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Large p; kick
e Low backgrounds
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% Tevatron Electroweak Physics Topics: ~

Main \ rmi

Q
°8

(Partial list from Run /...)

(Could be a talk
by themselves!!
Save for later...)

9

e W, Z cross sections

* Drell-Yan cross section, Agg
W, Z + jet production

*p distributions

*W production asymmetry

* W decay angular distribution

*Diboson physics
*WWy couplings
* WWZ couplings
* Zyy couplings

» ZZy couplings

e \W mass

e W width (direct
and indirect)

W —o>1V

eZ —bb

*Rare decays

Concentrate on results
that fit this discussion...
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Physics of W, Z production in Hadron Collisions & .~
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W, Z decay products not produced at rest either along or transverse to the beam
in hadron collisions. Need to account for the energy in the underlying event due
to spectators, multiple interactions, and recoil... = Requires model and detailed
understanding of response of detector at low energies!!

Lose longitudinal energy down the beam pipe = measure transverse quantities
(pr, My=V(2E,°E,"(1-cospe)) )
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% Measuring W, Z production in Hadron Collisions & -

The W or Z of interest acquires a kick during production from recoil. This does not
alter the transverse mass distribution appreciably, but affects other distributions, e.g.
the p; of the observed leptons. Nofe these effects are very different from each other//

Neutrino resolution from detector effects, min. bias resolution, etc. further obscures
original boson production properties.

f_LL = Generated rest-frame distribution e = With pT(boson) = With neutrino resolution
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% Tevatron Event Yields: Past and Future © _°

Per Experiment -- CDF and D-Zero

Channel [Run| (100 pb™) |Runlla (2 fo'") |Run llb (20 fb™)

W—ev 60,000 1,000,000 | 10,000,000
W—spv 40,000 600,000 6,000,000
Z—see 6,000 160,000 1,600,000
y ANt 4,000 50,000 500,000

/—> Z—bb 90 45,000 450,000

(More later...)




% Tevatron Event Yields: Past and Future © %

Implications:

W-—ev Provides luminosity calibration, cross-checks
W-—pv Luminosity cross-check, tracking calibrations
Z—ee Enough data for detailed EM calorimeter studies
Z—pu  Tracking and EM/Had calorimeter cross-calibration

Z—bb Finally!! A resonance with a hadronic final state to
set jet energy scale, calibrate Had calorimeter, etc.
(Requires silicon-based trigger to work...)
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Program for Tevatron Electroweak | &= 5

. Precision Measurements )

(1) Understand the p/ysics of vector boson production
and QCD corrections in hadron collider environment.

(2) Understand the response of the de/ec/orsincluding
backgrounds, calibrations, luminosity, resolution,
systematic uncertainties, & possible biases.

(3) Perform to MC templates to extract electroweak
quantities (W mass, W width, p; distributions, etc.)

! |
Resulfs



Basic Ingredients (Parton Level) Y

* W’s, Z’s primarily produced through SpeCtator( i:timions
qqg annihilation (ud - W", ud > W) p o p
e Valence-sea (55 - 60%) interactions : / \u\\*/d d
dominate over sea-sea (20%) and .
other contributions ,
W Prod. (d;ld;T) partons — P}V Pz
» Parton Distribution Functions (PDFs) P,, P; (PDFs) — y" | A"

control probability for finding quarks at
particular kinematics

W+ W-
e Excess of u(x) over d(x) means W"
preferentially boosted along proton _ .
u (p) dp) d @ u(p)

direction (and vice versa for W)

e Basic calculation for lowest-order process (qq’ - W — e v):

A 1|V1]|2(GFM%V
%iT 3 3

A

A)

x X (Breit-Wigner with quadratic dependence
2 2
V2 )(S ~ M) +(Tw/ Mw) in magnitude on boson mass)

® Resummation methods used to provide non-perturbative component to match low-
p; region into parton-level calculation (Ladinsky-Yuan, Ellis).




