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R Outline

= The Tevatron & the experiments
= W and Z boson physics:

v W & Z Cross section
v W Mass and Width
v’ inputs to PDF from W/Z data
v' Diboson production
= Top quark physics:
v'Pair production cross section

v Top mass measurements
v'Single top production

= A global look at the Standard Model:
v'Indirect limit on the Higgs Mass from EWK data
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The Tevatron Collider -.“.-”

1.96 TeV

k&! G and DO

il ST | Run IT: Vs = 1.96 TeV

Performances have kept improving since
the start of Run II. So far, 3 fb-
collisions have been delivered to CDF
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Peak luminosity

Peak Luminosities above 2 x 1032 cm=2 s-! now common
Current Record initial lum: 2.92 x 1032 cm=2 s1

Record Integrated luminosity per week ~ 45 pb-!
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CDF & DD

¥

2 General purpose detectors capable of many different
physics measurements

m 13 countries m 18 countries
m 62 institutions m 89 institutions
>600 authors >600 authors
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Integrated Luminosity [

Year2002 2003 2004 2005 2006 2007
Monthi 4 7 101 4 7101 4 7 147101 710

Year2002 2003 2004 2005 2006 2007
— - Monthll 4 7 10. 1 4 7101 4| 7 1.4 71?1 710
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delivered: ~ 3 fb-!

, , | All results shown in the
Detectors running stably since Feb. ‘02 following based on
Data taking efficiency

datasets ranging from
L ded/L(deli d _ _
(e ey > aes =) ~200 pb to ~1.7 fb-!
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‘ W/Z Gauge Bosons Identification w

= At Tevatron W and Z hadronic decays are overwhelmed by QCD bckg
= Identification through leptonic decays

= W/Z identification is a key ingredient for top physics and searches
— Often background for rare processes
— fundamental tools for calibrations and detector checks

= CDF and DO are using the millions of W and Z boson decays collected, to
produce excellent measurements of electroweak observables

proton proton
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Inclusive W/Z Cross Sections w

The cross section for inclusive W and Z boson production measured in all
leptonic final states (W->ev, v, Tv; Z->ee, uy, 77) by CDF and DO
CDF and DO Runll Preliminary CDF and DO Runll Preliminary

3501 35k

pp— WX = lv+X

3001 PP Z+X = Il +X

o, < Br (pb)
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*D0(e) = @ DO(u) *D0(e)  ®DO()
i Runll WDO(z)  ® CDF(y) r Runll  ACDF(e) ~MCDF{u)
150 ACDF(e) W CDF(x) 1.5F VCDF(z)
uni *DOE) O DO() - Runl  %D0e)  ODO()
[ ACDF(e) [ CDF{u) i ACDF(e)  CICDF(u)
10JIIIIIIIllllll|llllllIlllllIIlIIl 1IIIIIIIIllllll|lllllll|lltll||l|l]
1.7 175 18 185 19 195 2 2.05 1.7 175 18 185 19 195 2 2.05
Center of Mass Energy (TeV) Center of Mass Energy (TeV)

- Overall good agreement with the NNLO calculations

( Stirling, Van Neerven)

» Accuracy limited by the systematic effects: dominated by the

luminosity error (~6%), followed by PDF uncertainties (~2%) in e/u, and
< tau algo in T channels
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Q do/dy distribution of Drell-Yan Z/y* -> e*e-

= Measurement of the rapidity distribution and

differential cross section of Drell Yan pairs can provide
a stringent test of QCD. a0

: CDF Run Il Prelimin{iis i B 101
7O g R O e s
: +n
m:,.,., ....................................... . ....................................................................................
. NNLO CalculaTion w.i"'h NLO CTEQ6.1 g mgﬂ ............................................................................................................................
PDF Theory pr'ed|c'|'|on Compared to data. % B0 BN
o = 39; .............................................................................................................................
» Theory prediction scaled to measured 0 (Z) "
20[66<M <116 e VR R
E meas;:ured c{r@n Ium..uri;nertainty];
m = 2A224+ 0 Wetn+ \_!_ 2A79(eve ) nh 19E,,-...:..NLQ.F.'[E.Qﬁ..‘l..?redlntmrél.ar:.aled....é..................
A\ >4 = U7 V.I\J\Jlul.}_ o/ /\J,J.} IJIJ. - tumeasum‘j{z] :
T S R T S T

Boson Rapidity
= the agreement with theory is good,

= this measurement -with increasing statistics- can be
used to constrain PDFs.
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any set of PDFs.

= The largest experimental uncertainty, &=
(luminosity), cancels in this ratio.

= Experimental ratio can be compared
with acceptance ratios predicted by

+ Ry, =0925+0033
= The theoretical NLO predictions are:
* Rereq = 0.924 + 0.031
- RMRSTOIE = 0.941 +0.012

PRL 98, 251801 (2007)

Ratio of central-to-forward W ->ev cross section

= CDF published the first attempt to constrain PDFs using
the ratio of W boson cross sections measured with
central and forward electrons.

—provide sensitivity to the W rapidity
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Q W Mass Measurement Strategy

W+ mass fundamental parameter of SM

- Radiative corrections: depends on M, and M .
= W propagator includes H, tb, hypothetical new particle loops

Am, o< Y "F\ Precise knowledge of M,
M/ \M . T X (and MTOR) constrains SM
e AR AN Higgs mass
Am,, o< Inm? o
% Aplp = (-1.376 £ 0.064,,,) x 10°
*W mass obtained from fit of ]

transverse mass M(lv):

1000

Mg = | 2pkp¥(1 — cos A
4 J PP Piv) "Lepton Momentum M

— calibrate from J/y and upsilons
— cross check with Z — uu
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Mw : CDF Result

