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Introduction

« The nature of electroweak « Electroweak results
symmetry breaking is one of tl}e — WW/WZ 5 Iv + 2 jets
top unsolved problems in particle
physics — W charge asymmetry
« Whatever the mechanism, high » Top results
mass objects are the right — Top production cross section
laboratory to study it :
o B-Tagging

! b dt k : ic fitti
auge bosons and top quarks « Kinematic fitting

« CDFis performing a wide variety
of measurements within the
top/EW arena

— Anomalous semileptonic

decays
« Results shown today are just a — Top mass measurements
sample of the work going on . Template fitting

o Matrix element methods
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Diboson Production

. 1212551{11?2151\/2?1 t%%?g (200 pb™) ol =14.672" (stat)™y? (syst) £0.9(lum) pb
WW
— Cross sections consistent Oy =24.256.9(stat) 35 (syst) £1.5(lum) pb
with the expected value of ~13 pl
 Still no observation of WZ/ZZ q I
— 0<15.2pb? W RN
« CDF has recently performed a search
for WW/WZ production, where W— q
lv (I=e,u) and W/Z decays W/Z
hadromcally into two jets q
— Higher branchlni ratio but also 9
mUCh hlgher bac grounds s Barckgrourlld plus 'bl\\"il"i'.-"WZ hypothesm fll to data |
— Dominant background is W+2p ﬁf:g 1 oDF Run ""’"“""“D“'t 045

— Backaround

Eroductlon which is constrained
y fitting to dijet mass sidebands

——Backg +signal

«  Fitting signal+background to signal 120fy
region returns 100

N, = 66£78+34 (Ngy = 91) a0

Nsig < 40 pb (95% CL) 22

WW+WZ = 662 + 78_1 (stat) events ¥y

T | V| NS S SN | NS S| N : i
60 80 100 120 140 160 1
Dijet mass {GeWc

b
-]

N
~'ollll
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Anomalous Couplings

W transverse momentum ( A=0k=0.5)

o There are other thingsyoucando -, =
with a WW sample besides g . = aco
. 2 l Zj
measure a cross section § =i

—&— MC background
—&— MC signal

10

— Test for anomalous triple-
gauge-boson couplings 1

e Inone “standard” SM extension, 10"

anomalous interaction terms are o
parametrized by AK and 7L o 100 200 ‘360' T 400 500
W(I,MET) Pt [GeV]
¢ The PT Of the W formed from the WWMZ to Iep +jets, measured 95% CL limits
lepton and the m],SSlng ET (V) ]_S = 0_5__.. CDF Run lI |::rel|mlr'||=1r3|r 194 phl ......... é'ﬁ'éi'é'ri!ﬁéiié's"|'r'{c':iLjd]!ea“ :
found to be the most sensitive 04_f_ _____ E
probe — anomalous VV pairs are F E
produced with high P e .
« 095% CL limits obtained are: 02 S
-0.42 < AK < ().58 oA """""""""" """""""""" +1Dytmt|dd_;
L R S
0.32 < A< 0.35 06 04 0z o 0z 04 os
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W Charge Asymmetry

« The asymmetry in x between up and W Charged Rapidity

"""""

down quarks in the proton resultsina ~ “*"
charge asymmetry in W rapidity

A()’W) —

35000

30000

d0-+ /dyW —dO-_ /dyW 25000
do_|dy, +do | dy,

15000
— Sensitive to PDFs B

« Have previously measured lepton 5000 CDF Run Il Preliminary

uUH‘\III‘\lHlll\l‘\lll‘l\l\‘lllll\\ll{ll

 ©

L = " ) 1 2 1 .3
W Rapidity[yW]

rapidity asymmetry rather than A,,
(CDF RunllI results already published
iIl PRD) —&—— W production charge asymmetry

. B ——&—— Lepton charge asymmetry :
. However, the underlyu]g W 05:_“ ........... .... .........

asymmetry iS distorted by the 04__ ....... PR ................. ................. ............... 'A ...... ........
angular Structure Of W decays 0.2 _ ............... .L ................. ................. ............... .. ............... .................. e

