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Introduction

 Previous speaker covered
production of W,Z and dibosons
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CDF and D@ Detectors

CDF and D@ are multi-purpose detectors that include

— tracking detectors in high magnetic field
— electromagnetic and hadronic calorimeters
— muon systems

Comparative advantages and implications

— CDF has larger tracking volume
— better muon resolution
— muons used for W mass measurement,

— D@ muon system has wider rapidity coverage
= muon charge asymmetry measured over
a larger rapidity range
= constraining PDFs at smaller x
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Typical Selections and Backgrounds

Typical event selections include
— one or more high p; isolated leptons*
— large missing transverse energy in case of W
*electrons or muons
Main backgrounds
— electroweak processes other than the process of interest
v e.g. Z—ee can be background to W —ev

— QCD processes in which a quark or a gluon jet is mis-identified
for an isolated lepton

— Combination of the two
v e.g. Z+jets can be background to WZ
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Charged Triple Gauge Couplings (TGCs)
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Neutral TGCs
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W and Z Boson Properties

Couplings between Z boson and fermions
Asymmetries induced by couplings
Angular coefficients 7
Weak mixing angle
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Forward-Backward Asymmetry
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Forward-Backward Asymmetry
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Forward-Backward Asymmetry
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Forward-Backward Asymmetry

PRD 84, 012007 (2011)
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Acg Distributions from D@ and CMS

D@ 5.0 fb!

‘ PRD 84, 012007 (2011)
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Couplings between Z and u,d quarks (DQ)

* Fit A templates of the Z-to-light quark (u,d) couplings

3>

@ | (a)
0.6 wt S
L ’ )
0.4 Ry
L K
T e sm
0.2 ---coF
- —LEP
H1 prel. (4-D)
| H1 prel. (2-D)
Bl Do (2-D), 5.0 15"
0 __ DO (4-D), 5.0 f5" 68% C.L.
1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
02 0 02 04 06 038,

* Most precise measurement to date!

Z-u couplings ™

T >
=]

-0.2

-0.8

-0

® SM
’ - CDF
' — LEP
H1 prel. (4-D)
H1 prel. (2-D)

68% C.L.
I 1 1 I 1

Bl Do (2-D), 5.0 165"
D@ (4-D), 5.0 6"

(b)

vl b by Ly 1y
-0.8 -06 -04 -02 -0

Z-d couplings

0.2
d

9

N Y O

DO (5.0 fbl) | 0.502 + 0.040

SM 0.501

0.208 + 0.014
0.192

-0.502

PRD 84, 012007 (2011)

-0.495 + 0.037 | -0.379 £ 0.027

-0.347

25



Effective Weak Mixing Angle

<«—— Average 0.23153+0.00016

N CDF result
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Angular Coefficients (CDF)

Events / 0.5 GeV/c

Study angular coefficients as a function of P(Z)
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* probe production mechanisms
« establish contributions from two processes
_......] *verify vector-like nature of gluon
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Angular Coefficients (CDF)

« QCD predicts A,=A, at o, for both production processes for gluon spin 1

CDF f L=21fb"

PRL 106, 241801 (2011)

————
e-
11111
p=
_____

66<M(e e)<116

_0 o b v b v b b b by L
1o 10 20 30 40 50 60 70 80
ZP,

« MeasuredA,—A, Is consistent with zero in each PT(Z) bin

« this is indirect measurement of gluon spin (A,=A, is badly broken for spin 0)
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Angular Coefficients (CDF)

PRL 106. 241801 (2011)

CDF f L=21fb" CDF ’ L=21fb"
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« Dependence of A, and A, on P(2Z) is different for the two processes
— dotted green and gray lines above

 Relative contribution of two production processes is established
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W and Z Boson Properties

« W polarization

« Charge asymmetries
« W mass

« W width

W
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W Polarization (CMS)

Determine W bosons polarization fractions (f;, fz, fu)
Decays to electrons (~5k events) and muon (~8k events)

% o (1 + cos”6*) + 7 Ag(1 — 3cos” 8%) + Ay sin 26" cos ¢

+ %A;_ sin” 8* cos 2¢* + A5 sin8* cos ¢* + A cos@”,

Ay x fpand Ay o« £(fL — fr)