CDF Il preliminary L =200 pb™"
-
m; Uncertainty [MeV] Electrons Muons Common §
Lepton Scale 30 17 17 g
Lepton Resolution 9 3 0 £
Recoil Scale 9 9 9 5
Recoil Resolution 7 7 7
u, Efficiency 3 1 0
Lepton Removal 8 5 5}
Backgrounds 8 9 0
pr(W) 3 3 3
PDF 11 11 11
QED 11 12 11
Total Systematic 39 27 26
Total %
2
M,, = 80413 *+ 48 MeV

the best single-experiment result,
now statistically limited

CDF Il preliminary
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w Direct measuremenT of Iy,

DO Hun Il Preliminary

CDF Il Preliminary { 3

most precise single direct measurement

SUSYO07 Karlsruhe, July 28th 2007

ﬂd —
E 1 = e Data % Mw =1(2
o —gfctgfot‘:géw”d g 10* 2Idof [fit range] = 19/21
..E 10° o B ¥’dof [full range] = 32/29
Ing i 177 pb-:l § 10° « W — ev data
- . !.'ItJ W — ev MC + bckgd
10° . signal region: 100-200 GeV/c? bckgd
= . 10
10 !
1
Ll b e 1 50 .......... 2 ._00
M+ =" M; (ev)(GeV)
CDF Run Il Preliminary (350 pb")
m nm:nn \A/ 7Y nA+h 11einAa +hoe +41l ALy, [MeV]
ClrHnuric vv vwildiii UDllly i 1Qili N
Of MT(IV) dls rIbUTlon Lepton Scale 21 17 12
Lepton Resolution K i 26 0
. Simulation 13 0 0
DO finds rw = 2011 £142 MeV (177 pb_l, e) Recoil 54 49 0
Lepton ID 10 7 0
CDF finds Ty = 2032 +71 MeV (350 pbl, e ) | Boomres = = o
PDF 16 17 16
. QED 8 1 1
CDF result is the world's W mass 0 o o
Total systematic 78 70 23

Total 97 23



Summary for M, and I,

~...__.“-- J-I_‘_ J_l__i__." /“

= CDF has most precise single experiment measurements
of the W boson mass and width.
MeV]
& . |
CDF Run | 20433 + 79 2231+ 172 i D& (RUN-1)  aope
DO Run | ® 2050+ 130 » CDF (RUN-1)  ricpe
80433+ 84 2011+ 142 = DZ (RUN-2)" o
DELPHI —_—
80336 + 67
L3 —— 2032+ 71 ——r CDF (RUN-2)* zs0pv
80270 + 55 2036 + 63 —— CDF (RUN-1 ,2}*460Ph'1
OPAL ——
80416 + 53
ALEPH —.;'440 451 2049 £ 57 —T TEVATRON"
I + |_._| %
CDF Run Il (prel.) —— 21962 84 LEP-2
80413 + 48 2095 + 47 SM World Av
World Average 2007 -8 80398 + 25 Iifdfzgldgfs | | | | | | i Ilareliminary
| | | | Ll i a an s T ha hn ha na v
§0100 80200 80300 80400 _ 50500 80600 18 19 2 21 22 23 24 25
W Boson Mass [MeWcz} ]"W [GEV]
4
Reduces uncertainty on world Reduces uncertainty on world
average by 15%: average by 22%
29 — 25 MeV 60 — 47 MeV
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. Diboson production w

=Study of diboson production:
= Test Gauge Boson Self Interactions

= Intermediate step towards SM Higgs searches
= Both experiments measured inclusive cross sections for:
=> WW (PRL 94, 151801(2005), hep-ex/0605066)
> WZ-ZZ
= Wy
= /Y (hep-ex/0705.1550)
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15 Wy : Radiation Zero

*The interference among the tree-level diagrams below creates a zero
amplitude for cos(6*)=-(1+2Qy) (measuren, - Nigpton . NOT 6*)
*Observing the (destructive) interference in Wy (frilinear vertex) is a
test of the SM gauge structure
N SN A CDF =>a(W+y) = 18.0:2.8 pb (1.1 fb)
[ . DO(E+y>7GeV, M(l,Y,MET)>90 ):
J y 1 Y = o (W+y) = 3.2+0.5+0.2(lum)pb
! . W |B(_g0mbined Channel
> "*“.- 3! a ®  Background Subtracted Data 0.9 fb-l
g Y g 80-_ SM MC _l %
: [ D@data | 4
20— ! | g
s gpllf 1.2
of — L - - 5 3 v 5 Dal....I....I....I....I...'E“..I..‘.J...':“._‘i%
: k (Lepton Charge)*(n - -4 -3 -2 -1 0 1 (Lepzton Chgrge)’( 1‘11;1].) |
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CDF: Significant improvements in
lepton acceptance by forming leptons
0 =3.7t0.1pb  from all the available information

[ wz candidate Transverse Mass |
-1
a. D@ Run Il Preliminary O . 8 fb :
0.8 fb" 100
l

—e— WZ Candidates

Events / (10 GeV)

% 10 20 30 40 50 60 Tr::svar:gmsin(eea?o 10" (2007)
DO: 12 events (BG ~ 3.6) P10 B0 90 40 S0 e (Bgevj“
Significance : 3.3 o (summer 06) Observation ~6 0
o(pp — WZ) = 3.98" 2 pbistat + sys) o(pp — WZ) =5.07;.pb

CDF Run Il Preliminary | Ldt=1.1 1
; 1.1 fb-!
T ¢ Data

O z(ee)y
Z(up)y
[(JzZ+jets

expected 12.5

16 candidates,
(BG ~ 2.7)

PRL 98, 161801
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First hints of ZZ w

= pp -> ZZ is the smallest 6 measured at the Tevatron:
onLo=1.4 pb
= DO: 1 eeup candidate, expected ~ 1.5: 6 < 4.3 pb (95%CL)

= CDF has combined 41 & 11vv channel:

= 1 eeyp candidate; expected ~ 2.5 CDF Run Il Preliminary m
= For dvv use an event-by event probablhﬁ/
and construct a discriminant which is flf Oz @wy

to extract the signal gxﬁ, E'l‘[’,";j‘"s

Event

10°4

o(pp—22)=075%5pb | | F=

14

= Significance : 3.0 ¢
u CDF IS updaTing The WZ and ZZ P@SUH'S A S A A
soon with 2 fb! "stay tuned ..." log,(1-LR) (ZZ, WW bkg)

1 - Likelihood ratio for llvv
SUSYO07 Karlsruhe, July 28th 2007 Sandra Leone INFN Pisa
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Top quark physics

= The top quark is a very special particle:

— Heavier than all known particles * ;
— Decays before hadronizing: q\/af
Mop=1.5 GeV > AQCD (Whelicityh, .
= Top discovery 12 years ago, since AW
then many top studies performed to =
answer the question: Top spin polarization N\
is what we call "top quark” = 8 * p 5
adequately described by / i, "
the Standard Model? . AR <
= Still many open QUCSTEOHS: Production Cross Section "& v,aq’
— Why is the TOp mass so lar'ge ? Resonance production ?
= Why is its Yukawa coupling ~ 1? Production kinematics [Iveacting o)
= Does top play a special role in EWSB? SM ((cKm matrix element V1o
New Physics ? E.
(see S. Cabrera talk for a review of top
properties studies and search for new physics in [ Non-SM decays
the top samples) t->H*, t->1, }

SUSYO07 Karlsruhe, July 28th 2007 Sandra Leone INFN Pisa



o G

Top Quark Production at Tevatron

= QCD pair production q ~85% to ~15% t
:>GNLO = 67 pb
(for my,,= 175 GeV) _
q tg t

q S-channel t q T-channel

e EWK single-top production
> s-channel: 6 = 0.9 pb >mwv\< qmz
> t-channel: 6y, = 2.0 pb 5 t
(Both for my,,= 175 GeV)
> First evidence in Dec. 2006 5 v g =

= ¢ smaller than top pair production, but = allows direct
access to V,, CKM matrix element: cross section o |Vib|

= Single top identification is challenging = huge background
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Top Quark Decay

SM predicts: BR(t — Wh) # 100%

O e-e(1/81)

=memu18) | For ttbar pairs decay:

H tau-tau (1/81)

D e -mu (2/81)

B ¢ -tau(2/81) =Dilepton (ee, py, ey)

= mu-tau (2/81) —BR = 5%, 2 high-P; leptons + 2 b-
H e+jets (12/81) jeTS + large missing—ET
B mu+tjets(12/81)

=Lepton (e or p) + jets

B tautjets(12/81)

EvenT TOPOIOQY O jets (36/81) FDZB]CEO:m3gZ3,fi£?;§iL€9PEOH +4 jets
determined by the T
decay modes of =All Hadronic:
the 2 W's in final —=BR = 447%, six jets, no missing-ET
state. Always b " Thad *X
jets are present —BR = 21%

I
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similar to the theoretical one

quark properties.
D« Run Il Preliminary

combined (topological) 7.9 12414
L=230pb™! He—H 142 4
dilepton (topological) 6.8 *1-2+09 pb
L=1000 pb™’ \—H -1.1 -0.8
Itrack/emu combined g.6 19+
L=370pb™" %—.—H © 4744 P
tau+jets N 5.1 43407
1=350 po't A N a5 07 P
alljets/(vertex tag) 4.5 20 +1.4 pb
L=410 pb™ § 1.9 -1
I+jets (vertex tag) 6.6 *0-9

. pb
L=420 pb™ |—§l 0.9
I+jets (NN tag) \ g.3 *0-6+09
L=910 pb™' \-F.'H > o5 10 P

- high-precision test of perturbative QCD
calculations (now at NNLO - Cacciari, Kidonakis) | oieetr

‘ Measurements of O+4

The top pair production cross section error ~ 12% | s onos o
_—

*Lepton+Trqfck
(L=1070pb )

——
(L=1200 pb”)

. ——
Lepton+Jets: Kinematic ANN

The cross section is measured in all final states: (L= 760pb)
it is the first step of any analysis studying the top | Leptonsets: vertexTag

(L=1120 pb")

Lepton+Jet§: Soft Muon Tag
(L= 760 pb™)

"MET+Jets: Vertex Tag

Assume m=175 e’\.v'.ft::2
CDF Preliminary

8.3+1.3+0.71£0.5

6.211.1£0.7+0.4

6.0+0.6+0.9+0.3

—

8.210.5+0.810.5

7.8+1.7+'°+0.5

—0.9—

6.14+1.2+'4+0.4

(L=311pb") —0.9—
"All-hadronic: Vertex Tag 2.0
AlLhadrorls 8.3+1.0+20+0.5
*Combined[’old SLT,all-had) 7.3+0.5+0.6+0.4
(L=760pb") (stat) + (syst) (lumi,
AN ENENE T ANRTONEN AN A s s A

0 2 4 6 8 10 12

o(pp — tt) (pb)

I+jets (topological} 6.3 09 +0.7 pb
L=970 pb™ 0.8 0.7
Cacci I. JHEP 0404:068(2004)
m, =175 GeW/c® .
L L | L L I L L L |I(Idl L dlv?gFl '?HP FBT 1;"*31I4 tIE‘:IH:'qJ L L L |

2 0 2 4 6 8 10 12 14 16
o(pp — tt) (pb)

Oy =

Data NBackground

Acc j Ldt

14
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Lepton +jets o,y & R

= Signature: isolated high pT lepton, £, >3 jets

= b-jet identication technique based on a neural network, to count the
number of events with O, 1 and at least 2 b-jets.

=R = B(+->Wb)/B(+->Wq) can be extracted simultaneously from the
distribution of the observed events between the three categories

= likelihood discriminant based on the kinematic properties of 11 events is
used to further constrain the number of tt events without tagged jets.

