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« T.Aaltonen et.al [CDF Collaboration], “High-precision

measurement of the W boson mass with the CDF I
detector”, Science 376 (2022) 6589, 170-176
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World Averages of Heavy Particle Masses

Prog. Theor. Exp. Phys.2020, 083C01 (2020) and 2021 update

Mass (GeV/c?) Contributing discovery
Experiments

80.387 +0.016  1+0.02% LEP, Tevatron, LHC 1983

Z 91.1876 +0.0021 +£0.002% LEP 1983
top 172.76 +0.30 +0.2%  Tevatron, LHC 1995
Higgs 125.25 +0.17 +0.1% LHC 2012

* Improving top quark mass is challenging, due to top quark engagement with

strong interaction.
* Higgs measurement still have room for improvement, both for systematic and

statistical uncertainties.

* W boson mass measurement is at £0.02% precision.
 Measurement technique is mature, and improvement is most challenging!



Why W mass measurement Is important?

« The electroweak gauge sector of the standard model is
constrained by precisely known parameters

— agy(M;) = 1/127.918(18)
— Gr = 1.16637 (1) x 107> GeV 2
— M, = 91.1876 (21) GeV
— Myop = 172.89 (59) GeV
— My = 125.25(17) GeV
— sin? @y, = 0.2299(43)
« My, Is related to these parameters.

— M2, = L ZEM tree level
w \/ZGF sinZ Oy, ( )

* 6y, : the Weinberg mixing angle, defined by




Radiative Corrections

« Radiative corrections due to heavy quark and Higgs
loops (and potential undiscovered particles).

Wa{EE

w

M{/tﬂ%
L ATA AT s \W\ +
w w

b

AMWNMtZOp AMW~10gMHiggS

 Masses of W, top and Higgs are related to each other in SM.
W boson mass is constrained by SM Global fit:
— My, = 80.357 + 6 MeV

* Inputs include M,,, Mz, My and other electroweak
measured constants.



Status before 2022 CDF W Mass Update

* Prog.Theor.Exp.Phys.20

ALEPH

—_—— 50.44040.05

LE N

OPAL e 80.41510.052
LEP2 —— 80.376+0.033
Fdof = 48041
(2.2 fb™1)

Do —— A0_33310.023
Tevatron 80.387 +0.0186
ySidod = 426

World av. (old) 280.385+0.015

ATLAS —=-

-
=
|

World av. (new) .*.

80.3701+0.019

80.379+0.012

804

M, [GeV]

80.2

80.6

20.083C01
80.40 frererrre e ———r——— .:
30.335— —
30.335— ]
= I
@
S, -
Ei 3['.37;— _:
an.ssé— E
s B cirect (10)
: — indirect (10)
80.35|
N e all data (90%)
I T R TR TR T T T T T T T
m, [GeV]
Global fit
M PP = 80.357 + 6 MeV

1.70 lower than the world average

The new CDF measurement uses 8.8 fb~! of data,
X 4 of the previous analysis.
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Tevatron Run Il

pp collisions at Vs = 1.96 TeV
(1.8 TeV in Run I).

Run II:

Summer 2001 - Autumn 2011.
Collisions at world highest
energy until Nov 2009.

« Energy frontier for ~25

Tevatron

» o
- N
a =2 ’ - -
-&-— ?‘(,'“;‘w‘

. years!!
Main Injector ; Two detectors (CDF and DO)

Aol for wide range of physics

studies.

Delivered: 12 fb1.

— Recorded by CDF: 10 fb-1.
— Recorded by DO: 10 fb-2.

11
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CDF Detector

« Multipurpose detector

— Top/EWK measurements, Searches for Higgs and New
Phenomena, and B physics.

« Precision tracking with silicon in 1.5 solenoid field.
« EM/Had calorimeters for e/y/jet measurement.
e Quter muon chambers. Hlicon Bdlorindling

EM Calorimeter

Muon Chamber

Sclencid

Tracking Chamber Interaction Point

Silicon Detector

12
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racoon on frog farm transformer. They have
disconected the power to frog farm transformer feeding
NUMI. They are in the proccess of disconecting the
TBM and backfeeding partial power from Phar.

