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History...

Apr 27, 2001 (6 Years Ago): The lab had a party to celebrate the
beginning of Run II

- Same day: first 36x36 store in the Tevatron (#449)
- Luminosity of ~1x103°

- From a stack in the Accumulator of 74x10'° antiprotons.

May 2005 (1 Years Ago): The lab had a party to celebrate 1 fb"!
delivered to each experiment.

- Store #4666

- Luminosity of ~1.6x1032

- From a stash in the Recycler of 243x10'° antiprotons.
Oct 2006 (6 Months Ago): 2 fb-! delivered. No party?2?

Now : 2.85 fb-! delivered. Next party at 10 fb-'2
- Store #5376

- Luminosity of|~2.7x1032
G. Warts (UW)
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Mass Residual (GaVic”)

What Can You Do With That Data?
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http://www-cdf.fnal.gov/physics/new/top/2006/mass/ljets_tmt/pt_lept_compare2.eps
http://www-cdf.fnal.gov/physics/new/top/2006/mass/ljets_tmt/pt_tbar_compare2.eps
http://www-cdf.fnal.gov/physics/new/top/2006/mass/ljets_tmt/residmass_vsjes_canv.eps
http://www-cdf.fnal.gov/physics/new/top/2006/mass/dil_kin/Pictures/Blessed/data_wMC_wLogFit_scaled.gif
http://www-cdf.fnal.gov/physics/new/top/2006/mass/dil_kin/Pictures/Blessed/pe_diffmass_bless.gif

But Only If You Have CDF & Dd@...

Silicon detectors for precision tracking
Solenoid for p; measurement

High bandwidth multi-level trigger systems.
Calorimitry

Muon System
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Excellent Muon ID Capability
Large Tracking Acceptance (|n|<2-3)

Excellent Tracking Resolution
High Rate L1 Accept Rate (B Physics)



# Gauge Sector
® Flavor Sector

® Electro-weak Symmetry Breaking

The Standard Program ‘

\/Comple’re the Standard Model
v Precision Measurements (BSM hunt)
v/ The Hunt for New Phenomena

Recent Developments ‘

v/ Dark Matter
?  Dark Energy

? Neutrino Mass/Oscillation

Standard Model Precision
Measurements

MW, Mfop’ LIC ]
Cross Sections G\, G, G, O, ..
Heavy Flavor Production & Decays

Standard Model & Beyond 1

Searches

Higgs

Supersymmetry, Large Extra Dimensions
New Guage Bosons

New Fermions

G. Watts (UW)


http://en.wikipedia.org/wiki/Image:Particle_chart.jpg

Down The Ladder...

It is getting harder!

Top quark observation in 1995
Single Top Quark Evidence 2007

WW, WZ, ZZ...

Higgs...
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The Top
Quark



The Tevatron Lab: Top Quark
xm

Wealth of information to be extracted cross section
from the top quark system!

* Discovered in 1995
* Only place for direct measurement is

decay kinematics resonance production
\ single top, v,,

the Tevatron
* Much heavier than expected
* Implications?

Single Top Production
Top Cross Section
Top Mass Measurement

width/lifetime W helicity
spin correlation

mass branching ratios
rare decays
t—H"b, ty



Re-Re discovery of
the top quark...

Top Cross Section
o

Classify our channels by the W decay mode

CcS
WW — llvv, - dilepton B
WW — lv,qq — letpon + jets . .1_’ all hadronic
WW — qqqq — all hadronic >
W 4d i

CDF dilepton *
Increase acceptance: allow second lepton -
to be just a track .

|:> Close to a x2 increase in acceptance

For a counting experiment the S/B is 5%
better.

I |
et ut 1t ud cs

o(tt—dilepton+X) = 8.3 £ 1.5(stat) £ 1.0(syst) £ 0.5(lumi) pb

G. Watts (UW)



Top Cross Section Summary

[ cacciari et al. JHEP 0404:068 (2004)
Kidonakis,Vogt PRD 68 114014 (2003)

Precision is about that of theory!

