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Current Results

W-Boson Width [GeV]

o TEVATRON ° 2.102+0.106
- aim with current datasets under
analysis is to better the LEP2 LEP2 . 2.150 £ 0.091
uncertainties Average 2133 + 0.069
%%/DoF: 0.1/ 1
pp indirect 2.141 +0.057
LEP1/SLD 2.091 +0.003
W-Boson Mass [GeV]

LEP1/SLD/m, 2.092 + 0.002
TEVATRON —te— 80.452 + 0.059 7 o 2[4
LEP2 = 80.412+0.042 Iy, 1GeV]
Average 80.425 + 0.034

X 7DoF: 03 /1 - ultimately with 2 fb-! datasets, expect:
NuTeV  —a— 80.136 + 0.084
LEP1/SLD - 80.363 + 0.032 AMw ~ 30 MeV (CDF + DQ)
Al'w ~ 40 MeV (CDF + DQ)
LEP1/SLD/m, - 80.373 £ 0.023
| 8‘0I | I80‘.2I | I80.4 I80|.6‘ o
m,, [GeV]
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Transverse Mass

- measurement of W mass and width are principally done from transverse mass
with cross checks made using the charged lepton or neutrino transverse momenta

W production model: rapidity (PDFs)
pT (QCD radiation)

e, U

Detector Response Y

Tl

e, 1

Energy (eXC|Uding Charged Iepton) Y — §i —f
in transverse plane is called U pJ/T (U + pr) /)

From this transverse neutrino momenta is inferred and transverse mass is defined as :
[
Mz = (265 (1 — cos ¢y,
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Mw determined from "edge” in m
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CDF W Mass Strategy

- use Z events to calibrate the recoil and charged lepton resolution

- use Z events to cross check the charged lepton scale but obtain scale using

_ / E : in calorimeter
- J/W + Upsilon mass for momentum scale / _
- E/p in W events for energy scale //’ p : in tracker (COT)
e

- these afford greater statistical precision than Z samples for scale.
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CDF W Mass : Momentum Scale Determination .
- CDF tracker (COT) : has 96 planes in 8 superlayers

Cosmic ray data are used to fit for
cell position at end-plates and
wire displacements due to
gravity/electrostatics.
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CDF W Mass : Momentum Scale Determination

- momentum scale set using J/W¥ + upsilon - pu & cross-checked with Z - pu

| pscalevs <1/p(u)> | 1/ ndf 455618 /8
T 0.002 Prob 0.803787
q - + L] " -
Q - CDF RUNTI PO -0.00103821:6.3516%-05 Significance of scale dependence (after
3] - ) pl  -7.44704e-05 +0.000162931 . : .
= 0001~ PRELIMINARY corrections for energy loss in material)
o) - / on p is small - allows a reliable
3 & o / extrapolation to W,Z scale.
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AMw ~ 25 MeV
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CDF W Mass : Energy Scale Determination

Energy scale set using E/p with additional checks using Z data
Three error sources:

Fit scale in
- statistical : 35 MeV s | " peak region
- two systemattic : 5 &
= 4
% 4000 — J
1) Uncerta_inty on amount/distributic_)n i ‘L Jidof = 612
of passive material before calorimeter |
[ E scale vs Ey{e) from W's_| T Ty : J | Material X0 from
B I i O 2000/~ 1 #events in high E/p tail
1015— Pp I .L‘L_
101 # v/ \/ -‘h""\_‘%‘_’
[ SO P e
1.005— ‘ 1 1.5
| Ep (W—ev)
1 ? * v : - +4Ii \
0.995| [2) Non-linearity of calorimeter response}

L_L_ 1 | L1l 1 1 L [ |
0 'Q%O 32 34 36 38 40 42 44 46 48 50

AMw ~ 35 (stat) + 55 (material) + 25 (non-lin) MeV
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CDF W Mass : W production model

- QED : uncertainties from 1vs 2 photon simulations and _
bias from sampling NLO WGRAD from RESBOS. AMW 1 5 Mev

- QCD : W pT : using RESBOS/LY parameterisation with

g" parameters taken from run-1 fits. AMw ~ 15 MeV

Esuu— PDFs : uncertainty based on the CTEQG
%m CDF Run 2 Preliminary sets & checked with MRST
H 1 ﬂ | : i H | b m
iH *H +Hﬁi i il HH ﬁl
T T T T e :;:i + AMW ~ 15 MeV

20 25 30 35 40

Total AMw ~ 25 MeV (productlon model) R
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CDF W Mass : Hadronic Recoil = =

1) Take care of energy in lepton calorimeter towers from underlying event(s)/reoi
- look at towers adjacent (in @) to e/mu

Muon Hadronic E; (MeV)

0.1 (n) x 15° (@) =3
/ ﬂ B CDDF RUN
Qo pp
P I ] 8 sl\> 1
=2
W [ [
’// = . /\ o | 438
o |
Sof«f « |» [1243
- [
AMw~10MeV =} | | |..|. .
o | I
B 9 MeV
2_' a U a 10 9 8 9
F 9 MeV per tower

A Tower ¢x Sign(CES x)

2) Exploit similar production model of Z events to create ad-hoc model
for recoil in W events that depends on luminosity

HCP July 5 2005 W Mass & Properties : p11



CDF W Mass : Hadronic Recoil

U : min bias + QCD recaoil

Hadronic Recoil has two components:

1) Min Bias : luminosity dependent but no P_(Z) or direction dependence
2) QCD : has P_(Z) dependence and is largest along the P_(Z) direction

Measure detector “response” to "U" by comparing measured U against P_(Z)
- find that only measure ~ 0.5 of QCD recaoil.

