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> electroweak interaction
» gy and ga couplings of quarks and leptons
> triple gauge couplings
» electroweak production of single top quarks
— J. Wagner-Kuhr (Wed.)
» precision measurement of W mass

» indirect constraint on Higgs mass due to radiative
corrections to My,

> interplay with strong interaction

» W production asymmetry (— PDFs)
» Z differential cross sections
» W/Z + jets — B. Hirosky, S. Lammers (Wed.)
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» single vector boson production
> inclusive and differential production cross sections
» production asymmetries

» W mass measurement

» di-boson production

» observation of ZZ production
> limits on anomalous triple gauge couplings



w Inclusive Z prod.

o / — TuTh/e

Events /5 GeV

new measurement with 1fb—!,
arXiv:0808.1306

e 7, inclusive muon trigger
o 70 ID with NNs, 3 classes

e 1 track, no EM sub-cluster
e 1 track, > 1 EM sub-cl.
e > 2 tracks, > 0 EM sub-cl.

multi-jet (bb) bgd. estimated from  **%
same-sign 7 candidate events 300
visible mass: = |
Myis = ('D,u + P+ '?'l')2 gzso’
o-Br= :Nzoof
240 + 8(stat) + 12(sys) =+ 15(lumi) pb
SMZ 252 pb 150
reference measurement for h — 77
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Z p T at the Tevatron
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e measurement of pr(Z) tests e N — ResBos LMU Munich
QCD corrections 8 10f —— ResBos+kF
. . - — NNLO
e small pr(Z): resummation €0k - Rescaled NNLO pr(2)
incl. non-pert. form-factor 3 ok D data
(BLNY, RESBOS, 3
PRD 67,073016 (2003)) 10
e large pr(Z): NNLO pQCD 10’“(3)
(Melnikov, Petriello, 107k \ \ \ \ )
0 50 100 150 200 250
PRD 74, 114017 (2006)) Ziy* q_ (GeVic)
e Z - ete with 1fb! . i
S | pgogsib
e PRL 100 102002 (2008) é 1f * ResBos 4
e pr(Z) >30GeV: NNLO T | ° ResBostF hy
. Zo5F ° NNLO ¢ ¢
pQCD describes shape, but =L . Rescaled NNLO ﬁﬁnh H
underestimates rate by 25% 8 of soaperagtyd s L T
e pr(Z2) <30GeV, |y| > 2: sk 1
data disfavors small-x :
broadening (modification of o ‘ ‘

2

the BLNY form factor, 1 10 2y G (Gevio)
PRD 72, 033015 (2005))
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e measurement of pr(Z) tests e N — ResBos LMU Munich
QCD corrections 8§ 10k —— ResBos+kF
) . e — NNLO

e small pr(Z): resummation €0k - Rescaled NNLO pr(2)

incl. non-pert. form-factor 3 ok D data

(BLNY, RESBOS, 3

10°F

PRD 67,073016 (2003))
e large pr(Z): NNLO pQCD 10'5?(3)

(Melnikov, Petriello, 107k \ \ \ \ )

0 50 100 150 200 250
PRD 74, 114017 (2006)) 2ly* 4, (GeVic)

o 7 —»ete  with 1fb~!

e PRL 100 102002 (2008)

e pr(Z) >30GeV: NNLO
pQCD describes shape, but
underestimates rate by 25%

e pr(Z2) <30GeV, |y| > 2:
data disfavors small-x
broadening (modification of 7
the BLNY form factor, 0 5 10 15
PRD 72, 033015 (2005))

D@, 0.98 fo* lyl>2

""""" ResBos with small-x effect
ResBos without small-x effect
D@ data

1/o x dofdq__ (GeVic)™
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w Z p7 form factor

low p7(Z): resummation with
BLNY form factor

Sne(b, Q?) =

n P
ar AP -

1+ 210 (53;) + g1 In(100x) | b2

uncertainty on Syp
— uncertainty on My

new method: reduce sensitivity
to lepton pr resolution
ar: projection perpendicular to

event axis # = p{) — p{?

