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W mass: motivation

W mass is a key parameter in the Standard Model. This model does not predict the value of the
W mass, but it predicts this relation between the W mass and other experimental observables:

o 1
Mw = T

V2Gr sin Oy /1 = Ar

Radiative corrections (A r) depend on M, as ~Mt2 and on M as ~log M .. They include diagrams

like these:

AL

For equal contribution to the Higgs mass uncertainty need:

AM_ = 0.006 AM .
W t

Additional contributions to Ar arise in various
extensions to the Standard Model,
e.g. in SUSY:

Precise measurements of MW and Mt
constrain SM Higgs mass.

Current Tevatron average:
A I\/Il =1.2 GeV

= would need: A MW = 7 MeV

Currently have: A M| =25 MeV
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Signature in the detector
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In a nutshell, measure two objects in the detector:
- Lepton (e or u),

need energy measurement with 0.2 per-mil precision (!!)
- Hadronic recoil, need ~ 1% precision

Isolated, high p,. leptons,

missing transverse momentum in W's

Z events provide excellent
control sample
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Experimental observables

| —N\o P (W)
- O P-(W) included

| Detector Effects added

dN/dp.(e)
Arbitrary linear scale

p;(e) most affected by p(W)

Ref. hep-ex/0011009 pT(e) (Gev)
-
£t My = |2} By (1 - cos Ag)
Z £
og
2 M, most affected by measurement
<C
of missing transverse momentum

55 60 65 70 75 80 85 90 95

m.. (GeV)
Need Monte Carlo simulation to predict shapes of these observables for given mass hypothesis.
DY use ResBos [Balazs, Yuan; Phys Rev D56, 5558] + Photos [Barbiero, Was, Comp Phys
Com 79, 291] for W/Z production and decay, plus parameterised detector model.
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First DA Run Il measurement
of the W boson mass (preliminary)

1 fbo of data
using central electrons (|n|<1.05)

~ 500k W events
~ 19k Z events
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w Electrons: energy scale

Knowing the amount of dead material is the key to energy response linearity:
Measure amount of dead material in situ using electrons from Z — e e.

Exploit longitudinal segmentation of our EM calorimeter:
fractional electron energy deposits in each of the four readout sections of our
EM calorimeter (EM1, ..., EM4) are very sensitive to amount of dead material.

=> compare fractional deposits in
data and detailed simulation =f EM1  Fractional energy =LEM?2 —
adjust material in simulation = |1 deposits, electrons "¢
(5% correction to nominal material b | with|n] <0.2 ® doaledrespones
model) to match data a0l
100f- %% =20.23 a00kF- w? =11.59
/a ndof =19 ndof =6
= 01 sol- 200
[ - oo~
3 B / eta = O hulovnulownulowai |y TSI NN AN PN TN P A E AT T TN F T F R TN F R T AR A AR A AR
>\ B % 01 02 03 04 05 06 07 08 08 1 uﬂ 01 02 03 04 05 06 OF 08 08 1
E °-°8j (nOI’ma| EMF1 EMF2
=B incidence)
e 0.06— .
gt = EM3 " EM4
><O i <D( o o b -
Q 0'04,_LU = = s E a 3s0f-
W Loy w L o aoof-
© B 200 250
0.02—
- 150}~ «2=18.77 200 v =1342
C 1ok ndof = 16 1sop ndof =12
% 57090 s 20 28 30 a5 40 b 1:::
depth in radiation lengths (X)) Gt e g R I Y
0 EMF3 EMF4

Amount of uninstrumented material determined to within less than 0.01X,!
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w Electrons: energy scale

After having corrected for the effects of the uninstrumented material:
final energy response calibration, using Z — e e, the known Z mass value from LEP,
and the standard *f method™:

Emeasured =a X Etrue + B

Use energy spread of electrons in Z decay to constrain a and 3 .
In a nutshell: the f, observable allows you to split your sample of electrons

from Z — e e into subsamples of different true energy; this way you can
“scan” the electron energy response as a function of energy.

f,= (E(el)+E(e2))(1-cos(y ..))/m,
Y IS the opening angle between the two electrons

Result: @ = 1.0111 = 0.0043
B =-0.404 = 0.209 GeV
correlation: -0.997

This corresponds to the dominant systematic uncertainty (by far) in the W mass
measurement (but this is really just Z statistics ... more data will reduce it) :

A m(W) = 34 MeV, 100 % correlated between all three observables
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w Electrons: energy resolution

Electron energy resolution is driven by two components:
sampling fluctuations and constant term

Sampling fluctuations are driven by sampling fraction of CAL modules (well known from
simulation and testbeam) and by uninstrumented material. As discussed before, amount
of material has been quantified with good precision.