% Connections between W.Z Production, NS

KRCD and New Physics

W boson mass + top quark mass: Constrain Higgs mass

Need precise model of W production and decay for Monte Carlos

W mass measurements require low P+W

NLO QCD

&S

Resummation
techniques

Non-perturbative QCD




% Connections between W,Z Production, %m\\\
QCD and New Physics

W boson mass + top quark mass: Constrain Higgs mass

80.7

80.6 -

Current CDF/D@ BMW ~ 5'9 MeV fr'om PTW mOdel 805 ///68;‘ sy g
SM,, = 10 MeV => 5M, /M, = 14% N

W production Monte Carlos tuned to Z data a9

‘ NLO QCD I

‘ Non-perturbative QCD I

4

Resummation
techniques

N\

150 160 170 180 190 200

W, Z P+ distributions
“confirm” formalism(s)

Z P+ distributions constrain
nhon-pert. parameters

m, (GeV)




o(p p—= WX —=e,uv(nb)

o(p p— ZX — ee,uuX (pb)
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‘ Inclusive Cross Sections I N
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All points (except rightmost) have
CDF luminosity normalization

- CDF/DO : W

e
+ e e Allyg

DO Luminosity Normalization

NNLO Th .
(Van Neer\e/gﬁyet. al) @ CDIA/I PO : 7
e o
T ¢ e T mall
vl
L1
1
JAN
T —stat.+syst. +

Nt luminosity
uncertainty DO Luminosity Normalization

1988/89 1992/93 1994/95

Fermilab Tevatron

NNLO theory

... CDF and DO Run |
luminosity normalization
6.2% different ...

NNLO theory

Theory error: ~ 3%, NNLO, O(0..2)
(Hamberg, van Neerven, Matsuura)
(Dominated by PDF’s at NLO -- need NNLO)



Inclusive Cross Sections I

pp = W+X
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Fermilab Tevatror

Drell-Yan Z —> e*e” e ;\\\\

* Red curve is a MS NNLO calculation with MRST99 PDFs.
» Calculated differential cross-section is normalized by the ratio of the measured
ee-pair total cross section in the Z-region (66-116 GeV) to the calculated cross
section: 253 pb to 227 pb. —

 Within present uncertainties, data are well < e PP:(“)_Z’O%WX I

described by existing PDFs. 5 109 .
* LO calculation with LO PDFs do not fit the R |

shape of the high-y data as well as the % | 19521095 Data .

NLO calculation with NLO PDFs. 5107 s B e lmsroo) *\L -_
* Increase in data in Run |l and additional e b o o

tracking & calorimetry upgrades in forward M(ee), Gev/c?

region will allow better constraints to be 005 0084 0138 0227 0374 0617 10

placed on PDFs at high rapidity. o °°31+ oate oot _otor °j°‘; 5
* AFB (shown in BB Z S s

Colins-Soper toF Lo priion (e > 10 Gov/et i 50 <116 Govie?

frame) agrees w/ . os| =1 ] Sl \‘ @

. . < T | e CDF1992-95¢'e’
SM with slight : ] " o0 andot X
deficit in highest- _L e B
. o5l ] 10k — NLO(CTEQ5M-1), 24.3/27
mass bin: o I S .

(=)
=)
($]
-
=
($]
N
N
[$)]
[N

M(ee), GeV/c? y



(Dato-Theory)/Theory
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CDF p (W) Measurements
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do/dP, [pb/(GeV/c)]

‘ CDF p(Z) Measurements I o ot o
A S

Parton Shower MC’s can be made to agree w/ ResBos...

30 CDF Preliminary |CDF Prelliminar}lr
B N L L
. P y/Z+X 5 0 PP o7/l X -
S /L >ee HN 66 <A < 116 6ot/
[ - 66 < My;< 116 Gev/c2 | 5 100 b Wz A
20 1¢c -
[ N a1
[~ 10 — =
15[ a
: 2 L ]
' +~10 3 E
104y = £+ = 1992-95 Data |
- = } 10_3 | — = NNLO ResBos (CTEQ4M)
O — - NNLO ResBos (CTEQA) i R — EPI;B%
rescaled up +8.4% - ’
O [ R | I [ T | I [ T | I I N | 10_4 [ N | I [ N B | I [ N B | I T T B |
0 5 10 15 20 0 50 100 150 200
P, GeV/c P;, GeV/c

ResBos: Balasz, Yuan, PRD 56, 5558 (1997), O(0.?), b-space.
Pythia tuning as described in hep-ph/0002032 (C. Balazs et al.)



