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= The Tevatron & the experiments
= Electroweak physics at the Tevatron

= W and Z Cross section measurements
(e.n,7)

= W and Z asymmetries

= DiBoson production

= W Mass measurement

= Conclusions and future prospects
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= Single boson pr'oduc’rlon couplings to the fermions
= Diboson production: self- or triple gauge couplings
= Precise Electroweak measurement are challenging:

> Constrain the Standard Model

OR

> Evidence of Physics Beyond SM
= Also crucial as input for LHC physics program:

> Input to Parton Distribution Functions

> Some Tevatron signals will be LHC background

After LEP era we are now into Tevatron era:

> Tevatron is for the next few years the only accelerator

that can produce Ws directly: more W's, WZ pairs,
large sgri(s) and Pt.




— — o JC.
Inz Tzvariror e

-

Run IT: Vs = 1.96 TeV
Started in spring 2001

After a commissioning period,
data "good for physics” since
February 2002
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= Weekly Integrated Luminosity —e— Run Integrated Lumi noswty|

Peak Luminosities above 1 x 1032 cm2 s-! now common
Record: initial lum 1.24 x 1032 cm=2 s-! on March 21rst
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Year 2002 2003 2004 . o
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Taking data commonly Running stably since Feb. ‘02
with > 85% efficiency More than 350 pb-! delivered in 2004
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Tevatron -~

= Tevatron as a vector boson  opp—X)  spps. | Lne
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W W/Z Gaugz Bosons Ldzntificatiorn w
= At hadronic collider W and Z bosons hadronic decays
are overwhelmed by QCD background.

= Identification through leptonic decays

W-=>ev I T
E_>25GeV

Wt signature: Isolated

7\ Energetic Lepton + E% Leptons (opposite charge)
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Trnelusive W/Z Cross Szetions w

Tevatron W — | v cross section measurements Tevatron Z — I' I’ cross section measurements
= +5.0pb
=2687+ o 251.35.0p
Orh,NNLO=2687134pb Th,NNLO
CDF'04 (u) —e 2768+ 16 + 2! + 166 pb CDF'04 (e) - 2558+ 3.9+2%+ 154 pb
CDF'04 (e) —- 2780+ 14+ 85+ 167 pb CDF'04 (u) —- 248.0+ 59+ 31+ 14.9 pb
CDF'04 (e+n) —-— 2780+ 14 + 5+ 167 pb CDF'04 (e+p) —-— 253.9+ 3.3+ 4.6+ 152 pb
CDF'04 (e, plug) —— 2784+ 34+ 167+ 172 pb CDF'04 (1) —a——— 242+ 480+ 26+ 15pb
[preliminary) (preliminary)
CDF'03(z) —— 2620+ 70+ 210+ 160 pb
[preliminary)
D004 (e) —-— 264.9+39+99+17.2pb
(preliminary)
D004 (u) —e— 201.3+3.0+6.9+18.8pb
(preliminary)
E()I%tt %3) —e— 2865+ 8+ 75+ 186 pb
D0'04 (1) —— 252+ 16+ 19+ 17 pb
PO 03 %5) —e—— 3226+128+100+322 pb
preliminal
1000 3500 6000 0 500

hep-ex/0406078 o xB, pb s x B, pb

- Overall good agreement with the NNLO calculations
* Accuracy limited by the systematic effects

* Uncertainties dominated by the luminosity measuremnts (~6%)
Bass - Other systematics: dominated by PDF uncertainties (~2%)




Lzoton Univeesality in W Dzcays

From the measurements of the W — evand W — p v cross sections
obtain cross section ratio U:

c.Br(W->pv)  [(W-spv) g,°

U = = S —
c.Br(W->ev) [(W->ev) 9.° 0, 19,

UA1 1991 §= 1.014£ 012
UA2 1991 —E—O— 1.021 0.06
CDF 1992 —-—%— 0.97:0.07
D0 1999 —-—; 0.98+ 0.031
LEP 2001 i -+ 1.026+ 0.014

PDG 2002 (wfo LEP) —h:— 0.988+ 0.025

91- CDFII Preliminary 2003 —h:— 0.99£0.04

— = 0.99+0.02,, +0.04,

9e . 1
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‘ Tonelipzct W Widin Mzasurzmznts