Z — ete , utu~ with 2fb=1:
8 =

0.63 == 0.02(exp) = 0.04(PDF)
PDF uncert. from CTEQ6.6

as precise as world average
g = 0.6879%2 (CTEQ3M, no
PDF uncert. included)

Hadronic Recoil

Entries x10°

=
RF AR AR RN AR AR RN LN

I
D@ Preliminary 2fb™* +Data

Dzaee

(Data-MC)/MC
o

I L I L L |
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Bcf CDF Run Il Preliminary with 2.1 1b™ LMU Munich
70k LO CTEQE. 1M« J.Pum plin et al. hep-ph/0201135
E T e
. sof =5,
e rapidity y related to 5 Ty
[ E
parton x (LO): 5w i 4 _ "2)
_ + N F
X1,2—Mz/\/§'e Y £ =of Kk
. zuz_ﬁﬁ M., <116 K—k
L4 large ‘.y| prObe PBFS at2 Ec-:meésuredc(rulum.urneminty) X
H ~ F-:NLOCTEQ6.1 dicti led
|OW X (and hlgh Q ~ MZ) wE tnmeasured':{ZJ:sl:aef:;:r='1.09
and very large x T M e B L
_ . _ Boson Rapidity
e Z —ete  with2.1fhb~!
e challenge: electron ID up ”ENNLOwith NNLO MRST 2006 PDF
to |77e| =28 1.3[{A.D Martin et al. arXiv:0706.0450) L
. . a2 _
e data consistent with MRS i oo :
(N)NLO pQCD é 115St:ale actor = 1.03 1?T
=LE C |
e best agreement found for £ B .l
. . o e, SRR P, 1 ¢ XIO. e
NLO calculation with 1; e LI
CTEQ6.1M 0.9F
nf CDFRun Il Pr eliminalry with'2.1 fb"I
04 0.5 15 2 25 3

Boson Rapidity



W' charge asymmetry

e sensitive to PDFs

e u quarks carry larger average x

than d quarks (« Fy/FJ)
e ud — W preferentially
boosted along p direction

e W charge asymmetry:

_dot/dy—do~ /dy
A(y) ~ dot/dy+do—dy

o A(n) is standard observable

e convolution of

rapldy

W prod. asymmetry
and (V-A) decay
e assumption:
SM W — [v coupling
e cancellation of syst.
uncert. related to
lepton reconstruction

p p p p
—— Boost Boost =——
W+ oy W= e
........ .%... _...AA._.%.A...
at W rest frame at W rest frame
et v
F T P =3
—£- e’ rapidity 0° . e 0.

> .

° .

10 1
W or lepton rapidity

21
W or lepton rapidity
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w A(|ne]) in W events

o W —ev, 0.75fb!
arXiv:0807.3367

e dominant syst. uncert. from

multi-jet bgd. and charge
mis-1D

e charge mis-ID rate:

0.2% (|ne| ~ 0) to 9%
(7| = 3)

e A(|ne]) in different Et(e)
bins: probe different yy,
(— x) for fixed |ne|

e for nearly all |7] bins:
experimental uncertainties

much smaller than CTEQ6.6

band

= expect impact on new PDF

fits with improved precision

Asymmetry
S S o
S N o N

Asymmetry
S ) S , ) S
(=] S N o N (2]
Clwww‘\\\‘\\\‘\\\

S
=)

o T TT T[T T T T T I

D@, L=0.75 fb*
E>25 GeV
E}>25 GeV

——— CTEQS6.6 central value
=+ MRSTO04NLO central value

CTEQ6.6 uncertainty band

(a) D@, L=0.75 fb*
25<E8<35 GeV
E}>25 GeV
——— CTEQS6.6 central value
= MRSTO4NLO central value

CTEQG.6 uncertainty band
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w A(|ne|) in W events B