..but uncertainties due to choice of PDFs, etc. still exist:
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‘ CDF p(Z) Measurements I

CDF Prehmmary

o
o

Theory NNLO ResBos (CTEQ4M)

rescaled up +7.3%
_—1992—95 Data: &

*‘_!Tﬁ“?% m“

Data/Theory — 1

101 100 101 103

P,, GeV/c

CDF Prehmmary

Theory NLO VBP (MRS RZ)
rescaled up +8.5%

—1992—95 Data: ¢

CDF Prehmlnary
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Fermilab Tevatron

ResBos: Balas, Yuan, PRD 56, 5558 (1997), O(a..?), b-space

VBP: Ellis, Veseli, NP B511,649 (1998), O(o.,), qt-space
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DO W P; measurements I

[a)

"1ID0 Preliminary Arnold-Kauffman Nucl. Phys. B349, 381

(91). O(0 %), b-space, MRSA' (after
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Constraining PDF’s: (CDF)

CDF measures W
production asymmetry and
uses it to constrain PDF’s
used in W mass analysis

In addition to standard
PDF’s, modified versions
that fully span the range of
NMC, NA51, E866 and
CDF data are used.

|ldea is to more completely
allow for variation that
might enter into the W
mass result

Resulting d/u variation is
used to evaluate the
uncertainty in the W mass
from this source.
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0.6 - ]
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- mE866 (Stat. only) r
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0.1 0.2 0.3 0.2 O 1 0 2 0.3



pr(W) PDF Uncertainties (CDF)

® Constraints on parton distributions
from a wide variety of experiments
are available - BUT:

We need to make certain that
these apply to our conditions,

(a) they fully explore the range of data
for Tevartron conditions

(b) excessive deviations ruled out by
our data are not used

p+(£) uncertainty from Z—uu,
Z—ee combined with theoretical
differential cross section ratio

o o/ap,ay

® This is then used to project

allowable range in W p; distribution
using fast Monte Carlo
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5% Use of PDF’s: (DO) 4\;\:

A\
~ / - 4
I e

® ' i i . S ensaT ot
Basic technique is the same N S N
% 105; \ P2 0.8355E-02 &+ 0.6897E-03

(theoretical differential cross section
dea/dpfa’y for W, Z production used
to transfer parton luminosity
uncertainties from Z to W). Similar

PDF h . d E Entries 14330
z
choices are usea. 2 o AN A
S E i P2 0.1688E—01 + 0.1009E—02

® Mass-dependent fit done separately

for each W and Z topology (central i H“ L
vs. forward, see later). o (G0 ervers eecen

® Scale n(W) in Monte Carlo by factor e s I et s
kn, then use large rapidity coverage - -
for electrons (80% total containment . .
compared w/ 60% for CDF) to check Il N
fits for My, p(€), and p(v). " N

) S R o B
0.9 095 1 1.05 km 0.9  0.95 1 1.05 km
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Modeling Response Functions and Resolution

7
a
g
o]

Recoil Model: DO Recoil Model: CDF

7))

S

Define response function p7=U/R < Parameters of multivariate model fit
Results show R similar for central vs. EC \L to response to underlying event

— 7 —— o)
r CDF(1B) Preliminar; = o ~ . ..
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o = Sigma 4539+ 0.1216 o Sigma 4496+ 0.3970E-01 \6’ 5 — 120 =
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N L cc—ccdata N L a b 100 L ee % +
g 200 % ? 80 [ s‘/ +\
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8 Constonl  1745% 7.628 8 2000+ Constonl  1365.% 2092 = L 5 = 5 [£x7/df=11.2/20
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Toy MC Used to Determine Amount of .=~
. . (\ ;(o
Material Before Calorimeter -- CDF: =+ =