L

Sun_Aug 3 2001 Dwllog

TUTE 20065F10A 108 HIRMEGENEER

- djinn
— Tue Oct 10 06:39:57 comment by...diinn — The leftmost picture shows the cause of the glitch {one crispy critter). The other 2 pictures show the aftermath. Joe Pathiyil
eports that it will take at least 3 hours to repair/replace the damaged switchgear. In the meantime, they will gzet BO back on for the Cryo Guys. BO will have to go off once the

epairs are complete and before they can switch DO back into the circuit. L}
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Large Hadron Collider: Weasel
causes shutdown
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PHOTO ¥ ANGSPIFLIP DE NOQYER, MINDEN PICTURES, NATIOMAL GEOGRAPKIC CREATIVE

ing of the i be i ing, Jusst this week,
plan d for a new ick to be built next to
the Large Hadron Collider run by CERN in Geneva, Switzerland - the huge

i Higgs bosan in 2012.

Same may be asking if there will be any advanced animal proofing inclnded. As
have itonly takes a single frry r winged beast to throw our

| The Large Hadron Collider is the world's most powerful particle accelerator

The Large Hadron Collider particle accelerator at Cern is offline after a short
circuit - caused by a weasel.

The unfortunate creature did not survive the encounter with a high-voltage
transformer at the site near Geneva in Switzerland.

The LHC was running when a "severe electrical perturbation” occurred in the
early hours of Friday morning.

CERNTIZL &2B S X AL EIXLTULELERF,

A3FE, ZORAVTILY LOBYETRRSINTNSLLLY, 17
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“These guys are keeping
our accelerator running!”
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W Boson Production at the Tevatron

1k « ,
p%ﬁ JinnnnnEnnnnm (:]'lu[:}]_ls
Lepton
p \\Mtiquark L ZV_
\ /]‘/f:
N
%

Quark-antiquark annihilation dominates (80%).

Parton distribution of valence quark in Lo T
Underlying event "=
protons are well understood.

P, of initial partons are unknown at hadron
colliders.

| AN “~.__Neutrino

 P{ and PY carry information of My, .

« Initial state QCD radiation is soft ~O(10 GeV), detected as hadronic recoil in
the calorimeter.
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Detector Coordinates

Hadron Calorimeter

Muon Chamber

Solenoid

Tracking Chamber Interaction Point

Silicon Detector

Pseudo-rapidity n=-m *“(g)]

END WALL I I
2.0

30 4 -

1.5

END PLUG EM CALORIMETER
END PLUG HADRON CALORIMETER

3 0 30 60 90 120 150 180
0 [deg]

1.5 2.0 2.5 3.0 m

SVX 1l INTERMEDIATE 21
5 LAYERS SILICON LAYERS




Particle measurement at CDF

EM calorimeter
provides precise
electron energy
measurement

COT provides
precise lepton
track momentum
measurement

P

2.0 |

END WALL
HADRCN
CAL.

1.5 — P -
! E
7 -~
. : :
1.6 — - = g
_ = =
] >~ COT 5 Z
_ - E
0.5 — ’J" _ e - E
..--*"' &
TTT | T T 1 I I T 11 | I T 11 | T T | I
\l; 2.0 25 ao
SvX 1l IHTEFIMEDIATE
5 LAYERS SILICON LAYERS

Calorimeters measure
hadronic recoil particles

Analysis uses events with central electron or muon (|n| < 1).
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Collider Detector at Fermilab (CDF)

Muon
detector

Central
hadronic
calorimeter

Central EM
calorimeter

Central
outer

tracker
(COT)




Calorimeter Response to W — ev Event

rk -
% IR Gluons
p/

25\§ntiql,1ark

V.

<|

Collision in Calorimeter

P, of initial partons are unknown.
Momentum in transverse plane is conserved.

v does not leave hits in detector.

—_

Y is inferred from transverse momenta.

« PY=—P{—1, Recoili=ZXE;sinf;; =X;Er
e i:all calorimeter towers except those containing leptons.

