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Highlights on:

Outline

e W, Z Study (production mechanism: QCD, PDF)

 Dibosons study (SM test, new physics)

« W mass and width (Higgs mass constraint)

-

(Parton Distribution Functions

NLO QCD

New Physics

\

Gauge Couplings

A
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W, Z Study
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Center of Mass Energy (TeV)

DO 1fbt! s X Br (Za tt) = 247+8(stat.)x13(syst.)£15(lum)
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W Charge Asymmetry

u quarks carry higher fraction of the proton momentum: ud ® W+
boosted in the proton direction a asymmetry in W production

ds./dh - ds Jdh d(x) CDF: direct determination of Y,
_ 0s./am - as_7dn,  aix W mass fixed a 2 Y
Ah - = - W
) ds,/dh +ds_/dh u(x) ~A0W (VA Weight probability assigned
- V-A structure
- W cross section ds,,/dy

Wa m

Wa en

Significantly increase in sensitivit
J Y CDF Y

Resbos + CTEQ6.1M with pdf errors (yellow band)
+ MRSTO2 (red single dashed line))
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Drell-Yan Differential Cross Section

Z rapidity (Y) well measured from decay leptons

>
)
g
€
—
MRST
PRD 76, 012003 (2007)
CDF 1.1 fb!
Deviations at 1-sigma level from present
PDFs at high x
CTEQG6.1M
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Drell Yan P+

Ideal testing ground for QCD prediction
Important ingredient in W mass measurement

W, Z p; determined by
QCD radiation

g, CSS parameter 40 < M, < 200 GeV
sensitive to the shape at small g, 0 < gr < 260 GeV
Y| <3
DO

In agreement with perturbative QCD
augmented by Collins-Soper-Sterman (CSS)

resummation at low g+
J. Collins, D. Soper, G. Sterman, Nucl. Phys. B250 (1985) 199.

ResBos describes data well up to ~ 30 GeV
F. Landry, R. Bock, P.Nadolsky, C.P. Yuan
Phys. Rev. D 67, 073016 (2003)

NNLO describes better above 30 GeV
K. Melnikov and F. Petriello Phys. Rev. D74 114017 (2006)
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Direct Measurement of the Z Boson
Invisible Width

Data: “monojet” + large ; a extra dim search a no signal CDF 1fb-1
Interpret the result in the context of a direct measurement of boson invisible width

GZa inv.) =s(Z+1 jet) x Br(Za inv.) xEZa ll) =466 £ 42 MeV
s(Z+1ljet)yxBr(Za Il

LEP
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Dibosons Study
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Diboson Physics: Motivations

Measurements of trilinear gauge boson couplings (TGC) of W, Z and photon provide
powerful tests of SM.

Tevatron: different combinations of couplings than LEP, higher Vs explored

Non SM particles couple to EW bosons a anomalous TGC (cross-section and boson p;
distributions)

Background to Higgs, SUSY, top,...

WWgand WWZ TGC:
Effective Lagrangian: 5 couplings (em gauge invariance and C and P conservation)
0:5 Kg Kz, 1 g1z iINnSM g2 =Kk;=k,=1 and | 4=1,_

anomalous TGC a D will denotes the deviations from SM predictions

qq'® YW : WWy

o TGC
not allowed by SM

qqg® WW: WWZ WWy |Ep
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First Observation of WZ

 only s-channel contains TGC (WWZ vertex)
« WWZ coupling independent of WW(g

(J.M. Campbell and R.K. Ellis PRD 60, 113006)

« final states: eem nme, mmm eee (~ 1fb1)

small Br: 0.37% per family and 1.5% for 2 families
smallest background

« dominant bkg: Z+jets, ZZ

v Cleanest Signal Mode

A
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First Observation of WZ

CDF: 25 candidates >6 s significance 1.9 fb-1
Sy = 4.3 13 J(stat.) £ 0.4 (syst.) pb

agrees with SM at NLO: 3.7 £ 0.3 pb

D@: 13 candidates 3.3 s significance
Sy =2.7*7,,pb agrees with SM
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Anomalous TGC couplings in WZ

