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Tevatron, CDF and D@

. |
Booster s = 1.96 TeV
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Tevatron

Main Injector
& Recycler
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: € m’ﬁlabpfa Tevatron Coll der

& Vector boson factory:
Rate/week (L ~ 30 pb1)
~700,000 W
~150,000 Z
~400 WW, ~120 WZ, ~50 ZZ, ...

¢ All physics results:
¢ CDF: http://www-cdf.fnal.gov/physics/physics.html

¢ D@: http://www-
d0.fnal.gov/Run2Physics/WWW/results.htm
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Electroweak Results 2007

¢ Single W and Z boson production:
¢ Z 2>t inclusive cross section (DG, 1 fb1)
¢ Z boson rapidity (do/dy) (CDF 1.1 fb1, D@ 0.4 fb1)
¢ Z boson pT (do/dp;) (DG 1 tb1)
¢ W charge asymmetry (CDF 1 fb'1, D@ 0.3 fb1)
¢ W mass (CDF 0.2 fb'1)
¢ W width (CDF 0.35 fb1)
¢ Diboson production:
¢ Wy (CDF 1 fbt, D@ 1 fb1)
¢ Zy (D@, 1 fb?)
¢ WZ (CDF 1.9 b1, D@ 1 fb1)
¢ ZZ (CDF 1.5 b1, D@ 1 fb'1)
¢ WW/WZ —lvjj (CDF 1.2 fb1)
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Single W and Z boson production

¢ Properties of the W and Z bosons

¢ Measure inclusive and differential cross sections
¢ Tests of SM calculations

¢ Constrain parton distribution functions (PDFSs)
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w Z—>717t Inclusive cross section

¢ D@ (1 tbY): Z=>1(>p)r(=>hadron)

¢ 1527 candidates with 20% backgrounds

® o (pp>2)x Br (Z>11) = 247 + 8(stat.) + 13(syst.) £ 15(lumi.) pb

¢ Consistent with SM prediction 251.9*_, 4 pb

¢ Experimentally important for all T studies such as H->tt search

CDF and D@ Runll Preliminary

350
. — NNLO MRST2004

3000 PP — Z+X — ll+X }

mDG(e) e DO(u)
¥ ADGE) © CDF(u)
150 OCDF(e) A CDF()
N Runl WD@(e) e DG(n)

COCDF(e) © CDF(u)
| |

1 11 1 1 l L1 11 I L1 1 l L1l 1 1 I llllllllllll

7 175 18 18 19 195 2 205
Center of Mass Energy (TeV)

Aspen 2008 Junjie Zhu S



Z boson rapidity (do/dy)

¢ Provides a stringent test of QCD

I+ ¢ Both CDF and D@ results agree well
with the NNLO predictions (Anastasiou
et.al. PRD 69, 094008 (2004))

D > ¢ More data needed in order to be
» sensitive to PDFs
Z boson rapidity and the parton momenta: X, , = —Ze"
2 s D, 0.4 b’
20 - B 0.3 Z/y* Rapidity
mqr"""-!'ﬁgfu" I preﬁm.fna.r]r with 1.1fb _tg:: T D@ Run Il Data
- —— NNLO, MRST '04
60} L
5 sl x?/dof=30/30 0.2~ x?/dof=20/27
% L
& 40
%’ * 0.1
20 66 =M, <116
- + : measured o (no lum. uncertainty) PRD 76, 012003 (2007)
10/~ : NNLO CTEQS.1 prediction scaled
to measured o(Z)
u_uu||I|||.I||||I||||Iq..|\!t.ﬁ-}’ﬁ_ (YRR T SN N ST VN U TN [N RN AN M N YA A S S [N Y T S Y W |
0 0.5 1 1.5 2 2.5 3 00 0.5 1 1.5 2 2.5 3
Y Boson Rapidity, |y|

Aspen 2008 Junjie Zhu 6



¢ pT(2)=0 @ LO
pT(2)20 @ NLO

¢ Increased qg and gg
contributions can broaden Z
boson pT spectrum

2

¢ Process involving small- Emission of single high pT parton Emission of multiple soft gluons