I~.._Neutrino

Underlying event




Event Selection

* Lepton selection
— Online trigger: e/u with P > 18 GeV.
— Offline selection:
* e With E; > 30 GeV, track Py > 18 GeV
e u With track Pr > 30 GeV

* |dentification requirements (e:shower shape, u: hits
IN muon detector)

« W boson event seletion
=1 lepton, |u| < 15 GeV, P7(v) > 30 GeV

« Z boson event selection (for calibration and validation)
=2 leptons with same flavor



W and Z Data Samples

# of candidate events passing event selection

hanel | woe |z

electron 1,811,700 66,180
muon 2,424,486 238,534
Transverse Mass Distributions .
. 10 . x10
o [A y3/dof = 50/ 48 o D y2/dof = 39/ 48
ol a0
S50k P.=37% s P.=79%
g Pye= 98 % % Pec=76%
g Z

20

% 70 80 0 100 % 70 T80 90 100
m; (GeV) my (GeV)

Estimated background in W — fv samples

Fraction -
Source (%) Fraction
2/ = 7.37+0.10 Source (%)
W — v 0.880 =+ 0.004

Z/v* —ee  0.134 +0.003
Hadronl.c ]e1.;s 0.01 004 W — v 0.94+ 001
Decays in flicht 0.20 +0.14 o
Cosmic rays  0.01 % 0.01 Hadronic jets 0.34 £ 0.08
Total 8.47+0.18 Total 1.41 = 0.08 26




Transverse Mass Definition
Neglecting m,, m,,
()~ (5 I+PYD? - G5 + )2
= 205411571 = 5 -

P} is unknown at hadron colliders.

Transverse mass Is defined as follows:

me = (2081591 - 5% - 5%




M, extraction by Template Fitting

Signal samples are simulated using Monte Carlo

« W (2) boson production is simulated by RESBOS+PHOTOS
MC generator.

— generated with finely-spaced different M;,, settings.

T F —
50000 Ty
S N Fi
I= I~ o r 1t
$40000 |- e 1
o __'_ 2 N T
- _—‘":j :‘-I —l___ ey Mv'\" — 8 ]_ Ge\f
30000 [— iy | ___ .
s o Lle Monte Carlo template
u = 1
20000 |— f-r_ /-L
. 1
10000 |- 7 ~ i
L _-J M\‘V - 80 (JeV 1
o I NI B I IS A A -:{::C:br""'l“—v-—

balaay .
50 55 60 65 70 75 80 85 90 95 100
Transverse Mass (GeV)

Transverse distribution shape as a function of M, = “template”.

M, 1s extracted by maximum likelihood fit to data distribution, using
“templates”.

Reproduction of detector response in simulation is
essential to reduce systematic uncertainties!



my Fit Uncertainties (MeV) from Previous
CDF W mass measurement (2.2 fb~1)

(CDF, PRL 108 (2012) 151803; Phys. Rev. D 89 (2014) 7, 072003)

My = 80 387 + 12.4.¢ + 15:, = 80 387 £ 19 l-‘IEV;’CE

electrons mions common
W statistics 19 16 0
Lepton energy scale 10 7 S
Lepton resolution - l 0
Recotl energy scale 5 5 5
Recoil energy resolution 7 7 7
Selection bias 0 0 0
Lepton removal 3 2 2
Backgrounds 4 3 0
pT(W) model 3 3 3
Parton dist. Functions 10 10 10
QED rad. Corrections 4 4 -
Total 23 26 15

Data increases by X 4
= X 2 reduction of stat unc.
= 8.9 fb~1 is syst. dominant!

Fine tune the alignment,
materials, and response of the
detector simulation.

* e/u momentum

calibration @ {5

CTEQ6.6 = NNPDF3.1

W mass measurements always dedicated lots of efforts to

reduce systematic uncertainties.

— Other analyses don’t need this level of resolution.
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Events /2 MeV

Muon Momentum Measurement

* Tracking chamber alignment using cosmic ray events.

* J/Y — pu are used to improve geometrical modeling of
the detector (distortion, magnetic field variations,
materials).

* J/Y - up events are further used to obtain momentum

correction, using

(1/pk) = (0.15,0.1625) GeV—!

x10°

x2/dof =103 /108

| L
32 . (Gev)

Events / 2 MeV

M/ AYe = 3096.916 + 0.011 MeV.

(1/ph) = (0.1875,0.2) GeV—!