- . . . +1'2 +1ﬁ4
Dilopton Combination is in progress... 71 15 44 PP
1
(L= 750 pb™) +1.2 +0.9
6.8 -1.1 -0.8 pb

"Lepton+Jets: Kinemat
»(,f:p%?p:f} nema 6.0+0.6£0.9+0.3 Itrack/emu combined

3.6 +1.9 +11 pb
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] l+jets (vertex tag) 6.6 *09 pb
MET+Jets: Vertex Tag 14 L=420 pb™! T -0.9
) 6.1:1.2 +73:0.4 p

"All-hadronic: Vertex T
(L=1020 pb™')

+jets (NN tag) +0.6 +0.9
8.3+1.0 +>%+0.5 *.’_‘ﬂinnh" 8.3 5 10 Pb |
+1.0 +5 2+ o
i M-

I+jets (topological) +0.9 +0.7
L L=910 pb™' 6.3 3 07 PP
gﬁ"}g:;‘;g-(:;'d St1all- 7.3+0.5+0.6+0.4 m = 175 GeV/c? I cac . JHEP 0404:068(2004)
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The Top Mass

M, is a fundamental parameter of the SM

Correlated with M, via loop corrections

{ Measurement Techniques J
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Event-by-Event. Weight events in final M,
distribution according to their similarity to
signal or background.

M,
0.1 =
o [ 145 Gevic?
1::> Template Methods compare data M, = 01 [ 165 Gev/c?
distributions to similar ones generated ——> S i [ 185 GeV/c?
with a variety of MC at different Ms. T\é' [l 205 Gev/c?
2 0.06
g
= 0.04
0.

o
N\

i00 150 200 250 300
m{eco(GeV/c’)

Currently Giving Smallest Errors ]




The Top Mass
N

The Matrix Element Method

Inverted Monte Carlo: what is the differential cross section that a particular event final
state could have come from a signal matrix element or a background matrix element.

P(x;m,, )= - I d a(y,my,, )dq,dq, f(q,) f(q, ) W(x, )

¥

f( g ; ) f( q X ) Parton Distribution Functions - :_ ﬁ i

,V’ top particular parton configuration? i 3 ' Ca
14
: : Iy
. What is the chance that the final Er /’IL
H;’(x’ V) See N\ b
. state partons (y) could produce s 7L .
the measured objects (x). (‘gj;;; m NS

G. Watts (UW) . @



Top Mass

New trick in tool box: In-stiu Jet Energy Scale (JES) calibration |

JES is normally determined on photon+jet events.

Let JES float: another parameter similar to M..
Constrain JES to best of knowledge, if possible (DO).

CDF Preliminary 940 pb”

: @
L ;
- | e

>

0.5 |

AN L=0.5

Aln L=2.0

L=8.0

| CDE (fit of M

160 170

1 éO )
M, (GeVic?)

fopl

fiop and JES):

Lepton + Jets

top

Moo = 170.9 £ 2.2 (stat+JES) T 1.4 (syst) GeV /c?
D@ (fit of M,__ and JES): (0+1+2 tags)

top

M. = 170.5 £ 2.5 (stat+JES) * 1.4 (syst) GeV /c?

w (1+2 tags)

top

M. . = 170.5 t 2.4 (stat+]JES) £ 1.2 (syst) GeV /c?

G. Watts (UW)


http://www-cdf.fnal.gov/physics/new/top/2006/mass/ljets_meat_1fb/data_all.eps

Top Mass Combination

dilepton

All hadronic

lepton + jets

Very few backgrounds in SM,
but relatively small statistics
and two neutrinos add
ambiguity.

Largest fraction of production,
but multijet backgrounds are
very large

A perhaps happy compromise.

Currently yields best
measurements (but all are
competitive).

Best Tevatron Run Il (preliminary, March 2007)

All-Jets: CDF
et | 1711+ 4.3

. ——
Dilepton: CDF

eplon: 164.5+ 5.6
Dilepton: DO e 1725+ 8.0

(1000 pb™') R

——

Lepton+Jets: CDF

o o) 1709+ 2.5

+

Lepton+Jets: DO

v 170.5+ 2.7
Tevatron

(Run I/Run 1, July 2006) 1 72;1 }4 :_: 6%[')1

7 /dof = 10.
| | | |
150 160 170 180 21 90 200
Top Quark Mass (GeV/c")
G. Watts (UW) Run 2 expectation: £1 GeV




Single Top Production

Direct Access to the W-t-b coupling (o)
Measure V. of the CKM directly
CKM Unitarity

Sensitive to new resonances: W’, top pions,

Backgrounds to

Higgs!

|

SUSY, FCNC, anomalous couplings...

0.88+0.11pb !