Bjorken-x parton(s),
resummation form factor Perturbative QCD calculation
needs to be modified =2

“small-x broadening effect” 08 P e

¢ This effect only shows up for ~ **f No smalxbroadening BLAY)
Zs with [y|>2 (0.002<x<0.006)  cet r——bm——

¢ Expected to be more 308 S— ;
pronounced at LHC = ot ]

02 | ]

0.1 — ‘

qr [GeV]

do'dgy [pb/GeV]

pp — Z°X (Vs = 1960 GeV)

Dominated at high pT (pT>50 GeV) Dominated at low pT (pT<30 GeV)
Gluon resummation calculation

30 I
70 | .
L No small-x broadening (BLNY} ]
60 :_ --- With small-x broadening _:
s0 | ]
CTEQ6M1 1
40 | 1> 2 -
30 | B
20 F -
10 -
p Lo v b by b by v a b n Il
0 5 10 15 20 25 30 35
"h'[c"f\']

Berge et.al. PRD 72, 033015 (2005)
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wz boson pT spectrum for low pT region'

T I D@, 0.98 b All'y 5 013_ D@, 0.98 fb”! lyl>2
2 0.08|- FesBos E A ResBos with small-x effect
S T 008 —— ResBos without small-x effect
-8b 0.06 i D@ data S T * D@ data
B 506 ® B
8 B ResBos from Balazs/Yuan 3 0.06 B y2/dof=11/11
e (PRD 56, 5558 (1997)) o L y2ldof=32/11
= L y2dof=9/11 0.04F
0.02 B Submitted to PRL 0.02

- (@) arxiv: 0712.0803

(e smwaelion pulsqppa o wyaloes slwepel ) : L e s :

0 5 10 15 20 _ 25 _ 30 J 570 152025

Ziy* q_ (GeVic) 2 q, ( Gewc)

¢ Gluon resummation calculations work well for Zs in all rapidity regions

¢ First measurement of Z boson pT spectrum for |y|>2 at Tevatron

¢ First test of “small-x broadening effect” using high rapidity Zs

¢ Our data prefers the traditional calculation without small-x effect included
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m for high pT region HE
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5 107 D@08’ .. ResBos 5 [ D20.98fH’
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3 1otk — — ResBos+KF = 1f ° ResBos !
‘;; - —— NNLO > [ ©° ResBos+KF NNLQ ++%
™ O =
B 40k .-~ Rescaled NNLO 205F = NNLO t
104 F T AL bup-d-dy + H 1
Q E a 0 ._*. ................. q----ﬂ...@..# ¢.¢¢¢ ﬂ .+ * ol
o C s i b ﬁ]
10°F - |
- Submitted to PRL -0.5 :— NNLO calculation from Melnikov/Petriello
10 arXiv: 0712.0803 L (PRD 74, 114017 (2006))
o (a) -1 (b)
10 E-I L 1 L I 1 1 L 1 I ] 1 L L l 1 1 1 1 I 1 1 1 L I 1 1 L 1 1 1 11 I 1 1 1 L1 1 11 l L
0 50 100 150 200 250 1 10 102
Zy qT (GeV/c) Z/y* qT(GeV/c:)

¢ Normalized differential cross section (1/cxdc/dp+) for pT<260 GeV

¢ Highest center-of-mass energy measurement of Z pT over the largest phase space
available to date

¢ Overall uncertainties greatly improved compared with D@ Run | measurement
¢ Disagreement of the data and NNLO calculations for pT > 30 GeV
The NNLO calculation agrees in shape with the data