(charged ]epton comes out of_ ................. ‘“‘““'.lf“ul‘ .................. ........
opposite to W direction) 02 e
° Because the true W asymmetry tendS 04;_ ........... ..n. ........... ................. ................. A ........ .‘ ..... ........
to be larger, it iS a more Statistically .06 __..' ........ ................. ................. ....... |ep’[0n* ........

| | | | |

powerfulprobe :321012|;|;
generated rapidity[y,, & n,]
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W Charge Asymmetry (2)

o USing the W mass one can solve for ‘ Uncertainty of PDF 40sets for W and Lepton Asymmetry
the neutrino P, up to a twofold 08— asy ety or 00—
ambiguity 00\ | W UrsoranyorGTEGOU PBFsprwAsy |

. R . " [ Uncertainty of CTEQ6M PDFs for Lepton .

. Welght the two solutions accordlng to 04 b T— — I— S o _
their likelihood, based on the decay > 02 ? | :
angle cos6” and cross section 6(yy,) g 5 | s |

O Wb U (BT o WU

e One complication is that o(yy,) 3 ook @ 5 5
depends on the asymmetry tﬁ’at,s o 02 ......... ..................... ..................... ..................... ................
belng measured! 04 ................. ..................... ..................... ________ b

-~ N
— Iterate until the best description -0-63587" CDF Runll projected uncertainties (400pb”) |
of the data is obtained Y= ARt RIS SIS S S|

« A Monte Carlo sensitivity study shows W(Black) or lepton(Blue) rapidity
that the resulting W asymmetry is > O T sa s WA
muCh more powerful at kT 0.08 | ——— Stat.ErroroMDUpb for Lepton Asym.

. N . . . E = Unoena?my of CTEQEM PDFs for W Asym.
discriminating between various PDF E 0.06 B vnosnany o cYecoM POFs b epron ey
sets than the lepton rapidity 2 004 SRR — — =
asymmetry "g 0.02 | |

« Preliminary evaluations of systematic 5
errors indicate that they should be § 002 5
Small compared to Statlstlcs S -0.040 S ..................... ..................... .............

. . -0.06 AR S S S A

* Stlll d llttle Work to dO on -0.08 .CDF Runll projected statistical uncertaint ies (400pb )
backgrounds and lepton charge ' PRELININARY i i ;
misidentification 01 & 0 1 2 3

W(Black) or lepton(Blue) rapidity
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Top Event Selection

Top quarks are (usually) pair-produced
at the Tevatron and decay t—>Wb
~100% of the time in the SM

Top event selection is based on the
decays of the W’s

— Dilepton: require two high-P..
leptons, large missing E. from the
neutrinos, and at least two jets

— Lepton+jets: require one high-P;
lepton, large missing E, and at
least three jets

The signal/background can be
enhanced by tagging one or more of the
jets as a b-jet, using displaced tracks,
reconstructed vertices, or lepton tags

— Improved forward tracking has
extended our displaced-vertex
tagging coverage vs jet
pseudorapidity

— Event tagging efficiency for t-tbar

SecVix Tag Efficiency for Top b-Jets

Tight SecVix
Loose SecVix

b-tag efficiency

- Top MC scaled to match data
" [ Only b-jets with E;>15 GeV

1s ~60%, with ~0.5% per-jet mistag

rate for the vertex tagger

June 25, 2005
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Top Cross Section with B-Tagging

[ web
. -1
« This result uses the lepton+jets @ 522'_: R‘,’V::" ':“f%" 2:&70(2318 bb ) 5&2"
selection, and requires either: s [ [ Mitage
o - + [ Non-W
. w 400 ingle To|
— 2>1b-tagged jets ° Eﬁibf,'soléw
o to0=7.
« S/B=102/36 £ 300 5:§'i1769pb
2 A Data, 318 pb”