(b) Electrons: check p scale with E/p distribution after calibration of
iInert material in the tracker:

T T T
4000 | B
CTC inner wall 10 4
. v E . .
¢ =——— Field-shaping wire 3500 5 £ CDF(1B) Preliminary
P i r W-ev
Sense wire plane 3000 1 £ 10 3j
<— Field wire plane Bremsstrahlung Events
10 2;
10 ¢
Wires used in == k
conversion study 1 . ‘\ .
0.5 1 1.5 2 2.5 3
E/p
: CDF(IB) Preliminary h
L)
?" 0] From Z Events 20
%r: 0.1 é CDF(1B) Preliminary
[
[=9 > B L
a 2 CDF(1B) Preliminary % 0.01 “DF(1B) Preliminary ::-1 1500 -
0095 |- 2 5 Wosev < [AMw = 34 +/- 17 MeV
2 < [ I
5 0l r t Zﬁedeqj e 0.005 “ 1000 -
0.09 - g o Tg ¥ + L
Z my k=]
LR N
IR &~ L
0.085 - 0.05 - : #‘+ . 5‘ : ¢ T ‘T . 500 r
oo 0.005 [
g K h — Wz
IR r
0.08 | o % [ [
: ‘ eed - ‘ ‘ 0 . . . . L
S 03072050 60 2% 30720750 60 08 085 09 095 1 105 11 115 12
K% E, (GeV) E, (GeV) : W+Z events E/p

Result: E/p for W—ev tracks agreed in resolution but disagreed in scale with

calibrations transferred from the Z. This should not affect the extracted value
of My, since nonlinearities are small, but is not understood! = Z scale used!



M(uw) — My (MeV/c?)

Calibration, Alignment, and Checks of /@;.
Momentum and Energy Scales -- CDF: =

® Many effects:
- Non-uniform magnetic fields
- Material distribution
- CTC calibration and alignment

12 [T T T T T T T T T T T T | T T T T T T T T T T T T ]
10 .
8 b =
6 £ ASSUMED UNIFORM + =
- MAGNETIC FIELD ]

4 F =
2 H + £t =
0 Bt At . .
2 4 MAGNETIC FIELD MAP as -
_4 : Il Il Il Il | Il Il Il Il | Il Il Il Il | Il Il Il Il | Il Il Il Il | Il Il Il Il :

-1.5 -1 -0.5 0 0.5 1 1.5

2 cot O,

Extensive efforts to calibrate track detectors,
remove non-uniform magnetic field effects, map
and understand material distribution, etc.

1 MeV /c? on J/y projects to ~25 MeV/c? on M,

F rmilab Tevatron

-

0001 L Effect of recalibration |
T on alignment errors

before recalibration

-0.001 i—__ & ! ‘7 i
o002 |- 3 -
N I D 7—|— | 1

~0.003 - T—'—vl T \+z- =+ ‘|‘—|_

Difference in JAp mass (MeV/cZ)

1 1 1 1 1
-15 -1 -0.5 0 0.5 1 1.5
A(cot 0)

3000

2500 F

2000

1500

1000 |

5000 F

4000 [

3000 F

2000 F E

too0 [ ]

0 E IA....I....I....I....I..VVL
) 03502 —0.15~0.1-0.05 0005 0.1 0.15 0.2 025

CTC dO wrt SVX beamline

\\‘\'

./
,‘5 2
AR e

Linac
\
ckroft-valton
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Calibration, Alignment, and Checks of .-~

(eome Y

Momentum and Energy Scales -- CDF: =+ =

® C(Calibrate E, p scales on Z
(a) Muons: check p scale with other resonances
(reconstruct a variety of states with different kinematics)