“s-channel”
W+

[ Single Top Final State

Typical for Top: Lepton, missing E;, and jets

[ Backgrounds

1.98 £ 0.25 W+Jets —c = 1000 pb
tt—c =7 pb
QCD multi-jet background /jet mistaken ID

G. Watts (UW)
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Yield [counts/10GeV]
[=2]
o

£
o

20

Sophisticated Separation Techniques

Multijetsg

+10 unce

D@ Run Il Preliminary 0.9 fb'

> etjets
==1 tag
==2 jets

150

M (W) [GeV]

\

The estimated systematic error is larger than the
expected signall

A simple counting experiment
isn’t going to work!

Neural Network Decision Tree
Likelihood Matrix Element
Matrix Element Bayesian Neural Network

G. Watts (UW)



Monte Carlo Trained Techniques
o

Train on MC signal and background to separate signal and background

D@ Run Il preliminary 910 pb'1
g & , - Daia Clectron channel Decision Tree(DT): Branch at each node
s :i;”_tqb Ol e depending on a selection cut. Each leaf
g 50 g mutticis contains a purity determined on MC: the
e _ DT(e,2j,1T) result of the DT discriminate. Boosting re-
40
- # trains fo improve incorrect assignments.
20| # w Neural Network (NN): functional combination
- i;— - with weights determined by training.
05 5o 04 o6 o8 f Likelihood: Combined likelihood of multiple
Decision Tree Qutput variables, all with some minimal separation.
F P . . .
@ * Analyzer must carefully pick variables to increase
Fop P separation.
‘. ‘ * Training and over training
‘ot 66 * Very Fast to redo the analysis.

G. Watts (UW)



Matrix Element Technique

Use MC LO Matrix Element to predict probability an event is signal or background.

The probability a measured detector topology (x) is a particular process (M):

P{i}%ffliql:Oldqlﬂqz;Q:|dqz>=~iIMti?j}I2¢ii?dech:i,*}}

CTEQ6 Parton Leading Order ME Transfer
Distribution Functions from MadGraph and  Function: Map
phase space & parton Detector to
| CDF Run I Prleliminary,‘L=955pb'1 level cuts Partons

Mistags

1 50 - tt-bar

100 |

Events / 0.05

0 0.2 0.4 0.6 0.8
Event Probability Discriminant

— i Single top
200 | Ml b-like
c-like

——CDF Data

* Matrix Element should extract maximal separation
information from event. But is only LO.

* Very slow: must integrate over all unknowns
(minutes/event)

G. Watts (UW)


http://www-cdf.fnal.gov/physics/new/top/2006/SingleTop/ME_1FB/PRplots/epd_best_fit.eps

Results
o]

-/ e | o

Expected Result & Sensitivity Expected Result & Sensitivity
Technique Sensitivity Sensitivity
Neural 1.30 ., =507 ,pb 0. <57pb o, <26pb@ 95% CL
Network (Bayesian ) 2.20
Likelihood Gy <29 pb O <27 pb @ 95% CL
Matrix 1.80 ., =468 . pb 2.50 ., =275 .pb
Element 2.9c 2.3c
Decision 2.1c O =49 %4 |, pb
Tree 3.4

~

CDF has determined their results are compatible at the 6.5% level.

G. Watts (UW)



D@ Single Top Result Combination

The analyses are not fully correlated
> )= 1 0.57 0.51 DT
057 1 045 ME
051 045 1 BNN/
BLUE MetZhod
— WDT.DT+WMEQME+WBNNQBNN / Use the SM Ensemble

Determine the weights such that the mean square error on f is minimal.

4 D@ Run Il Preliminary D@ Run Il Preliminary
g 200¢ E ble of do-d ts with g 200f E ble of do-datasets with
e — 0 401 =3 - nsemble of pseudo-datasets wi o E nsembie of pseudo-gatasets wi
u [}T " o 180 th+tab si (4] 180 i
S g qb signal (2.9 pb) + background S - th+tgb signal (2.9 pb) + background
-~ 160 - 160;%
A I AE# o . -1 E . 9 ;
WME = 0 _1_1_-]2 g 1405 w 0.9 i per pseudo-dataset g 140F 0.9 fb! per pseudo-dataset
) g 1205_ e . _‘g 120 = Combination
a4 _ A nl == Matrix elements -
wpny = 0.146 ? 100 - 3 100
S 8o gilif L S sof
E Baan b o :_
§ 60_5 i': II! E 605
_ + k<) g e S 40F
o(s+1) = 4.8 £ 1.3 pb | e Ml pe :
S 20ar ks S 20
ull B
_IIII|IIII|IIII|IIII|IIII|IIII|IIII1~|I|&I-LI|LIIJ
"1 2 3 45 6 7 8 9 10 % 1 2 3 4 5 6 7 8 9 10

tb+tqb cross section [pb] tb+tgb cross section [ph]