SM solid line  Dk,=-0.25,1 =-0.25 (single dashed line)
Dk,=0.50,1 = 0.25 (double dashed line)

1-D 95% CL limits:

D@ L=15TeV L=2.0 TeV CDF L=15TeVv L=2.0 TeV
-0.18<l ,<0.22 -0.17<l ,<0.21 -0.14<l ,<0.16 -0.13<l ,<0.14
-0.15<Dg,%<0.35 -0.14<Dg,%<0.34 -0.17<Dg,%<0.27 -0.15<Dg,%<0.24
-0.14<Dk,=Dg,#<0.31 -0.12<Dk,=Dg,%<0.29 -0.86<DKk,<1.36 -0.82<Dk,<1.27

best limits to date on WWZ only TGC’s: | , Dk, and Dg,* more stringent limits from
LEP in WW (WWZ+ WW(g)
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First Hints of ZZ Signal

no ZZZ or ZZgTGC in SM

S,,=1.6 0.1 pb (NLO)
J.M. Campbell and R.K. Ellis Phys. Rev. D60 (1999)

ZZa lluu
«ZZa llll (1.5 fb'1)
very small BR but very clean
e 7ZZa lluu (11 fb'l) LR= P, /(P5,+Py)

larger BR but more bkg

WWY/ZZ separation achieved

using an event-by-event calculation
of the matrix element probability

3s significance

i ~ -1
D@ 1 candidate nmee (~ 1 fb1) s,,=0.75*071 _ (stat.+syst.) pb

S,, <4.3 pb 95% CL
Compatible with SM expectations
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Wg Production

ISR
FSR TGC

* s-channel contains TGC (WW(g vertex)

« WWQg TGC couplings independant of WWZ

 Anomalous TGC cause a deviation from SM cross section
a photon energy spectrum

August 12, 2007 P. Pétroff / LPO7
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go:zzé_ m— Standard Model MC
interference among tree-level diagrams : £ 0,018 = Anomalous Couplg HG: 51,120
amplitude is zero for cos(q,,) = -(1+2Q,) ‘”2‘;2: DO Preliminary, 800 pb'
use h, - h,,, instead of g, oo
/W MoTE” MC standard m
- 0.008:—
q—— -+ (] 0.006
0 C
c 0.004 —
7/ 0.0022—
I
D)%)

August 12, 2007

Wg Radiation Zero

MC with anomalous

TGC

2 3 4 5
(Lepton Charge)*(n .'”l)

» wide h coverage essential

* sensitive to anomalous TGC but:

* NLO corrections, FSR and
background obscure the dip

Observed Charge signed
rapidity distribution
consistent with SM

P. Pétroff / LPO7
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SM allowed

-1
!
S
Z!'Y
Y "
L
q q Loy

SM FSR SM ISR

95% CL D2
hyo o limits
(N1 hy%4=0)
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Zg Production

SM forbidden

D&

Anomalous Zy production

ee/mm

Photon E; [GeV]

tightest limits to date
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W Mass and Width

P. Pétroff / LPO7
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W Mass Motivation

m,, is a key parameter in the Standard Model
estimated from precised EW parameters.

Radiative corrections (Dr) depend on M, as ~M;? and on M,; as ~log M,
a constraint on Higgs mass

For equal contribution to the Higgs mass uncertainty :

a dM,= 1.8 GeV (1.1%) = dM,, = 11 MeV (0.014%)

Sensitive to possible exotic radiative correction if precision improved

This talk: CDF W mass measurement with 200 pb-1in Wa en and Wa m channels
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W mass: Strategy

W mass is extracted from a template fit to the transverse mass,
electron/muon transverse momentum and transverse missing energy

Fast MC to predict the lineshape of template distributions
a Parametrization of physics and detector effects