— 22 b-tagged jets 200

« S/B=29.7/3.3

« Signal region is >3 jets, lower
multiplicity bins are control regions 1 0 3

100

4 >
to test background estimation Number "T.‘?‘V%E,BS
_ GDF Runll Preliminary (318 pb') I e
« Dominant background comes from £ ,of Mop=178GeVic" e
W-jets, where the jets are true tagged 2 18} =N
heavy flavor or mistagged light flavor 5 16 Ei‘iggf;j;%
. - o 14 3 [ Jtio=8.7pb
« Cross sections for 318 pb! are: 2 12} C)its 1o
3 103_ A Data, 318 pb”
<
— 8F
Gtt - 7'9 i 0'9 i 0'9 pb (21 tag) 6 Hy > 200 GeV For N, >3
o, = 8.7+ 1.71 1.5 pb (>2 tag) ‘
of

Nt‘}mber o? gets
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Top Cross Section with Kinematics

« We also measure a top cross section using the 2 o2
inclusive lepton+jets selection without =o0.18
requiring any b-tagging £ 0.16

. < 0.14

« Signal/background is lower, have to separate _

using a fit rather than just counting 0.1

e A neural network trained to separate top from
W+jets events is used

« An “EW background” template is formed by
passing W+3p, Wbb+1p, WW+1p, etc, MC
events through the network, and weighting by
their SM cross sections

NN Templates (Normalized to Unit Area)

0.12f

tt signal (m

Top = 178 GeV)

Electroweak backgrounds

QCD multijet backgrounds

N . =3

iets

o;

\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0.1 0.2 0.3 04 05 06 0.7 08 09 1
NN Output
CDF Preliminary (347 pb™)

-
g
T T ‘ T T

------ multijet
........... W+JetS
— 1t

« The QCD template is derived from events in 140 g
the data where the lepton is not isolated, and =~ 412004 ‘Nda‘a> 3
fixed in the fit at the measured level of 4.6%  S100- signal: 148.2 1 29.6 events

= 8so[ | multijet: 43.2+ 3.7 events
Q E B Wijets: 744.4 + 32.8 events
CDF Preliminary (347 pb) 60~

Sample Events Fitted tf  o(#F) 40?

We+>3 jets|936 1482+206(60+08+10pb| L. - e

W+ > 4-Jet | 210 809150 |61+11x14pb | © OF 0205 3d 55 0o 670876
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Top Cross Section Summary

« For comparison purposes we evolve all
cross sections to m, = 175 GeV/c?

— Increases values by ~0.2 pb
compared to m, = 178 GeV/c?

« Updated results in the dilepton and all-
hadronic decay channels and using the
jet probability tagger soon

« Working on a combination of the results

-y
N

CDF Run 1 CDF Run 2 Preliminary _|

o(pp — tt) (pb)
S

o2

Combined

T T T | T T T | T T T | T T T | T T T | T T T | T T T
B cacciari et al. JHEP 0404:068 (2004) Assume m=175 GeV/c’
CDF Run 2 Preliminary

Dilepton; Combined
(L=200pb")

Dileptonj: MET, # jets
(L=193pb™)

Lepton+dJets: Kinemati
(L=347pb™)

Lepton+Jets: Vertex T
(L=318pb")

Lepton+Jets: Double V
(L=318pb")

Lepton+Jets: Vertex T
(L= 162pb")

Lepton+Jets: Jet Prob
(L= 162pb™)

--------------------------------- A

e 3 £ 7 Lepton+Jets: Soft Muo 33,13
ar g g ] (L= 193pb”) 9.3+ 3.3 + 1.0
2:— 5 —: All Hadronic: Vertex T 7.8+ 25 4 4.7

- [ cacciari et al. JHEP 0404:068 (2004) m=175 GeV/c? s (L= 165pb ) —25723
0_||||...|....I....I...._ Lo b b b b b by

1800 1850 1900 1950 2000
\s (GeV) 0 2 4 6 8 10 12 14
o(pp — tt) (pb)
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Anomalous Semileptonic Decays

CDF Il Preliminary
|:| Other backgrounds

(I [elela)

