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Why measure the W mass/width?

Measured to 0.015% Measured to 0.002%

;Z\_n‘amé) L/
Measured to 0.036% > My = \/iGF (1-(M%V/M§))(1—Ar)

Measured to 0.0009%// T

Ar: O(3%) radiative corrections dominated by tb and Higgs loops

t H
, W w W . — w
AM,, < M,, e VYV c\';‘;"\;‘;‘\tw‘w AM,, xInM

.. we can constrain My, by precisely measuring M,, and M, :

Measuring W width (I'y) tests the SM.

Iy IS an input to the M, measurement: AM,=AT",,/ 7.
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| gy = The measurements are performed in the uv, and
Main Injector fl . channels using 200pb-1 (350pb™") for My, (')

Electron PTw

m, =~2p,' py" (1=cosg,, )

u-channel: central tracker / \

e-channel: EM calorimeter

2>-.._Neutrino

Hadronic recoil

inferred from missing
transverse energy
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Analysis strategy

I',, templates  Simulate M; distribution with a dedicated fast
parameterised MC (using Breit-Wigner lineshape).
CDF Il Preliminary ( 350 pb™)  MC simulates QCD(REsB0S) and QED(WGRAD)
% - * Pseudo Data corrections.
3 10k — MCemmiater =57 |« Utilise well understood data samples to calibrate
i - — MC template: T, = 1.6 . .
e I Bokgd v detector to high precision.
E e » Fit templates (with M,,/T", varying) to the data:
ol - I,y fit range: 90-200 GeV

Cnormalisation

"~ region
10 g-————-—@ﬁ

- M,, fit range:65-90 GeV

x10% \

5 GeV

MC template: Mw=80 GeV | MW tem plateS
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E | @ ] ]
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Sources of systematic error

* The mass/width analyses are very similar with
different dominant systematics:

— Momentum scale/resolution
— Calorimeter scale/resolution
— Hadronic recoll
— Backgrounds

« Current world average uncertainties:
— AM, = 29 MeV
— AI'\, = 60 MeV
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Momentum scale set with di-muon resonance peaks in data:

events / 15 MeV

_1. Lepton momentum calibration (p;*)

p scale known to 0.021%

JIWV — uu; T( 1s) = u; Zﬁw\
CDF Il preliminaryrv J.L df ~ 200 pb'1 CDF Il preliminary

2000

1000

v*ldof = 32/ 22

M, (GeV)

Momentum resolution from width

of distributions

W mass and width
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M, (GeV)

scale: resolution:

AM,, (w) = 17 MeV

AT\, (w) = 17 MeV

AM,, () = 3 MeV
AT\, (1) = 26 MeV
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& Electron energy calibration (p-°)

CDF Il preliminary J L di =200 pb'1
Calorimeter scale and resolution set using: ¢ 40
. E/p in W—ev data > ¢ Data
-M,, in Z—ee data y?ldof =17/ 16 MC
2000|—
E scale|known to 0.034%
COF Il preliminary ILmzoo pb” p
> L
2 200
s v L o
2 | Data /
100~ Energy loss in tracker
(bremsstrahlung) -
resolution:
o 0' B a— '11';0'

M.. (GeV)
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* U=(U,, U))=2owersESING (cosT, sind)
 Vector sum over calorimeter towers

» U split into components parallel (U,) and
perpendicular (U,) to Z p;

//// « / parameter model describes the recoll

response and resolution: fit to Z data

Muon

Underlying event
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Hadronic Recoil: U (p1¥)

CDF Il Preliminary ( 350 pb™)

y2/dof = 12/8

response
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Hadronic recoil
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CDF Il Preliminary ( 350 pb™)

40
P (2)

CDF ll Preliminary ( 350 pl:i‘1 )

10000—

#Events/GeV

5000

MC

u=-0.52 GeV

o = 5.51 GeV

W—ev

data
pn=(-0.53 + 0.02) GeV

& = (5.52+ 0.01) GeV

x2/dof = 49/39
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Backgrounds

» Electroweak backgrounds (Z—I[[, W — tv) found predominantly multijets

from full GEANT MC samples.

« Data used to estimate:
— multijet : Fit low E{Mss distribution.
— kaons decaying-in-flight to u :
Fit high %2, distribution.