Ambiguity in cosf* determination due to missing neutrino p,

Construct variable correlated with coso* f
Ly — pr(f) - pr(W)
Fr(W)2

Measure fyand.(f; — fz) using binned maximum likelihood fit
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W Polarization (CMS)

 First observation that high P+ W bosons
In pp collisions are predominantly left-handed,

as predicted in the Standard Model CMS-EWK-10-014
Combined: (fi — fr)™ 0.226 + 0.031 (stat.) +£0.050 (syst.)
Combined: f - 0.162 + 0.078 (stat.) £0.136 (syst.)
Correlation 0.304 (stat.), —0.326 (stat. + syst.)
Combined: (fi. — fr)" 0.300 £+ 0.031 (stat.) +0.034 (syst.)
Combined: f 0.192 + 0.075 (stat.) +0.089 (syst.)
Correlation —0.660 (stat.), —0.121 (stat. + syst.)
o 7 e ¥
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W Production Asymmetry

MSTW 2008 NLO PDFs (68% C.L.)

Both at the Tevatron and the LHC ‘8_1'2- | o

W bosons are produced via ..~;— n
— + 0.8F
ud > W |
0.6_—
du - W o
Tevatron: 0-2f

valence quark from proton P T R s o SUPAY

and valence anti-quark from anti-proton 10* 10° 1072 10™ 1

LHC: avalence quark from proton and a sea quark from proton

W production asymmetry is governed by the PDFs
= constrain the PDFs with asymmetry measurements



W Production Asymmetry at Tevatron

anti-proton

Produced with valence quarks
Total N(W+) = N(W-)

Asymmetry
as a function of W boson rapidity

A(yw)

2200
200
180f
1E|:|§
140f
12|:|§
100f

ani

S B Widpdiy 1T

= — W rapidity - -
: —— =" rapidily

3 -2 -1 0 1 2 3

W or lepton rapidity
da!W"’! . da‘fW_::
dyw dyw
do(WT) + do(W~—)
dyw dyw
u(z1)/d(z1) — u(w2)/d(z2)
u(z1)/d(z1) + u(z2)/d(x2) 35
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W Production Asymmetry at LHC

« W bosons are produced with
valence quarks and see quarks

* N(uy) > N(d,)
= Total N(W+) > N(W-)

The inclusive ratio of cross sections for W+ and W- bosons production
was measured by CMS to be 1.43 + 0.05 CMS-EWK-10-006

NEXT: W decay asymmetry
36



Lepton Charge Asymmetry

W rapidity cannot be reconstructed on event-by-event basis
due to non-measurable longitudinal neutrino momentum

W charge asymmetry lepton charge asymmetry
dU(H”T+ )/dl]ﬂ, — dO‘(H’T_ )/d-yw A@m,) = CIO'Jr /d?]l —do_ /d?]l _ d (X)
do(W+)/dyw + do(W =) /dyw " do, ldg, +do_ldn,  u(X)

Ly,d = fVK;

Alyw) = = Alyw) ® (V-A)

——e—— W production charge asymmetry

B : ——&—— Lepton charge asymmet d :
[ | S—— _ P rge asy Y e e

0.4 -

02 i A A— T R — ”»

-0.2 __ ................. .............. .' ............... ‘ ............... ........
.0_4__....5, ................. T ........ R ........

'&Gg“ﬁi' ........... — — s e S

generated rapidity[y,, & 1]

E.L. Berger, F. Halzen, C.S. Kim and S. Willenbrock; Phys. Rev. D40 (1989) 83 37



Lepton Asymmetry from LHCDb

0
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Eﬂl
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(=] L= [ =] [ ]
i

L= N =]

% 2010 data

— Fit
CIW—pv

B Zpp
COw-TV
Bz-1t

B Mis-id

Il Heavy flavour

dDwmcks
LHCE Poalisnary

_[Lm:]:m ph'