= Checking internal consistency in the EWK sector of SM comparing
with direct '(W) measurement

v' convert measured value of R= c.BF(W-lv)
into a measurement of the W wid+th: c.BF(Z->I*I")
- % I.S'mll'z4:i¢:tlir'd Modlel El’redlictitlm
G(PP'> Wi F(Z) ‘F(W'>IVI)\ —e— World Average
e This Result 200/pb
—e— CDF Il () 72/pb
Many systematic uncertainties
cancel out (e.g. luminosity) . e . DOlab(e)
ol . CDF la (e)
Channel [ T(W)(MeV) [ [Ldt(pb-')
e+u 2079441 72 L . UA2(e)
" 2056+44 194 o ATEW
PDG 2118141 24
_ 2092.1+2.5 =
IFAE Catania Sandra Leone
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— \ e
‘ £ Asymimerry E/\

Agg arises from Axial and Vector couplings 4 —epp’ o ¢—— @

Z and y interference term \ \
do = A(1+cos”* @)+ Bcos b o e, :
d cosd »Measurement limited by statistics
_ do(cos@ > 0)—do(cos < 0) »Complementary to LEP, far from
" do(cos > 0)+do(cosd < 0) the Z pole
3B »Sensitivity to heavy neutral
Apg :8_A bosons (Z')

»Extract quark, electron couplings
and sin20,,£=0.2238+0.004+0.003

. iLdt=72 pb _

_ 2=15.7/15

Zi+* — e'e MC3
band includes _]

several theoretical]
G calculations

Statistical
Total

L . . R . .
40 60 100 200 300 600

M., (GeV/ e ,
—— e (GeViC ) hep-ex/0501023 I T D R
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Z Asymmeiry & do/dy(Z)

o L= 337 pb- 27
<u_ - S NNLO, MRSTO‘I
0.8 % | 3 03[ } } e Data
- S N o f
0.6 s So0.25[
E 777777 ’—l [ ;
Af {, 0.2
- I 015/
01
D@ Run Il Preliminary -
177 pb ! 0_05:_
e Data ;
ZGRAD B T N
"""" PYTHIA Y(2)
06) ~ Ziou: M = 600 GeV
P - Zowi M= 800 GeV The use of the DO forward
b . ..} calorimeter provides data over
70 80 90100 150 200 250 300 350 400

almost the entire rapidity range
accessible at Tevatron.
Generally good agreement with
IFAE Catania NNLO prediction
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‘ W Chargz Asymmziry

= u quark inside proton carries o Boo

higher fraction of p momentum W W e

at W rest frame

e+

D#s2= €400 Gaies2
—up MRESTZ0OO0ZNLO

e upbar MRIETZO0ZNLO
_._. downbar MRST200ZNLQO

u
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‘ W Crnargz Asyimimzriry

= Production asymmeftry in ppbar->WX is sensitive to U/D
Alyw) = do(W)/dy — do(W™)/dy

 do(W)/dy +do(W~)/dy| JLdt=170pb-"
9 g::%_CDF-II,WOptf
= E35<ET<45GeV
£
7
<L
R
$ 5 — cTEQE.M
5 oof - MRSTO2
. ( ) o dﬂ' (E+)/dn — dg(e_)/dn Q :0:45_ NLC RESBOS (F. Landry, et al. Phys RevD6T-073016,2003)
)= dJ(E"’)/d?}—I—dJ(&‘)/dn VT |T1I lz.s
05— -
charge ID at high |n| is crucial 04 5<E < oey
o.zé— ;

misID probability ~4% at |n| ~ 2

= —CTEQ6.1M
= --- MRSTO2
£ NLORESBOS(F Landry, et al. Phys RevD87.073016 2003)

Bin data in P+ (2 bins) to increase
sensitivity

FAE Catania hep-ex/0501023 || s+ n =
\NFIN FISa
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Divosor oroduction -
=Test Gauge Boson Self Interactions w’w{ :

=SM Higgs searches

*Resonance searches: qukfor:\ceS\i ’ "
with respect to SM in kinematical -

- - ot = W

Complementarity with LEP experiments:
Probing at higher Vs -
Exploring different coupling combination

"WW to probe WWy and WWZ coup.