[ W+HF, Z+HF
.tf scaled to 6; = 5.3 pb

@ Datal 4 162+ 10 pb’'

« In Run I, CDF observed an excess of
events in W+jets where a jet was
tagged with both the displaced-vertex
and “soft lepton” taggers
(Phys. Rev. D69, 072004)

e An example scenario that could
produce such an effect is light
sbottom production

&

Number of tagged jet / 10 GeV/c

« Take a look in the Run II sample 0. . ! |
using the displaced-vertex and soft O 40 edSetENGeVl 1P
muon taggers

CDF Il Preliminary

.. .. 12-
« Analysis is very similar to the b- : [Jother backgrounds
tagged top cross section % 10 =\‘/°VC:F -
measurements, just have to work out > | B sceied o, = 5.3 pb
the efficiency and mistag correlations g 8 o S— ® Data L - 1622 10 pb”
between the two taggers 2 6
« In 162 pb* we see no evidence for S .
anomalous production so far é
. . o« . =3
« Work is progressing to turn this into z
cross section X BR limits 0

1 2 3
Number of jets in W+jets

June 25, 2005 TeV Connection 11



« The mass of the top quark is a most
interesting SM parameter

— Can be predicted from a fit to the
LEP/SLD Z-pole measurements

— Along with M, constrains the SM
Higgs mass

« Measurements can be roughly divided into
two categories

— Template methods: Reconstruct a top
mass for each event in the sample,
then compare to MC templates
constructed with different top masses
and interpolate to the best match

— Matrix element methods: Using
differential cross sections, calculate a
robability for each event as a
unction of m,, choose the mass that
maximizes the likelihood of the entire
sample

« No matter how you do it, limiting
systematic uncertainty 1s the energy scale
of jets in the calorimeter

80.54 LEP2 (prel.), pp data (CDF-Il m

0.15

S
~

0.05

S

_IIIIIIII|IIII|IIII|IIIIIIII,
Frass =]

-0.05

Fractional systematic uncertainty

-0.15

1 —LEP1, SLD data

68% CL ..

”
S
1.
'
- g
'

20 40 60 80 100 120 140 160 180 200
Corrected jet P; (GeV)
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Lepton+dets Template Method

CDF Run Il Preliminary

« Lepton+jets selection with >4 jets : 2129 2000 —
. . . . ) 1000;— [ Al Events ] “o 1300? [CJ All Events )
« Determine the jet assignments using a 2 & a0t e 2o §i§§§ s 2o
function, imposing W mass constraints o igg s - 1o GV |2 10000 RMS = 13 Gevie'
and requiring the two top masses to be S ool g 00
1 W 2008
equa 0100 150 200 250 2300 350 07100 150 200 250 2300 350
. . reco(GeV/c?) reco(GeV/c?)
- B-tagging reduces permutations mee e
] 1-tag(L) _ 0O-tag
« Jet energies are allowed to float within o 00 I Evens % 800" 3 aEvens
. . S 600 RMS =31 Gevic® | = 3 RMS = 37 GeV/c®
thell‘ I'eSOhlthIlS 3 500¢ I Corr. Comb (18%) 8 3 I Corr. Comb (20%)
. . © ggg* RMS = 13 GeV/c® 0 3 RMS = 12 GeV/c®
« Can optionally float the overall jet energy  § a § 300
scale (with a constraint) — use the W w100 ] fe |
mass to improve the precision O iy 001 i
« Configuration with the lowest %2 used to Reconstructed Top Mass
compute the top mass for each event 405 CDF Run Il Preliminary (318 pb™)
« Build templates for various top masses o 35; ) 220
and also for the background, and find the > a9f B o
best fi Ap: B tao)
est 11t G o5t
0 “UF [ ] otag
% 20+ [] Total Signal+Bkgd Fit
/stat /J ES /SYST £ 150 [ ] Total Bkgd Fit
+2.7 2 2 10-
m, =173.5% £2.5+1.7 GeV/c?| &%
+4.1 2 ey Y
m. =173.5 L0 GeV/c 100 150 200 250 300 350 400
! T m{ec® (GeV/c")
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Dilepton Template Method