R =0.991" 0 (stat + syst),
o(tt) =8.1072% (stat + syst) + 0.49(lum) pb.

R>0.812 @95%
|Vi,| > 0.901 @ 95% CL assuming CKM unitarity

|Vi,| > 0.096 @95% CL without CKM unitarity
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Lepton +jets 6, & R

D@ Runll Preliminary

® Data

Predicted and observed number of B tt(jets)

Number of events

Number of events

events in the 0,1 and 2 b-tag samples, o
for events with at least 4 jets — e S sigle top
Z+jets
B wbb

D@ Run Il Preliminary

B Data
B ti(ljets)
B ()

diboson
single top
B Z+jets
Bl Wbb
0 Wee
[ Wip
B Multijet

0.4

t

0.8 1
Discriminant

Zero-tag sample in bins of
topological discriminant

SUSYO07 Karlsruhe, July 28th 2007

M Wee
B Wip

B Multijet

1 >2
Number of tagged jets

Summary of R
at the
Tevatron

0

CDF Run | 0.94 *03)
L=109 pb” —e—i

CDF Run I 112 027
L=160pb’ —e— :
DG Run Il 1.03 *21°
L=230pb’ —e—

D@ Run Il preliminary 0.991 -:g-ggg
L=900 pb”' o

T R R B T

-0.5 0 0.5 1 1.5 2

R = B(t — Wb)/B(t — Wq)

andra Leone INFN Pisa



Top Quark Mass Measurements w

= Top mass is a fundamental SM parameter

= Measured by kinematic reconstruction, fit to invariant
mass distribution

/
= Need to relate the reconstructed Y\A\ W
//V ~

b-jet

Jets back to parton level: 7y T

U s Constraints

—=Jet Energy Scale is cruciall X..

et

< jet

= Many Methods exist, most precise top mass},

from_Matrix Element Method in ¢+jets:
= Use four-vectors of reconstructed objects _

= Calculate a probability per event to be signal b€t
or background as a function of the top mass

= Product of event probabilities used to extract
the most likely mass

= The mass of the jet pair from W= j is used to obtain an
internal constraint to the jet energy scale(JES).
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166 W+ 4 j@TS (>:1 b-TGg) CDF Run Il Preliminary(glo

KS 032 |

Events

tt candidates

Dominant Systematics
ISR/FSR Radiation +1.05 GeV

b JES +0.60 GeV
JES Residual +0.42 GeV
b tagging +0.31 GeV

Events

80
60 |
40|

20 |

M

JJ
CDF Run Il Preliminary (940 pb™)

60

40

Mo, =170.9 + 2.2(stat. + JES) £ 1.4(syst.) GeV
= 1709 + 2.6 GeV

SUSYO07 Karlsruhe, July 28th 2007

KS0.18 |

mean: 78.8 GeV/c®
RMS: 19.3 GeV/c”
Data

mean: 79.7 GeV/c”
RMS: 20.5 GeV/c”

mmtt(M_=170)

Non-W QCD
B ZZ, WW, WZ
Il Single Top
PN We+3p

Wect +2p
B W bb + 2p
W 4p

—+— Data

Monte Carlo

mean: 156.0 GeV/c?
RMS: 30.2 GeV/c®

Data

mean: 156.3 GeV/c®

RMS: 29.0 GeV/c®

it M_ =170)

Non-W QCD
Bl ZZ, WW, WZ
I Single Top
BN Wec+3p

W cC +2p
B W bb + 2p
W 4p

—— Data




Top quark mass measurement : ¢ +jets

"{+ EA4 jets
= P, = sum over all 24 possible object-parton assignments, weighted
with b- -tagging event probabilities

Calibrated 2D Likelihood
DO Runll Preliminary

Dominant Systematics

Relative b/ight JES =0.57 GeV
b fragmentation +0.54 GeV

Signal Fraction o84 GeV
Signal Modeling +0.45 GeV

s M., =170.5 + 2 4(stat. + JES) + 1.2(syst.) GeV

150 155 160 165 170 175 180 18

o =1705 £ 2.7 GeV

M‘rop
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Summary of top mass measurements

§ 040
Tevatron Results (*Preliminary) ki .
o 5 038 The top quark mass is known
ilepton g 030 . o e
ez 16841123536 | 5 ,,, with a precision that was
COF-| dieplon 1674+103+49 | £ ool ¢ thought unreachable at the
(L= 110 pb”) = s : § i
001 dieton 1725:58+56 | [Toofile © ¢ P15 1 s Tevatron only a few years
tvson 164539439 | oo = £5§5§ dgo.
—— - Analysis o
CoF s 176,11 5.1 5.3 / * AM/M ~ 1.1%
—_ .
DO oo 180.1+ 3.6+ 3.9 > of the order of the top natural width
. . . . .
corar, | 1830+ 56| | = be careful in interpreting the meaning of the
GOF.A eptonsjoe 1709+ 16+20| | Meast rement
. o
DO-1I lepton+jets .
ey 1108182201 o5 hoth exp.s are addressing a number of
s 'mi1:28+321) effects that, too small to have an impact in the
S rioms' 18602100+ 5.7/ first measurements, can now become important.
e
me 1709+ 1.1+ 15
cui=ozo [l = reconsider which theoretical aspects are
L1 relevant, at the 1 GeV level, and whether they
150 160 170 180 190 200

Top Quark Mass (GeV/c?)

are sufficiently well under control.
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b

W helicity states: ﬂ

l+

lﬂ

| eft- handed
fraction:
In Standard Model: ~30%

— Measure angular' distribution of charged %? 08
lepton wrt. fop in W rest frame:

. 1€g. direc-
tion of top

b < LAY

W helicity in top decays is fixed by M,,,, My, and V-A structure of the
tWb vertex. It is reflected in kmema’rlcs of W decay products.