"Wy to probe WWy coupling

*WZ to probe WWZ coupling

IFAE Catania Sandra Leone
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TIOf)

Uy
Q\
)

Wy (Zy)

For Wy/Zy Photon Id is crucial:
Main backgrounds:

jet—>y fake
rate (CDF)

P, X 1000

N )

ARRAN Ranac
e )
c ]

%
S

N . b
‘\\I\\\I\\\I;

W + jets where -

. Tco_)foY, 1.55 |

- jets faking photon i3 \ %
CDF Fake Rates: R 4‘6“‘5‘0 55 mde'foEt?g;‘};m
0.2% @JetE=10 GeV EM Calorimeter
0.06% JetE>26GeV S CDF E, (y) >7 GeV

D@ E,(y)=8 GeV
AR(y 1)>0.7 |
v <
Cal & trk-iso

- DO Fake Rates:

~ 0.4% to 0.2% decreasing with
E

30 Marzo — 2 Aprile 2005
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Detector

Pre-shower
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Wy Productiorn

— T T T 7/
“o 220F | ER
e200 - CDF ]
anomalous 160 T 14 >
couplings more | =,  .at ot E W Wy
pronounced at N LN E - w N
: C T a ] v
AL 100- o caestcc f]
80, *, ags Wy Iy yMC 4 9 !
hep-eX/O410008 50_ s+ 128 Wy pv yCandidates ] >,\’\~<"7/ FSR
- o 195Wy— evyCandidates
o e d -
40 60 80 100 120 140 q 4

M(1, v)(GeV/c?)

(cluster transverse mass : Mi{lv, #r) = (M2, + |pr{l) + pr(7)[))"* + Br]® — |p7(0) + 5+ (v) + &r |2’>

Events(e+p) | Back(%) o*B(Wy—lvy) (pb) o X By, (pb)

CDF | 195+128 | 35(e),33(n) | 18.1+1.6,,+2.4, +1.2) | 19.3+ 1.4

lum

{ DO | 112+161 |54(e)44(1) | 14.8+1.6 _ +1.0_ +1.0, |16.0£0.4
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W\ teiolz gaugz couslings (2005;%
DO

— [T TTrT | LI I LI CDF %102 E D D ta( h I )
s i . o F —e— Data (e + p channels
. vata -
5 ‘a) - .‘:; 7 3 L Monte Carlo + Backgrounds
V]
Ov & s
Q 102 = 'Y g — a 10:= E Sum of Backgrounds
(2] = . -
£ f i Cliv+jet 51 s
o + =
I.ﬁ =:|= D I I 'Y % 7 1 = T— -
B - o | c
© 10; By £ F
2 i T I | 43 10" jz\jct
E | | | :
< -
1 g_ T o E 10-20 20 40 60 80 100 120 140
: === Et (GeV)

<ot DO Prelim. @ 1.96 TeV

No significant excess
with respect to MC

CP-conserving
effective lagrangian
with 2 coupling
parameters:

(Baur,Berger 1990)
30 Marzo — 2 Aprile 2005

1D limits @ 95% C.L.
~0.93<Ax, <0.97

- 0.22 < /1y <0.22

Tevatron Run 1limit for A improved!

42D limit
*E1D limits




Zy oroduct

]
@
\9
M(l, 1,7) (GeVIc)

No ZZy Triple Gauge
Coupling in Standard
Model at tree level

DO

. Prelim.

2

Main background:

o ee'Y
* ppy

Z + jet where jet
mimics a photon

10?

M(l, 1) (GeVic?)

Events(e+p) | Back(%) c*B(Zy—lly) (pb) | o x Bry(pb)
CDF | 36+35 |7.8(e),5.8(n) | 4.6+0.5,,,*0.3,,, [4.5+0.3 hep-ex/0410008
I
DO | 138+152 | 17(e)15(n) | 4.2+0.4 0.3, |39+0.2 hep-ex/0502036
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@ Zy: nzuiral divoson couolings

e COF e E-(y) Distribution

:b) . e« Data

al Orry
' - M +jet

I W o Ly L Ll
0 10 20 30 40 50 60

1D limits at 95% CL
LEP Tevatron (DO)
-0.049 < hry;, <0.008 | -0.23 <hry;<0.23
-0.002 < hr,; <0.034 | -0.019 < hr,;<0.019