%10°

x?dof =106/ 108

| L
82 m.. (GeV)

-1.6

Fractional Deviation of momentum

(per mille)

LA —— Jy—uu
| —*— Y —-uu
— —4—Z—pu
= | ~d- combined

o |

S

Tl .t ++
14 { M

0.2 < GeV/Di)' 0.4




Electron Momentum Measurement

Electron radiates bremsstrahlung photons in materials of tracking

system

= we measure electron energy with calorimeter.

S distribution in Z — ee are used to obtain special uniformity calibration,

material in tracking volume, shower leakage modelling.

Events / 0.007

Sensitive to

shower leakage

ASg =-203 +173,,,, ppm
x%/dof = 42/ 40

2=35%

Pks=99 %

0@ ———

1.2 1.4 1.6
E/p (Z—ee)
sensitive to tracker

material

x10°
-
& oL ydot=36/38
S P.=51%
2 Py =99 %
2
L
b l
%6 80 %0 100 110
track m, (GeV)
Radiative e pair
>
& y2/dof = 64/ 66
0200
o P.=53% + H
2 Pys =99 % # +
4
w L % +
100~ t
i L A + l
L it .
| I
& | I | ‘++-o.
%o 60 70 80 90

track m, (GeV)

Non radiative e pair

110

x10°

% C
@ y%dof = 45/ 38
0 +
c 2 sz =17 %
2 [ Pys = 85 %
o
> |
L

1L

%o

Mge (GeV)
>
8 y2/dof = 35/ 38
10400
o P.=60%
2 Pys = 96 %
(]
>
i}
200}~
s EEl) | s s s s A
50 80 90 100

110
M, (GeV)



/Z Boson Mass Measurement

« Z boson mass is measured, to check that everything
works. to cross check with world average.

« Checked to check everything works correctly.

S 0° - »10°
o 20—A 9 © ' B
v2/dof = 33/ 30 v2/dof = 46 / 38

g i W - uu % g - W - ee N 4
E:j L PZ2= 29 OA_’ S 4— sz= 160/0
2 L P =88% 2 r Ps=93%
<] ()
> > B
L T

10 i

2 —
070 80 90 100 110 070 80 90 100 | 110
m,, (GeV) Mee (GeV)

My = 91192.0 + 6.4q + 4.05,5 MeV My = 911943 + 13.854¢ £ 7.65y5c MeV

N

Good agreement with World Average M, = 91 187.6 £+ 2.1 MeV



W mass fits

My, measurement by fitting mr, Pff, Py.

W — uv W - ev

x10° x10°
> 2
G TA y2/dof = 50 / 48 o rD y2/dof = 39 / 48
[To) [To) L
?\- 50— P.=37% S 40 P.=79%
w » |
= Pys=98% = Pys=76%
> >
w w
20
O i g o e TR by o T 0 n n - | IR h T
60 70 80 90 100 60 70 80 90 100
my (GeV) m; (GeV)
x10° x10°
> >
o] )
G x?/dof = 82/ 62 G 40-E y2/dof = 83/ 62
wn Te}
p P.=4% 3o Pa=3%
& 40 - o PN r - o
2 P =89% 2 Pys=53%
[ (3]
i i
20
20
O L L 1 L L L it L L 1 I 0 L L L L L T
30 35 40 45 50 55 30 35 40 45 50 55
p'T (GeV) p‘T (GeV)
10° x10°
> 2
o | C x3/dof = 63 / 62 6 +F y2/dof = 69/ 62
[Te] Te}
a0 Po=43% 3L P.=23%
2 Ps=70% 2 Pys = 96 %
[ (3]
i 4 20
20 = l l
e Lo b LT
55 %o 35 40 45 50 55

p; (GeV) p¥ (GeV)

Mass Fit Results

Distribution ~ W-boson mass (MeV) \2/dof
mr (e, ) 80 429.1 4 10.3s¢at + 8.5syst 39/48
Pk (e) 80 411.4 =+ 10.Tgrar = 11.8ye;  83/62
P (e) 80 426.3 + 14.55tar + 11.7eye; 69/62
mr(p,v) 80 446.1 £ 9.240 + T.30se  50/48
pr(p) 80 428.2 £ 0.6gpat £ 10.30ysr  82/62
() 80 428.9 = 13.14ear = 10.95ye;  63/62
combination 80 433.5 £ 6.4sar £ 6.96yst 7.4/5
Summary of Systematics
Source Uncertainty (MeV)
Lepton energy scale 3.0
Lepton energy resolution 1.2
Recoil energy scale 1.2
Recoil energy resolution 1.8
Lepton efficiency 0.4
Lepton removal 1.2
Backgrounds 3.3
p% model 1.8
Y /p% model 1.3
Parton distributions 3.9
QED radiation 2.7
W boson statistics 6.4
Total 9.4
33