4
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W charge asymmetry

eu+d>Wr U+d>W 307w W'
¢ u quarks typically carry more of a ~ 251
proton’s momentum than d quarks 5; 20
¢ Use W’s to probe the proton structure '% 1.5
doW™*)/dy—-do(W™)/d T 1.0
A(y) = (W+) ) (W_) ) Js=1.96 TeV
doW™)/dy+do(W™)/dy 0.5 :
¢ A(y) sensitive to u(x)/d(x) 0.0 ; 2 ‘1 0 1 2 A
¢ W lv = A(y) difficult to measure Rapidity y
¢ Lepton charge asymmetry: convolution 1.0 ]
of W asymmetry and V-A interaction g'z bl
from W decay > 0.4 |
do(1)/dy—do(l7)/d § 02 \_ .
A= (I+)/d77 d (|)/o|77 £ 00 \/A .
o(”)/dn+do(l”)/dy = 0.2 |
< 0.4 |
06 t
0.8 .‘: Lepton |
-1.0
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DO Lepton and W charge asymmetry

¢ D@, W — uv: muon charge asymmetry ¢ CDF, W — ev: W charge asymmetry

¢ Experimental uncertainties are already ¢ Reconstructy,, distribution using W mass
smaller than or comparable with the constraint

CTEQ uncertainties in some regions ¢ Weight the two solutions by taking W
boson production and decay into account

:DQ L-03fb-1 Eua:llll IIII|IIII|IIII LI IIII:
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% W Mass and Width

¢ CDF:W — evand W — pv using M; spectrum

M; = \/2 pTI pTV(l_ cosg,)
¢ Simulate M.(ev/ pv) distribution with a fast
parameterized MC
¢ MC simulates QCD and QED corrections

¢ Utilize real data to calibrate the detector
response to lepton and recoil system,
parameterize the responses in fast MC

050 55 60 65 70 75 80 85 90 95 100

¢ Fit M; templates (with W mass and width Transverse Mass (GeV)
varying) to the data CDF Il Preliminary ( 350 pb™')
. I - .
¢ Good understanding of the lepton and recoill § il e qemplate: Ty, = 2.5
system is the key: I MG bkt T 2 16
& Muon momentum scale and resolution (Jhy,Y, € ..[ -/ Bokod
Z—>up resonances) E

¢ Electron energy scale and resolution (E/p in
W—ev and Z—ee resonance)

¢ Recoll system response (Z—ee and Z—pup)

50 100 150 200
Aspen 2008 Junjie Zhu M; (GeV)



DO W Mass

CDF Il preliminary _[.'_ dt ~ 200 pb™ CDF Il preliminary jL dt ~ 200 pb™
> > E
o L ]
° I PRL 99, 151801 (2007) © 1500 f
S o~ L
P S L M,, = (80451+ 58_,.,) MeV
> | o
5 10007 3 1000 y2ldof = 63 / 62
500 — M, = (80349 + 54_,_,) MeV 500
v*/dof = 59 / 48
% S I 100 % 40 50
m.(uv) (GeV) E;(e) (GeV)
CDF Il preliminary _[L dt ~ 200 pb™ MW = 80413+48 MeV (0. 06°/°)
> . Ld
g L ' Single most precise measurement to datel
& - CDF Il preliminary L = 200 pb”
2 L = (80396 + 66_,,) MeV
£ 1000 Mo = ) m; Uncertainty [MeV] Electrons Muons Common
e L
S P — |Lepton Scale 30 17 17 |
° i x'fdof=44762 Lepton Resolution 9 3 0
Recoil Scale 9 9 9
Recoil Resolution 7 7 7
500 u, Efficiency 3 1 0
Lepton Removal 8 5 5
Backgrounds 8 9 0
pr(W) 3 3 3
PDF 11 11 11
%‘_—_'—‘_‘_‘_‘_i_‘_‘_'_'_'_‘—1—'—-—-'—._ . . QED 11 12 11
0 40 % i) (GeV) Total Systematic 39 27 26
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CDF Il Preliminary ( 350 pi::i'1 )
B Iw = (2118 + 60) MeV
2Idof [fit range] = 19/21
x2idof [full range] = 32/29

10*

= Data
— W MC + Bckgd
Bckgd

10°

#Events/5 GeV
#Events/5 GeV

102

10

50 100 150 200

M, (ev)(GeV)

¢ CDF, 350 pbt e +u channel:
Iy =2032 £ 73 (stat + syst) MeV

Most precise single direct measurement!
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W Width

