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Why Electroweak Measurements?

=Precise Electroweak predictions
«Challenge for Electroweak physics measurement
»Constrains the Standard Model
OR
»Appearance 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 stepping into Tevatron era:
N(Z)@Tevatron > N(W)@LEP



Production Processes at Tevatron

Rate @L=10%2cm2s-"

o(ori—x) [ o(pb) | (Hz) | Evts/Week
0 G_M bb ~108| ~10¢ 6.10°
E oy |Woev, [~2700 ~0.3|  ~2.10°
1mb ' Z—ee ~250 | ~0.03 ~2.10%
Wy—evy| ~20| ~0.02 ~103
1ub WW ~10| ~103 600
| Zy—evy ~4 | ~4.10 240
P tt ~6 | ~6.10 360
1pb Yield ~10% Ws , ~103 Zs
| L . Outline:
0.001 0.01 0.1 1.0 10 102 W and Z cross sections
\s (TeV) *Asymmetries (W and Z)

*Diboson production
*\W mass measurement



W/Z. Gauge Bosons and Event

Topology

proton

At hadron colliders
Use clean leptonic decays

E>25GeV
g W * energetic lepton +ET

Electron

'\ 1 --._Neutrino
. S~

antiproton

-

2

anfiproton : «}4—@_“

/Z energetic opposite sign leptons

7

P.1>20GeV

44

P.u>20GeV.



nclusive W/Z Cross Sections

. Stirling, Van Neerven et al. {NNLO} | L P | P | L | L | H
] Stirling, Van Neerven et al. (NNLO)
242.0 +48.0 +26.0 £15.0

e ——@— (L= 72pb”) - 2620 + 70;_2;33; ,1160

253.1+4.2+77+15.0

H -9 0= 19400 I ‘8- 2786+ 12{,1” ?gzpl‘%ﬁ
2549+ 3.3+46 J_r15.10 2874 + 34+ 167 + + 172
e+ -9 (L= 720b") e (plug) -@~ (L= 64pb”)
255.8+ 3.9+ 5.6 +15.0 2775+ 10+ 53 + 167
e -9 (L= 72pb") e+p - (L= 72pb’)
248.0+ 5.9 + 7.6 +15.0 o 2768+ 14+ 60+ 166
M -& (L= 72pb”) - (L= 72pb")
2768+ 14+ 60+ 166
o b b b b a g H - (L—TE’p.trJ
100 200 300 400 500 600
s(pp— Z) x BF (Z— 1 1) (pb
(pp_‘})x {_})(p:l |IIII|IIII|IIII|IIII|IIII|II
o(pp—Z)XBF(Z=lI =251.3+5.0pb 1000 2000 3000 4000 5000 6000
(PP—Z)XBF(Z—ll)7h nnio p {5 W) BF (Wos 1) (ab)
Good agreement with NNLO
-Systematics limited measurement o(pp—W)XBF(W—Iv), nnLo=2687+54pb

*Uncertainties: Luminosity (6%)
PDFs(2%)



20 Years of W and Z at hadronic

colliders
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Indirect W Width Measurements

Checking internal consistency of SM with
direct I'(W) measurement

R: cross section measurement ratio:
R= G.BF(W->'V|)
c.BF(Z->I*1)

Many systematic uncertainties cancel
out(Luminosity)

o(pp->W) T(Z)  [D(W-slv)

R = \—I
o(pp->Z) F(Z->l

——

CDF Il (1)

——

| —> IStalndall"d Modlel E;redlictitlm
—e— PDG

e Ihis Result 200/pb
DO la-b (e)
CDF la (e)

. UA2(e)
UA 1 (e +p)

72/pb

|
2

|
2.1

| s
2.2

| s
2.3

2.4
rw), GeV

Indirect W Width measurement

Channel | T(W)(MeV) | Ldt(pb-)
e+i 2079x41 72
u 2056144 194
PDG 211841

SM Pred. | 2092.1+2.5




/. Asymmetry

Agg arises from Axial and Vector couplings
Z and y interference term

do = A(1+cos’ @)+ Bcos 8
d cosf

_do(cosf>0)—do(cost <0)
® do(cos@ >0)+do(cosd <0)

