .
corl soass - s . p (pY) fit results and 28% between ptandpy ~ Leptonenergy resolution =~~~ L2 .
U mr e s it results (43). The six individual My results Rec0|lenergyscale12 .................
79900 80000 80100 80200 80300 80400 80500  are combined (including correlations) by ~ Recoll energy resolution 18
__ Whboson mass (MeV/c®) , means of the best linear unbiased estimator ~ Lepton efficiency ... 04 o
analysis with an unknown additive otfset inthe 55y 14 obtain My = 80,433.5+9.4Mev,  Leptonremoval =~ 12 ..
range of 50 to 50 MeV, in the same manner as,  yiy, 42/dof = 7.4/5 corresponding to a prob-  5ackgrounds 33
but independent of, the value used for binding 515ty of 20%. The my, pt, and p. fits in the prmodel 8
the Zboson mass fits. As the fits to the different  j0tron (muon) channel contribute weights p?/p{modellB .................
kinematic variables have different sensitivities ¢ 30 09, (34.2%), 6.7% (18.7%), and 0.9% Parton distributions 39
to systematic uncertainties, their consistency (9.5%), respectively. The combined result is QEDradlatlon ........................................ 27 .................
confirms that the sources of systematic uncer- shown in Fig. 1, and its associated systematic Wbosonsta’ushcs ................................... 64 .................
tainties are well understood. Systematic uncer- pcertainties are shown in Table 2. Total 2.4

tainties, propagated by varying the simulation
parameters within their uncertainties and re-
peating the fits to these simulated data, are
shown in Table 1. The correlated uncertainty in
the my (p5, pY) fit between the muon and
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Systematic uncertainties

Previous CDF Result (2.2 fb™) New CDF Result (8.8 fb™)
Transverse Mass Fit Uncertainties (MeV) Transverse Mass Fit Uncertainties (MeV)
electrons muons common electrons muons common
W statistics 19 16 0 W statistics 10.3 9.2 0
Lepton energy scale 10 7 J Lepton energy scale 5.8 2.1 1.8
Lepton resolution o 1 0 Lepton resolution 0.9 0.3 -0.3
Recoil energy scale J J S Recoil energy scale 1.8 1.8 1.8
Recoil energy resolution 7 7 7 Recoil energy resolution 1.8 1.8 1.8
Selection bias 0 0 0 Selection bias 0.5 0.5 0
Lepton removal 3 2 2 Lepton removal 1 1.7 0
Backgrounds 4 3 0 Backgrounds 2.6 3.9 0
pT(W) model 3 3 3 pT(Z) & pT(W) model 1.1 1.1 1.1
Parton dist. Functions 10 10 10 Parton dist. Functions 3.9 3.9 3.9
QED rad. Corrections A - - QED rad. Corrections 2.7 2.7 2.7
Total systematic 18 16 15 Total systematic 8.7 1.4 5.8
Total 26 23 Total 13.5 11.8 5.8

Systematic uncertainties shown in green: statistics-limited by control data samples



Discussion

The dataset used in this analysis is about four
times as large as the one used in the previous
analysis (41, 43). Although the resolution of the
hadronic recoil is somewhat degraded in the
new data because of the higher instantaneous
luminosity, the statistical precision of the mea-
surement from the larger sample is still improved
by almost a factor of 2. To achieve a commen-
surate reduction in systematic uncertainties, a
number of analysis improvements have been
incorporated, as described in table S1. These im-
provements are based on using cosmic-ray and
collider data in ways not employed previously to
improve (1) the COT alignment and drift model
and the uniformity of the EM calorimeter re-
sponse, and (1) the accuracy and robustness of
the detector response and resolution model in
the simulation. Additionally, theoretical inputs
to the analysis have been updated. Upon incor-
porating the improved understanding of PDFs
and track reconstruction, our previous measure-
ment is increased by 13.5 MeV to 80,400.5 MeV;
the consistency of the latter with the new mea-
surement is at the percent probability level.

Discussions

SM
DO | 80478 + 83 - o
CDFI 80432 + 79 —0
DELPHI 80336 + 67 o
L3 80270 + 55 —e
OPAL 80415 + 52 ®
ALEPH 80440 + 51 —0
DO | 80376 + 23 —o—
ATLAS 80370 * 19 —o—
CDF Il 80433 = 9 C_D._-o-
b e b L L L

79900 80000 80100 80200 80300 80400 80500

W boson mass (MeV/c?)
O~ CDF Il (previous) PRD 2014

== CDF Il (2014) re-analyzed
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Improvement over previous CDF