Single Top Results
s

D® Run Il Preliminary

. £ ) ;
D@ Run Il = preliminary 09fb! & " Ensemble of pseudo-datasets with
! , ™~ ‘ background only (no signal)
Decision trees 1 pb E 10%:
| % = 0.9 fb™! per pseudo-dataset
Matrix elements E pb 0 3 __ =y
! © = il 8
E S 10 = il
Bayesian NNs E pb -g B
| T 10%c
Combination” 1 —o—i 4.8 13 pb - -
- | Q@ 40 == Matrix elements
N. Kidorpakis, PRD W 114012 (2008), m; = 175 GeV E R x
| Z Sulliv‘lan: FRD 70 'I4[]12| (2004), m, =173 Gie\f | 2 C gayeslant NN S
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 —  — Om ina iDn
-5 0 5 10 15 2 1 | | | |
o(pp — tbttqgb) [pb] o 1 2 3 4 5 6 17

tb+tgb cross section [pb]
Expected Significance: 2.2

Observed Significance: 3.5

G. Watts (UW)



W+ Jets

To better top and Higgs searches we have to understand W+Jets and b-quarks at a new level

do/dE[pb/GeV]
3

10

10°

(W—ev) + 2 njets

CDF Run Il Preliminary

T I T T T T I T T T T | T T T T | T T T T I T T T T I T T T T I T T T T I T %
et * CDF Data jdL: ROy’
™ =
_— Wkin: E% =20[GeV]; In®<1.1 3
2 IEt, "h_ MY = 20[GeVic]; E) = 30[GeV]
et %, e Jets:  JetClu R=0.4; q|<2.0 =
"'_ lu' .y hadron lewel; no UE correction E
et - LO Alpgen + PYTHIA -
g :{!:F S Total o normalized to Data 3
= | —— ]
——

T == =
. —_— |
t ]
1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I I_E

0 50 100 150 200 250 300 350

Jet Transverse Energy [GeV]

W+Jets Data comparison ALPJEN
* Normalize each jet multiplicity cross section

* Inspect behavior vs E;, jet-jet AR, jet-jet

invariant mass.

CDF Run Il Preliminary L=584 pb'1

b-jet Energy Scale (in Z—bb events)
*» 5674 + 727 Z—bb events in fit.

* Determine response relative to light quark

JES

* Will help with Higgs and with Top

Z+Jets Too

™ 2 2
§ 12000: » Data .‘.. %5005
8 B Best hackground & % E 400f
N 10000 - 55 Z = bb MC [ b ] 2 300;
E NN . E ok
@ B . . =8
E 8000 — .
2 N [ \
- »
5000 e
7 & by 0 20 40 60 580 100120 140 160 180 200
L % Geic®
4000 — %
L i »
| ...
B LN
- @ .
0,_|..I...I:_-___-iw-rM'FTf‘?mw-‘M.. A i o .
0 20 40 60 80 100 120 140 160 180 200

M (GeVic®)
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The W and Z Boson

The W Mass And Width
First Run 2 Results!

Di Boson Production

1 fb' data sets have given the
Tevatron to see WW, WZ, and
evidence for ZZ.

SM Constraints to hunt for new physics

WY Production

SM Constraints to hunt for new physics

G. Watts (UW)




Endurance
sport!

The best way to
80.5-

make progress on

M, constraints is IS

=

>
better M\,! < g0.4-
g 4
S

80.3

You really have to know
everything about the event!

aE, Neutrino

Underlying evex

Recoil
(< ]5 GeV) U

Hadromic recoil

1 —LEP1 and SLD

----- LEP2 and Tevatron (prel.)
68% CL
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RESBOS+WGRAF(NLO)

Fast Simulation

o 85 60 66 7O 7H 80 85 60 96 100

Backgrounds Templates Binned likelihood

M, E;, Missing E; fit

Data
Detector Calibration

my = '\/ZPTIPTV (1-cos ¢1v )

. CDF Il preliminary Jf- at ~ 200 pb” CDF Il preliminary JIL dt ~ 200 pb™'
> 2 2 -
(G B o o | +
- L - (=] -
g [ Muons 5 M, = (80451+ 58__) MeV
2 1000 2 5 i
i 3 1000l y2Idof = 63 / 62
so0— [ M, = (80349 + 54__) MeV 0
x’!dof =59/48
%o 70 80 100 9 S
me(u) (GeV) 0 0 % E (o) (Gev)