Main physics effects:

* Internal QED radiation

e intrinsic W P distribution (QCD)

* PDF

Main detector effects

 tracker momentum scale

« calorimeter response (electron, hadronic recoil)
* resolution (electron/muon, hadronic recoil)

m; (GeV)
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W Mass: Strategy

Wwa en Calibrate I* track momentum with mass measurements
Wa m of Jly and U decays to nm

Calibrate calorimeter energy using track momentum of
e from W decays

or muon

Cross-check with Z mass measurement,then add Z's as a
Calibration point

Calibrate recoil measurement with Z decays to e, m 23 mm

Cross-check with W recoil distributions

Combine informations into transverse mass:

m; = VE(I); E(n); (1 — cosDf)
E(n); =B = - (E(); + Uy)
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Momentum and Energy calibration

Momentum scale using J/Y a mmand U-> nm data extrapolated to Za mm

Momentum scale
DM, =19 MeV

Material X, tuned to 2.5 parts in 10* E/p and Z,, combined

Energy scale + non-lin.
E scale from peak

DM,, =30 MeV
material X, form # events
in high E/p talil Resolution
DM,y = 9 MeV

August 12, 2007 P. Pétroff / LPO7
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W Mass: Recoil Model

Recoil :

* QCD radiation “recoiling” against W
 underlying event

« overlapping min bias

Method: Use Z a ee/mmbalancing to calibrate recoill
energy scale and to model resolution

Errors propagated to M,,, measurement:
Hadronic response: DM, = 9 MeV
Resolution : DM, = 7 MeV

Apply model to W recoil

Recoil distribution along lepton u,

- directly affect m; distribution
» sensitive to scale, resolution ,..

August 12, 2007 P. Pétroff / LPO7
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Production, Decays and Background

* QED radiative corrections:
- use complete NLO calculation (WGRAD)
[Baur et.al. PRD59, 013002 (1998)]
- simulate FSR, apply (10+£5)% correction for 2nd g
DM,,= 11 (12) MeV for e (m)

 Parton Distribution Functions:
- affect kinematics through acceptance cuts
- use CTEQG6 ensemble of 20 uncertainty PDFs and Pythia
DM,,= 11 MeV

» Backgrounds:
- have very different lineshapes
compared to W signal
- distributions are added to template
- QCD measured with data
- EWK predicted with Monte Carlo
DM,,= 8 (9) MeV for e ()
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W mass: Mass Fits

Transverse mass fits P(c?) = 7%

Combined results (m.(e.n), p(e.n).p.(€.M)

m,, = 80413 + 34, + 34
= 80413 + 48 MeV

MeV

syst

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

P. Pétroff / LPO7
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W mass: Results

Standard Model Higgs (LEPEWWG)

constraint: 76%33,, GeV

Myiqgs<144 GeV (95% CL) precised EW meas.
<182 GeV including LEP2 limit at 114 GeV

* New CDF result is the world’s most precise

single measurement
* World average increases from 80392 to 80398 MeV
» Uncertainty reduced by 15%: 29 MeV to 25 MeV
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W Width

The high m; tail contains information on the W boson Width

Exploit the slower fall off of the BW compared
to gaussian resolution

resolution & bkg very critical !
Fit in region 90-200 GeV
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W Width

350 pb-t

00
00

G, = 2032 + 71 (stat + syst) MeV

P. Pétroff / LPO7
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W width: world average

World’'s most precise single measurement!