_ CDF Il Preliminary [Mean 154 ) Mean 166.2
« Template-based methods can also be gomr e 3096 | Fed Mean 166.2
used in the dilepton decay channel 8ot oot
— With two neutrinos, it’s not oot 150 Gev/e®| oo 170 Gev/c?
possible to reconstruct the t-tbar oonel
system — have to make an pod 3 ot
aSSumpthn (T] (V), ¢(V), Pz(tt)) o 100 150 200 ZSOM“::’O?GSQF)::Z) o 100 150 200 250M‘°3PO?G6V}2:2)
o n Mean 90.
— Samples are smaller than in Fooref RS 32.41 f AMS 3458
lepton-+jets (S/B = 33/13) oot
« Scan over possible pseudorapidity Fows 190 Geve 10 Gevie
values for each of the two neutrinos

2'm 2 NceV/c?)

« For each pair of neutrino n, compute St io— s gy W
the likelihood to get the observe
missing-E; as a function of m,

| CDF Run I Preliminary (358.6 pb ) |

o ¢ “‘: | | Likelihood vs top mass ] |
. I.nteglll“ate over neutrino n‘s to get a = [t s evs LD
likelithood curve for each event vs m, = =i
% - ignal + Bkg ‘_F’ 4:
— Choose the most probable m, for 8L o 3
each event Gl o
. i {55150 765 T80 195
« Rest of the analysis proceeds exactly . M, (GeVie )
as for the lepton-+jets template result -
ol
+7.1 2
m, =170.6"; (stat) £4.4(syst) GeVic”| [ / R e s
: %O 100 120 140 160 180 200 220 240 260 280

Reconstructed Mass (GeV/cz)
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Dynamical Likelihood Method

« Template methods give you one top 5
mass value per event, but don’t make LM,,)= ZZI Flix F (2524, Pr) LM I W(X, y)dx
use of how “top-like” the events are

i— .
« Matrix element methods incorporate L' = likelihood for event i

more information by using a F = parton dist. function for tt system p;
differential cross section to
characterize the likelihood of each

event given a value of m, w = partons x <> observables y

*  Multiply all resulting event Sums are over jet/parton assignments

probabﬂfaes to geta sgmple and the two neutrino P, solutions
likelihood and maximize vs m,
CDF Run Il Prellmlnary (318 pb )

—_ Total MC Predlctlon
..... -Signa|M_175GeV

M = production+decay matrix element

[y
op

« Aleading-order matrix element
doesn’t exactly describe top events

[y
L S

S N = 1A C b d Back o
— Make a~2 GeV/c2 correction to - om| me ac grourl

the fitted m,

e Only b-tagged lepton+jets events with
exactly four jets (63 vs 138)

Events/(1 OGev/cz)
[S=Y
&

ey
-“!’
Q
Lo
[\
2]
w
EN
@D
=
-
?)

[y
L SP P

=173.87 1 (stat) £3.3(syst) GeV/ic®| 3 ] P *
— +4. ‘“’:s'o 100 120:/:%140 150 1&0/ 2&0’:""/250 / 240T'28550:7:‘
mt o 173'8—4.1 GeV/ ¢ Per-Event Mass at Maximum Likelihood [GeV/c?]
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Dilepton Matrix Element

Matrix element method applied for P(yIm ) = F(z .z, M (m W w x, V)dx
the first time to dilepton events (ylm,) ZI (2,02, pT)‘ ( f)‘ (x, )

— Same problem of two neutrinos

Ep-Ej ]
Entries 5000
Mean 12.78 7
RMS 17.44
Underflow 7

— Solution is to integrate over their
momenta - vector of
observables y will be smaller ok
than parton vector x in this case o f

« In addition to signal, these results il :
also use differential cross sections for )
the background processes WW, Drell-
Yan, and W+jets (fake lepton)

« Calculate probabilities for each event
to be any of the signal or background

types

« Combined likelihood is a sum of
signal and background probabilities,
weighted by the expected number of .
each type |

« Make a ~1 GeV/c2 correction for non- 0.05- Y :

LO-ness of real top events .
»
/ .