1 =
b . »
longitudinal right-handed
fraction: f, fraction: f,
~70% ~0.036%
cosH* <) N 3 O ——
= 7
04,
b/ |
?’ TN et

=]

LL 1 —L.L-‘L-L-IL-
48 <06 02 02 - l'.'l.! 0.4 {IE 0.4 A

CcosO”
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= DO uses ¢+jets and & events

F.=0.017 + 0.048(stat) + 0.047(syst)
F_,. <0.14 @ 95% CL

= CDF usesé+2>4 jets,> 1b tag

1 parameter fit:
F. (Fp=0.7)= 0.01 + 0.05 + 0.03
Fo (F,=0) = 0.65+0.10 + 0.06

F.<0.12 @ 95% CL

2 parameter fit:
Fo=0.38 +0.22 + 0.07

With F, fixed to the SM value (1par): '

= (b)
- D@ Run Il Preliminary — = I {V-A]
=l I (VA

D background

. W Helicity Measurement w
0 wses brjetsand events 1 o WO

CDF Run Il Preliminary m

o data
[ L, =17 o
0 W-hf
B Wi
[JacDb
| l
| I
¢ _:‘=F|:f:
: Nb-tags 21
-1 -0.5 0 0.5 1
cos(f)

F. =0.15+0.10+ 0.04
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DO searched for single top with three

Evidence for single top production

tb+tqb Decision Tree Output

Signal enriched sample

methods: decision trees (DT), matrix Event Yieids in 0.9 1t Dat
element (ME), and a neural network Source 2iets | 3jets 4jet
(NN) th 16+3 82 241
* tgb 204 12£3 4+1
Discriminants are constructed with a = =N Ay
. . — [t]e 0+ 103 £ 3
large number of kinematic observables Wb 1255 | 1024 | 3527
(DT, NN) or by evaluating the o ey || o | 2
. . . . . WHjj 119425 = 43%9 1222
dlffer'en’rlal pr'obablll‘ry Of S|gnal with Multijets 9519 77415 296
Slngle .l.op ME. 'F;c;ttzl background 68:;741 46351539 252:638
310° D@ 0.9 fb™ E @ . D@ oen”
= > 60 =
. - > 60p
A product over all bins 8 ., on| B I SEES H<175GeV
N N lept T f " 2-4 jets W a0- 2 e+jets
( Jetss ' Ytags: ep on ype) Y 1-2 tags I —+— 2 jets
. . . . . __ \x $ 1 tag
the discriminant outputs is fit 1 S
with a likelihood. I i A "SN
h: 07 08 09 1 % "02 04 06 08

tb+tgb Decision Tree Output

signal depleted sample
(high discriminant regien) (W+jets dominated)




All Single Top Results

D@ Run Il == prelimina 0.9 fb-!
CDF Run Il Preliminary p W\J\/\ﬁ
. ! 1.4
Decision Trees | t1 4 PP
— ! :
I
Neural Network: CDF 12 _ : +16
0.0+ 5§ Matrix Elements* 14 PP
. ! .
23c < Bayesian NNs* ' j'i pb
o , .
Matrix Element: CDF i E 12
2.7+ ;3 Combination* 13 PP
: Expected significance: 2.3¢
— !
Lielihood Function: CD W N Kidohakis, PRD 4, 114012 (2008), my,,, = 175 GeV
el Hnetion: 03+ 8% Z. Sullijan, PRD 0, 114012 (2004), myo, = 175 GeV.
) | | | ! | 1 L | | | | 1 | |
0 5 10 15
. . y . G (pP — th+X, tqb+X) [pb]

Single Top Production Cross Section (pb)

First direct limit on V,,:
0.68 < |V, | <1 at 95%CL

DG Combination: 3.60
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Integrated Luminosity {/pb)

Oy 1op = 1.0-1.2 GeV.

(om w = 20-25 MeV )precision!

J T T T T T T T | T T T L

— m D@Run 1a(e) Single Experiment Sensitivity -

250: _:

E 200{— =
T LC CDF Run 1a (e+y) =
g L -
E 15n:_ _:
E : _
= 00— D@ Run 1 (e) =
= F CDF Run 1 (e#y) -
50— l =

- CDF Run 2 (e+p) -

— 10 Me¥ syst limit Preliminary = —me———m—o—e

oLl L Lol L N 1 L1l
10 10° 10° 10

A M(total) GeV/c”

Future Prospects

—h
o
PR |

—
i

"For Mw & Mtop Tevatron has done better than expected
swith >4 fb-! and CDF+DO together may get to:

"By the end of Run II, Mw will be known with close to 0.02%

] — scale Afstat) /L, Fix Alsyst)

| Scale Aftotal) / NT

CDF TanMass Llncanainty
{1+l and I+j channels xombined)
1" 2’ 416" 8ib"

2R T T

*

Y CDF Results e gy

4+ Runlla goal (TDR 1998)

(assumes no improvements)

(improvements required)
10° 10°
Integrated Luminosity (pb )

ML
2

10
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Indirect bounds on the Higgs

the Ax? curve is derived from precision ewk measurements, as a function of
the Higgs-boson mass, assuming the SM to be the correct theory of nature.
*The recent improvements in top and W push the most likely value of
the Higgs boson mass deep down into the excluded region

Winter 2007 Winter 2007
6 My it = 144 GeV : . : : T : :
| Y i {1 —LEP1 and SLD
5 - Aoy = . 80.5 -~ LEP2 and Tevatron (prel.)
— 0.02758+0.00035
1 -+ 0.02749+0.00012 68% CL
4 **+ incl. low Q° data — ;
' 3
~ _ _ — 80.4
F 37 N
£
27 ]
1- 3 _ 80.3
0 | Excluded \& A Preliminary : —
30 160 200 150 175 200,
my, [GeV] m, [GeV]
. 33
preferred m,: 76", GeV m, <144 GeV @ 95% C.L.