CDF Il Preliminary ( 350 pl:)‘1 )

104

103

10

Ty = (1948 i 67) MeV
2ldof [fit range] = 17/21
x2Idof [full range] = 21/29

= Data
— W MC + Beckgd
Bckgd

50

150 200

100
M, (uLv)(GeV)
ATy, [MeV]
Electrons Muons Common

Lepton Scale 21 17 12
LCepton Resolution 3 26 -
Simulation 13 - -
Recoil 54 49 -
Lepton ID 10 7 -
Backgrounds 32 33 -
pr(W) 7 7 7
PDF 20 20 20
QED 10 ] ]
W mass 9 9
Total systematic 79 71 27
Total 99 98 27




Summary for M, and I"

W-Boson Mass [GeV] [MeV]
2231+ 172 o D& (RUN-1)
TEVATRON 80.429 + 0.039 2052 £128 - CDF (RUN-1)
2011+ 142 = D& (RUN-2)*
LEP2 80.376 + 0.033
2032+73 —=—t CDF (RUN-2)
+
Average fo]zg)ogi * ?-025 2037 + 65 — CDF (RUN-1,2)
NuTeV — ——a— 80.136 £0.084 2050 + 59 —a TEVATRON*
LEP1/SLD - 80.363 £ 0.032 <l = LEP2
2097+ 48 SM World Av
LEP1/SLD/m, N 80.360 + 0.020 S * : Preliminary
= e g e 18 19 2 21 22 23 24 2
m,, [GeV] Ty [GeV]

World average uncertainty for M, reduced by 15%: 29 — 25 MeV

World average uncertainty for I, reduced by 22%: 60 —» 47 MeV

The Tevatron has now the best measurement of I"

May soon surpass the combined precision of the LEP2 experiments on M,

By the end of Run Il, M, from Tevatron is expected be known better than
25 MeV

® 6 6 0 o
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Effects on SM Higgs mass

[ T I T I | I I T T | I I I I I ] I T I | I I T _]
80 70 | experimental errors: LEP2/Tevatron (today) _
i B68% CL i
Z 95%. CL i
8060~ ______ gg97%CL
® 80.50
S,
=
=
80_40
80.30 _
MSS ]
80.20 both model ]
Heinemeyer, Hollik, Stockingar, Weber, Weiglzin 'D6 7
1 [ L 1 | 1 1 1 L I. 1 | 1 1 1 [ L 1 1 1 1 1]

160 165

¢ Constraint on SM Higgs mass:
¢ Expect a light SM Higgs

Aspen 2008

170 175
m, [GeV]

m, = 76igi GeV (< 144 GeV at 95% C.L.)

180 185
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Diboson production

¢ Measure cross sections
¢ Probe gauge boson self-interactions
¢ consequence of non-Abelian nature of SU(2),xU(1),

¢ Sensitive to new physics in TGC (trilinear gauge couplings)
¢ Tevatron complementary to LEP
¢ Explores higher center-of-mass energy than LEP
¢ Different combinations of couplings

¢ Backgrounds to Higgs, top, SUSY
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D& Wy production

¢ Sensitive to WWy coupling

¢ Variation in Wy production would be v
sign of new physics o . 1 9. WWy Vertex !
& Particularly high Pt photons AR Sow & ““
v L VAVAVAVAY, v
CDF Runll Preliminary 1/fb s Y P > TGC 4 y
8wl e e evene o 7
I St 7
:,: “,!_ B W > Ty
-E 10
¢ D@ preliminary M+(lvy) > 90 GeV
g uchannel: oW — nvy)=3.21 + 0.52 pb
o e channel: o(W — evy) =3.12 £ 0.42 pb
° " oill channel Photon E, (GeV) theory: o(W — lvy) =3.21 = 0.08 pb
Combined Channel I
310° e Candidate Events ¢ CDF preliminary 30 < M{(lv) < 120 GeV:
2— J —— SM MC + Background e + |38 Channel G(W —> IVY) = 1803 i 283 pb
§10 g Background '[heOI‘y G(W —> IV'Y) = 193 i 1.4 pb
E 1OE— 2
“E = 2
1E 2
g e .g
I Junjie Zhu 18
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D& Wy: Radiation Amplitude Zero