CDF Run2 Prelim.

e

-

a1
I

f L dt = 340 pb™

D3N 04060 T80 200
; M, (GeV]

Probability density
7

‘e
@

m, =165.3%6.3(stat) £3.6(syst) GeV/c* 0™“14""150 160 170 180 190 -

M, [GeV]
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Top Mass Summary

TevEWWG has produced a new average

om, = 3.4 GeV/c? (was 4.3 in Runl)

Currently using most precise single
measurement per decay channel from
each experiment

Work ongoing to combine results
within each channel (including CDF
results from Runl)

Floating JES is limited by statistics — can
reach our RunlII goal of dm, = 2-3 GeV/c?

Jet Energy Scale from W-—jj

a- CDF Run Il Preliminary
“‘Z 3.5; M, , Systematic Uncertainty
% 3& from W—jj Energy Scale Only
S 'k
= 2.5
k= -
so20
— =
8 C
c 1.5
= o
wn il
L 1:
- o
0.5
: Ll ‘ | ‘ L1 1 1 ‘ L1 1 1 ‘ L1 1 1 ‘ | ‘ | ‘ | I L1 1

1 2 3 4 5 6

Integrated Luminosity (fb™)

Preliminary Tevatron Average
(pending final CDF/DO0 review)
I—O—.—O—I
World Average (CDF+D0) 2.0
(Run 1 + Run 2) 1 74'3 i 2.0 i 2'8
-—.—.—-
Run 1 DO Lepton+Jets 3.6
L= 100 pt”) 180.1+;:-*+ 3.9
@

Run 1 DO Dilepton 12.3

Lo 100 pb”) 168.4£,55+ 3.6
l—‘—.—‘—l

Lepton+dJets: Me +W = jj 2.7

51800 173.5+545+ 3.0

@

Dilepton: Matrix Element 6.3

L 330 00" 165.3t¢5 1 3.6
———

Lepton+dJets: DLM 2.7

318 06 173.8+5:+ 3.3
@

Dilepton: v weighting 71

L= 358 pb) 170.6 +t g+ 4.4

| | | |
150 160 170 180 190 200

Top mass (GeV/c?)
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Il Theory unoertaihty ::: |

Martin Grunewald was kind enough M

t

to prepare a blueband plot using the > 5 W gg;_'lf‘;gﬁgfnary |
new CDF m, result (lepton+jets only) a4 i
— my = 94+54-35 GeV/c? " a- |
— my < 208 GeV/c?2 @ 95% CL . ]

« The fit is moving further into the
LEP-II excluded region but of course |
there is still plenty of probability 0
outside of it

Excludeoi"\.... ‘

30 100 500
m,, [GeV]
[T Tt

T I T T T T
experimental errors 68% CL:

o Similar fits can be done in the context
of the MSSM (thanks to Sven

80.70

LEP2/Tevatron (m,: world average)

Heinemeyer and Georg Weiglein) 80.60 oo e P
e The new m, prefers a lower mass 3 sosof
scale for SUSY particles, which could = |
be good news for Tevatron discovery 80.40
prospects (or bad news for the o
MSSM) | SM

MSSM

80.20 both models

160

m, [GeV]
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Summary

CDF has a wide array of RunII top/EW analyses using 200-300 pb™
either published or in progress

— EW: 5 published, 1 submitted, 2 in preparation
— Top: 5 published, 3 submitted, 9 in preparation

« Assample sizes increase to the multi-tb™ range, can perform more
intensive studies of the particle and event properties

— W mass, W width (from R), gauge boson couplings
— Top mass, charge, spin, branching ratios

— Single-top production

— Search for WW and tt resonances

« Analysis strategies will evolve to lessen/avoid the current limiting
systematic errors

« We have come a long way but it’s just the beginning
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