1
0.5 F
225 . :
55p | CDF(IB) Preliminary | 2% M. 45 X /df=18.4/19 ST S 0¢
r 2 e L \ CDF(1B) Preliminary [ L
Z—ee /df=1.3 2 i | q‘{ 2 05F.
175 1000 - [l M 5 =07t £ 16Gsyst) MeV £ :
I | I ML 5 =2.1(stat) MeV s -1 .
L5 ¢ I ; | 8M. 5 =3.6(stat) MeV & 15 2 P | + ............ 4, ]
500 | | N S after calib/align. 1
125 | / \ = : ]
Evﬁwm,w M. o, m \ 2 __/r _— 3
et . ]
1 r *‘f r —_ —_ 1
. | (15) (zs)a | (35) va‘“‘ww -2.5 _-WZ muon P, GMJ/' = 0.5 MeV, (SMW = 13 MeV ]
076""780 90 100 110 0998 1 1002 0 995 94 06 98 100 102 104 106 108 3 L
MED s Mz/Mz(LEP) My (GV) 004 02 03 04 05 06 07 08 09 1
L v Ty — W
550 | CPFUB) Prc21|m|nary E 6000 | 5Mo = 01500 & 11550 M \ 01 C L C _(GeVY)
Zopp  xMdf=089 |0 g 26 I \ 1500 L M ke ftllb/lllll -------- T
= I < ofter calib/align T
200 - ‘ X | f\ I o 0.05 - 9 .
£095 4000 - / 1 1000 | . EE 0 -
® * WA - .
09 - | \ WWW ¢ ~ Q é [ + [ ] [ ) Y
2000 | ‘ s00 |- %70.05 o # i
085 L — \ W(2s) = p = J/Y
' A M, 5, = 0.5(stat) MeV o -0.1 .
—— ®
0 ™90 " 100 08 G998 1 Tom %200 -100 0 100 200 © 30071000 160 200 =015 | Z ¥(1S) (29) -
M(ee) Mz/Mz(LEP) M, - My, PPG (MeV) M, - My PPS (MeV) -
-0.2 i
-0.25 i
O3 Lt e L

001 02 03 04 05 06 07 08 09 1
C..+C, (GeV")

Result: Track momentum scale agreed across the full range very well!



<ME) Calibration, Alignment, and Checks of
Momentum and Energy Scales -- DO:

F rmllab Tevatron

/ 53 e
,,,,, ) N
- S
A
PF N

in formula E ... = OE

true

® DO0: Use Z mass and low-mass resonances to determine constants
+0 in central region, then Z to transfer o

o 0.01F > =
~ 8
a [ i 250 +‘ = 351
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0.946 30F I N
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Fermilab Tevatror

S— o
Backgrounds for My, analyses A
. N /’O\
(Very small 1n each case) BRI
Jet fakes: shape of background§ - Q\C’
distribution extracted from W&y = '*;20'15 - — s Total
data, normalization measured us- - I
. . . . + ° W—otv—evvy
ing monitor trigger data, with no § 0.1
10% + -+
F; requirement. —T}ﬁ” A o
[¢]
+ @ 0.05 -
fiet = (3.6 £0.8) % o L TR [ QCD
RENIR | ' | Z—se(e)
oo s a0 50 050 60 70 80 90 100 110 120

Missing £ (G2Y) Transverse Mass (GeV)

Using EM energy fraction, shower shape, track-cluster matching and

track dE/dx information in combined likelihood ratio gains x2.2 in 20 F

c
jet background rejection for 95% efficiency. 204

g > Total
Z — e¢: estimated using GEANT simulation 203

g Z — u(w)

202
fz=1(0.3£0.02) % g

W — v = uvvy
W Included in Monte Carlo simulati Y xmm acp”
— 7v — evpv : Included in Monte Carlo simulation. :
Fﬁ-‘ : Z — 1t and

50 60 70 80 90 100 1 10 120
Transverse Mass (GeV)

AMyy = 20 MeV (M, fit)
AMyy =27 MeV (py(e) fit)



v W/ . /@\ ;in:ilab Teia<ron
** % RunI Fits: DO (Transverse mass and p;) & ©

D-zero fits separately the M (W), p,(e), and p-(v) spectra, accounting for
correlations between the fit parameters with a derivative matrix. Results:

M+ (ev) p+(e)
§7oo} H ) 4% + szoof 13
ouh o 2t iy 4 i ' 2 b4
foof M ovor-serse | LT T il bR S i b b b B
® R, + } H H f + £1000 [ A . cc Ot ++ ++ f Ft i t4
500 ! Q{B{W *‘% ig m M + + ﬁ + M + s 7 ﬂ*ﬂ 41{ X*/DoF=45/39 jﬁ ++ + + Jr# Jr + +
400; M‘,H\ + ﬂ‘ o L 7\0 L 8\0 L 9‘0 SOO; hjw }+ 35\ L \3\5\ L \4\0\ L \4\5 I ‘5‘0
N ;;W +H My(ev) (Gev) oo |- #ﬁ + E(e) (GeV)
t ‘++ /gw&so} :‘M * T 100
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S B L < R el R S S e 05‘ L L
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© E i = 2 600 E
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C 1 i - 3 500 [ ! -2
s ff* f e T Hﬁ #% K/Dof=t8/33 L ! T ! !
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500 ,+ t g 40 M,=(80.766+0.108)CeV 200 C ﬁrﬁ E 30 F Vo= (80,587 £0.125)GeV
100 Ef % T ooof 100 [ jﬂ* =
b ", * ., 10
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Run I Mass and Mass+Width Fits: CDF -~

® CDF fits M; between 65 and 100 GeV for muon and electron samples* = \W:::;ZT
with W width fixed at 2.093 GeV to derive its primary results.

® As a cross-check, both experiments allow W width to float in separate
2-parameter fits, and find consistency w/ SM:

» 2000 %‘ 2.8 CDF(1B) Preliminary
§ | CDF(1B) Preliminary x2/df =82.6/70 (50 <M < 120) <) 20
= [ Woev 1, XMdf =32.4/35 (65 < My < 100) g 26
1500 " Mw = 80.473 +/- 0.065 (stat) GeV
i 2.4
10000 5% Backgrounds
L KS(prob) = 16% 2.2
500~ | )
7777777777777777777777 Woev
i L P Loy | - [ BRI IS BRI R
% 60 700 80 90 100 110 120 18027803 80.4 80.5 80.6
Transverse Mass (GeV) Mw (GeV)
SSOO F 5 275 1 CDF(1B) Preliminary
§450 £ CDF(1B) Preliminary x/df = 147/131 (50 <M < 120)
r'W 295 —
D00 - Wy | -y 1dE = 60.6/70 (65 < My < 100)
350 - Qg1 Ty Mw = 80.465 +/-0.100 (stat) GeV
g oy i
300 | it +
250 7 lNT f 1 S5 Backgrounds
200 £ % KS(prob) =21%
C 1
150 - *
100 |
50 l ffffff Fit regionmfi top--ooe l
. : \ St o L
0 50 60 70 80 90 100 110 120
Transverse Mass (GeV)




Acceptance

® Backgrounds are low, but not zero.

What Are Limitations? =

Fermilab Tevatron
Antiproton Scorage R

¢;®2?4: ;\3\
(reT—— A
~ -
S~

wl o N

® Limited ability to explore p(W,Z) directly (greater backgrounds especially
at high p+, sensitivity to neutrino smearing and modeling of acceptance).

® E.g. p(W) analysis of CDF: (p(Z) has similar considerations)

0.6 : : 3 ACSZEPT:QNCEi
— o PDF=CTEQ4M
05 b
— o PDF=MRS(G)
05| xPOF=cTEQary /)
0.45
0.4
0.35
0.3
FE I I I I BT B BT B
0'250 20 40 60 80 100 120 140 160 180 200

P:(GeV/c)

> 10

y
o

Uncertaint

b—space

Boson Backgrounds

Acceptance

Smearing Model

P IR BT B
0 20 40 60 8

P; (GeV/c)

qt—space

PP R R N PRI B
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Boson Backgrounds
Acceptance

Smearing Model
P IR R RPN R A

AR
0 20 4

M L L L L L L L L L L
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How To Do Better? e

< ))4{(\) )