AFB:3_B
84
i 15 L | . , :
< - = -1
08 JLdt=72 pb -
045 | . E
0.2} i {“Hﬁ x“=135.7/15 E

M., (GeVic?)
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»Measurement limited by
statistics

»Complementary to LEP
measurement far from the Z pole
»Sensitivity to heavy neutral
bosons (Z')

»Extract quark, electron
couplings and sin20,,Fff
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W Asymmetry |
Sensitivity to PDF distributions(u/d ratio): Wn AW
u carries more momentum than d LL
Alyw) = do(W)/dy — da(W™)/dy

W= Qo (W) [dy + do(W-) /dy .

I 1
0 m

Observable quantity is lepton rapidity:

Convolution of W asymmetry and V-A interactions () =
Charge ID at high |n| is crucial: Use of calorimeter
seeded tracks

do(et)/dn — do(e”)/dn
do(et)/dn + do(e™)/dn

0.5

= CDF-II, 170 pb' 05 E e 170 oF
g':i 25 <E;<35GeV JLdt=1 7()pb'1 04535 <E < 45pGeV
= 0.3
; 0.2 ; - 0.2
Qo E = 02F
£ 0.1 Q o1
= ] W T £ 0
S 0.1 € oiE
o = — CTEQ61M > 4o — CTEQEAM
< 2= ... MRsSTO2 & P - wmRsTO2
-gjg NLO RESBOS (F. Landry, et al. Phys.Rey’ 57.073016,2003) -0.4 ;— N0 RESBOS(F Landr, et el Py RevDoTO73010,2002)
:0:55 Y U S Y L AN S— E—
0 0.5 1 18 2 25 el

Mel

Lower E-: decay asymmetry enhanced Larger E: electron direction closer to W

direction.
Production asymmetry enhanced.



DiBoson Production W«*\‘i

&Test Gauge Boson Self Interactions W. 2.y

o W
&#SM Higgs searches j;)_ H_ {
FResonance searches: Look for excess in o W

kinematical distributions: E+(y) , 3body mass, {
lepton P; '

W
N we <
Complementarity with LEP experiments: 3 /
Probing at higher s '

W-yfinal state

........ E{(y)>7 GeV

For Wy/Zy Photon Id is crucial: AR(y,1)>0.7

Main backgrounds: Iny|<1 1

n®—vyy, jets faking photon Cal & Trk Iso
Pre-Shower Shower |G
Detector Maximun

Detector



Wy Production

\q\.!f wo A ¢

S et N
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E-(y) Distribution

Events(e+y) | Back(%) | c*B(Wy—lvy) (pb) G X By (pb)

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

lum

CDF Run II JLdt=200 pb-'"  Baur, Han, Ohnemus(1993,1998)



° q N j P

Zy Production \{:N\/
I 61// Z \\\l+

CDF Runl i
q ¥
Non SM process!
q\ /l_
N\ Jo~7
VAV VeV m
/o 0\

Events(e+y) | Back(%) co(Zy)*B(Z—ll) (pb) G X B(Th)(pb)

36+35 7.8e,5.8 4.6+0.5(,¢ 0.3}y 4.5+0.3




CDF Run i

+ 35 Zy— nuy eventﬁs
+ 34 Zy— eey euenf
Zy— 1y MC
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O 200
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Number of Events/(7 GeV)

/vy Kinematical Distributions

~ E+(y) Distribution
'b)
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WW production — 7~ .
Zy
k 4
»Interesting Signal ————AA W
»Background in SM Higgs searches W
»Probe for new physics

IMQE T T T I e ) l*lllE H Z,,G
- Vector boson pair production in pp and pp " vy ]
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/4 - CDF Run | -

vy/a - —NLO theory (WW) -

11 .". =E | 1 5|_ 111 I1||:|. 2]n. | | 5'[} L il Iluu 1 1 ‘ | | ‘ | | | |10

Vs[TeV] _\/? (TeV)