Taking the LEP bound into account: 114 GeV <m, <182 GeV @ 95% C.L.
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Indirect bounds on the Higgs: SM vs MSSM

= Prediction for My, in the SM and the MSSM as a function of My,

T I T T 71 I T 1T 7 I T T 7 ] T
80.70 — experimental errors 68% CL:

LEP2/Tevatron (today)
LEP2/Tevatron (8 fb™')
8b": 8m, = 1.2 GeV, 8M,, = 20 MeV

80.60

80.50

M,, [GeV]

80.40

80.30
SM

MSSM
both models

80.20 F
I 1 1 |

Heinemeyer, Hollik, Stockinger, Weber, Weiglein '07
| Lo | PRI

1 | 1 1 1 1 1
160 165 170 175 180
m, [GeV]

S. Heinemeyer, W. Hollik, D. Stockinger,

A.M. Weber, G. Weiglein '06

MSSM band:

scan over SUSY mass parameters
overlap:

SM is MSSM-like

SM band:

variation of M, in SM

slight preference for non-
zero SUSY contributions
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. Conclusions w

= Tevatron experiments have in their hands a gold mine of
more than 2fb! of data

— The accelerator is performing well and the two detectors are
well-understood

= CDF and DO are bringing the tests of the Standard
Model at a level of precision which meets or exceeds
that of electron-positron colliders
— The fop mass is known with 1.1% precision, the W mass with
0.04% precision
= CDF and DO will continue to produce excellent physics
through 2009, and possibly after that
— Expect 6-8 fb! by the end of Run IT
— Expect 0.7% precision on top mass, 0.02% on W mass
— The Higgs boson hunt is under way
= Surprises may be just around the corner
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Backup
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het

= Cross sections for various
physics processes vary over
many orders of magnitude:

— processes of interest are often
buried under heavy background

— need good rejection factors,
selection and analysis strategies

= As luminosity increases
experiments are forced to
deal with new challenges

— Trigger and analyses being
retuned to match the changes

Production cross-section (barns)

1

O,
(]

10°

-0

10

16}

10—10

10—12

]0-14

10—16

100 120 140 160 180 200

Tevatron Collisions & Cross Sections

Total inelastic

-mb
bb
b
W
-Nb 7
tt
ﬁ\
Higgs (ZH + WH)
- fb

Higgs mass (GeV)/c2

In 1 fbY

1x10

6 x 106

6 x 10°

14,000
5,000

100 ~ 10
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‘ Electroweak Ehxsics with T w

Z > 11 is irreducible background to Higgs > tt search

DD separates taus into 3 categories based on final state particles,
: L : !
T identified with Neural Network _ <7 T

Y 1
+ P < _ = =1 track +
<ﬂ 1 track + Tt 4:;, o 1 track + ﬁ@ni wide calo
A"

Tt calo cluster ‘Q calo cluster + % v cluster
. V. EM sub-cluster t

Type 1: 1 track Type 2: 1 track with EM en. Type 3: more than 1 frack

—signal
—— isolation

CDF uses cut based tau identification seed track

defines signal and isolation cone around seed
track direction
n0 information is added

Require track & n° isolated /

not associated ;
with tau candidate "\ !
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L —>T.T

= Use channel T; — e + T, — had : isolated electron (E;>10
GeV/c) and hadronic tau (p>15 GeV/c)

= Event topology cuts to reject qcd and W+jet backgrounds
= Cross section consistent with SM expectation

L = 350 pb-!

) CDF Run Il Preliminary (£=350 pb-1)
CDF Bun |l Freliminary  (£=350 pb-1)

400¢ — = 1400 ] Z-1z
- TT B -
ELI ] QCD Didjets = 4200 [[] QCD Dijets
C 1 - ! Lot ] Z—ee
2 so0- | T E Ze- o F
B oormmasier: 1ot 3 gammarers
I —+ ] Wejets = sof L wejers
¥ 200 — = B
E _f SS and OS 5 60
= 1800 .
= - 2 B
o 40
100 1,3 prongs 5 .
s0- OS only an g
OE EIIIIIIIIIIIIIIIIIII| E 1 + +
o 1 2 3 4 &5 & 7 B 2 10 0 20 40 60 380 100 120 140 160 180 200
Number of tau tracks Mass(e.t.MET) GeV/c?
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. W Charge Asymmetry w

* W boson exhibit a production asymmetry g <= 2= = m

|due to the different PDF of u and d quarks g £ oef 230t
in The pr'ofon: < 0.12_ ...................................
" do(W+) /dyw — do(W=)/dyw oot S
(w) = da(WH) fdyw + do(W— ) /dyw ﬂ:/'/ i

RESBOS-A + CTEQ6.1M
] - ; = MRST02 i
pr) —-W - ,av

02 i 04 n 06 e 08 111=.:1_2=L.1_d1..1_61111_8.,12

Lepton rapidity

‘We measure a lepton charge asymmetry
|(convolution of production and V-A decay)

Illl[lll!l

(=]

% 0.0/ CDFI .I?relim.i.nary......Ldt..m
E o8 . ‘ ;
AN “ E O —=— 343pb’ data(stat. + syst.) B
cour p nTCG a new ClﬂCllYSlS mCTHOG % 07 Prediction of CTEQSL.
which r'econs’rruc’rs the W rapidity (using < oq Mo
a weighted iterative estimate). mmfp 2 o5
To be updated soon with 1 fb-! S ot
g 0.3F
0.2F
0.1
® 05 1 18z 25 3
W rapidity(ly,_[) _
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Arg Above Z pole

4 m
| Zee A 364pb | < 0
] CDF Run Il Preliminary 364 pb’ ooF :
E E I I I I I 0.6 __ ““““ 'T “““ I AT S R
< 0.8 D
0.6+ 0.4
0.4 ool T .
0.2 :
E -0
0:_- ‘ - D@ Run Il Preliminary
-0.2 : : i 0.2} 177 pb
04T o LO calculanon oal . Data
E -0.4r ZGRAD
-06 Ft Unfolded (total err) S CNTHIA
0.8+ —* Llnfolded (Stat El'f). -0.6 —— Z'su: M = 600 GeV
| L Z'sy: M = 800 GeV
50 200 300 600 0.8~
Mee(Gevlc) _17 Lo b b b b b
70 80 90100 150 200 250 300 350 400