P, [GeVie]

x, =M,ée /\/E,x2 =M,e” /s

LHCb-CONF-2011-039v2
W+W- Charge Asymmetry

L D I ]
Ef - LHCS praliminary, 37.1 pb”’ ]
1 04— -
2B F ]
| Z02f T gy
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5[5 of =
B A LD mmcictiorms (0 YRIMLOT) ]
B esTes ]
— i BUROATS N —
= S -
- u 010 Dlm i
0.4 -
08 *__
T T T BT R

0 i 2 3 4
Lepton Pseudorapidity

probing smaller x region than other experiments
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Lepton Charge Asymmetry at LHC

=
(]

Muon Charge Asymmetry
=
(&

(]
-

2y
@
E E
£
<
©
% ATLAS-CONF-2011-129
6 LHCb-CONF-2011-039
< CMS-EWK-10-006 (arXiv:1103.3407)
a ATLAS (extrapolated date) 35 pb
8 01 =« cusmo .
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W Charge Asymmetry at Tevatron

D@: CDF: direct determination of y,
lepton charge asymmetry W mass constraint - neutrino momentum
Electrons: wider acceptance with weight probability assigned
g™ (decay structure; doy,/dy)
;% -0:_ D@, L=0.75 ' 0.6 CDI|= | | Run ||| 1 fb'T
E;>25 GeV % (L L L L L
02 E/>25 GeV ——e—— CDF 1 b data(stat. + syst.)

o
N

NLO Prediction{CTEQB6.1M) at m., = 80.4

[ | PDF uncertainty(CTEQ6.1M)

—— CTEQ6.6 central value

""" MRSTOINLO central value

o
o

04
- CTEQ6.6 uncertainty band

o
tn

0600 0 L e b L ]

PRL 101, 211801 (2008) = =~ =

W Charge Asymmetry
T P T e

Muons: higher statistics 0.3
> 03¢ — §, 0.2
5 020 p§>20 GeV o =f
< " pl>20Gev - 7 0.1
015—
01; 0 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1
005 ] (8] 0.5 1 1.5 2 25
_0;7.
-0.05;— |yw |
o e Uncertainties smaller than PDF one.
E ‘CTEQ‘GiG uncertainty pand

‘0-202"'0_‘2”‘0_‘4”'o.‘s”‘o.‘a”'1 12 14 16 18 2 Stillstatistics driven PRL 1 2 1 1 1 2 9
D@ Note 5976-CONF Prostrsty 02, 181801 (2009)



M(W) Motivation

« W boson mass is an important Standard Model parameter related to
Gg, agy, and M, via

"tree level
ree leve 0Ly, (O) W

V2G, (1- M,,’IM*)(1- Ar)

M,,~ =

- Ar term represents (large!) higher-order corrections to M,,,

dey (00— M)
A r— EM Z
[ Running of Olgy, 'I Radiative Corrections

U s « 6 M H FH™
t F top . 3 .

¥ Higgs
i6, o< In

ANANAANAAANANANAN MW

W g W ZIW ZIW  ZIWN Z/W
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Constraining Standard Model

 Since M,y M, . and M, are all related via radiative corrections, we can

constrain Mngjgs

* Measurements of M, and M,
overlaid with theory predictions
for the Higgs boson

March 2009

—
1 —LEP2 and Tevatron (prel.)

80.5 -~ LEP1 and SLD
68% CL

-
o
-
.
.
.

........

150 175 200

W|th preC|5|on measurements of M,, and Migp

Higgs limit from EW fits

within direct 161GeV @95%CL
searches exclusion band A
. o A(,’(_.S)d rramity g :
S \ %% —0.02750+0.00033 g
l \ i 0.02749+0.00010
4 - ".! incl. low Q? data —
R 3+ 1 i =
3 \' )i ATLASICMS
0 |Excluded  \&. ‘ excludgd
30 100 300
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W Mass Fits: P-(e), M-(W)