Constant term is
extracted fromZ ->e e
data (essentially fit to 500
observed width of Z peak).

ZCandMass CCCC Trks

¥ 2 /ndf = 150.1/160

DATA
FAST MC

400
Result:

C = (2.05 + 0.10) % 300

=
D
)

in excellent agreement with
Run Il design goal (2%)

200

100

%6
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Recoll calibration

Final adjustment of free parameters in the recoil model is done in situ using
balancing in Z — e e events and the standard UA2 observables.

e 10
@ 'DO Preliminary, 1 fb”
E L
£75- *Data !
- . OFAST MC
51 -
]
25 -
I L]
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Recoil model has three
components:

- hard (balances vector boson)
- soft spectator partons

- soft additional interactions
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Results: Z — e e data

[ ZCandMass_CCCC_Trks | [ZCandElecPt 0 |

500 72 /ndf = 150.1/160 1000 72/ndf = 159.9/135

DATA
FAST MC

—— DATA

e FAST MC

400 800

300 600

200 400

100 200

%6 75 6 0 % ] ] [ 6
eV _ GeV
ZCandPt 0 [ZCandRecoilPt 0]
o + %2indf = 223 8/150 900 2/ndr = 45.0/45
—B— DATA —8— DATA
00 e FAST MC 800 e FAST MC

700
600
500
400
300
200

100

- L "I L el P PP |
GeV GeV
v Good agreement between parameterised MC and collider data.
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Mass fits

Sl — 0000
5 - DO Preliminary, 1 1’ . Data 3 10000 L Preliminary, 1 fo"
gm_— — Fast MC 2 75001
- [
E = Fit negi E
w on
1255 Ydof = 153160 g -
2500
& 75 50 5 %0 35 100 1 ~iT -
B, GeV % 0 70

Do Pmllmlmw 11k"

a0

—=— DATH
— FAST MC
Wty
B Z-=ea

M, Gé&j

Preliminary, 1 fb’

m(Z) = 91
(remember th

| it T
W wwmw it DS

100 %‘&un 45 80

185 £ 0.033 GeV (stat)
at Z mass value from LEP was

an input to electron energy scale calibration,

PDG: m(Z) =

91.1876 = 0.0021 GeV)

TD

ﬂ.lnll

90

e, Ge‘:&)

m(W) = 80.401 £ 0.023 GeV (stat)
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Mass fits

D '55":;'55'? R — 'EEHET;GEE%
m(W) = 80.400 £ 0.027 GeV (stat) m(W) = 80.402 £ 0.023 GeV (stat)
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w Summary of uncertainties

[ Source aglmw ) MeV mr |o(mw) MeV pr |o(mw) MeV £
Experimental
" Electron Energy Scale 34 34 34
Q Electron Energy Resolution Model 2 2 3
= Electron Energy Nonlinearity 4 i 7
E W and Z Electron energy il ul il
o loss differences (material)
g Recoil Model i 12 20
= Electron Efficiencies 5] 6 5]
(&) < Backgrounds 2 5 ul
© Experimental Total 35 37 41
= W production and
% decay model
> PDF 9 11 14
@ QED 7 7 9
Boson pr 2 3] 2
W model Total 12 14 17
\ Total 37 40 44
statistical 23 27 23
total 44 48 50
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Comparison to CDF: Lepton scale *