Method or technique impact section of paper
Detailed treatment of parton distribution functions +3.5 MeV IVA
Resolved beam-constraining bias in CDF reconstruction +10 MeV VIC
Improved COT alignment and drift model [65] uniformity VI
Improved modeling of calorimeter tower resolution uniformity I11
Temporal uniformity calibration of CEM towers uniformity VII A
Lepton removal procedure corrected for luminosity uniformity VIII A
Higher-order calculation of QED radiation in J/¢ and T decays accuracy VIA & B
Modeling kurtosis of hadronic recoil energy resolution accuracy VIIIB 2
Improved modeling of hadronic recoil angular resolution accuracy VIIIB 3
Modeling dijet contribution to recoil resolution accuracy VIIIB4
Explicit luminosity matching of pileup accuracy VIIIB5
Modeling kurtosis of pileup resolution accuracy VIIIB5
Theory model of p}¥ / p% spectrum ratio accuracy IVB
Constraint from p'¥ data spectrum robustness VIIIB6
Cross-check of p% tuning robustness IVB

Youngjoon Kwon (Yonsei U.) my, Workshop @ UoS May 19, 2022
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Improvement over previous CDF

® The statistical precision of the measurement from the four times larger sample is
improved by almost a factor of 2

® To achieve a commensurate reduction in systematic uncertainties, a number of analysis
improvements have been incorporated

® These improvements are based on using cosmic-ray and collider data in ways not
employed previously to improve

v the COT alignment and drift model and the uniformity of the EM calorimeter response
v the accuracy and robustness of the detector response and resolution model in the simulation

v theoretical inputs to the analysis have been updated

e Upon incorporating the improved understanding of PDFs and track reconstruction, our
previous measurement is increased by 13.5 MeV to 80,400.5 MeV

v consistency of the latter with the new measurement is at the percent probability level

Youngjoon Kwon (Yonsei U.) my, Workshop @ UoS May 19, 2022
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Conclusion

In conclusion, we report a new measure-
ment of the Wboson mass with the complete
dataset collected by the CDF II detector at the
Fermilab Tevatron, corresponding to 8.8 fb™*
of integrated luminosity. This measurement,
My = 80,433.5* 9.4 MeV, 1s more precise
than all previous measurements of My com-
bined and subsumes all previous CDF mea-
surements from 1.96-TeV data (38, 39, 41, 43).
A comparison with the SM expectation of
My = 80,357 £ 6 MeV (10), treating the quoted
uncertainties as independent, yields a differ-
ence with a significance of 7.0c and suggests
the possibility of improvements to the SM
calculation or of extensions to the SM. This
comparison, along with past measurements, 1s
shown in Fig. 5. Using the method described
in (45), we obtain a combined Tevatron (CDF
and DO) result of My = 80,427.4+ 8.9 MeV.
Assuming no correlation between the Tevatron
and LEP measurements, their average becomes
My, = 80,424.2 + 8.7 MeV.

M,, [GeV]
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Appendix

from back-up slides of Kotwal seminar



Updates to 2012 Result (2.2 fb™)
Shift from CTEQ6 to NNPDF3.1 PDF used for central value = +3.5 MeV

In the 2.2 b analysis, an additional systematic uncertainty was quoted to
cover an inconsistency between the NBC and BC Y — pu mass fits.

In this analysis we resolve the inconsistency caused by the beam-constraining
procedure, eliminating the additional systematic uncertainty and increasing the
measured M value by ~ 10 MeV.

The beam-constraining procedure in the CDF track reconstruction software
extrapolates the tracks found in the COT inward to the transverse position of
the beamline. This extrapolation can and should take into account the energy
loss in the material inside the inner radius of the COT (the beampipe, the
silicon vertex detector and its services) to infer and update the track parameters
at the beam position before applying the beam constraint.

This update had been deactivated in the reconstruction software used for the
previous analysis. By activating this updating feature of the extrapolator, the
flaw 1n the BC Y — pp mass 1s corrected, which changes the momentum scale
derived from it.

A. V. Kotwal, SLAC, 4/11/22
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Q&A
Q: Measurement of the W boson mass as a function of running period.

A: Historically, the analysis has been designed as an inclusive analysis. In its
current form, measuring the W mass for subsamples of the data requires repeating
almost the entire data analysis for each subsample.

For this analysis we invested two years in completely redoing the alignment of the
COT, making substantial improvements in both the procedures and the alignment
quality metrics, and including dependence on running period (NIM A 762, (2014)).

Compared to the previous analysis, we also invested 1n improving the uniformity
and stability of the EM calorimeter by performing an E/p-based calibration for
individual @-wedges as a function of running period.

However, many aspects of the analysis, including all calibrations related to the
hadronic calorimeter and all the backgrounds, cannot yet be performed for subsamples
of the data, other than by brute-force repetition. The latter would be a tedious and
multi-year process. We plan on improving the functionality of the analysis to handle
subsamples, which also improves our understanding of the fundamentals.

A. V. Kotwal, SLAC, 4/11/22
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