Comparison of Systematics
with 2.2 fb~1 analysis

2.2 b1 8.8 fb~1
Mw = 80 387 & 12a1 + 155=: = 80 387 + 19 MeV/c* Mw = 80 433.5 £ 6.4g1ar = 6.9¢yee = 80 433.5£9.4 MeV /¢
Source Uncertainty (MeV)
Lepton energy scale 3.0
Source Uncertainty (MeV) Lepton energy resolution 1.2
: — Recoil energy scale 1.2
Lepton energy scale and resolution , ,
_ _ _ / Recoil energy resolution 1.8
Recoil energy scale and resolution 6 Lepton efficiency 0.4
Lepton removal 2 Lepton removal 1.9
Backgrounds 3 Backgrounds 3.3
. 7z
pr(W ) model 3 p’g;,m‘;dd 1.8
. . pr /] del 1.3
Parton distributions 10~ PT /PT modet
) o Parton distributions 3.9
QED radiation 4 QED radiation 97
W -boson statistics 12 = W boson statistics 6.4
Total 1% — Total 0.4
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Status before 2022 CDF W Mass Update

* Prog.Theor.Exp.Phys.20

ALEPH

—_—— 50.44040.05

LE N

OPAL e 80.41510.052
LEP2 —— 80.376+0.033
Fdof = 48041
(2.2 fb™1)

Do —— A0_33310.023
Tevatron 80.387 +0.0186
ySidod = 426

World av. (old) 280.385+0.015

ATLAS —=-

-
=
|

World av. (new) .*.

80.3701+0.019

80.379+0.012

804

M, [GeV]

80.2

80.6

20.083C01
80.40 frererrre e ———r——— .:
30.335— —
30.335— ]
= I
@
S, -
Ei 3['.37;— _:
an.ssé— E
s B cirect (10)
: — indirect (10)
80.35|
N e all data (90%)
I T R TR TR T T T T T T T
m, [GeV]
Global fit
M PP = 80.357 + 6 MeV

1.70 lower than the world average

The new CDF measurement uses 8.8 fb~! of data,
X 4 of the previous analysis.
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W Mass Status

« CDF update: My, = 80433.5 + 9.4 MeV
— More precise than all previous measurement combined.
— Tension of 7o with SM expectation.

 SM expectation: M, = 80357 + 6 MeV

SM

Do I 80478 + 83 ®

CDF 1 80432 = 79 ®

DELPHI ~ 80336 + 67 —_——

L3 80270 + 55 ~——@—

OPAL 80415 + 52 ——

ALEPH 80440 + 51 ——

Do I 80376 + 23 -——

ATLAS 80370 = 19 -0

CDF Il 80433 = 9 L ]

IIII|IIII|IIII|IIII|IIII|IIII|III
79900 80000 80100 80200 80300 80400 80500

W boson mass (MeV/c?)

M, [GeV]

80.50

80.45

80.40

80.35

experimental unc. 68% CL 5

== == [FP2/Tevatron

| == this measurement

light supersymmetry = _

Heinemeyer, Hollik, Weiglein, Zeune 20 |
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Higgs mass measurements at ATLAS

T T L L DL AL L
ATLAS ~-Total = Stat. only
Run 1: fs = 7-8 TeV, 25 tb™', Run 2: s = 13 TeV, 36.1 fb”' Total  (Stat. only)
Run 1 H—4l/ —_ 124.51+0.52 ( +0.52) GeV
Run 1 H—yy ———e———  126.02£0.51 (£ 0.43) GeV
Run 2 H—4/ —— 124,79 + 0.37 ( + 0.36) GeV
Run 2 H—yy -—-—ol———| 124.93 + 0.40 ( £ 0.21) GeV
| Runts2 Ho4l = 12471+ 030 (£0.30) GeV
Run 142 H—yy —— 125.32 £ 0.35 (£ 0.19) GeV
| Run1Combined = #—e—= 12538 £0.41(£037)GeV
Run 2 Combined —— 124.86 + 0.27 ( +0.18) GeV
| Runie2Combined  ——e—m 12497 £024(£016)GeV
| ATLAS+CMSRun1 -i-—. """""""""" 12500 £0.24 (£021)GeV
T P co b by gy P I
123 124 125 126 127 128
m,, [GeV]