CDF | L dt=200pb"
320000 “(b) DO, 1 fb™ CData e 30 M ICh :
0 - W Background n L uon anne
o 15000~ y3ldof = 39/31 = |
g i
c - 2 1000
:>J’ 10000 — I
5000]; [
500— [ M, = (80349 + 54_,.) MeV
I 2gof =
R SR - Hidor= 9148
0 IHH-U.# ! ‘+‘ ny M?‘ A ,,‘,‘,\. #—‘.H - + ‘ ,,\,,I,,J,,‘ﬂ \?‘T‘. 4 ++
A et ?Tﬂ'\:\.ﬂ\'\'\,\,‘.??ﬂ.ﬁ%ﬁﬁﬂﬂ.ﬁﬂﬂ.\‘ i : — — .
-2 L RAREER S % 70 80 (w) (G \};m
t ‘ ‘ ‘ ‘ ‘ ‘ . m.(uv) (Ge
25 30 35 40 45 50 55 60
ps (GeV)

Selected distributions of W Mass observables

Largest systematic uncertainties are from lepton energy scale



D@ 1fb-1 W Mass Result

CDF Run 0/ —— 80.436 + 0.081
DO Runl ——e—— 80.478 £ 0.083
CDF Run I —a— 80.413 + 0.048
Tevatron 2007 —a— 80.432 + 0.039
DO Run i —a— 80.402 + 0.043
Tevatron 2009 —8— 80.420 + 0.031
World average @ 80.399 + 0.023
| | | Julyos
80 80.2 80.4 80.6
m,, (GeV)

TEVEWWG/WZ 2009/01
FERMILAB-TM-2439-E

single most precise measurement
of the W boson mass to date

80.401 + 0.021(stat.) + 0.038(syst.) GeV
80.401 + 0.043 GeV

total uncertainty of 31 MeV from Tevatron
is smaller than that of 33 MeV from LEPII

World average is now:
80.399 + 0.023 GeV

PRL 99, 151801 (2007)

CDF RunII 0.2 fb'! PRD 77, 112001 (2008)
80.413 + 0.034 (stat.) = 0.034 (syst.) GeV
80.413 + 0.048 GeV
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W Boson Width at Tevatron

o w(0) (%)

219 Dé, 1 fb"'
e BT —r—r 9 +2d.0.f=75.2/75
310‘ *DATA
. e S + B -FAST MC
0025 | Insensitive | foo e, T——
to obh_que - 0Z > ce
corrections
-0.05 . 10 T
1
-0.075 I Rosner et al. J g
PRD49, 1363 (1994) | 2
0
I B T SRR RN N S S S 2 [ + """"" ++++ """""" +*+++ """ + """" +'
100 150 200 250 300 350 400 450 500 50 100 150

PRL 103 231802(2009)

m, or m, or m; (GeV/c?)

D@ T, = 2.028 + 0.072 GeV

CDF Ty, = 2.032 + 0.073 GeV (350 pbt )
PRL 100 071801 (2008)

Standard Model Iy = 2.093 £ 0.002 GeV
Jevaron Iy = 2.046 + 0.049 GeV
FW — 2196 + 0083 GeV 45



M(W) Prospects with all Tevatron Data

» Electroweak fits favor light Higgs

« Currently

— most probable Higgs mass value = 92 GeV
— excluded above 161GeV @95% CL 6t ¥

« Under the following example scenario*

AM

AMtop 1 GeV
* Higgs:

— most probable value = 71 GeV
— excluded above 117GeV @95% CL

w -23MeV — I5MeV
central values (M,,, M

projection| |today

F 161 GeVl

. v
-

33 0.02740+0.00010 i §
it ingflow Q°data  Jf ¢

op) 40 NOt move T 87

| Excluded

ATLAi,CMS

e>§clud 'd

(114.4 from current direct searches)

*Pete Renton,
ICHEP2008

m,, [GeV]

Higgs limit from EW fits

30 100 300

can be achieved at the Tevatron with the full dataset !!!
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Summary

Lots of interesting measurements of W/Z and diboson properties

— couplings between electroweak gauge bosons

— couplings between Z and fermions

—  forward backward asymmetry in Z decays

— weak mixing angle

— W boson and lepton charge asymmetries

— W boson mass, width, and polarization

—  probes of production mechanisms and constraints on the PDFs

Two-fold goal
—  precise knowledge of Standard Model parameters
— Indirect search for new physics

More data are being analyzed

Expecting significant improvements in precision soon

Thank you for your attention
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