T. Nunnemann

> 02 LMU Munich
e W —ev, 0.75fb! g I
. E -of
e arXiv:0807.3367 Z 0 0B, L=0.75 ft"
e dominant syst. uncert. from i E>25 Gev
L. 0.2~ EJ>25 GeV
multi-jet bgd. and charge r  creassamraae W asymmetry
mlS-ID 04; -+ MRSTOANLO central value
e charge mis-ID rate: ks CTEQRBunestany bend
02% (|778| ~ 0) tO 9% -0_6; I I I | I L
~3 0 05 T 15 2 25 3
(I7e] ~ 3) I
e A(|ne]) in different Et(e) - F
bins: probe different yyy, g o2
(— x) for fixed |ne| E &
. o1 _ ]
e for nearly all |7] bins: <t () 02, L=075 i
R . i L E?>35 GeV
experimental uncertainties of E>25 Gev |
much smaller than CTEQ6.6 E —— CTEQss central value
b d R e MRSTO4NL O central value
an . [ CTEQ6.6 uncertainty band
= expect impact on new PDF 02k
fits with improved precision S S R R} S

3
9l
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e reconstruct yyy distribution Vl({l\) \gyz)
with My, constraint
e weight both v solutions with p_wg’__ ]
probability given by u(x) d(x)
production and decay \ W asymmetry
e iterate as weight depends on et
yw
= improved statistical precision OB
w.r.t. A(n) 075 CDF Run ||Pu.i...i.my_‘rL:lfb'1 E

[ —e— 1fbdata(stat. + syst.)

o for fixed yy=: e+ # N
= different acceptance for
w+t/w-
e W —ev 1fb!
e largest syst. uncert.: e-ID
efficiency, modeling of

hadronic recoil /

provides new constraints on . B I

PDF fits Iy |

w

o
1)

NE H(CTEQE:IM)

PDF uncertainty(CTEQS.1

o
3]

o
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e A _ o(cos @~ >0)—oc(cos§~ <0) | x¥d.of.=10.6/14 I |
FB = o(cos 0= >0)+o(cos 0~ <0) 05 I

6~ = Z(¢—, p) in Collins-Soper

rest frame — PYTHIA

-~ ZGRAD2
e interference between v* and Z
e sensitive to gy 4(q,/) .
-05[—

(— sin? 65H) : ‘

50 70 100 300 500

e exchange of Z’ bosons would Mo (GeV)

;
alter Agg around mz/

$ Statistical uncertainty
Total uncertainty

Z: Arg

0.8 ?AFE uu—ete”
e previous meas.: CDF, 72pb~!, g‘j
PRD 71, 052002 (2005) or |

e DB, 1.1fb1, arXiv:0804.3220 .. [

ot F
e measurement of unfolded Arg  _ . [

o sin’ Hevg from uncorrected Apg - |
fitted to PYTHIA templates B T e T a—T
(full simulation and QCD/EW e'e™ Mass (GeV/c?)
corrections from ZGRAD)
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o Arp — o(cos @~ >0)—o(cos §~ <0) [ x¥d.of.=10.6/14 i |
FB = G(cos#—>0)+o(cos 6~ <0) o5k ’ I

0~ = Z(¢—,p) in Collins-Soper

rest frame — ByTHIA

. -~ ZGRAD2
e interference between v* and Z

e sensitive to gy /4(q, ()
(— sin® 650) " \

e exchange of Z’ bosons would
alter Agg around mz

G Statistical uncertainty
Total uncertaint:
Y Z: Arg

e previous meas.: CDF, 72pb~1,
PRD 71, 052002 (2005)

e D@, 1.1fb~!, arXiv:0804.3220

Arg

e measurement of unfolded Arg z*

e sin® 05 from uncorrected Arg ol (M=500GeV)
fitted to PYTHIA templates Nt 1
(full simulation and QCD/EW L] AN

. 100 200 300 400 500 : ‘600
corrections from ZGRAD) CM. energy (GeV)

Rosner, PRD 54,




w Z/v*— ete forward backward asym.