G, 1y [PD]
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AH-yy 0H-=ZZ*—41
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Systematic uncertainty

= Oy, My=125.09 GeV |

QCD scale uncertainty :
B Total uncertainty (scale ® PDF+c.,)

Vs=7TeV, 45fb"
Vs=8TeV, 20.3fb" 7
Vs=13TeV, 139 fo’'

I1I3 L
Vs [TeV]
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Top Mass status

+stat + syst
- T sy Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

VALUE [GeV) DOCUMENT ID TECN COMMENT
172.76+ 0.30 OUR AVERAGE Error includes scale factor of 1.2
1726 £ 25 1 SIRUNYAN 20AR CMS  jet mass from boosted top

172.69+ 0.25%+ 041 2 AABOUD 19AC ATLS 7, 8 TeV ATLAS combination
172.26+ 0.07% 0.61 3 SIRUNYAN 19AF CMS  lepton+jets, all-jets channels

172.33+ 0.14F 295 4SIRUNYAN  194R CMS dilepton channel (ep, 2e, 2u)

172.95+ 077+ 991 SSIRUNYAN 17U CMS  t-channel single top production
172.44+ 013+ 047 O KHACHATRY..16AK CMS 7, 8 TeV CMS combination

174.304+ 0.354 0.54 ?TEHEWG 16 TEVA Tevatron combination
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Blind Analysis Technique

e All W and Z mass fit results were blinded with a random [-50,50] MeV
offset hidden in the likelihood fitter

* Blinding offset removed after the analysis was declared frozen

e Technique allows to study all aspects of data while keeping Z boson
mass and W boson mass result unknown within +50 MeV

A V. Kotwal. Fermilab JETP Semunar, 4/8/22



Comparison of fit results
with 2.2 fb~1 analysis

Center value increased by +44 MeV

2.2 b1

8.8 b1

Mw = 80 387 + 12uar £ 15u. = 80 387 £ 19 MeV/c” Myw = 80 433.5 £ 6.4ga0 = 6.95ys = 80 433.5£9.4 MeV /c
Distributi W -bos s (MeV 2 Jdof Distribution ~ W-boson mass (MeV) v /dof
S &0 ;[:::inl;mil -lf'; ' = ?:: 17.5% mr(e,v) 8042914 10.3sta £ 800y 39/48°30.0%
”:"I:rl %0 ',1[};5 Lo o 10 fi{_]u 13.8% pr(c) 80 4114 £10.Tsrar £ 11.85ys 83/62 6.7%
\E} al g T Zlurat eyt Sl . v QN 490 ¢ 14 E 114 =~ .

 (e) 80 431 + 25,00 & 22,y e 7a% L SLodAs ou = LT T2 0.9%
Ir- / — I::.:u -._,3-::. ! .If . ’ mr(p, ) 80 446.1 £ 9.24pat £ T.3syst 50/48 34.2%
T, i‘-"':' 80 370 + H-hr_:rl + “.153;5-_ x.lg.'g.- 48 33.5%) p’?(#) 80 498.9 + Q-Gstat + 10—35}*5‘5 82,”32 18 7(y
Pr () 50 348 2 [acan & oy 4/6217.3% Pr(p) 80 428.9 + 13.Tsrae + 10.9uyse  63/62 L)
1) 5+ 2 : 79/6: 1 i e e 9.5%
& (1) 80 406 4 22,050 + 20y /62 g.89% combination 80 4335 = 6 dun 4 6.00e  TA/5 6