Mece (GeV/c2)

Statistics limited but ultimately sensitivity to Z' beyond SM
Distributions consistent with SM predictions
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Dilepton o,

- SignClTLlr'el evenTS W|1'h ee+22 *260— D@ preliminary,
jets, pu+>2 jets, eu+=1 jet LT
= Observed data events: 73 S IR
240 B Fake
=16 ee, 9 uu £ |
—32 ep+>2 jets, 16 eu+ljet = |

Expected background: 23.5

= No requirement on b-jet :
identification 0 2 3
Number of jets

ee 1 Oy = 0.6752 (stat) 71 (syst) = 0.6 (lumi) pb
ep 1 o= 6.17175 (stat) T3 (syst) = 0.4 (lumi) pb
P O = 6.5759 (stat) 55 (syst) = 0.4 (lumi) pb
dilepton @ o4 = 6.8717 (stat) o2 (syst) = 0.4 (lumi) pb
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Dilepton o,

FSignature: isolated high pr ee, up, ep, g =2 jets
mObserved data events: 77: 16 ee, 26 uu, 35 eu

*Main Backgrounds: WW(— eeuu.em )+ jets, Z/y" (= 11— en ) + jets,
Z/q (— ee,up )+ jets, W + jets (jet fakes isolated e,u) (~ 25.6 events)

220 [rTrrrrrrrrrrrrr T T T T T T T T T T T 7

CDF Run Il preliminary (1.2 fb'1) o5 | CDF Run Il preliminary (1.2 fb™) -

200 Data 1 2 fb-l ¥ —e— Data ]

m Bkgd + I3 uncerlainly . F I:l " 67 ob i

160 [ |ft(c=67pb) [ .{c = 6.7 ph) 1

160 ] wwiwz 20 | Diboson .
oy I []ov

140 B feke B Fakes

820 -% 15
f100" =
mf_ 10:
:z: ttbar 5!
2 signal bin
0 ol

¢ Jot 1 Jet »2jst HT>200+03

G, =6.2+ 1.1 (stat.) + 0.7 (syst.) = 0.4 (lumi) pb
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‘ Lepton +jets oy,

= Signature: isolated hlgh CDF Run Il Preliminary ma

ET lepTon, ET 23 jeTS ‘E |:|Top{3.2_pb}|
- EVZHT Samples: u}ijg CO"":I"O' ...................................... EE{TLZ?"’S:;:F'
=21 b-tags Signal fraction ~80% % Region —
:>22 b—'l'ags S|gna| fraCt|0n ~90% l‘_"ﬂn‘.}‘ﬂi< ............. > .......................................... — i
: 5 I
= Main Backgrounds: 5 e
= Multijet production with fake 15_

lepton,
= W production + 2 3 jets

= Most top properties
measurements use >4 jets ,
events. Yields: 231 (=1 b-tag), P

101 (>2 b-tags) >1 b-tag

>1 b-tag: [8.240.5(stat)+0.8(syst)+0.5(lum) pb
>2 b-tag: 8.81L8'$(stat)i1.2(syst)io.5(lum) pb
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Lepton +jets o, w

= Signature: isolated high pT lepton, 23 jets

=>] jet is required to be b-tagged by a very performant Neural
Network b-tagging algorithm (e = 54%, fake rate =1%)

= Event yields are fit in 8 categories (e/u; 3/> 4 jets; 1/> 2 b-tags) to
derive the final result:

D@ Runll Preliminary —— DATA 100 D@ Runll Preliminary
. B - jets (8.3)pr -
12005 =1 b-tag w3

Il single top 80— = S S
0 Wee i SESSSSS

B wob 5 =
- Wi 60 s
- 11 B i
0 Multi-jet 40'_ =
| X
B -
o0F &
- =
_ | i =
| ' ' i . : o]
1Jet 2Jets 3Jets >4Jets 0 1Jet 2Jets 3Jets >4Jets

| {+jets @ 05 gpix = 8.310-8(stat) T95 (syst) =+ 0.5(lumi) pb
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Top Quark Mass: Matrix Element Method

= Use four-vectors of reconstructed objects

= Calculate a probability per event to be signal or background
as a function of the top mass

= Product of event probabilities used to extract the most
likely mass

= The mass of the jet pair from W->jj is used to obtain an
internal constraint to the error on the jet energy
scale(JES).

Partonic differential Cross Section,

based on LO Matrix Element
P 0om.E9) = dada, f (a,) f (g,) |de(y,m) T (x. . JES)‘
. I |
use hadronic initial state Transfer Function: Prob. to

W decay

measure X from parton-level y
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= Measurement sensitive to the kinematics of the events
and observed number of events. The unconstrained
system of dilepton events is solved using the top-antitop
longitudinal momentum, and the top quark mass is

reconstructed for each event.
CDF Run Il Preliminary (1.2 fb") -1
70 dilepton events passing event w Rt

selection and mass reconstruction / [ recrca
N measured o -

10:_ measured M, . no .. dep.
The hatched areas mark the dilepton ¢ | e
5 K
ttbar G and the template top mass NN NN
measurement using Pzar(without ot //
cross section dependence). of 7 _
E....I....I...%////.//%....I....I....I....I....

‘?50 155 160 165 170 175 180 18 "~~~ "~~~ 7D

top

M,,, =170.7 *4-2_5 g(stat.) +2.6(syst.) +2.4(theory) GeV
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Forward-backward charge asymmetry w
in top pair production
= NLO calculations predict forward-backward asymmetries of 5-10%
but recent NNLO calculations predict large corrections.