it jeor-apy Exploit large J/vy and Upsilon
| e du datasets to set tracker scale
Rt ¥ Euudada
| Tune model of energy loss
: g oo, — J/ independent of muon p;
| w
- malals | -
oy ] AMy,= 17 MeV
I
|
. | Apply momentum scale to Z’s
Bt T o 4 .
I J ipr* (Sai R COF [_,.;.‘:_H:“‘I-
L il | % 306 b’ o .
- E e " T g
:E- . ¢ Lipip =[-1.504 + 0.08BB,,) X o’ ':I!: "1!' m (21184 - 43) May b
;i el = 13 122 ) Sidod = 37 130 1 ¢ good agreement with
F 4 | PDG (91187+2 MeV)
e | | ) m ;
wor ~Simaulation S [ - "+
S . LA SR ' Thassaas y _
Tune resolution on width of di-muon mass peaks . “Simuiation
o am : 3 M”"U' : e Gt i 1:-_-'-":‘rjn
AM,, = e
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CDF: Lepton energy scale

Transfer momentum calibration to calorimeter using E/p y?

el e s E
distribution of electrons from W decay by fitting peak of E/p
= R Apply energy scale to Z's
g anc., i W—oy CaFN [Lm-z:nph"
E ! K EI = 'I_- nlnmzf,"“ E 220 | E*EE
= F 5 - |
Jidof = 17 / 16 i [masnsosegme) |
v ¥ f
- 1 xjdof= 34738 1 | good agreement with
- o d' T PDG (91187+2|MaV)
& "Oata L 1
L =2 imutation
= : ,-.-'::\Ir H . :Elarnul.lﬂl.lm
N P, N
q.q.-—-r--r it :;I M 'Q;I — = :_;::r;ln
Tune number of radiation lengths

Add Z Mass fit to calibration

with E/p radiative tail (30% weight) AM,= 30 MeV

Correct for calibration E; dependence

Tune resolution on E/p and Z mass peak AM,=9 MeV
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CDF: Result and uncertainties

:é - Wy _+*1++£ . mr Fit Uncertainties
; i i‘__’rjr-_j:'i 7.{_* Source W — uv W — ev Correlation
2 J } o I Tracker Momentum Scale 17 17 100%
g . Iy y +-+_: Calorimeter Energy Scale 0 25 0%
. F Y, Lepton Resolution 3 9 0%
- f % Lepton Efficiency 1 3 0%
WL g mw=(R8L4 NV Lepton Tower Removal 5 8 100%
',,h 1"/dof = 59 / 48 : Recoil Scale 9 9 100%
Ty h’;‘-—-:-.ﬁ_ﬂu Recoil Resolution 7 7 100%
o 7 % B Backgrounds 9 8 0%
m, (GeV)
PDFs 11 11 100%
. W Boson pr 3 3 100%
8 [ Woev it Photon Radiation 12 11 100%
g 1500/ . A ; T-F. Statistical 54 48 0%
2 | ra +"+-+ Total 60 62 -
& 1000 +-.-":+ .+'+_ . .
. b Combined result (electrons, muons;
L iy = (00493 £ 48 MoV three observables):
soo_ # 1
I 1idof = 86 / 48 m(W) = 80.413 = 0.048 GeV
[ — "III N — 1 . *.'hfww
b ™ ® I Phys.Rev.Lett.99:151801 (2007)
Phys.Rev.D77:112001 (2008)
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W mass: summary of results

CDF Run O/l : * ‘ 80.436 = 0.081

DO Run | ; & " B80.478+0.083

CDF Run I —— 80.413 £ 0.048

Tevatron Run-0/I/1 ——i 80.432 + 0.039

World average (prel.) - 80.399 + 0.025
% DO Run Il my (prel.) —a— 80.401+ 0.044

| | |

80 80.2 80.4 80.6
m,, (GeV)

The new result from DA is the
single most precise measurement
of the W boson mass to date.

So far, we quote our m_result as

the main result. Will combine results
from the three observables; expect
~ 10 % improvement in total error
over m_alone.