¢ Radiation amplitude zero: caused by the — geo=
interference among the tree-level diagrams ¢ **

m—— Standard Model MC

*\ — 50.018 m— Anomalous Goupling MC: k=-1, =0
at 905(6 ) =+1/3 &
¢ 0*is the angle between the W and the oo~ DO Preliminary, 000 pb”
direction of the incoming quark o012

W 0.01

0.008
ey 0.006

q—, "+—(q

) 0.004
C
Y 0.002

Anomalous coupling

& Measure charge-sign photon-lepton rapidity | S b T (vdon chrger )
difference Q x [n(y) - n()], not 6* | e
¢ Test of the SM gauge structure: anomalous ﬁlﬁomb'”ed came [/doi=16/12
WWYy couplings can fill in the dip £ [ | o Cancidate Events — 3
¢ The probability of the dip is found to be in 5 | smuc - Background — | =
the range of 80% - 90% 100" |, paogroms | 2
¢ Firstindication of RAZ in Wy events at D@ & f g
80— D@ Prellminary, 900 pb' g
60 %Q + 2
40— _;__l_‘ | I %
B | S
OT‘:.lq. ||-!]|| |2|||||1||||u|||||||||||||||||||%E
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D& Zy production

SM allowed
¢ 968 candidates with 116 +13 backgrounds : $;<
7, 4
¢ Cross section for Zy — lly with photon y v
E.>7GeV, AR(1»)>0.9, M(ll) >30 GeV . Ty
Measured: o( Zy — lvy) =4.96 = 0.42 pb SM FSR SM ISR
Theory: o(Zy—lvy)=4.74 + 0.22 pb SM forbidden
~1
<
%‘ g Y
e 0*
10°E X
Eg % F (b) DO 1fb I—'-—Z(‘a’} — lly data
u>.| 102;‘ -~ Z+jet background
- — SM MC + (Z+jet)
10 10¢ "
- - |
1 -
10-'%

R i N ! | N N ) | ! 1 : |
M, [GeV] 10% 200 400 600
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Imits on anomalous ZZy and Zyy coupling

& Various SM extentions predict large values of =& |
the trilinear couplings of ZZy and Zyy 0.02

¢ Use photon E; spectrum to set limits on
anomalous ZZy and Zyy couplings

(@) Zyy D@ 1fb"

0.00—
o —— Z(y) — Ily dat -1 i
:Ié.; Z:T:at_;ar::kga::und D@ 1fb 2D950/CL limit
u>J 10°E ==7(y) >y sm MC(h] =0,h} =0) + (Z+jet) S : o C.L}
..... Z(y) — Iy MC(h_ =-0.18,h, =0.016) + (Z+jet) -0.02 —- PLB 653, 378 (2007)
102 . 1 I 1 1 1 I 1 1 1 I 1 1
-0.2 0.0 0.2
: . ¥
10 8 ; hs
1 NS
o 0.02
10" L
10.2 1 1 1 1 IE"--'l ---- L 1 “".t | 1 L 1 1
100 200 300 0.00
E, [GeV] _
¢ These new limits represent a significant - (]
Improvement over previous results 0.02 1D 95% C.L. limit
- : L Oth I t to SM val
¢ The limits on h,,(V) are the most stringent to date o P R O S e

-U.EI | 0.0 I | D!2 |
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w Evidence for WZ