W Mass

Combined Uncertainty:
T 48 MeV

CDF expects < 25
MeV with data
already collected

CDF Il preliminary ‘ L =200 pb™

m; Uncertainty [MeV] Electrons Muons Common
Lepton Scale 30 17 17

Lepton Resolution 9
Recoil Scale 9
Recoil Resolution 7
u, Efficiency 3
Lepton Removal 8
Backgrounds 8
pr(W) 3
PDF 11
QED 11 12
Total Sys |

TWOO - NOW
WOUMON®O

A A
4 A A

G. Watts (UW)



W Mass

[ My = 80.413 + 0.048 GeV/c?

P(x2) = 44%

Effects:
World Average: 80.392 — 80398

World Uncertainty: 0.029 — 0.025
Higgs: 85%39 ,, — 80%3¢

From 200 pb-'!
Best Single Measurement in World!
A lot of work ahead! |
=

CDF Run | @

80433 + 79
D@ Run | o

80483 + 84
DELPHI —e

80336 + 67
L3 —r—

80270 + 55
OPAL ——

80416 + 53
ALEPH ——

80440 + 51
CDF Run Il (prel.) ——

80413 + 48
World Average 2007 -0

80398 + 25

| | | | | |
80100 80200 80300 80400 _ 80500 80600
W Boson Mass (MeV/c")

G. Watts (UW)

M, [GeV]

—



EWWG Standard Model Fit

6 m\
- |
Bl Theory uncertaintyjl: | Was 154 last summer!
(5) _—
5 Auhad = i |
— 0.02758+0.00035 — LEP1 and SLD
_____ 0.02749+0.00012 - 80.5 ——LEP2 and Tevatron (prel.)
4 - -+ incl. low Q° data | 68% GL
| 5
o Q
X 3- _ O 80.4-
< =
} &
2 B
i 80.3
1- . | S
| A / | 150 175 200
0 EXC.IUd?, Preliminary m, [GeV]
30 100 300
m,, [GeV]
G. Watts (UW)

March 2007 Plots



W Width

CDF Il Preliminary ( 350 pb'1 )

Use same infrastructure as for M,,.

>
T, =(1948+ 67) MeV ) . L .
8 . ‘ 0 ( ) Use fast simulation with different widths
0 10 y*Idof [fit range] =17/21 N ize bel 6 .
% Idof [full range] = 21/29 ormalize below Tit region
]
c
g 10° « W pvdata [MeV]
2231+ 172 i D& (RUN-1) aopb!
glt] - W = ].I.V MC * bCkgd 2050+ 130 ——R—T— CDF (RUN-1)  110p
beckgd 2011+ 142—————— D@ (RUN-2)*  1sops
2
10 2032+ 71 — i CDF (RUN-2)* 35005
2036 £ 63 —— CDF (RUN-1,2)"450p6"
2049 + 57 —— TEVATRON"
10 2196 = 84 —— LEP-2*
2095 + 47 SM World Av
4 2df = 3.3/5 * . Preliminary
1818 2 Ted 23 93 54 s
1 I, [GeV] ;
>0 100 150 200 World Average Uncertainty: 60 — 47 MeV /c,

M; (1v)(GeV)
I, = 2032 + 71 MeV/c2

G. Watts (UW)



Di Boson Production
=N

Triple Gauge Couplings: Non-Abelian structure of the SM
Tight Limits from Tevatron W
A few fb! before we are competitive
Complimentary: Higher center of mass, some non LEP W
couplings available.
Anomalous Couplings — New Physics
Backgrounds to SUSY, HH>WW, etc..