The new result is in good agreement
with previous measurements.
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W charge asymmetry

W+ rapidity measurement constrains . = Mrw Ty
1.2 =
PDF of u and d quarks. s
Different u, d momentum: R
W:* produced asymmetrically. A
NN W+
— charge asymmetry of |, v from W decay u S B S a
Ty
. . Rt
But V-A interaction: reduces the observable - N -
. e \
asymmetry in the lepton rapidity distributions. o
lin :
o 1aof . E 0.5 P —— T
‘g oo E E 0.4 -...- .| W Leplon chargs ssymmeiy . ‘ ...
¢ 140 ¢ ] E . _ ._-;
W q2pk ] E 02k -l'. S - N — ...‘.'-.' =
1:2' o s i1 i1 EE' ol .-......ill..ll..".'..'....
a0 | b Hlﬁ"rﬂﬂidhr 5 ozl ST T SR S SO
s B W rapidiny L] =
:g-” - bil i - 04k 'i'." m--
|:| __'::-I—n:l-nﬂudn-r-'l:‘ﬂl'f - HEP".-HI | | . : ..:
-3 -2 -1 0 e i " IE 3 3 ) 1 0 1 ) 3
genet rapiditylyy or nel generated rapidityly,, or 1,]

Jan Stark Moriond EW, March 7-14, 2009 18



First direct measurement of A(y, )

First direct measurement of

W charge asymmetry from CDF e M B pe
- ——=—— CDF11b" data(stat. + syst) g

Find the two neutrino four-vectors which £ NLO Prediction(CTEOG.1M) at m, =80. E
are solutions for m(I V) = I\/I(W) E :':':_: PDF uncertainty(CTEQE.1M) _:

=, 0.5 —

Despite additional complication of < o E
multiple solutions, it works ! E S =

¥ = E

Systematics < 1.5 % for |y, | > 2.0 s “E )

Appears that it will have impact on
d/u of proton.

n L P M | L L 1 P P 1 L L | I P M
0.8 . =L . LIS [ERLISLLEL ] [
——+—— (DF 1{b" data{stat. + syst.)

0.7

HNLO Prediction(MRST2006NNLO) at m = 80.4

0.6

'| PDF uncertainty{MRST2006NNLO)

Compare to CTEQ6.1M (NLO) and
MRST2006 (NNLO) P
their uncertainties.

0.5

W Charge Asymmetry

Working with fitting groups to incorporate

. (b)
results into future PDF sets. <« T T T
MMLO Prediction: C. Anastasiou et al., Phys. Rev. Bﬂ 0.5 1 1.5 2 25
D69 , 194008 (2004) _ Iy, |
MRST 2006 PDFs: A. D. Martin et al., hep-ph/0706. W

0459, Eur. Phys. J., C28 , 455 (2003)
CTEQEM PDFs: J. Pumplin et al., hep-ph/02041195
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w Summary and outlook

We have presented, for the first time, a new preliminary measurement of the W boson mass
from the D@ Collaboration. It is based on central electrons in 1 fbo' of Run |l data:

my = 80.401 4+ 0.023(stat) + 0.037(syst) GeV = 80.401 £+ 0.044 GeV (m7)
80.400 £ 0.027(stat) + 0.040(syst) GeV = 80.400 £ 0.048 GeV (p%),

80.402 + 0.023(stat) £+ 0.044(syst) GeV = 80.402 £+ 0.050 GeV (F).

This is the most precise single measurement of the W boson mass to date.

This measurement is in good agreement with the previous Run || measurement from
CDF (electron and muons in 200 pb™ of data), as well as with the LEP average.

D@ and CDF use very different techniques for the main ingredient of the measurement,
namely to establish the lepton energy scale. Their systematic uncertainties are uncorrelated
to a large extent, which is good for cross-checks and combination. Similar comments

apply to (non-)correlation with LEP results. coF protminary [ L2385

For both DO and CDF these measurements are just the E 15000/~ - dam
beginning. Both collaborations are analysing larger S background
datasets. CDF predict 25 MeV total uncertainty % - N

with 2.3 fb'. DJ expect similar or better uncertainties & soool- ot 7212

with the 5 fb™ in the can. . e e

' i : GeV/c?
At the same time, progress is made on other measurements that constrain PDFs . i) (GeVic

PDFs are a source of uncertainties in the W mass which are correlated bewteen D& and CDF.
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