17 candidate events
Estimated Bkg 5.0%22

S(WW)=14.6 o7 (stat) o (syst)£0.9(lum) pb

o(pp—WW)y o=11.3%1.3pb

JLdt=184 pb’

Looking for WW—(qq’) (Iv))

final states
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»Probe for new physics
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S(WW)=14.6 22 (stat) o (syst)+0.9(lum)pb  final states
o(pp—oWW), ,=11.3+1.3pb



WZ and ZZ Searches

7 v

q —>—¢W\<,\ . 76 < M(I'T) <106 GeV Entangled Processes

70w ,/15 vl P76 <M(T) <106 GeV

q0) \ vV :large/ﬁT-signiﬁcance
LW lv :lept0n+E/T>20GeV
JLdt = 194pb o(pp—ZZIZW+X)y 5=5.0£0.4 pb-
4 Lep 3 Lep 2 Lep Comb.

Wz/zZ |0.06+0.01 | 0.91+0.07 || 1.34+0.21 | 2.31+0.29
Bkg 0.01+0.02 | 0.07+0.06 || 0.94+0.22 | 1.02+0.24
Bkg+Sig | 0.07+0.02 | 0.98+0.09 || 2.28+0.35 | 3.33+0.42

Data 0 0 3 3

Extracted a limit for cross section
Measurement possible with available collected statistics

S(PP—ZZIZW+X)epe<15.2 pb @95% C.L.



W Boson Mass

Bound to SM Higgs Mass

Indirect searches of physics BSM
Need accuracy better than 103
Fit of transverse mass distribution
(W) direct measurement

events /0.5 GeV

1000
LRSI

1500

500 4

CD* Run Il Prelimirary
P

y*/dot =69 /58

"'
'\-.‘.
Foten,
| L L | ey

0

Result:
With L=200pb-" AM,,=76 MeV/c? (e+u) combined

—Already better than Runl CDF

With 2fb-! expect A(Mw)~30MeV/c?
Will use next PDFs fits with CDF W charge

100
m.(ev) (GeV)

asymmetry measurement

m,, [G3V]

80.6

80.5 1

80.3 1

80.2

— - —
—LEP1, 5LD Data
.-'#: ._f;
B8% CL S
Y4
1 - - . ;,r“' ,r"j
GM, =34 MeV
[GEU] .-I- .-": » + -
14 SUG 1000"  Preliminary
13[] 15[! 170 190 210

Top Mass(GeV/c?)

oW O



Perspectives and Working Areas

Electroweak physics program at CDF goes well

@ Inclusive cross section, widths, BF in all leptonic channels.
Working on Differential Cross Sections

@/ asymmetries
Quark gauge bosons couplings

2@W asymmetries
Shall be included in 2005 PDFs
W Rapidity reconstruction

\ @Diboson production cross section (increase statistics)

Extracting Triple Gauge Coupling
Looking for hadronic final states WW—(qq’)(lv,)

@W Boson Mass Measurement: unveiling the central value
Direct I'(W) measurement



O fortunati, quorum iam moenia surgunt!

Verg., Aen., 1437

Electroweak Runll Publications

hep-ex/0406078: “Inclusive W and Z Cross Section”
hep-ex/0501023: “W Charge Asymmetry”
hep-ex/0411059: “Z Forward Backward Asymmetry
hep-ex/0410008: “W gamma, Z gamma production”
hep-ex/0501050: "WW Production”
hep-ex/0501021: “WZ/ZZ Searches”

7



Backup Slhides



The Run II CDF Detector

Front end
Trigger
DAQ

..
=t

R

Offline

Ay

Silicon and drift

calorimeter

Forward muon



Peak Luminosity (X10%2cm~s-')
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Z. Boson Cross Sections(e, L)