gral: E;>63 GeV

T
[
|  «Inte

Number of Events/(7 GeV)
)
I

—r
I\Il\l T T

E} (GeV) -0.20 < h%4;,<0.07 -0.23 <h?4;,<0.23
10% —
§ [ DO e 005 <h%,<012 |-0.020 < h?, < 0.020
w102 — Qcb
iii —SMI'Ty +QcD hep-ex/0502036
‘°1L Most general ZVy coupling is
1 — parametrized by 2 CP-violating (hy, h,)
o and 2 CP-conserving (hs, h,) complex
? coupling parameters(Baur,Berger 1993).

Tevatron has better limits on h, than
LEP



‘ WYY oroduction

=\lery important for the Higgs '— "™V ¢ 0 v
searches:  gg->H->WW | Ly
=Test of SM: self-interaction

: I TR q NN q W

"Large statistics of WW events
at LEP2 (~10K/expt)

=Run I: only one measurement
with limited sensitivity
(CDF, 5 evts 1.3 £0.3 bkgrd):

Prediction for the cross section:
O(WW'> ”VV)NLO - (12.4 + 0.8) pb

@ 1.96 TeV
O'(WW) - (102 +6.1 52 + 16) Pb Sandra Leone

INFN Pisa



F(pp—oWW —evev) ~ 0.15pb Y

q

= establish the signal

q

=Drell-Yan with fake F%
.W+J6TS/Y (fake Iep’rons) f}'['p]_)—>t7—>evevbl;} ~ 0.1 pb
wtt, WZ, ZZ

IFAE Catania Sandra Leone
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WW Producrtior

) T T T T]

Run IT WW signal established

P(background fluc.) = 2.3*10-7

0 L» _ => ~ 5.2 standard deviations (DO)
/ e DG Runi .
§ CDF Run I 1
- CDF Run | :
B | NLO the|ory (WW) PP W (V)W (qq)

1 | | | 1 1 |
1 _\/? (TeV) 10

‘ DO (224-252 pb™) CDF (184 pb™) |
Process ee L eu ee L el

WW signal |3.42+0.05 2.10+0.0511.10+0.10| 2.6+0.3 2.5+0.3 5.1+0.6
Total BKGD{2.30+0.21 1.95+0.41 3.81+0.17| 1.9*13,; 1.3*16,,1.9+0.4
Observed 6 4 15 6 6 5

c(WW ) =13 8" (stat ) )5 (sys.)| [c(WW ) =14.6"(stat )"y (sys.)

IFAE Catania + 0.9(lum.) pb +0.9(lum.) pb
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WYY Cinzimarics w

- CDF hep-ex/0501050 > - DATA D@
8 DW+Bkgnd O 3 Z/’Y*
: 510
?:— Bkgnd < > WW |
N 5:— —— « Data T 10 QCD, W+jet/’Y
S f L = 184 pb” 0 WZ+27
O S c10 tt
3 4L d>)
£ 21 S
1T} 3:— p L._L
2:— — 10 i ._I-L‘-I-L:__
- L LA
|- — f — L L | Mo B R NR
i Do
Du:' | én/% 60 '{/{nn 120 140 160 180 20 0 m-EI?OG \Y/
|
Dilepton Invariant Mass {Gew:';z] m ( e )

Kinematics of observed events is consistent
with the WW production

IFAE Catania Sandra Leone
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G, WZ and ZZ S

Z
q—»—uvvx<

=final state unique for
hadron machines

q( 9—<—N\A<
V

s(pp—ZZ/IZW+X)™, o= 5.0 £ 0.4 pb

U, v

4

(rcrz

(.\

S
76 < M(I'T") < 106 GeV
1 : 76 < M(IIY) < 106 Ge)

I.v :lepton + E_>20 GeV

v :large E_-significance

4 Lep
Wz/zZ |0.06%0.01
Bkg 0.01+0.02
Bkg+Sig | 0.07+0.02

3 Lep
0.91+0.07
0.07+£0.06
0.98+0.09

2 Lep Comb.
1.3410.21 |1 2.31+0.29
0.941£0.22 1 1.02+0.24
2.2820.35 ] 3.33+0.42

hep-ex/0501021 |_Data ¢

0

3 3

o(pp—ZZ/IZW+X)cpe<15.2 pb @95% C.L.