AMW ~ 20 MeV - from uncertainty in response (driven by Z statistics)
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CDF W Mass : Hadronic Recoil

Recoil Resolution has two components:

1) Min Bias : luminosity dependent but no P_(Z) dependence

- fit from minimum bias events
2) QCD : has VvP_(Z) dependence

- fit from Z events

s |
o 5
N 4;
AMw ~ 40 MeV 5
2/ v°/DOF=5.1/15
E Width of U distribution
= projected along angular
: bisector of leptons vs P_(Z)
nﬂlIIIé'IPL1IO’IIP1I511L|2:JIII|2|5IIIISO

Pr (£ =+Hp)(GeV)
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CDF W Mass : Recoil Model

- take model from fits to Z & min bias data and compare to W events

- look at component of U along electron or muon direction : U||
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CDF W Mass : Backgrounds

- Z events where one lepton is not detected are estimated from MC
-W - v & T- e,pvv are also estimated from MC

Other backgrounds are estimated from data by loosening cuts and extrapolation

Background

% look at MET distribution in events where lepton is not isolated.

QCD jets
Kaons
Cosmic Rays
Z

W - tv

AMw ~

09+ 0.5/4decay in COT leads to track mismeasurement & MET opposite track
10+10 _Yuse Ag (I, MET) to estimate background

0.3 £ 0.1—» from track hit timing information P

44102 - oa =
1.9+0.1 . . Total Background  [W->ry Bkg.
~ == S e Mee 514057
3!0.18 Integral 2
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0121 Mean 714734
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0.1 e '__ ———
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CDF W Mass : Mass Fits
- fits blinded with offset !

% - * #Hﬁh % 1500_— gy
sﬁ 1500_— Mi# Iw Fi. W - ev ??- Wﬂw*t* &A" W - uV
© S b ® 1000 e i
1000 #++T+ H+ _41}_4**J+ Y
- ,+**ﬁ b - &# %
-4 3 - ¥ 4
soo fﬁ ﬂak 500_— i *l+,41r
g y’ldot = 69 /58 L l x*/dot = 64 /58 ot
T, _..J' S
0 e . ! . % B u_ . LAA"*-:*--‘..‘.,
80 80 m_(ev) {Ge\}fu 60 80 m_{uv) {Ge\}‘?u
Systematic Source Electrons (run 1b) | Muons (run 1b) | Common (run 1b)
Production & Decay Model 30 (30) 30 (30) 25 (15)
Lepton E or p Scale & Resolution 70 (80) 30 (90) 25 (0)
Recoil Scale & Resolution 50 (35) 50 (35) 50 (0)
Backgrounds 20 (5) 20 (25)
Statistics 45 (65) 50 (100)
Total 105 (110) 95 (140) 60 (15)

AMw (run-2 ) =76 MeV c.f. 79 MeV (run 1)
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DL W Width

- indirect measurements from W/Z o ratio (see talk by S. Protopopescu) rely on

NNLO W.Z o calculation and LEP BRs :AI'W ~ 40 MeV

- a model independent determination is possible from measurements of high
transverse mass tail.

- C
D
Oans | B Lt 8 o I'yy=2.6 GeV " . "
SOE . Tn-2.1GeV Events beyond "Jacobian
g8 [ - s Tw=1.6GeV edge caused by finite W width,
ot - ’ detector resolution effects
- s, and backgrounds.
107 . Understanding of lepton, recoil
: i, scale, resolution and any
107 scale non-linearities are key to
& PEHT measurement.
- e
| | |++||
10 -I?I | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
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M, (GeV)
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DL W Width

- analysis uses only electron sample in central (Jn| < 1) region.
- electron scale / resolution set by Z - ee sample

2 F
& s00f
' -
2350 3,169 Z ee
& 3001 177 pb-
250
2001
150 —
100
50
: g - I - »
0 120 140
M., (GeV/c")

- analysis very similar to CDF W mass except no use made of E/p
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DL W Width

DO Run Il Preliminary

= 10
3 = e Data
o™ - Egilgfocbﬁdmund DO Run Il Preliminary
£l . . Saof-
2 Fit Region : 625 events = |
- a1so-
102 L 160:—

140—
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10 B

100|

1-5 Il 1 Il Il 2 1 1 1 I2-5 1 1 1 1 3 1 1 1 I3-5I 1
L, (GeV)
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. =2011 % 93 (stat) MeV
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DO W Width . w

e Data
— MC+Background
[ 1Background

s
=]

Events / 2 GeV

g

g,
T I TTTT

- cross check with p_(e) fit

1 I1 m
Electron p; {GeV)

Systematic Source Error (MeV)
Electron scale & resolution 55

Recoil scale & resolution 80
Angular resolution 10
Backgrounds & Selection Bias 10

PDFs 25

P_(W) 30

M, 15

Total 107

HCP July 5 2005
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DL W Width

Standard Model

r,=2011+93+107 MeV

(cf CDF RUN1 : T, = 2050 + 130 MeV)

@ Preliminary Result
o DO Run |
® CDF Run | {(e+p)
— Hadron Collider Avg
— Preliminary LEP2 Avg
—— Preliminary World Avg

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
e 19 z2 21 2.2 2.3 24 25 26 277 2.8
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Tevatron Outlook

Tevatron W mass and width measurements have and continue
to provide important SM contraints

Near Future:

- 200 pb'CDF W mass (e & p) imminent with error better than run-1 : 75 MeV
- 200-400 pb" width measurements when combined will be better than LEP2.

Now:

Experiments already have in hand 750 pb- of good W data and next W analyses will
use > 1fb of data.

Next 2 years:
2 fb'analyses will produce W masses and width uncertainties below LEP2 :

AMw ~ 40 MeV per experiment (cf OPAL : ~ 53 MeV)
Al'w ~ 50 MeV per experiment (cf DELPHI : ~ 120 MeV)
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