Tevatron Run Il pp at “/s = 1.96 TeV/c’®
|

V (=vyorZ)

10° W SM Expectation 2404 Observed

Cross-Section [pb]

24| Observed

Zy

e
{

17 Evidence...

£

Wz _
1 s
O R N N S N S L
Wz Wy Iy ww wz 77 H— W G. Watts (UW)

note: this is o, not o xBR



Di Boson Production

Hs

_CDF Il Preliminary (825 pb” CDF: Observe 95 events
§1°2 |£|‘5)VthVa E;‘W 3 expected background of 37 £ 2
B 10} mwz+zz E\?vrfjl:t:an | 825 pb-!
g il:h‘f'iL o(WW)=13.6 £ 2.3(stat) = 1.6 (sys) £ 1.2 (lumi)
Wk 3E|f|‘=;— D@: Observe 25 events
) on expected background of 8 £ 0.5
10 224-252 pb'!
102 o(WW)=14.6"38 _ (stat)*18_, ; (sys) £ 0.9 (lumi)
0 %0 100 150 200 M2"5[(()5eV] Good Agreement with NLO: 12.4 = 0.8 pb
: 100.CDF Run IIPreIiminar}j det=1.'1 CDF: Observe 95 events
8 Z°=:Z: ‘:d s (L expected background of 2.7 + 0.44
o _ 1.1 fb! 6
Lf, 601 G(WZ):5'O+].8-1.6 pb
é 50- D@: Observe 12 events
§ 404 T on expected background of 3.6 £ 0.20
2 —— 760-860 pb"’
é’ N G(WZ):3.9+]'9_].5 pb 3.30
“ % w0 7 8 s 1@ o 0 o Good Agreement with MCFM: 3.68 *+ 0.25 pb

Dilepton Invariant Mass (GeV/cz)



Events / 5 GeV/c?

o)
w

25]
20]
151
10
5]

ol

Di Boson Production

CDF Run Il Preliminary _[ Ldt=11fb"

. sdata [t
owz

30

Ow+jets
gww [JpYy

!

|
oy
=

0

20 40 60 80 100 120 140 160 180 200
2
M, [GeV/c]

CDF: Search in both 4 lepton and 2 lepton+2 jet
6(ZZ) < 2.1 pb @ 95% CL
o(ZZ) = 0.8*%7 ;. pb «<— 3.00

D@: Observe 1 events (4-lepton only)
on expected background of 0.17 + 0.04
224-252 pb-!
6(ZZ) < 4.3 pb @ 95% CL

Good Agreement with SM: 1.4 = 0.1 pb

G. Watts (UW)



Di Boson Summary

Tevatron Run Il pp at \ls = 1.96 TeV/c?

=) .o T b CDF Preliminary 3
= 10°L = CDF Published
5 = Be o DO Preliminary
-..3 - e DO Published .
$ 10°L B SM Expectation |
» ;
o f *
S 10°E v ~
10 4 0 Ii l y
- 0 ]
: 1~ 7z
potl— 1Mo
W Z Wy Zy WW wz WW*W?? ng“WW
V5

G. Watts (UW)



WY Production
I

tand u channels

Photon acceptance

CDF: E; > 7 GeV, |n|< 1.1 L
D@: E; > 7 GeV, |n|<1.1 or 1.5<|n|<2.5 T 1}
T & %
q Y [ v
s }V Trilinear
Photon E; and MWY shapes are in Sensitive to the \\Wwf gauge boson
good agreement with predictions! WWY coupling _//W T, Verex

4

s channel

‘ Combined Channel I

CDF Runll Preliminary 1/fb

— 5]
E" 0* - D@ Preliminary, 900 pb e Candidate Events < F
g -.>.. - « Data 855 events
: - SM MC + Background ¢ .l Fweer
O 10 = E o Z+
w = Background % 2 W e o
2 0
E 10 ums 10
w = F
.‘E’ i
=
1 z L

-
qﬂ.

Last bin is over flow

G. Watts (UW)

0 100 150 200 3250 300
Photon E; (GeV) Cluster Transverse Mass(uy,v) (GeV/c")

°|||||||

2
10° 20 40 60 80 100 120 140 160 180 200 220 240



WY Production

DO preliminary (0.9 fb'): E(y) > 7 GeV , deltaR(Ly) > 0.7 , M_(Iyv) > 90 GeV:

muon channel: olp pbar = 1vyX)= 3.21 +0.49 (stat+sys)+0.19 (lum)pb
electron channel: op pbar = 1vyX)= 3.12 £0.49 (stat+sys)£0.20 (lum) pb
theory: olp pbar - 1vyX)= 3.21 £0.08 (PDF) pb

CDF preliminary (1.1 fb'1): ET("{):} 7 GeV . deltaR(e.y) = 0.7 . 30 = MTQ.W) < 120 GeV:

muon channel: o(p pbar - uvyX)= 19.11 £1.04 (stat) =240 (sys)x 1.11 (lum) pb
theory: o(p pbar - uvyX)= 193 £ 1.4 (sys)pb