® Many common uncertainties, both with theory and experiment, T

cancel in ratios of kinematic distributions between W and Z.
® This method is also less sensitive to multiple interactions per

crossing and uncertainties in the underlying event modeling.

a4 T om 110‘8 T mios ] ® Form ratios of W, Z

oowon | kg T kinematic distributions
rosf | scaled by the mass of each
‘ vector boson, e.g. My, p,

] etc. (cf. W. Giele, S. Keller,
0.96 ] PRD574433'4440,1 998)

0.94 1

A ® 7 statistics were too limited
# 05 5a 05 08 112 1 76 15 2 %03 04 08 08 1. 12 14 16 15 2 in Run | to do a good job
" " with this method. Will be

4

o T'RPT(1):f.i't 2l @ ] different in Run ll. (In fact,
due to multiple interactions
at high luminosity, this may
prove to be the only way to
do it!)

® Fit to MC templates for
these ratios at different
values of M,,.




% Looking Toward the Future &

1986-7 1992-3 1994-5 2000-2?

® Measure and constrain ¢ ¢ ¢ ¢

most systematic 500

uncertainties using data 450 |

(PDF’s, energy scale, . Runo Tevatron

etc.), plus new methods. 400 £ (CDF+DO0)
® Thus many (butnotall) __ °0F (per exp’t)

of the contributif/)ns will = 300 F

down like 1/~ () Ldt). -
go down like 1] Ldt) 5 250 £ T
- Run 1a

® Projection is hard to do: 2 200

even in Run |, we . &M, goes down with 1/vN

encountered difficulties 150 ] Run 1b
pushing the limit of 100 |

some analyses. To do : Run 2
better, need all of the 50 ¢

techniques described Ob v v v b e
here. 0.6 0.5 0.4 0.3 0.2 0.1 0.

1/« Lum (pb™")



% Connections between W,Z Production, QCD ;(@\\\
and New Physics

Inclusive Cross Sections I

o(pp > W+ X)X BR(W — [v)
o(pp > Z+ X)X BR(Z — lI)

Booste:

Teval

Measure:

o(pp — W+ X)x BR(W — [v) SM EW
o(pp > Z+ X)X BR(Z — II) L

(W —=lv)

Form ratio: R

Perturbative

QCD LEP

measurement




‘ Indirect vs Direct W Width Measurements I = S

VeV, V UC t
Vertex Corrections: same for quarks
and leptons, so cancel in BR(W — 1v)
eptdshb
W decays: Rosner, Worah, Takeuchi,
] hep-ph/9309307

Kalinowski and Zerwas
hep-ph/9702386

Indirect has no sensitivity to corrections to the coupling of the W to fermions,
but is sensitive to possible non-standard model decay modes of the W.



24

W Width (GeV)
[\®]

—_
[oe}

1.6

W Width I

T
e

- D@ 92/93 D@ 94/96
- el e

L (preliminary)

OPAL L3

DO (e +M), 1b

2.130%0.030 £0.052 GeV

DO (e +W), 1a 2.044%£0.097 GeV

CDF (e), 1a 2.064 £0.060 £ 0.059 GeV
CDF (e, direct), 1b |2.19%0.17 £0.09 GeV
OPAL (1997) 1.96 £0.34 £0.20 GeV

L3 (1997)

1.97£0.38 GeV

(Preliminary)




o

W Decay Distribution S
N\

Angular distribution of electron in W rest frame:

do

Pure V-A: _oc (1+ P(W)cos®¥ )’

d cost}

NLO QCD corrections to production modify this distribution:

V-A I ) QCD 9
9 > q q
Sq Sq S q
q o — 1
+— >
Sw S
do " 2 oo
V-A + QCD: ~o< 1+ P(W)o, cos +o, cos™ ¥
d cost}

Mirkes, NP B387, 3 (1992) - O(o.?).