D@ 1.1fb*

_ o(cos @~ >0)—o(cos§~ <0)
* Arg = o(cos 0~ >0)+0(cos 0~ <0)

6~ = Z(¢—, p) in Collins-Soper
rest frame

e interference between v* and Z
e sensitive to gy 4(q,/)
(— sin? 65H)
e exchange of Z’ bosons would
alter Agg around myz:

e previous meas.: CDF, 72pb~!,
PRD 71, 052002 (2005)

e D@, 1.1fb~ 1, arXiv:0804.3220

e measurement of unfolded Arg
e sin? 45! from uncorrected Appg
fitted to PYTHIA templates
(full simulation and QCD/EW

corrections from ZGRAD)

x?%d.of. =10.6/14 1 1

I

PYTHIA
- ZGRAD2

Statistical uncertainty
Total uncertainty

01
Alh

A(P)

A, (SLD)

0.6

Alh
0,c

Alh

Qe
b

Ay (DO)

500
M (GeV)

0.23153 + 0.00016

0.23099 + 0.00053
0.23159 + 0.00041

0.23098 + 0.00026

0.23221+ 0.00029
0.23220 + 0.00081

0.2324 + 0.0012

0.2326 + 0.0019

0.23

«—— Average
e |
—p—
e
e
N
—_t——
—_—t -
| 1
0.232 0.234

sin? 7"

!
0.236
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’ W mass

o W — ev, uv, 200 pb_1
o PRL 99, 151801 (2007),
PRD 77, 112001 (2008)

e based on mt, pr(¢), Er

CDF Il preliminary L =200 pb”
m; Uncertainty [MeV] Electrons Muons Common
Lepton Scale 30 17 17
Lepton Resolution 9 3 0
Recoil Scale 9 9 9
Recoil Resolution 7 7 7
u, Efficiency 3 1 0
Lepton Removal 8 5 5
Backgrounds 8 9 0
pr{W) 3 3 3
PDF 11 " "
QED 11 12 11
Total Systemahc 30 27 26
Total 62 60 26

My, = 80413 4+ 48 MeV

(stat: 34 MeV, syst: 34 MeV)

= most precise single
measurement

events /0.5 GeV

events /0.25 GeV'

1500

1000

1000

CDF Il preliminary [Ldl:ZOO pb'l

© M, = (80493 £ 48,,,) MeV

3

X%/dof =86/48

['L dt =200 pb™*

M, = (80321 66,,,) MeV

x/dof =72/ 62

500

50
Pr(k) (Gev)

100
m,(ev) (GeV)
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My, / Ty combination

e small changes in Tevatron combination (+3MeV)
— new world average (+1MeV)

e for constraints on Higgs mass: AM; = 1.2 GeV corresponds

to AMy ~ 7 MeV

Mass of the W Boson

Measurement My, [MeV]
CDF-0/1 T 80436 = 81
D@-1 . 80478 = 83
CDF-II e 80413 + 48
¥2/dof=05/2
Tevatron Run-0/I/11 T 80432 = 39
LEP-2* it 80376 + 33
World Av." = 80399+ 25
* (Preliminary)
L I
80200 80400 80600

M,, [MeV]

July 2008

uly 2008 —
— LEP2 and Tevatron (prel.)

80.5- - LEP1 and SLD

68% CL
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My / Tw combination

e small changes in Tevatron combination (+3MeV)
— new world average (+1MeV)

e for constraints on Higgs mass: AM; = 1.2 GeV corresponds

to AMy, =~ 7MeV

Mass of the W Boson
Measurement My, [MeV]
CDF-0/1 e 80436 = 81
D@-1 o 80478 = 83
CDF-II — 80413 = 48