Electron Channel
Electron |n|<2.8

E>25 GeV
|CMUP Muon+Track Invarant Mass
NUSOO__ % 600; —DATA '{‘ Entries 3568?
“:3-; C « Z > ee DATA (4242) © ool MC 1
9400:_|:| Z—ee MC CDF Run Il Preliminary % ' bt
e f IL dt = 72.0 pb”’ £ ool t
300 | s |
;_ soof 4
E 200:- +
o - 1
- : t 4
- 100} A |
20 50 60 70 80 90,100 110 120 130 I +++F+ .
M.. (GeVic™) Ol Mttt : e
70 80 20 100 110
Invariant Mass, GeV/c?
Clean Signature
2 Events | Back. | o*B(Z-->11) (pb) Lum
Two High E+
1830 0.6% | 267+6_ +t15_ +16
ISOIGT@d |ep'|'on C -V /0 stat sys lum [72.0
Opposite Charge 3568 0.4% | 25342, 4y E15-2, 193

Highc & S/B

Muon Channel
Pu>20 GeV/c




Events/2.5GeV/c?

W Boson Production
Electron Channel Muon Channel

| CMUP Muon + B Transverse Mass ‘
T T

CDF Run Il Preliminary, 7|2pb'1

o~ 3000~ “‘_2 4000F T T T T T T
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e 4 :s:s:sgs::a:&::: Region |Evems |Bkg|  [0°B(W->ev) (pb)
Ear an Sum

W o0 n<1.0  [37584 |44 |7 [P786%16,,264,,2166,,
600~ DQCDBkg e

= [Cw > v M)
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Couplings Results

Quark Couplings:

CDF 2 fb! Experimental SM Prediction
Run II Uncert. | Vvalues (PDG)
u, | 0414014 | £0.028 0.330 £ 0.016__| 0-3459 £0.0002
u, 0.02+0.15 | £0.024 -0.176 = 0.008 -0.1550 £ 0.0001
d, | -0.12+0.39 | +0.057 -0.439 + 0.011 -0.4291 = 0.0002
d. | -0.02+0.22 [ £0.088 -0.023 + 0.058 0.0776 + 0.0001

sin?6,,£=0.223810.0040 ,,,£0.0030 ;)

x2=12.50/14
Electron Couplings: v2=13.14/13
CDF Run II | SLD+LEP SM prediction
ey -0.058 £ 0.017 | -0.03816 = 0.00047 | -0.03816 £+ 0.00047
€, -0.53 £ 0.14 -0.50111 = 0.00035 | -0.5064 =+ 0.0001

-0.4

-0.6

-0.8

%2=10.40/11

CDF Runll Preliminary

95% CL ~ ¥
99% CL j Lum = 70pb

ety oy, 0 Stapdard Model |||

-0.8 06 -04 0.2 0 02 04 06 08 1

8ar
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W CDF IR g [aiooruw %
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2: I 10
1 28 m
0.6 0.8 1 1.I2 1.4 1.6 1.8 2I O.IB O.IS ‘; 1.I2 1I.4 1.I6 1.I8 2I
Ns, TevV s, TevV
20+ years of W and Z bosons at hadron colliders
From R to I'(W) "> Standard Model Prediction
—e— World Average
e G.BF(W->lv)
- . This Result 200/pb
G.BF(Z->“) — e CDFll(e+p) 72/pb
. e . DOlab(e)
G(PP->WJ ['(Z) |F(W’>|VI) e CDF Ia (e)
! UA 2 (e)
G(pp->Z) F(Z—>”) F(W) . ’ . UA1 (e +!-1)
| ‘2I2i1l2.‘2I213l2i4
riwh, GeV

Indirect W Width measurement



Tau

Taus are difficult at hadronic colliders

t—hadrons (t,) look like jets

Need to combine:

Tracking (|n|<1)

Calorimetric Clusters Anx A¢ (0.1 x 15°)

n° reconstruction (showermax inside EM Calorimeter
resol. ~few mm)