Collins-Soper frame



D0 method to measure o Pl
2 A

» Infer cos6™ on a statistical basis from probability

. Bayesian methoa:
function: (statistical correlation
e Define between kinematic variables)
* 1 * *
f (TTTI costy ):—g(n% /co® Yh(cod )
N

* For each P+ (W) bin, plot background subtracted m+ (W) and get

n —ZN m cos? ) %857-
éso
% 75
« Compare to n, templates from MC %70
=65
* Use log-likelihood to determine best value 60|
of o, (P+(W)) .
SO

0 0.10.20.30.4 0506070809
cos(0)




W Decay Distribution - o, Pl et
;(ma\ T

do
dcost}

1.4

0.6 |
0.4 |
0.2 |

-0.2
-0.4

—oc 14+ P(W)at, cos®d +a, cos”
12|

0.8 |

0

Antiprotons

: D@ prellmlnary

Prob(V-A + NLO QCD) = 87%

Prob(V-A only) = 7%

Statlstlcal errors Only

0 10 20 30 40 50 60 70 80 90 100
p,(W) in GeV

Connections between W,Z Production, QCD and New Physics:

Including this

effect in W mass Monte Carlo: AM,, ~ 40 MeV/c?



Observationof Z ->b b

 Calibration signals for hadronic calorimetry and jet energy corrections are hard

to come by, making searches that depend on good resolution difficult.

* The results shown here are thus significant in what they mean for precision EW

measurements as we// asfor new particle searches (such as H->Wbb).

e Study based on separate jets plus tracks
w/ significant impact parameters

* Z mass known + low contamination
from other flavors (MC study) => well
constrained jet kinematics.

* This analysis has already been used by
CDF to study jet energy corrections.

* Requires silicon-based trigger. Both CDF
& DO plan such triggers in Run II.

Events per 10 GeV/c?

50

40

30

-10

-20

CDF PRELIMINARY

Fermilab Tevatron
Antiproton Scorage R

80 |-

60? +

40 -

Events per 10 GeV/c
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20 |-

100 ; ++‘ e Observed events

[ (I
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Predicted bgr.

Lt
I \’\ [ \*\*r*

Dijet Mass (GeV/cz)

e Excess over background
— Expected MC shape (PYTHIA)
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-
140

L1 Y-
160 180
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Tevatron Electroweak Physics: )
Summary LB

e W, Z inclusive cross sections & W width are in good agreement with SM.
X-sect: Stat ® Sys ~ 29%, Luminosity error ~ 4%, Theory error: ~ 3%
-> (Can be used to defermine luminosity in Run I1.)
W width measurements (direct and indirect) agree with SM
-> Indirect measurement error ~ 3%
* Drell-Yan cross-section, Az measured in detail over broad kinematic range.
- Provide comparisons with LO and NLO QCD, independent check of acceptance, etc.

* W, Z p; distributions and asymmetries measured w/ good precision.

- CDF & DO data span wide range of p; with uncertainties ~ 10 - 20%
- Significantly constrain PDF’s -> important for W mass and other analyses

- Tests NLO QCD + resummation technique + non-perturbative models
e QCD NLO correction to W decay distribution confirmed w/ low statistics.

_ - DO measurement of o, vs P;W
- Provides example of direct checking of NLOQCD terms

- Will improve in Run Il with improved statistics



‘ Tevatron Electroweak Physics Summary I G\

* W mass and other precision analyses may hit intrinsic limits in Run Il,

require new techniques.
- W mass already ~ 0.05% measurement. Theory, experimental errors may
cancel in ratio method, but this method needs more statistics.
- Better understanding of detector, recoil modeling, and understanding of
underlying event needed to make progress.

* Higgs physics and beyond SM processes can be constrained (or found!)
through EW precision analyses, and must be approached through EW context.
- My, M, Myops E1C. form critical inputs into multivariate fitting and BSM physics limits.
- Diboson radiation zero and triboson couplings provide other more direct probes

- Need to do the best possible job with improving models, detector simulation, and basic
measurements to provide confidence in our understanding of cross section,W, Z + jet
production, kinematics etc. New physics /mustbe studied in this context!

e Z -> bb calibration signal observed, strong implications for the future.
- Will be an important method for reducing uncertainties on M
energy scales and for testing production models in Run Il.

op and My, from jet