= asymmetry arises from interference between contributions
symmetric and antisymmetric under the exchange top -> anti-top,
and depends strongly on the region of phase space being probed

= The low asymmetries expected in the SM makes this a sensitive
.pr'obe for new physics.

20 .
4"':-" I 149426 Top Pair | D@ Run Il Preliminary 4"‘:-" I 116£26 Top Pair D@ Run Il Preliminary
g 18E | 38+11 Wijets 0.9 fb"! g 18 | 36+10 Wijets 0.9 fb"!
W 16 |l 21 3 Multijet * W 16 |l 19+ 3 Multijet ’
14 ¢ 208 Data | 14 * 171 Data |

01 02 03 04 05 06 07 08 09 1 01 02 03 04 05 06 07 08 09 1
LD2 LD2
Forward events Backward events
Where:

1.|I|r.l w0 N Dy <

Agp = = (12 + 8(51'(11') + I(SYST))%

AY = Y+ ~Yibar
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Top mass: All-hadronic channel

CDF Runll preliminary L=943pb"

. ; ; . ; Mumber of events ltag Ztag
|the combination of a dynamical likelihood =
) ) ignal (ttbar) 13.2(3.7 14.1(3.4)
and LO matrix elements allows a precise measurement. Background 3460.2) 3263)

The selection requires 6 jets (Ei>15 GeV, |n|<2) and uses

10—
kinematical cuts now “standard” on aplanarity : 2E?3, ™
centrality C>0.78, XE>280 GeV, and a cut on the o g
matrix element —based “top likelihood” L<10.

_ _Li
Bl— -

Templates of M,,, and M; are then used in a combined fit
ito M,,, and the jet energy scale. The result is:

Double Tags Events/10(GeV/c’)

M, = 1711 £3.7 (stat +JES) £ 2.1 (syst.) GeV/e?

140 160 180

200 220

Event Top Mass (GeV/c)

- +i ")
— 171 1 + _I_ 3 (}e\ /c- CDF Runll preliminary L=943pb’
E 3
0.041 — M= 150 GeV F o 3
E M = 160 GeV = JES =-3 =
0.0351 M =170 Gev -
o M =178 GeV E — JES =-1 2|AInL=45
0.031 — M =185 GeV -
= M = 185 GaV E JES =1
0.025} = 1 AlnL-05
0.02f 3 JES =3
E E o]
0.015F =
ootf -
: - 5B
0.005[% = \
QENEREEY EERRY RPN PREE PROPE PRwrifes - =t : = 2
130 140 150 160 170 180 190 200 210 ‘2202 E./I.. | | | | | | | __""I'-—-_ - 1 [ | |
Event Top Mass (GeV/c))
LDQUOTUI NAIIDIUIIT, JUIy 0Ll UL 20 40 g0 8 100 120 140 160 180 20 185 170 175 180

Dijet Mass (GeV/c)

Top Mass (GeV/c’)




Consistency check of CDF single top
analyses
Matrix element: Overall scaled by 1.1
lo (t-chan.) =2.7+1.5-1.3 pb CDF Run Il Preliminary, L=955 pb™
Neural Network: % g Ew it
S-channe I on
(t-chan.) =0.2 +1.1-0.2 pb E 10% & tchamnel O weswee W Ze 1, Diboson
(s-chan.) =0.7 +1.5-0.7 pb & q Syst. Error
2-D Likelihood discriminant: |
(t-chan.) =0.2 +0.9-0.2 pb 10°¢
(s-chan.) = 0.1 +0.7 -0.1 pb
10
IConsistency at 1%
CDF expects to observe at 56 1
single top production with 4/fb
10 2
0 01020304 050607 08 ¢~
+*/DOF=7.8229940 A
Method Neural Networks Matrix | ElEehEood %
Elements Function 2
1D 2D 1D 2D 5
[Expectedp- | 05% | 0.4% 0.6% 25% ?
value =260 | =260 =250 =200
IObserved p- | 54.6% | 21.9% 1.0% 58.5%
—SUSYoTHarsrotreTJuly 28t 2607

CDF Run Il Preliminary, L=955pb™

T
Ml Single top
M b-like

c-like

Mistags
Mtt-bar
——CDF Data

'
0 0.2 0.4 0.6 0.8 1
Event Probability Discriminant
|
CDF Il Preliminary 955 pb"
‘.‘ﬂ | Normalized to Prediction
c —a— CDF Il data
= I single-top signal
- 20 -_ tt background
o I c-like background
a I b-like background
r-% I non-W background
w
=
=
]
>
w
o8
CDFllpm NN output
7
6
5
w
4
2
L
2
1
0
0

integrated luminosity [ 1/fb ]



Ongoing effort

= 40 Tevatron Run Il Preliminary
— -1
E ¥ e D@ Expected Ldt=0.3-1.0 fb™
P I - SRSt CDF Expected
i..; e T mmnen Tevatron Expected
E 25 - L_Il-lt—i m— Tevatron Observed
< r
LLi

180

M I T
190 200
m,, (GeV/c?)

= Last update in mid March (new CDF result on WW, ZH
and from DO on WH, ZH->new)

Analysis CDF limit (1fb1) DO limit (1fb°T)
factor above SM factor above SM
observed (expected) observed (expected)
IH - vwbb @115
Technique: M; 16 (15) m
WH-=kbb@115
Technique: M, 26 (17) * 10 (9)
Technigue: ME Ak 13(10)
IH -+ llbb@115
Technique: NN2D * 16 (16 33 (34)
H—=WW - Iviv @160
Technigue: A® (1)) (6) 4(5)
Technique: ME 35 (5)

Limit / o{pf—>WHIZHH)BR{H-bBW W)
5

- —— Observed Limit
e Expected Limit

R FullD!Zi Combination”

D@ Preliminary, L=1.0 b

100 140

T
120

P I
130

S
140
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= Large efforts to bring up efficiency to trigger on tau events

(and to detect tau)
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