Reconstruction Efficiency:
~70% @15 GeV
~85% @25 GeV
~95% @40 GeV

It is possibile to trigger on taus: a
Lepton + Track trigger (lepton + isolated track). Final J_,.;'-;,::;/
states:t,t7 )t X, 1 H(€, 1)+ X [/



Tau Physics Measurement
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Wy Production

2 [
NA130_||"'|'"_|"-'|"'|"'|'_\\r'rl ISR
o N : . I U4
= 160 CDF Run 11 7 [’HVV\A\‘\

@ N : 1./ w ~B
e I ] v
= 140F X! A
= 1200 o s S Wy
100F 179 v
A TIMEES " o _# ........................... e —
60:_ Wy—lvyMC | _: q\\ // ?/
E- 128 Wy— L vy Cand.ldates E \\ W /‘.,‘\VN
40__ | o P PR TN TR SR RN TR SR N SO S W |__ / \‘ FSR
40 60 80 100 120 1402 v
M. (I, v)(GeV/c™)
JLdt=200 pb-’
Events(e+p) | Back(%) G‘B(WY—HVY) (pb) c X BTh(pb)
195+128 35(e),33(n) 18'1:1:1'6stat:|:2°4sys:|:1'Zlum 19.3+1.4

Baur, Han Ohnemus(1993,1998)



/. Asymmetry
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Calculating A.g

lab frame / ZO/y*

cos0*>0 =Forward
cos0*<0 =Backward

Calculating Agg:

_do(cosf*>0)—do(cosd* <0)

e do(cosf* > 0)+do(cosf*<0)

+ + — —
N B N Bkgrnd N - N Bkgrnd
+ —
4. = a [
® N =Ny N -Nj
Bkgrnd 4 Bkgrnd

a’ a

a : Forward/Backward Acceptance
& Efficiency

N* : Forward/Backward Candidates



Data-MC Comparisons

o 3 |

—d 10 = Data =

% - Zfy—e'e MC ]
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Data-MC: Cos(@ )
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Couplings Results

Quark Couplings:

Ovs
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W Asymmetry

at W rest frame

e+ V

Anastasiou, Dixon, Melnikov, Petriello,
Phys Rev D 69, 094008 (2004)
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Raw Asymmetry

Shape is convolution of 4(yy) and V-A gggzggﬂﬁl é?r)?:XtraCt
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£ 03r < L
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2 Sign switch @ |n| > 2

< 0.2+ 5 rate.

3 o4 Background

5 subtraction.

5 -0

Both bias the

0.1 asymmetry low
o0 — dilution.

+ Measured in
0° each n bin.
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" In corrections
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Phoenix (Calorimeter-Seeded)
Tracking

Use both central and
forward electrons! |n| < 2.8

Two points and a curvature
define a helix:

* Primary collision vertex position.
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Wy

LO MC
Inteference between ISR and TGZ gives radiation zero (RAZ)

Q(n,-n))
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WW->evt+uv,

Run 165364 Event 34904901 : WW = e wp iy Candidate

% prie) = 42.0 GeVfe; prip) =200 GeV/e; M., = 815 GaV
N fr =648 GeV; @(Fr) =146
': { e . Ad{Eyr lepton) = 1.3; Adle, p) = 2.4; Opening-Anglele, u)=2.6
| * i -,
<~ | ]

= ¢l channel has Little Standard Model
hackground
#r sienal/Background = 4




WW->evtuv, or ZZ->ee vv?

| F~50GeV
. '_:1I

M =88 GeV



Muons
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W Boson Mass

Systematic Electrons (Run 1b) | Muons (Run 1b)
Lepton Energy Scale and Resolution 70 (80) 30 (87)
Recoil Scale and Resolution 50 (37) 50 (35)
Backgrounds 20 (5) 20 (25)
Statistics 45 (65) 50 (100
Production and Decay Mode| 30 (30) 30 (30)
Total 105 (110] 85 (140)




Leptons/10 GeV

WW production: Kinematical Distributions

CDF Run H Preliminary - Lepton P,

121
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No significant excess so far
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