The Cross Sections are also in good agreement

G. Watts (UW)



Radiation Amplitude Zero

Three SM Tree Level WY diagrams interfere

Zero production when center
of mass angle (0%) satisfies:

cos(0*) = £=

1
3

Final state is electron or muon, missing E;, and a photon

Don’t reconstruct the neutrino 4-vector

Usually get two solutions for W's rapidity: can’t

calculate 0%l

Standard Model MC w

Anomalous Coupling MC: k=-1, A=0

But you do expect a
dip in the delta 1!

ol I W T S T T N T N T [ s ol N W S T T T NN T

3 4
(Lepton Charge)*(n -n)

: G. Watts (UW)

|

w|




g

Events/(0.75) H

8

Radiation Amplitude Zero

. Background Subtracted Dala w

Standard Model MC

¥2 =16 (12 dof)

Anomalous Coupling MC {x=-14=0 I

Data is consistent with SM

Is the dip real?

* Split distribution into 3 bins
* Calculate probability that

:

unimodal distribution could

=i==

fluctuate to actual data.
* Dip exists at 90% CL.

First (Last) bin is under (over) flow

w
o
=
D.
-
r
w

G. Watts (UW)



QCD



Inclusive Photon and Jet Production

Triple Differential Cross Section
D@ Runll Preliminary

Inclusive Jet Production Cross Section

= —=10°F
> 03 E— D@ data Q a3 Data corrected to the hadron level
8 10 E ] Region 1: Y& jetin CC, SS 0 3 10 —
B - al Region 2§y&jetin cC. 0s cla Y all I:l Systematic uncertainty ] ] fb']
ro% 102 E 2 Region 3 yin CC, jetin EC, SS 0 10 i
= : Region 4: yin CC, jetin EC, OS - . il ——=—— NLO:EKS CTEQ6.1M p=P""/2, R_=1.3
5, - NLO QCD =10"F ™. L _ _
5 10 3 %. CTEQ 6M, pin p =pT*f(y") o % = e, Midpoint R =0.7,f _ =0.75
S F w0 Region N sEoa, T
'g 1 Lal, 0 e Rgg:g:2 o> 10 — e, T IL=1.04 ib”
=k = N, R Region 3 L) — - e
% C "AA .. """ Region 4 10— ’-a' +++ — .,
10—1 E‘ \A‘A L o 4 :_ '.'-I-_.__._ e _—
‘?g E A\g .".:"i‘.:,_?_\ 10-2 i E'l' +_._+ - IYI<U-1 (x")s)
2 b -\.\‘ ’.\,,_»%- :_ -I-_._-.- ++ - .
10 E 3\2 i 105 — ., - —— 0.1<|Y|<0.7 {x10%)
- e A\-\\ qh;‘;""‘w\ i '."_ ++ S
103 L=1117 ? 102F T pyr— 0.7<[Y|<1.1
- Ay — === ——
3 L — == 1.1<|Y]|<1.6 (x107)
10 EI 11 | 11 1 1 | . | | | B R R | | 11 1 1 | L1 1 1 I 10-11 i == . .
0 50 100 150 200 250 300 [ . 5<I‘f|:1: 10 CDF Run II Preliminary
p.'{'(GeV) 10-14__|||||||||.||||.||||||||||||||||||||||
100 200 300 400 500 600 700

Photon + Jet

Py (GeVic)

Note Shown: Dijet Cross

G. Watts (UW
(UW) section from CDF



b-Jet Properties

b-jets are backgrounds in top,
Higgs, etc.

We tend to study exclusive B
decays, not QCD production,
however!

* What fraction of jets have 2 b’s vs
1b
* Is the distribution of energy and
calorimeter response the same? P(r) = p*/py
Profile of energy
in the cone

G. Watts (UW)



b-Jet Properties

Data/MC Comparison WMS(r/R) Y8 (r/R)

Correction account for 16 . MidPoint R=0.7. f  =0.75

merge

contamination from non-b-jet jets

[\~ Y, |<0.7
1.4
i - i I data
=) The fraction of 1-b quark jets i Stat errors

vs. 2-b quark jets is different in 1.2 ___ Pythia Tune A:
LO and NLO generation I — 1b

— 5,02

L E(erwig:

-~ 1b

o gt%m-n.z

By adjusting the 1-b jet

fraction by 0.2 (vs. what 0.8

06— ./ 52 < p, <80 GeVic $
\%Bes’rFi’r S T ' —

1 1 1 | 1 1 | 1
0.2 0.4 0.6 0.8 1 r/R

Pythia gave)

CDF has also measured a photon+b-
jet production cross section



B Physics



Bottom Introduction
I

The Tevatron is a b-factory

Both Experiments have an overwhelming number of results!