¥2/dof=05/2

Tevatron Run-0/I/I| e 80432 + 39
LEP-2 e 80376 + 33
World Av." = 80399 25
* (Preliminary)
L |
80200 80400 80600
MW [MeV] July 2008

e [y combination
most precise measurement

Width of the W Boson

Measurement Ty [MeV]
CDF-I o~ 2041+ 128
D@-I - ° 2242+ 172
CDF-Il ] 2033+ 73
D@-II* *—j— 2011+ 142
w2 /dof=1.4/3
Tevatron Run-I/II* —@— 2050 = 58
LEP-2* —— 2196 + 83
SM World Av." = 2098 48
* (Preliminary)
L J
1800 2100 2400
T, [MeV] July 2008

: CDF, 350 pb~!
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* W mass update

e preliminary analysis based on
2.3/2.4fb1

higher instantaneous lumi

= > Et in calo increasing
due to larger pile-up

only statistical uncertainties
derived

AMyy (stat) from my:

e: 48MeV — 15 MeV

w: 54 MeV — 16 MeV

= no degradation with higher
lumi

expect improvement in lepton
scale uncert. with M7 calib.
AMz(stat):

e: 67 MeV — 20 MeV

w: 43MeV — 12 MeV

(200 pb~!: scale is mostly
constrained by J/¢ and T)

Events / 2x10% s cm?2

Events / 5 GeV

Events / 0.5 GeV/c?

CDF I preliminary _[L dt=2.4 16"

EWK Physics

N ®
s 8
S 8

@ a
S 8
S 8

n @
1 S
S S

AT R

Wy
(L)=T0x10" st em? My,
ot

Z - e*e’: Inst. Luminosity (10°° s cm?)

TR
100 150

Wt

1400
1200

1000

Inst. L <70 10% s cm?

72/dof = 62/ 50

I i
50 100 150

at the Tevatron
c 241!
200 pb™! T. Nunnemann
LMU Munich
RN
200 250
- data
—MC
W mass
Inst.L >70 10 st cm?
2ldof = 41150
200 250

Z—e'e :X E; (GeV)

CDF Il preliminary jL dt

=23

Amget=16 MeVic?
2ldof =72/ 48

© data
—MC
background

)

920 1

me(uv) (GeVic?)

0



Boson Pair Production

e non-Abelian structure of SM:
probe trilinear gauge boson
coupling

e sensitive to new physics via
anomalous couplings

e Tevatron and LEP
complementary

e at TeV higher V/3 and pr
e sensitivity to different
combinations of couplings

e background to and reference
signal for numerous searches
(H— WW/zZz, SUSY
(trilepton))

e small cross sections
— both CDF/D® have
~ 4.4th~! recorded

Cross-Section [pb]

EWK Physics
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=0?

Tevatron Run Il pp at \'s = 1.96 TeV

W mass

OCDF Preliminary
®CDF Published
oDO Preliminary
*DO Published
WTheory

WZ  2Z  Howw
M,=160 GeV



w ZZ — 4p candidate

Run 232216 Evt 15136574 Mon Apr 1812:01:04 2007

ET scale: 3 GeV
Run 232216 Evt 15136574 Mon Apr 16 12:01:04 2007

1 MET Mem

qu particie

N
pr (GeV) 115 77 42 24
ap n 004 | -101 | 077 | -1.93
candidate | 160 | 426 | 520 | 036
Bl pg By py
My (GeV) 148132 90722
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w ZZ observation

e previous meas.: CDF 1.9fb~!, 4.4¢
PRL 100 201801 (2008)

o ZZ — it 0.l = e p, 1.7fH71

e arXiv:0808.0703
e 3 cand. (2 eeee, 1 ppupupu) with
0.14 bgd. (mostly Z+jets)

o ZZ — U0y, 2.7fb!

