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TeVatron  LHC 
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(A)   C.O.M. energy : 1.96 14 TeV ? 

(B)   <n> per crossing : 1-10 2-25+ ? 

(C)   Integrated Lumi: 9-12 fb-1  700 fb-1 ? 

(D)  pp  pp
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W production 
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σ(pp→W± →lν) ~ 2.8 nb 

L ~ 3×1032 → 0.8 s-1 

σ(pp→W± →lν) ~ 20 nb 
L ~1×1034  →  200 s-1 

TeV

LHC
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W/Z detection 
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Z events:  
•   2 high pT charged leptons (µ+µ- or e+e-). 
•   Both charged leptons are detected  
   and their momenta measured. 
•   Muons: central tracker, muon detectors 
•   Electrons: central tracker, calorimeter 

W events:  
•   1 high pT charged lepton, 1 high pT 
    neutrino (µν or eν). 
•   Charged lepton is detected and 
   momentum measured. 
•   Neutrino cannot be detected! pT

ν is inferred 
   by the “missing ET (ET

miss)” in the detector.   

DØ 

CDF 

|ηe(trk)|<3.2, |ηµ|<2 

|ηe(trk)|<2.8, |ηµ|<1 
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W charge asymmetry (TeV) 
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W charge asymmetry (LHC) 
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•   Traditionally measure  lepton charge asymmetry : 
•   Also depends on V-A decay : 

      = spin 

•  Can also extract A(yW) directly: 
•  pL

ν determined by constraining MW = 80.4 GeV→ two possible yW solutions. 
•  Each solution receives a weight probability according to V-A decay and σ(yW) 

Or lepton charge asymmetry? AW(Y) 
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~490,000  W→eν events with |ηe|<2.8 

~715,000  W→eν events with |ηe|<2.8 

Results AW(Y) 
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A(YW)  A(ηl) 
Most sensitive to valence d/u ratio Also some sensitivity to sea quarks 
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“There was a joke at the DIS meeting that CDF can work back to W-asymmetry and D0 stick 
with lepton asymmetry. In fact that doesn't seem like a bad idea from our point of view.” 
                                                                                   - Robert Thorne

Best solution : publish everything!  

AW Al (pT
1) Al (pT

2) 

Y1 

Y2 

…. 

What should we measure? 

Less of an issue at the LHC 

AW(Y) 
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•  Lepton ID efficiency vs η 
•  Recoil (pL

ν)                                  ~ scale with statistics 
•  Charge mis-ID 
•  Multijet background 
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Systematic issues AW(Y) 

K. Lohwasser, IOP talk

D0 :    0.8%
CDF : 0.7 – 1.2 % 

Note : “official” ATLAS σ(W->eν) analysis
 quotes a 7% multijet background
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Early PDF constraints? 
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AW(Y) 
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W and top mass MW 
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Technique 
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€ 

mT = 2pT
l pT

ν (1− cosφlν )

pT 
ν = -(UT + pT 

l )

MW 
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Systematics 
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Statistical          23 

Total        44 

Total                48 

D0 Preliminary : 1 fb-1CDF II : 200 pb-1

MW 
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Radiation 
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€ 

E

€ 

p

~0.95 X0 

~0.2 X0 

MW 
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Calibration 
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19k Z→ee 

E/p

Data
MC

64k W→eν 

Track calibration (0.021%) 
J/Ψ → µµ; ϒ(1S) → µµ;  Ζ → µµ  

EM CAL calibration (0.037%) 
E/p (W→eν) ;  Ζ → ee 

EM CAL calibration (0.042%)         
Ζ → ee 

~4 X0 before CAL determined using EM 
longitudinal granularity with sub-samples in η  

CDF : 200 pb-1 D0 Preliminary : 1 fb-1

MW 
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Other systematics 
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Δ(MW) 
MeV 

CDF e (µ) 
(200 pb-1) 

D0 e        
(1 fb-1) 

ATLAS1 e(µ)  
(10 fb-1) 

scale 30 (17) 34 4 (4) 
Lepton ID 3 (1) 6 5 (<1) 
recoil 11 (11) 6 5 (5) 
bckgd 8 (9) 2 2 (2) 
PDFs 11 (11) 9 1 (1) 
Total syst. 39 (27) 37 8 (7) 
Stat. 48 (54) 23 2 (2) 
Total 62 (60) 44 8 (7) 

MW 

1[Eur. Phys. J. C (2008) 57] 

Multijet : 0.2 ± 0.1 % assumed 
“Best guess” from CDF result 

Assuming constraint from YZ

MT fits 

Systematics at this level are hard !! Internal cross checks are vital.