Lifetimes as well as mass measurements!

G. Watts (UW)



B. Mixing

S

We have measured all the B, mixing parameters at the
Tevatron now! CDF Run Il Preliminary L=1.0fb"

2r
* Am_ is consistent with the SM % 1 sF Alo,=6.1 Sensjftivity
* Precision measurement of V, /V,_ [ H\“*# 31.3|ps!
. . 1F ,
* Al's also consistent with the SM <k H-
s s 0.5F
* Charge Parity Violating phase ¢ DE } {' Bl |ij| !
R gl T A T
055 “ w A
1 i_ i
15F *
_25.A(¢%=J?-?5.)1=1.-21.J—r.q2.q T T T |
0 5 10 15 20 25 30 35
Am, [ps’]

Am, = 17.77 £ 0.10 (stat) = 0.07 (sys) ps™
IVyl/1V,| = 0.208%9-008 | (sys + stat)

¢, = -0.70%%47 ., Still Some Room for New Physics

Good agreement with SM

G. Watts (UW)



2, Search

CDE Il Preliminary. L = 1.1 b

Fit Prob. = 76%

— Total Fit

— Backgroung

. A0
I = A
3 — Adr

b-Baryons “o F
A, seen % 5“__$
b - 2
LEP evidence for 2% and &, * = o
i i 0 40
| B
2 T
X —> At @ °F
A AT S 2oF
T f
A= pKn* E 10
Fully Hadronic Decay chain! oF
==) Displaced Track Trigger 2;
40—
-

m(2,*)=5808%20 . + 1.7 MeV m(Z,)=5816 + 1 + 1.7 MeV
m(Z,*)=5829%16  + 1.7 MeV  m(3,")=5827"21 , + 1.7 MeV

10 yd
Good Agreement with Theory E/ j\

— Total Fit
— Background

I AD_4
ZP — Ath.‘r
e ATt

1]e 17

:

T“lﬁ'

0.05

010

015

0.20

Q=m(Alr) - m(A) - m, (GeV/c)



The B System

. [ Q: BT in JAy K* channel | CDF Run Il Prelimi 370 pb’'
Look for Excited B decays: % o~ F D
_ 8 240 © 70E- Fit Prob=91%  — Totalfit
By, — B*tr $ - > —B,—Bx
B* Bﬂc+_— I.I>.I 220:_ § 60; — B, —=Bn=x
2 Al <= 200 O 50 —B,—Bn
RB* ., Btr— o o s t -
| L — ~s20= L Miyl|e | emess <
2 ’ e 180 3 ¢ .
'E [ 2 305_ ----- Total background
S 160 § SRR 57 S (N | SSCEETE N e i 8 S Tt Non-Comb. BKg.
E 20—
DJ & CDF: J/yK* < JaoF “E
! /\V 140:— 10F $
CDF: Dyt 120 0 L Tttty
- .0 0.6 0.8 1.0
A . 100 Q=m(Br) -m(B)-m(x) (GeVic)
DQ m(B]-BQ ) = 25 MeV 80 |_Q:B"in D°x* channel | CDF Run Il Preliminary: 370 pb”'
— - —~ 90
CDF Am(B]-BQ*) =4 MeV 60K + ”Q 802— Fit Prob = 70% — Total fit
a0F > L —B,—>B'x
— S 70 .
- o = — BQ —=Bux
- o 60 * x
Theory: Am(B,-B,*) =14 MeV 20 S oF ——B—Bx
— - I n. e B.
. =S S N 1V A W% ) O S UL L Total background
E‘-j 23; ------ Non-Comb. Bkg.
10%— :
= . L ar
%.0 0.2 0.4 0.6 0.8 1.0

Q=m(@m-m(E)-m(x) (GeVic?)
G. Watts (UW)



Conclusion

B., M\y, and Single Top were big results this year!

Experiments almost done updating 1 fb-! results
Internally concentrating on 2 fb™' results.

Both experiments have new hardware (triggers, Layer
O, etc.) that will increase sensitivity.

Increased Luminosity is causing difficulty and making
analyses more complex

Please watch talks in parallel sessions!

| apologize for all the results | didn’t cover

G. Watts (UW)