e arXiv:0808.0269

e new Fr’ estimator — improved
bgd. rejection

o after ET/ cut: 43 cand. with 26.5
bgd. (incl. 20.3 WW)

e likelihood to discrim. from WW

e observed significance
Z — 't | — vy
5.30 2.70

comb.
570

o = 1.60 + 0.63(stat) "0 15 (syst) pb

2 [ DBRunIL 17" e sedaa
gZ.Sj v 4pdata
L [Isignal
g [ [l background
T 2
g 2r
wor
15F
-
H |
F !
0 100 200 300 400 500
Four lepton invariant mass (GeV)
g
> [D@l7fst &€ G
O10%5 —data
Nlo B A ZIv* 3
2103 [ I other bckg.]
S Owwwz 3
3102 zz E
10¢
1
10? E
L

10.20‘ 20 40 ‘6‘0‘ ‘ ‘8‘0‘ ‘ 1b0
#7 (GeV)
NLO pred.: 1.4+ 0.1pb
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G Triple gauge couplings at the Tevatron

GDF Run Il Preliminary [Lat=191" T. Nunnemann

e WZ production: study WWZ 5 ofreensed ata @2jets LMU Munich
. o] Owz DZ_Z
vertex independently of WWW/~ £ = Er S
. . g s
e 3CP conserwgg coupling g
parameters (gf, Kz, A\z) .
SMiglz:].,I{Z:l,/\Z:O 2
e / pr distribution sensitive to !
anomalous Couplings %0 2 4o 6o s 100 120 140
Z° p; [GeV/c]
Z __ _ TGC
L4 e'g' gl - /{’Z - 0 turns WWZ OACDFRunIIPrellmlnary JLdz:wvb"
vertex off — only t-channel g exch. & |*rcomeneiee rcaorey
. . 0.3
Contn but|on —— with systematics:
0.2
0.1
-0
-0.1-
027 Central Value (-0.04,0.05)

45 4 05 0 05 1 15 2
IS
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g Triple gauge couplings at the Tevatron
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.~ CDF Run Il Preliminary JLdt=191"
) o LMU Munich
e WZ production: study WWZ 30
vertex independently of WWW/~ = ‘ILLLH ffurers
e 3 CP conserving coupling a 171—
5
parameters (g7, kz, A7) i L
SM: gf =1, kz=1,A7=0 3 !
2
e Z pr distribution sensitive to ! LLL\
. : |
anoma|0us COUphngs 0 50 100 150 200 250 300 350 400
7 ZP,/GeVic Tec
e eg. g = rz =0 turns WWZ
0a CDF Run Il Preliminary [Ldt=19 o
vertex off — only t-channel g exch. g **Tos%condence Level reoTey
. . — no systematics
contri butlon 03 —— with systematics
0.2
0.1
-0
-0.1-
0-21 Central Value (-0.04,0.05)
45 1 05 0 05 1 18




g Triple gauge couplings

10

WZ production: study WIWZ

CDF Run Il Preliminary

JLdt=19%"

vertex independently of WW~

3 CP conserving coupling
parameters (g, kz, A7)

SM:gf =1, k7=1, ) 7 =

Z pr distribution sensitive to
anomalous couplings

e.g. glz = kz =0 turns WWZ
vertex off — only t-channel g exch.
contribution

Events / 10 GeV/c

O LN W A A D N ® ©

also sensitivity beyond LEP

0

"

— Data
—— WWZ=0
—— SMWWZ Coupling

—— Summed Backgrounds

50 100 150 200 250 300 350 4

ZP;/GeVic

[Ldti=109fg"

for ZZZ and ZZ~ vertex, § E
e.g. with dijet mass in : o]
Z(— L) .
LEP: |7 < 0.3

— CDF: |f#] < 0.12

CDF Run Il Preliminary

ZZ signal
at LEP limit
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COﬂClUSlonS at the Tevatron
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» High luminosities at Tevatron make numerous precision
measurements possible:
» W mass!
» di-boson production (ZZ observation!) and triple gauge
couplings
» differential W/Z production cross section
» While doing EWK measurements we learn a lot about
QCD:
» constrain PDF sets and event generators
= will help analysis at LHC, especially in the first years
» Both CDF and D@ have ~ 4.4fb~! on tape and more data
will follow while we are waiting for LHC to take over.
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