Choose ID cuts carefully 
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TeVatron projections 
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MW 

CDF [2.3 fb-1]/D0 [5 fb-1] :  <~ 25 MeV ?? 
ATLAS/CMS[10 fb-1]       :  ~ 7-8 MeV per channel in 10 fb-1  ???? 

Luminosity pb-1

Δ
 M

W
 [M

eV
]
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W mass 
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MW 
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Heavy dibosons 
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W

W

Z/γ
W

W

CDF:             12.1 ± 2.3 pb                              4.3 ± 1.8 pb                           1.4 ± 0.7 pb 

   D0:              11.5 ± 2.2 pb                             2.7 ± 2.1 pb                           1.6 ± 0.7 pb 

112 pb 48 pb 15 pb
LHC
(SM):

V V 

W

Z

Z

Z/γ
Z

Z

W

Z

W

Z

Observations of all expected early (100 pb-1 for WW, WZ, 1fb-1 for ZZ) 
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ZZ observation 
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V V 

4.4 σ significance5.3 σ significance
(5.7 σ including Zll, Zνν) 
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Lepton acceptance 
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V V 
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Anomalous TGC limits 
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WZ (CDF)       [-0.13,  0.14]          [-0.76, 1.18]         [-0.13, 0.23]                                                    
(1.9 fb-1) 
WW (D0)                                                                   [-0.14,  0.30]          [-0.54, 0.83]         [-0.14, 0.18]                                                    
(1 fb-1) 

V V 

* ATLAS, 10 fb-1

*
*

TeV LHC : 
•  Factor 10 in σ 
•   > 10 in L 
•  Increase in C.O.M. also improves sensitivity to anomalous TGC 

Signature: enhanced cross section at high MT
W / pT

Z
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Summary 
•  W charge asymmetry  

–   LHC complimentary to TeVatron 
–  Should get constraints on PDFs early. 
–  Watch out for multijet background! 
–  Best to give as much information as possible in paper. 

•  W mass 
–  CDF and D0 expect updates (<~ 25 MeV each?) 
–  Significant improvement possible at the LHC, but it will not happen fast. 
–  Watch out for radiation, recoil, multijet, lepton ID, PDFs… 
–  Use internal cross checks as much as possible. 

•  Dibosons 
–  Observations likely early 
–  Sensitivity will quickly surpass the TeVatron 
–  Acceptance, acceptance, acceptance 

25 
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BACKUP 
BACK UP 

26 



PDFs, W, top Emily Nurse 

W/Z detection at DØ/CDF 
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•   Silicon detectors (|η|< ~2.8) 
•   Central drift chambers (|η|< ~1.5) 
•   Tracking resolution : σ(pT)/pT ~ 0.05%×pT 
•   Segmented sampling calorimeters (|η|< ~3.6) 
      EM: σ(E)/E ~ 13.5% / √ET ⊕ 1.5% 
•   Muon detectors (|η|< ~1.0) 

•   Silicon detectors (|η|< ~3.2) 
•   Central fiber tracker (|η|< ~2) 
•   Tracking resolution : σ(pT)/pT ~ 0.2%×pT 
•   Segmented sampling calorimeters (|η|< ~4.2) 
      EM: σ(E)/E ~ 15% / √E ⊕ 4% 
•   Muon detectors (|η|< ~2.0) 

CDF 

DØ 
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Backup: Z rapidity 

28 

PDF constraint: ~0.75 < y < ~2
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Backup: W charge asymmetry 

29 
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Backup : W mass 

30 
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Di bosons 
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W

γ

Z

γ

W

W

W

Z Z

Z

W W

γ

Z

γ
Z/γ W

W

Z

Z

W
W

Z

Z/γZ/γ

18.0 ± 2.8 pb       4.6 ± 0.5 pb           12.1 ± 2.3 pb             4.3 ± 1.8 pb          1.4 ± 0.7 pb 
(ET

γ > 7 GeV)
14.8 ± 2.1 pb       5.0 ± 0.4 pb           11.5 ± 2.2 pb             2.7 ± 2.1 pb          1.6 ± 0.7 pb 
                    (ET

γ > 8 GeV)

112 pb 48 pb 15 pb451 pb 219 pb

CDF:

D0:

LHC
(SM):
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TGC limits 
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WZ (CDF)       [-0.13,  0.14]          [-0.76, 1.18]         [-0.13, 0.23]                                                    
(1.9 fb-1) 

WW (D0)                                                                  [-0.14,  0.30]          [-0.54, 0.83]         [-0.14, 0.18]                                                    
(1 fb-1) 

Wγ (D0)                                                                                                   [-0.51, 0.51]         [-0.12, 0.13]                                                    
(0.7 fb-1) 
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V V TGC limits 