P -1
CDF Il Preliminary (350 pb ') CDF Il Preliminary ( 350 pb™)

10°

#2] Mulijet [1.35%)])
W — v [2.04%]
i Z—ee [0.17%] 10°
— 1t [0.12%]

Z—» np [5.66%]
W — v [1.98%]
_____________ Multijet [0.29%)]
DIF  [0.15%]
Z 1t [0.12%]

10°

10 electron channel

muon channel

50 100 150 200 50 200
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Results: My, fits

e S R e e e
% 9

CDF Il preliminary I L df =200 pb'1 CDF Il preliminary I L df =200 pb'1

> > =
] ]
o B 0] L
s [ Data S ol Data
: - MC - MC
2 1000— > i

: 1000 _—

500 [ M, = (80349 + 54__) MeV m:_ M,, = (80493 + 48__) MeV
- v¥dof = 59 / 48 i v%dof = 86 / 48

00 %GI TGIIII

0 o %0 mq(uv) (Ge\}) 80 m.(ev) (Ge\};m
M,, = 80417 + 48 (stat + syst) MeV
e + u combination P(%?) = 7%
Include fits to p,¥ and p;*:
M,, = 80413 + 48 (stat + syst) MeV
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g Results: Ty, fits

.. -1
S CDF Il Preliminary ( 350 pb ) CDF Il Preliminary ( 350 pbq )
o lw = (1948 67) MeV > I w = (2118 + 60) MeV
g 10* y’Idof [fit range] =17/21 g 10* AIdof [fit range] = 19/21
b y’Idof [full range] = 21/29 ) +*Idof [full range] = 32/29
et ]
c =
g 10° = Data g 10° = Data
!# - — W MC + Bckgd 1T 8 — W MC + Bckgd
B Bckgd ¥ - Bckgd
10° 10%
10 1001
‘ 1
50 100 150 200 50 100 150 200
M, (uv)(GeV) M; (ev)(GeV)

'y =2032 = 71 (stat + syst) MeV

e + u combination P(%2) = 20%
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| Systematic uncertainties

W mass and width Emily Nurse, UCL

M,, uncertainties I'\y uncertainties
CDF Run Il Preliminary (350 pb)

CDF Il preliminary L =200 pb" ATy, [MeV]
m; Uncertainty [MeV] Electrons Muons Common Electrons  Muons  Common
Lepton Scale 30 17 17 Lepton Scale 17 17 12
Lepton Resolution 9 3 0 Lepton Resolution 31 26 0
Recoil Scale 9 9 9 Simulation 13 0 0
Recoil Resolution 7 7 7 Recoil 54 49 0
uy Efficiency 3 1 0 Lepton ID 10 7 0
Lepton Removal 8 5 5 Backgrounds 32 33 0
Backgrounds 8 9 0 Pr(W) 7 7 7
pr(W) 3 3 3 PDF 16 17 16
PDF 11 1 11 QED 8 1
QED 11 12 1 W mass 9 9
Total Systematic 39 27 26 Total systematic 78 70 23
Statistical oG B Statistical 60 67 0

26 Total 98 97 23




Results

World’'s most precise single measurements!

CDF Run | L

80433 + 79
D® Run | &

80483 + 84
DELPHI ——

80336 + 67
L3 ——

80270 + 55
OPAL

80416 + 53
ALEPH

80440 + 51

<[ CDF Run Il (prel.)

World Average 2007

-—.—
w>

80398 + 25
| |
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Central value increases by 6 MeV:
80392 — 80398 MeV

Uncertainty reduced by 15%:
29 — 25 MeV

[MeV]
2231+ 172
2050+ 130

i D& (RUN-1)  sope

CDF (RUN-1) 1o

2011+ 142

D& (RUN-2)"  1zopn!

32+ 71 ——

2036 + 63

2049 + 57
2196 + 84

2095 + 47

CDF (RUN-2)* ss0p0

——

CDF (RUN-1,2)" 48000

TEVATRON™

—— LEP-2*

Warld Av

* . Preliminary
o b by

L1 |
21 22 23 24 25

Central value decreases by 44 MeV.:
2139 — 2095 MeV

Uncertainty reduced by 22%:
60 — 47 MeV
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4 Implications
[ 1 I I I | I I ] I | I I I ] | ] I I I | I ] T ] - .
80.70 __ experimental errors: LEP2/Tevatron (today) | Previous ygvorld Data :
. +
[ 68% CL ] my =857 GeV
: 95% CL : m, <166 GeV @ 95% C.L.
80.60 —
E 80.50 Including New M,, :
;g m,, =80% GeV
80.40 m, <153 GeV @ 95% C.L.
80,30 - Including New M, :
SM EE :
MSSM [T - Later this session...(M. Wang)
80.20 both models E N
o lH:a-i[n:a-rln.e'_-..-Ie:r, IHu::ljlil\c, Stn:::kin;lge:'. 'u'n:’el:re.'. 'Ju'u’eijgleiin E.I'?: Direct search from LEP " .
160 165 170 175 180 185
m, [GeV] my > 114.4 GeV @ 95% C.L.
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Summary

« Two new measurements from CDF:
— W mass : 80413 = 48 MeV (stat + syst)
— W width : 2032 = 71 MeV (stat + syst)
* Both are the world’s most precise single measurements!!

» (Getting to this point requires a “precision” level calibration
of the detector.

* Continuing to squeeze the phase space available to the
SM Higgs.

- Analyses utilised 200 pb-' and 350 pb- respectively, both
CDF and D@ already have ~2 fb-! on tape.

* Expect improved mass/width measurements to further test the SM
and constrain m,,
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