Central value decreases by 44 MeV:

< > 2139 ® 2095 MeV

Uncertainty reduced by 22%:
60 ® 47 MeV
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Direct measurement
LEP2 and Tevatron

Z-Pole measurements:

constrain EW radiative corrections
allow to predict M, and M

within SM
Good agreement:
Successful SM test

Top and W mass combined

top

\

Both data sets prefer
light Higgs boson

Martin W. Grinewald EPS07
August 12, 2007
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Conclusions

» All expected SM EWK processes clearly established except:
ZZ (CDF 3s), single top (D@ 3.6s) and the Higgs

* The precision of many of the measurements at Tevatron is now
surpassing LEP e.g. ZZg anomalousTGC limit, M,,, G, and will
continue to improve as datasets will grow by up to a factor ~ 10

e Valuable constraints on PDF and NNLO calculation will come
with final datasets

e Future prospects in W mass measurement ~ 25 MeV by Tevatron
experiment will more constrain the Higgs mass
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Backup Slides
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Event Yields

W vyield (6 fb!) =~ Z yield at LEP
Tevatron is a W factory !

Many results at Tevatron are now
surpassing the precision achieved
at LEP2

August 12, 2007 P. Pétroff / LPO7
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Detectors

DZero Run Il upgrades
2T solenoid
inner tracking
Preshower
extended coverage
and shielding
Trigger, DAQ

CDF Run Il upgrades
Inner tracking
Forward calorimeter
extended coverage
Trigger, DAQ

recorded 3 fb?
data taking efficiency ~ 85%

P. Pétroff / LPO7
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Cross Section Summary

P. Pétroff / LPO7
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WWgand WWZ Anomalous Couplings

Characterized by an effective Lagrangian:
parametrization of new physics in terms of coupling parameters

LWW\/ G~ gxll(W/mW ) Mvvnm

KWW +h//év W

5 C and P conserving parameters (g4 =1 em gauge invariance)
SM parameters g, =g =k; =kq=1; 1,=0,1,=0

Phys.Rev. D48(5) 2182 (HISZ)

Cross section with non-SM couplings
grows with subprocess CM energy
a form factor

Solid :Ax=2.0, A=0.0
Dashed. Ax=0.0, A\=1.0

Events / 20 GeV/c

o = N w » [&)] [} ~ © ©
I I HE I I I I I

Dotted:£x=0.0, A=0.0

a, S = subprocess CM energy
(1+ §/|—ip)2 L - =formfactor scale

a(s) =

Le~1to2TeV

pr (W) (GeVic)
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Anomalous Couplings — LEP and Tevatron

« D@ and CDF put limits on anomalous WWgand WWZ Couplings in
Run I.

+ D@ Combined Wg WW, WZ (1999) — |° 0.29 <Dk, <0.33
- 0.18 </, <019

%% C.L. tightest limits
L = 2 Tey atTevatron

« LEP ALO Combined (1D 68% CL)
(LEPEWWG/TGC/2005-01 June 2005)

ky = 0.973 +0.044 - 0.045 2parameters: - (g )

|, = -0.028 +0.020 -0.021 wiconstraint (DO) g; =2~ &g

g,“= 0.984 +0.022-0.019 “HISZ” SU(2)AU(1) coupling relations
C and P, U(1),,,, and global SU(2)AU(1) Phys.Rev. D48(5) 2182 (HISZ)

/,=1,and k, =g; - tanq, (k,-1)

LEP does not use a form-factor
dependence in the couplings.
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Anomalous TGC couplings in WZ

° SM . SM

2-dim contour 98% CL

P. Pétroff / LPO7
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Anomalous ZZg and Zgg Couplings

o Effective Lagrangian -0 ?22°?
2
Loy =-i€ (hlvF’"’+th””)zm( ;TV)VH
Z
2
- ie (hyF ™ +hXF””")za( +Tv)ﬂaﬂmvn
mZ

* h,;Yand h,’ violate CP;
* h;Yand h,” conserve CP

o All coupling parameters are
zero in the SM at tree-level

e Form factor to ensure a(8) = 3, S =subprocess CM energy
unitarity (1+8/L2) L ¢ =form factor scale

n=3forh’; andn=4forh;,

August 12, 2007 P. Pétroff / LPO7
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W mass: Uncertainty

Uncertainty on transverse mass fit

P. Pétroff / LPO7
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