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EW Physics Intro @

eRemarkable success of the standard model for three
decades

The last constituents that were found, the vector
bosons and the top quark, provide striking evidence for
SM

*Higgs sector-remains unexplored: Fundamental guestion
oF particle masses. Clues from topfand'\W_measurements:.

ePhysics beyond the SM
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Why W mass X

At the Tevatron, W bosons are predominantly produced via qq’->W

] na(mé) 1/2 1
W J2G; | sin@,,1-Ar,

AI’W due to electroweak radiative corrections, dominated by top and Higgs.
2

. My
Define p= ITI%COSZ 2

P—1~n’ Due to top quark loop

p—-1~In M: Due to Higgs loop

'mWJprovide's st}ingent test of SM and fogether'with m,
constrains my. | ' |

1/11/01 G. Steinbriick  EW Physics at the 3
Tevatron



W mass measurement strategy @
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eUse leptonic decays: W->e v or W->u v (CDF)

eUse transverse W mass to infer invariant W mass

m" :\/2p'T P (1-cosA®D, ) " also g, o
=V __ — | —
Py =—-p —U <4+

. AT Sum of transverse momenta
with Uy = > E sing & of all particles recoiling
against the W

eEvent selection requires high pt lepton, large missing ET
and small recoil energy

e Important to correctly model the production dynamics

of the W, the recoll, and the detector response
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W mass: Measurement
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m,,(CDF, Run I) = 80.433+/-0.079 GeV
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% CDF errors @

Error Source W->ev |W->uv
Statistics 65 100
Lepton Scale 75 85 & o,
PTW, Recoil Model 40 40 /77’/7%
PDFs 15 15 ‘s,
Higher order QED 20 10 S’@,b
Lepton Resolution 25 20 oA
Trigger + Selection Bias |- 15+10
Backgrounds 5 25
Total(Syst except scale) |54 57
Total 113 143
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=3 CC and EC W mass @

DO uses central (CC) and forward (EC) electrons

Enirion 2mi8] X

i: /0o =38/55 EWW it 10 A8 - )
g IR @vantage of |nclud|®
A forward electrons:

300 [

200 F

Larger statistics
Reduced PDF

100

E 700 i = . 4F
PR 2b 41 I - -
S oo } ;DDF:WM 0 1*“# %ﬂw lﬁu}mﬁﬂ u n Ce rtal ntl eS /

S R Mw(DO)= 80.482+/-0.091 GeV
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Tevatron

S} 2 W mass errors @
Source EC EC+CC
W statistics 108 |61 m+pr(e)+pr(Vv)
Z statistics 181 |59
Calorim eter linearity 52 25
Calorimeter uniformity |- 8
Electron Resolution 42 19
Electron angle 20 10
calibration _
Recoil response 17 25 Combine central W->ev
Recoil resolution 42 25 with the EC result.
Electron removal 4 12
Trigger and selection 5 3 Correlations are taken
Elask - T Into account, often
ackgrounds :
FDFs BAEEE reduce systematic
Parton luminosity 2 4 errors.
PT(W) 25 15
(W) 10 10
Radiative decays 1 12
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Summary of W mass
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e top mass: intro X7

Motivation:

Fundamental parameter of SM

*Needed to determine top quark coupling to Higgs
ttH~m?/m,,?

eRadiative corrections sensitive to top mass: for
example the one loop corrections to the W mass
depend on my,, M, My, m,

->precise m,, and m, measurements -> m

Any theory of unification needs to accurately predict
fermion masses.
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% top decay channels

P e+j etS + 1.2% 2.eS|tAx

etjets
15%

All jets
44%

HtHjets
15%

T+X
21%

all Jets: large cross section but large backgrounds

Lepton + Jets: best channel: lower cross section but moderate
backgrounds

Dilepton: small cross section, underconstrained fit
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F%) top mass: DO (lepton+jets) @

100 Fit mass 260 150 lruemass g )
i s LB H'
ﬂr o NN i
: % %% E
: XS
=
_ 14
4 —data
fit 1
. bkgd 6
’ ] 4.0 GeV from Jet
2 o . 31 Events
: ) (5 tagged) - energy scale
L * |
1 * ‘#‘_ ‘#‘ ® 1
: &4 . N al [® e :
i A A BAla @ |
0 otre- L 1 ! LA L
80 120 160 200 240
Fit top quark mass (GeV/c")
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top mass: CDF

— — 167.4 £ 11.4 GeV/c” Dilepton

—o0—| 176.1 £ 7.4 GeV/c® Lepton+jets

H—e—1[186.0 + 11.5 GeV/c* All—Hadronie

—o— 176.1 + 6.6 GeV/c®> Combined

150 160 170 180 190 200
My (GeV/c%)
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F}%‘”} top mass DO and CDF

Both
measurements
agree within
errors and with
theory.

