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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:

Radiative corrections ( ∆∆∆∆r) depend on Mt as ~Mt
2 and on MH as ~log MH. They include diagrams 

like these:

Precise measurements of M W and M top
constrain SM Higgs mass .

For equal contribution to the Higgs mass uncertainty need:
∆M = 0.006 ∆M � current Tevatronaverage : ∆M = 1.1 GeV
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∆MW = 0.006 ∆Mtop � current Tevatronaverage : ∆M top = 1.1 GeV
would need:  ∆MW = 7 MeV (currently have: ∆MW = 23 MeV)                                        

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



Tevatron

- p pbar collisions at √s = 1.96 TeV
- up to now ∫ Ldt >10 fb-1 delivered/experiment

Tevatron
6 km circumference

CDF

DØ
- up to now ∫ Ldt >10 fb delivered/experiment

- MW measurement (Run IIa peak lumi ~1032 cm-2 s-1):   
CDF 200 pb-1   Phys. Rev.  Lett. 99,151801 (2007)

Phys. Rev. D 77, 112001 (2008)

DØ       1 fb-1 Phys. Rev. Lett. 103, 141801 (2009)

- in  progress ( Run IIb peak luminosity ~3 1032 cm-2 s-1):

DØ
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- in  progress ( Run IIb peak luminosity ~3 10 cm s ):
CDF     2.4 fb-1   

DØ      4.3 fb-1



Signature in the detector

In a nutshell, measure two objects in the detector:
- lepton (in principle e or µµµµ ),  
need energy measurement with 0.2 per-mil precision 

- hadronic recoil, need  ~ 1% precision
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- hadronic recoil, need  ~ 1% precision

Z����ee/µµ used for calibration/recoil modeling
kinematics in transverse plane 



Experimental observables
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P (e) most affected by P (W) 

No PT(W) 
PT(W) included
Detector Effects added

MT most affected by measurement 
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PT(e) most affected by PT(W) 

Ref. hep-ex/0011009

PT(ν) measured by
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MT most affected by measurement 
of missing transverse momentum 
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Need Monte Carlo simulation to predict shapes of these observables for given mass hypothesis.
use ResBos [Balazs, Yuan; Phys Rev D56, 5558] + Photos /WGRAD  for W/Z production and 
decay, plus parameterised detector model .



Momentum and Energy calibration of µ/e
Momentum scale using J/ ΨΨΨΨ ����µµµµµµµµ (600 K) and  ΥΥΥΥ-> µµµµµµµµ data

extrapolated to Z ���� µµµµµµµµ
Mµµµµµµµµ (Z)

Tracker calibration ���� precise tracker simulation

∆∆∆∆MW =19 MeV

Material X 0 tuned to 2.5 parts in 10 4

Mee (Z)

Momentum scale

E/p and Zee combined

absolute M W is measured in CDF
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91188 ± 2 GeV PDGEnergy scale + non-lin .

∆∆∆∆MW = 30 MeV

Resolution

∆∆∆∆MW = 9 MeV

E scale from peak

material X0 form # events
in high E/p tail



Electrons: energy scale
After having corrected for the effects of the uninstrumented material
Use  MZ  from LEP and energy spread of electrons in Z decay to constrain α and β.
Emeasured = αααα x ELEP + ββββ

m(Z) = 91.185 ± 0.033 GeV (stat)  

MW/MZ is measured in DØ

m(Z) = 91.185 ± 0.033 GeV (stat)  
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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) :  

� ∆MW = 34 MeV,  100 % correlated between all three observables



Recoil 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.

UA2 observables: in transverse plane, use a 
coordinate system defined by the bisector 
of the two electron momenta.of the two electron momenta.

DØ   1 fb -1
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recoil: uT = uT
Hard + uT

soft + uT
Elec + uT

FSR

05/31/11



Mass Fits
Transverse mass fits P( χχχχ2) = 7%

µν eν

CDF combined results (mT(e,µ), pT(e,µ),pTν(e,µ))

200 pb-1 200 pb-1
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CDF combined results (mT(e,µ), pT(e,µ),pTν(e,µ))

mW = 80413 ± 34stat ± 34syst MeV
= 80413 ± 48 MeV

Combination of all six fits yields P(χ2) = 44%



Mass Fits

m(W) = 80.401 ± 0.023 GeV (stat)  m(W) = 80.400 ± 0.027 GeV (stat)  m(W) = 80.402 ± 0.023 GeV (stat)  

DØ RunII 1fb -1 
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DØ RunII 1fb -1 

80.401 ± 0.021(stat.) ± 0.038(syst.) GeV
80.401 ± 0.043 GeV
this new result is the 

single most precise measurement
of the W boson mass to date



Summary of uncertainties
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statistical  23                       27                     23

total 44 48                     50



.

For the first time the total uncertainty
of 31 MeV from Tevatron is smaller
than that of 33 MeV from LEPII

World average

than that of 33 MeV from LEPII

World average is now: 
80.399 ± 0.023 GeV
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Ref: Tevatron ElectroWeak Working Group : arXiv:0908.1374 v1 [hep-ex]  
: Combination performed with B.L.U.E. method 
L. Lyons et al, Nucl. Instrum. Methods in Phys. Res. A 500, 391 (2003).  
A. Valassi, Nucl.Instrum. Methods in Phys. Res. A 500, 391 (2003).  



