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Introduction

We have made some exciting progress with our measurement recently,
and on the next few slides | will give a short glimpse on our results.

| will be extremely brief on most parts, but there are a few differences between
the CDF analysis and ours that are important in the context of this workshop.
Will try to point them out clearly.
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The next few slides are from the Moriond
conference last week where this result has
been shown for the first time.

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
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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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Mass fits
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m(Z) = 91.185 + 0.033 GeV (stat) m(W) = 80.401 = 0.023 GeV (stat)
(remember that Z mass value from LEP was

an input to electron energy scale calibration,
PDG: m(Z) = 91.1876 £ 0.0021 GeV)
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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) 41
statistical 23 27 23
total 44 48 50
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W mass: summary of results

CDF Run 0/1 — 80.436 + 0.081
50 Run | : . 80478 - 0.083 T.he new result fr.om DQ is the
single most precise measurement
of the W boson mass to date.
CDF Run I —— 80.413 + 0.048
So far, we quote our m_result as
Tevatron Run-0/I/I| —— 80.432 + 0.039 , T
the main result. Will combine results
from the three observables; expect
~ 10 % improvement in total error
over m_ alone.
World average (prel.) - 80.399 + 0.025 T
DO Run Il m, (prel.) e, 80.401+ 0.044 The new .result IS in good agreement
with previous measurements.
| | |
80 80.2 80.4 80.6
m,, (GeV)
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Model of W production and decay

Tool Process QCD EW
REsBOs | W.Z  NLO -

WGRAD 1 LO  complete Ofa), Matrix Element, < 1 photon
ZGRAD A LO  complete Ofa), Matrix Element, < 1 photon
PHOTOS QED FSR. < 2 photons

Our main generator is “ResBos+Photos”. The NLO QCD in ResBos allows us to get
a reasonable description of the p_ of the vector bosons. The two leading EWK effects

are the first FSR photon and the second FSR photon. Photos gives us a reasonable
model for both.
We use W/ZGRAD to get a feeling for the effect of the full EWK corrections.

As you have seen, the final “QED” uncertainty we quote is 7/7/9 MeV (m_,p,MET).
This is the sum of different effects; the two main ones are:
- Effect of full EWK corrections, from comparison of W/ZGRAD in “FSR only” and
in “full EWK” modes (5/5/5 MeV).

- Very simple estimate of “quality of FSR model”, from comparison of W/ZGRAD in
FSR-only mode vs Photos (5/5/5 MeV).
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Model of W production and decay

As we have seen, at Dzero we really measure the ratio of the masses of the W and the Z.

So our comparisons of two generators (or two setups of one generator) typically look like the one below.

Here we study the effect of a variation of the s cut in W/ZGRAD. The cut is shown in the first two columns of
the table. The fitted m  moves around (columns 3-5), but so does the fitted Z mass (column 6),

and the mass ratios (columns 7-9) turn out to be stable within toy MC statistics in this case.

3s Ecut | AMy | AMy | AMy | AMz | AR [ AG) [ A%
(MeV) | (Mg) | (Pr) | (MET) | (ZMass) | (Mg) | (pr(e)) | (MET)
(MeV) | (MeV) | (MeV) | (MeV) | (x1075) | (x1075) | (x10-9)
0.00025 10 203|234 -2 L4 -4 £ 2 0.0 7.7 8.8
0.0005 | 20 -20 -20 27 -30 28 2.8 0.6
0.0006 | 24 91 97 21 32 16 1.3 16
0.0007 | 28 91 20 19 32 16 0.85 10.0
0.0008 | 32 21 23 -20 -33 8.0 6.7 10.0
0.001 10 -20 20 -20 97 12 12 12
0.003 120 17 -22 14 21 1.7 “3.8 5.0
0.005 200 -10 -13 -12 -15 3.5 0.25 1.3
0.01 100 0 0 0 0 0 0 0
0.015 600 5 8 6 11 5.2 “1.9 A1
(.02 =00 15 20 L5 20 -0.4 -3.2 -8.7

Table 4: Mass shift of W and Z due to ds variation.
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On the non-perturbative
form factor in ResBos

D@ Run Il Preliminary 2fb™
o Had a very useful discussion with Pavel on this
D@ Run Il ee (CTEQ6.6) ———— 0.66 £ 0.03(exp) ***(PDF) ) ] . i
topic yesterday, including different
D@ Run Il up (CTEQS.6) —— 0.61+ 0.03(exp) ::ff:(PDF) . .
parameterlsatlons etc.
Combination (CTEQ6.6) —=O=— 0.63 £ 0.02(exp) + 0.04(PDF)
---------------------------------------------------------------------------- Anyway, for the time being Dzero
Publ. D@ Run | ee (CTEQ4M) —_— 0.58 0.06 discuss the form factor in terms of “92”.
Publ. DG Run lla ee (CTEQ6.1M) —— 0.7710.06 The present pUblIC results of our
World Average (CTEGSM) - 0687022 measurements of g2 are shown on the left.
1 1 1 I 1 1 L | L 1 L | L 1 1 | 1 1 1 I 1 L 1 I 1
0 0.2 0.4 0.6 0.8 1 1.2
g, (GeV?)

The one thing that | would like to point out is the (not unexpected) interplay between PDFs and g,.

It would be good to have simultaneous parameterisations of the PDFs and the form factor.
Will try to present Dzero data in a way that is most useful for such combined fits.
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Other comments

Some other comments, without any specific order, that have crossed my mind,
either during the work on the Dzero analysis or during the discussions at the workshop:

- We strongly prefer public codes. Even if they contain bells, whistles and switches
that we do not have to / want to play with, being able to run ourselves at least
allows us to check a few obvious things like numerical stability. Also, you may or
may not fully appreciate the enormous size of the samples that we need to generate.

- The last thing we would use is a “library” of four-vectors produced centrally by theorists.
Such libraries may be useful for theory discussions and comparisons of different
calculations, but they are inappropriate for data analysis.
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Backup slides
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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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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.l-l . :;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 — puv W — ev Correlation
2 J } o I Tracker Momentum Scale 17 17 100%
g . Iy y +-+_: Calorimeter Energy Scale 0 25 0%
[ F 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 T 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 | A 1 Total 60 62 -
& 1000 ...*F L
- b Combined result (electrons, muons;
L iy = (00493 £ 48 MoV three observables):
soo_ # 1
1 yidot=s6148 m(W) = 80.413 + 0.048 GeV
[ — 'JII N — 1 . 'JI'"hT"MM
b ™ % I Phys.Rev.Lett.99:151801 (2007)
Phys.Rev.D77:112001 (2008)
Jan Stark Milano, March 17-18, 2009 18



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18