1/11/01
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Combined top mass: relative weights @

Combining the
various DO and
CDF experiments

Relative weight 1n (op mass average

with their
relative weights @

B CDI- 1+cts O CDFE allnad O CDIF dilepton
O DO dilepton B DO [+jets

1/11/01 G. Steinbriick  EW Physics at the 15
Tevatron



Combined top mass: correlations Sl

All correlations Corrclation in lop mass
have been taken into
account. 1O
0.8
Important to 0k
correctly estimate o DO s

DO dilepton

the combined error. 02

CDI dilepton

'r CDF allhad
CDF l+jcis

NOT conservative to W
: -
overestimate the s f 2§ ¥
correlations 0k 5 ¢
1/11/01 G. Steinbrick ~ EW Physics at the 16

Tevatron



e top mass DO and CDF @

Tevatron Top Quark Mass Measurements

: ® : 168.4 +£ 12.8 GeV/c* Dilepton
I—Q:—| 173.3 £ 7.8 GeV/c* Lepton+jets
| / Top mass \
— — 172.1 + 7.1 GeV/c* Combined
b /e comeine measured to
oorr . 3%=> Best
—e— 167.4 + 11.4 GeV/c* Dilepton
| measured
—o— 176.1 + 7.4 GeV/c* Lepton+jets
| mass of all
——e—[186.0 £ 11.5 GeV/c* All—Hadronic quarks /
—o— 176.1 + 6.6 GeV/c* Combined
S - Tevo‘gjond
o combpine . .
f s Gev/&- Tevatron combined:
S L — 174.3+/-5.1 GeV

150 160 170 180 190 200
Me, (GeV/c?)
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All In perspective
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Single top: intro 7,

«Measurement of Vi
ePartial width I (t->WX) .

«It's a standard model process ‘,Lo&‘
. . . X

7
X

q f o
\/ZV Electroweak o)
Single Top
q’ b Problem: W+2
q

jets sample has

q’ q q large QCD
\Wg/ \WQ/ / background.

D

Kr m< b (ttbar: W+4 jets)
g = b g 8 t
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e Single top at DO @

No. of Events

10 5
' Electron Channel Muon Channel
8 I Data 0 4 - Data
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Data consistent with background in Run 1.
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SED Runl1: definition @

Run 1la; 2 fb1 <=8 Starting March 1!

Run 11b: >15 fb™ 4= 2004 until the turn on of LHC
\/g =20TeV «mm o(ttbar) increased by 40 %

How much can we improve on m,,, and m,?

Single top: expect O(200) events, can measure a Cross
section, V, and ' (t->Wb)
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Particle id improvements @

Detector improvements and particle id:
eElectron (magnet, fiber tracker, preshower)
Muon (magnet, fiber tracker)

b (silicon tracker, e-tag)

oJet

eExpect 50-100x more ttbar, ~200x more single top
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Runll: W mass

Goal: oM,,,530 MeV PEY ekperime'nt J

Error source

Estimated error

uncertainties

statistics 13 MeV

Calorimeter scale 15 MeV

Non scale Need to be <22 MeV
uncertainties

Theory: pT model 5 MeV

Theory: PDF Important! Including

EC 11MeV-> 7 MeV
(DO Run I)

1/11/01
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Runll: W mass errors @

SW (GeV / @)

Statistical Uncertainties
Runl, CDF & DO

Systematic and Scale Uncertainties
Run 1a,b CDF & DO
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Statistical uncertainties
extrapolate to 0.015 GeV

Systematic and scale uncertainties
harder to estimate
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Run I'l: top and single top @

ttbar:

Expect to improve the fractional uncertainty
on the top mass measurement from the
current 3% (combined) to less than 2% per
experiment.

Slngle top:

*S/B.=Y, S/sqrt(B’) 4 sqrt(S+B)/S 30%'"
. 200 signal events in I+jets . |
. Fractlonalﬁerror onVy, =0.15 -

o [(t=>Whb) t0~25 % *
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ng\ € Summary @

e

Precision Measurements of m, and m, serve as test
for SM and to constrain the Higgs mass

Reported on DO and CDF measurement of m,,, and m; in
various channels

Production of single top:

o SM process

o Measurement of V,

o Limits in Run 1, Measurement in Run 11

Run 1l prospects for m, and m:
o Am, ~ 30 MeV

0 Amg <2%

1 Vg, to 15 %

Run I'l starts in 2 months (see Vishnu's talk about
status of detector and commissioning)
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