Higgs mass constraints

without LEP/Tevatron limits

Mtop = 173.3 ± 1.3 GeV
MW =  80.399 ± 0.023 GeV

without LEP/Tevatron limits
MH =   84 +30 

-23  GeV
with  LEP/Tevatron limits
MH = 120 +17 

-6  GeV

P. Pétroff  Blois 2011 13 05/31/11

Gfitter group
arXi : 1012.1331v1 [hep-ph]
http://gfitter.desy.de/GSM

The 95% upper limits are 159 GeV withoutTevatron limi ts
and 155 GeV with Tevatron limits

in a near future ∆Mtop = 1 GeV and ∆MW = 0.015 GeV



Challenges in Run IIb
Run IIb instantaneous luminosity results in much hig her energy flow
from additional collisions which complicates the mo deling of detector 
effects
The impact of these additional collisions necessita tes changes in all parts
of the parametrized detector models both for CDF and DØof the parametrized detector models both for CDF and DØ

DØDØ
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Scalar Et : sum of the total transverse energy
deposited in the DØ  calorimeter
(electron energy removed)

Inst.  luminosity



from 54 MeV to 16 meV (stat)µ

from 48 MeV to 15 meV (stat)e

fit with 2.3 fb -1
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fit with 2.4 fb -1



DØ   4.3  fb -1

55K Z����ee
1.7 M W����eν

Statistical error :           13 MeV

Electron energy scale : 15 MeV

Total  error about:         25 MeV

PDF uncertainty: ~15 MeV (new estimation with RESBOS )

• close contacts with theorists :different event ge nerators (PYTHIA, RESBOS, 
POWHEG) are studied
• Found including EC electrons can reduce the PDF u ncertainties by half
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• Found including EC electrons can reduce the PDF u ncertainties by half
• Including Tevatron RunII W asymmetry results in PDF  constraints (CT10W set), 
can reduce the PDF uncertainties by ~ 20%  

Work in progress



- MW world average is 80.399 ± 0.023 GeV (80.420 ± 0.031 GeV from Tevatron)

- CDF analysis in progress with 2.4 (µν)/2.3 (νe) fb-1

Summary

- DØ expected Run IIb (4.3 fb-1) accuracy: ~25 MeV:  
Stat. ~13 MeV  +  Syst. ~22 MeV 

- + Run IIa 1 fb-1, Total Run II (5.3fb-1): ~22MeV

- difficulties resulting from a larger instantaneous luminosity in the RunIIb
make the analysis very challenging.
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- on the road of 15 MeV uncertainty (CDF and DØ combined)
- with more statistics (10 fb-1 in the can already !)         10 MeV ?? 

-- but theoretical errors (PDF) have to be reduced !



Backup Slides
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Consistency

Direct measurement :
LEP and Tevatron

Indirect measurement :
Z-Pole measurements:
constrain EW radiative corrections
allow to predict MW and Mtop

within SM
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Good agreement: Successful SM test
Both data prefer light Higgs boson



Motivation
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Detectors

DZero Run II upgrades
2T solenoid
inner tracking
Preshower
extended µ coverage

ηηηη = = = = ----1111

extended µ coverage
and shielding
Trigger, DAQ

CDF Run II upgrades
1.7 T solenoid

recorded  10 fb-1

data taking efficiency ~ 85%
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ηηηη = = = = ----2222

1.7 T solenoid
Inner tracking
Forward calorimeter
extended µ coverage
Trigger, DAQ 



Electrons: energy scale

Emeasured = α x Etrue + β

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 “fz method”:

Emeasured = α x Etrue + β

Use energy spread of electrons in Z decay to constrain α and β.
In a nutshell: the fZ 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.

MZ (measured) = α . MZ(true) + fZ . β + X . β 2 + ….  If β << E(e1)+E(e2)
with fZ = (E(e1)+E(e2))(1-cos(γee))/MZ
γee is the opening angle  between the two electrons
MZ(measured) vs. fZ templates generated for range of α and β values

P. Pétroff / Waseda University 22 September 3, 2009

MZ(measured) vs. fZ templates generated for range of α and β values
α = 1.0111 ± 0.0043
β = -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) :  

∆∆∆∆m(W) = 34 MeV,  100 % correlated between all three observables

Result:



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.
Amount of material has been quantified with good precision (thanks to Z -> ee decay !).Amount of material has been quantified with good precision (thanks to Z -> ee decay !).

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

Result:

C = (2.05 � 0.10) %
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in excellent agreement with
Run II design goal (2%) 

m(Z) = 91.185 ± 0.033 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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Stability checks
Changes in the fitted mW when the fitting range (mT observable) is varied.
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Stability checks
Instantaneous luminosity (split data into two subsets – high and low inst. luminosity) 

S
orry, plots still in term

s of blinded m
ass,

but it does not m
atter here.Time (i.e. data-taking period)  

S
orry, plots still in term

s of blinded m
ass,

but it does not m
atter here.
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Projection
Electroweak measurements prefer light Higgs, heavy SUSY

– Some tension in both cases

• Something else?

• Need increased precision YES WE CAN !

CDF/DØ combined

With > 4fb -1of data being 
analyzed currently : 
the ∆MW per experiment is 
estimated ~ 25 MeV !
combined ∆MW ~ 15 MeV
possible by next year  

P. Pétroff / Waseda University 28 September 3, 2009

CDF/DØ combined
10 fb -1 2011 (?)
∆mW ~ 10 MeV
∆mtop ~ 1GeV
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Fits include only the given observable

P. Pétroff  Blois 2011 30 05/31/11