WZ szarcr

final states W|Th 3 |ep‘|'onS have 7 71 GeV< M(e*e") < 111 GeV
no irreducible SM backgrounds gy
- 50 GeV< M(u-) < 130 GeV
§ o MC WZ
wi— Preliminary
g ¥ _ lepton Pt >/15 GeV
3 0 pee (data)a()——
- / missing Et > 20 GeV
D0(285-320pb-") 3 leptons ch

WZ signal 2.04 +£0.13
Bckgd 0.71 £ 0.08
Expec. Total 2.75+£0.15
Observed 3

I
Ll 'l':;::"F'I"l"'i'E"I'.'I"I"I | REERT ]

¥ W 10 13 140

Dilapéons neuriat wiess {GeVidh

s(pp—ZW+X)<13.3 pb @95% C.L
3 events -> cross section estimate ->

IFAE Catania Sandra Leone
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‘ YW Boson Mass

CDF Run Il Preliminary—

= W mass from fit of transverse
mass distribution

*With L=200pb-!

1500

events /0.5 GeV

ICHEP2004

1000

Already better than RunI CDF mi

80 30 100

A(Mw)~30MeV/c? e S
_ theoretical uncertainties [if not : .
improved | will become important Bl e AT e TTeed

inputs:
Will use next PDFs fits with -
v
CDF W charge asymmetry QED radiation
measurement included vQCD : W Pt spectrum, PDF's

IFAE Catania Sandra Leone
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‘ Conrrioutions tTo W Mass

W propagator includes H, tb, hypothetical new particle loops

80.6

| —LEP1, SLD Data
| - LEP2, pp Data
w W 51 68%CL

| AM,,= 34 MeV

Precise knowledge of M,, .
constrains SM M, as well as 80.2 ——

Preliminary |

130 150 170 190 21

hypothetical new particles m, [GeV]

IFAE Catania Sandra Leone
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CDF RUN II
PRELIMINARY
Systematic ‘ Electrons (Run 1b) ‘ Muons (Run 1b)
Lepton Energy Scale and Resolution 70 (80 30 (87

electrons

CDF RUN 11
# PRELIMINARY|

CDF RUN 11
SRELIMINARY
- 3

>
@
o
]
oS
w
£
@
>
@

events /0.5 GeV

- 2/dof = 69 /58
x2/dof = 64 / 58 B x/do

e : 60
80

100
m,(uv) (GeV)



Wowidtn: dipzer mezasurzmznt %

o 10 DO Run Il Preliminary Direct W width measurements
5 ® Data
o~ — MC+Background
‘ﬂ“ JBackground — e COFRunl 205 +0.1020.08
3l
s OF DO Runl 223 125201
@
B — Tevatron Run| 2.102 +0.106
10° =
- L 2
: :.;s1gnal region: 100-200 GeVie L D0 2004 prefim 2,011 +0.142
10k ° T
e LEPprelim  2.15 +0.091
—— PDG2004 2124 +0.041

=Determine W width using the tail of M{(lv) distribution
= Event counting experiment: 75K W->ev candidates total
v'"Normalization: 50<M<100 GeV/c?

v'625 events 100 < M < 200 GeV/c2 signal region

= consistent with SM and indirect measurements

= Syst. error dominated by EM&Had resolution and underlying event
IFAE Catania Sanara Leone
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Conclusions

= Most of Run I measurements re-established and/or
already improved + new Run IT results:

—W/Z Inclusive cross section, widths, BF in all
leptonic channels
= Significant number of diboson candidate events:

v"Many new results on diboson production -
important steps towards the Higgs searches

—First Run IT measurement of the W width

= New W charge asymmetry data included in PDF2005
fits



Tnz Road Anzad

= Looking forward to high precision EWK
measurements:

— W boson Mass

—differential W/Z cross sections

v'do/dy measurements in Z's will further constrain
PDF uncertainties.

v'do/dp+ in both W's and Z's will further test
QCD predictions.

= Tevatron experiments just starting to explore
potential of Run IT data
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