‘ WZ Invariant Mass vs. Missing E_
p ’3“180:_ DO Run II
I 1 * WZ Candidates
e 1fb '
E 1405_ I:l WZ Monte Carlo
= T ) - Background
120-Accepted by PRD ——
P 1oo-arXiv; 0709.2917 -
NLO: ¢=3.7+£0.1pb ©C . - k.
o ol e e o
sof- D mam ; el
. P . . - - - - -
¢ Unique sensitivity to WWZ coupling - e EE e, - -
20—
‘ Flnal State Wlthge/H and met G:JIII]IIllIIIlIIIIIIIIIIJ]IIJJIllIIIlIIIIIIIIIIJJI
. . 40 50 60 70 80 90 100 110 120 130 140
¢ DO observed 13 candidates with 4.5 bkgs Invariant Mass (GeV/c?)
¢ 3 o significance —
M d . . Final Number of FExpected  Estimated Overall
L4 easured Ccross section: State  Candidate Signal Background  Efficiency
Events Events Events
+
O'(WZ) 2. 7 pb cee 2 23402  1.2x01 0.6 = 0.02
£eft 1 22x0.2 .46 + 0.03 0.17 £ 0.02
e o 2203 20404 0.17 £ 0.03
g 2 25+04 (.86 = 0.06 0.21 £ 0.03
Total 13 9.2=x1.0 4.5 +10.6
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B% Observation of WZ

CDF Run Il Preliminary j Ldt=1.9fb"
‘© Region: Signal . 4 . _ _
3 1| ey ;z‘ets ¢ First observation of WZ process with a 6c
- 18z B significance using 1.1 fb! data (PRL 98,
5 161801 (2007))
L . . .
R ¢ Updated this analysis using 1.9 fb-! data:
4] Source Expected = Stat & Syst + Lumi
" Z+jets 2.45 + 0.48 + 0.48 £ 0.00
;AL ZZ 1.53 4+ 0.01 + 0.16 + 0.09
%0 50 60 70 80 90 100 110 120 130 140 Zv 1.03 & 0.06 &= 0.35 £ 0.06
M, [GeV/c] tt 0.17 £ 0.01 £+ 0.03 & 0.01
S, 10t ey LD WZ 16.45 + 0.03 + 1.74 + 0.99
3 | - Data  WZ+jets Total 21.63 4= 0.48 4 2.25 = 1.15
o Owz [@zz
|y W Observed 25
2 104|
s | +1 3
& oc=43" (stat) + 0.4(syst.+ lumi.)pb

104

0 10 20 30 40 50 6070 80 90 N
E. [GeV] Junjie Zhu 23



wLimits on Anomalous WWZ couplings

Events / 10 GeV

¢ WZ production probes the WWZ coupling directly
¢ Z boson pT sensitive to TGC

) CDF Run Il Preliminary [ Ldt=1.9f" CDF Run Il Preliminary fLat=19m"

=y
o

0
Data > ] Dt g —— WZ Candidates DG, 1fb"
9 WWZ =0 g —— SM WWZ Coupling o 14 Standard Model MC
8 —— SMWW?Z Coupling T 6 Summed Backgrounds 0 ............. ACMC: A K, = A gZ =-0.25, A‘Z =-0.25
. Summed Backgrounds _% i _ i; : 320 g 12" ...... . ACMC:Ax, =A g% =0.50,A, = 0.25
6 z %=023 ~ 10- :
ﬂ [ | e .E
5] 5 T g
44 > [ c
W 6 P
3 i I i 3
o] 4;_ x%
s o T W 5
5 2:— L 6
0-F——rr——"rt——rr e e -_|_-_-‘_;-__-_‘|;-_-—i|_--w_- |||||||‘l|\|I}IIIIII<II\I.T-\\Ilrll:lll
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 % 20 40 60 80 100 120 140 160 180 200
ZP,/GeVic ZP,./GeVic Z P (GeVic)
CDF A=15Tev A=2.0 TeV D@ A=15TeV A=2.0 TeV
-0.14<1,<0.16 -0.13<1,<0.14 -0.18<1,<0.22 -0.17<1,<0.21
-0.17<Ag,%<0.27  -0.15<Ag,4<0.24 -0.15<Ag,4<0.35 -0.14<Ag,%<0.34

-0.86<Ak,<1.36  -0.82<Ak,<1.27  -0.14<Ax,=Ag,?<0.31

best limits to date on WWZ TGC's
Aspen 2008 Junjie Zhu
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w Search for WW/WZ—lvj|