TABLE S1: Summary of analysis updates

Method or technique

impact

section of paper

Weight in Combination

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 111
Temporal uniformity calibration of CEM towers uniformity VIIA
Lepton removal procedure corrected for luminosity uniformity VIITA
Higher-order calculation of QED radiation in J/i" and T decays accuracy VIA&B
Modeling kurtosis of hadronic recoil energy resolution accuracy VIIIB2
Improved modeling of hadronic recoil angular resolution accuracy VIIIB3
Modeling dijet contribution to recoil resolution accuracy VIIIB 4
Explicit luminosity matching of pileup accuracy VIIIB S5
Modeling kurtosis of pileup resolution accuracy VIIIBS
Theory model of p;! ,';4 spectrum ratio accuracy IVB
Constraint from p¥ data spectrum robustness VIIIBG
Cross-check of p#% tuning robustness IVB

T

Weight in Combination

of these updates is presented in Table S1, along with the expected impact and references to the sections of this
supplement where the respective descriptions are provided. In some cases, the additive change induced by the update
can be added to our previously published My value of My, = 80 387 £19 MeV [41, 43| since the updated procedures
can be incorporated into the previous analysis without repeating the latter. In other cases, the impact is classified
in terms of the expected improvement in detector uniformity, analysis accuracy, or robustness. The shifts shown
in the first two rows of Table S1 result in an updated value of My = 80 400.5 MeV. With the correlations due to
parton distribution functions, the momentum scale calibration and QED radiative corrections taken into account, the
consistency between the updated previous measurement and the new measurement is at the percent level, assuming
purely Gaussian fluctuations. Considering the large number of systematic improvements in analysis techniques, the
best estimate of My quoted in this paper is a freestanding result obtained from a blind procedure, and supersedes
our 2012 result [41, 43] in the same spirit as the latter superseding our 2007 result [38]. Subsequent analyses with
new or modified procedures, such as independently blinded measurements in subsamples of data, are being pursued.
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Combinations of Fit Results

Combination mr fit ph fit py fit Value (MeV)  |x?/dof|Probability
Electrons Muons|Electrons Muons|Electrons Muons (%)
mr v v 80 439.0 £9.8 1.2 /1 28
ph v v 80 421.2+11.9 0.9 / 1 36
P v 80 427.7+13.8 [0.0 / 1 91
mr & py v v v v 80 435.4+9.5 [4.8 /3 19
mr & p v v v 80 437.9 £9.7 (2.2 /3 53
pr & plf v v v 80 424.1 +10.1 1.1 /3 78
Electrons ve v v 80 424.6 +13.2 (3.3 / 2 19
Muons v v 80 437.9 +11.0 (3.6 / 2 17
All v v v v v 80 433.54+9.4 (7.4 /5 20
Table SO

« Combimned electrons (3 fits): My, = 80424.6 = 13.2 MeV,

P(x2) = 19%

« Combined muons (3 fits): My, = 80437.9 = 11.0 MeV, P(x?) = 17%

o All combined (6 fits): M, = 80433.5 = 9.4 MeV, P(x?) = 20%

A V. Kotwal. Fermilab JETP Semunar, 4/8/22
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Previous CDF Result (2.2 fb™)
Transverse Mass Fit Uncertainties (MeV)

electrons muons common

W statistics 19 16 0
Lepton energy scale 10 7 )
Lepton resolution - 1 0
Recoil energy scale S 5 5
Recoil energy resolution 7 7 7
Selection bias 0 0 0
Lepton removal 3 2 2
Backgrounds 4 3 0
pT(W) model 3 3 3
Parton dist. Functions 10 10 10
QED rad. Corrections 4 4 -
Total systematic 18 16 15
Total 26 23

Systematic uncertainties shown 1n green: statistics-limited by control data samples

A V. Kotwal. Fermilab JETP Semunar, 4/8/22



New CDF Result (8.8 tb™)
Transverse Mass Fit Uncertainties (MeV)

electrons muons common

W statistics 10.3 9.2 0

Lepton energy scale 5.8 2.1 1.8
Lepton resolution 0.9 0.3 -0.3
Recoil energy scale 1.8 1.8 1.8
Recoil energy resolution [.8 1.8 1.8
Selection bias 0.5 0.5 0

Lepton removal 1 1.7 0

Backgrounds 2.6 39 0

pT(Z) & pT(W) model [.1 1.1 1.1
Parton dist. Functions 39 3.9 39
QED rad. Corrections 2.7 2.7 2.7
Total systematic 8.7 1.4 5.8
Total 13.5 11.8 5.8

A V. Kotwal. Fermilab JETP Semunar, 4/8/22