¢ WW/WZ seen only in leptonic channels so far o CDF RUN Il Preliminary
¢ Topologically similar to WH : —
¢ Bkgs: W/Z+jets, QCD, etc ),
¢ S/B < 1% initially B -
# Use a NN to increase significance by ~30% in 3 ]
the signal region 8 r -+, il
¢ Parameterize dijet mass shapes (signal shape ‘E . o Data
fixed with MC, background shape contains free & - ~barkground (o Data)
paramete rs) E 15016 data events
# Do an unbinned likelihood fit on data stnf #10:212 signal ovris
Ldt=1.2fb" CDF RUN Il Preliminary O R e e

300

Dijet Invariant Mass (GeV)

250

* Data background subtracted ¢ Statistical significance of 2o
— Signal shape for fraction fg .
Measured cross section:

¢ oy wzX BIW=2Iv, WIZjj) = 1.47 +
0.77(stat.) £ 0.38(syst.) pb

D & Theory: o\ywzX BIW=2>Iv, W/Z-jj) =

+ 2.1+£0.2pb

¢ 95% CL Upper limit: o x Br < 2.88 pb

200

4

i f statistical error
150

I\I‘\II\|HII‘I\H —

100

50

# Events / 16GeV

0

=50

1 | 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 1 1 | 1 1 1 |
60 80 100 120 140 160
Dijet Invariant Mass (GeV)
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% First evidence for ZZ

¢ No self coupling of Z bosons in SM —_— o
¢ Produced in t channel T

q e

et

SM: 6=1.6+0.1pb

4 £+

¢ ZZ - 4 charged leptons

¢ CDF (1.5 fb1) observed 1 event with 0.03 +
0.02 backgrounds

¢ 2.2 o significance

¢ D@ (1 fb1) observed 1 event with 0.13 +
0.03 backgrounds

& o(ZZ/Zy") < 4.4 pb

I I I I 1 I I 1 1 1
04 02 0 02 04 04 02 0 02 04

¢ Set limits on ZZZ and ZZy* couplings i | i
# The first bounds on these anomalous ,S“,bm,'“‘?g tO PRL arxiv: 071?-05[3?”1
couplings from Tevatron oaf © | @ |

& Limits on f,(Z), f-,(Z) and f.,(y) are o /—\ I :
more restrictive than LEP results - U I ;

0.4F

04 02 0 02 04 04 02 0 02 04
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Adding the Il+vyv Channel

¢ CDF also looked at ZZ - 2 charged
leptons+2 neutrinos

¢ Larger production cross sections

. CDF Run Il Preliminary _[ Ldt=1.1fb"
.0 Higher WW, DY bkgs s [ Jp—
¢ Signal Extraction: o ] Oz @w
¢ Use matrix element method to define £ " &5 Bm B'g;""ts
event probability 2

¢ Use event probability to define likelihood

ratio (LR): 10-
- P(Z2) 5
P(ZZ) + P(WW)
¢ Fit to extract signal 1]

¢ 1.9 o significance

¢ Combination with 4 lepton channel
¢ Use binned-likelihood
¢ 3.0 o combined significance

_ +0.71
0(£Z)=0.75" O.54pb
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W charge asymmetry
Experimental errors close to or

better than CTEQ PDF error
New method developed

W mass and width )
Best single measurement ¢
Mass improved by 15%
Width improved by 22%

Z =11 Cross section
Consistent with SM
Important for H 21t

Z boson rapidity
Consistent with NNLO
More data needed to be
sensitive to PDF

Electroweak Results 2007

Wy

Cross section
Indication of radiation
amplitude zero

Tevatron Run Il pp at \s = 1.96

Prf’elimirinary

Zy

Cross section

Limits on ZZy and Zyy
couplings

WW/WZ

— Ivjj
First observation

Limits on WWZ couplings
/7

First evidence
Limits on ZZZ and ZZy*

Z boson pT
Gluon resummation calculation
works well for all rapidity regions

Data higher than NNLO predictions

for high pT region
Aspen 2008

Junjie Zhu

couplings

Constraint on SM Higgs
m, = 76", GeV
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