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Overview

* Recent highlights:
— My
— Observation of single (electroweak) top production
— Higgs searches

A very broad programme ..........
— B, QCD, EW (incl. top), BSM Searches
— (50 journal publications, 30 PhDs, per annum, per experiment)

.......... that is now at its peak of productivity
.......... and over the next couple of years faces rather little
competition from the LHC experiments
» Prospects

PLEASE ASK QUESTIONS AS WE GO ALONG!!!



The Fermilab Tevatron Collider

1992-95 Run I:

JLdt~0.1 b, 1.8 TeV
Discovered the t quark

Major accelerator/detector upgrades
(UK groups joined CDF/D@ in 1998/1999)

2002-05 Run lla:
fLdt ~ 1.6 fb", 1.96 TeV

- ( CDF

: o | Further upgrades
S g 2006-10 Run llb: (2011 run very likely)
Seen &> :

s }:v":“..;:s'_tz;fibu 0 4 JLdt ~ 9 fb! (JLdt ~ 12 fb™)
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Luminosity (/fb)

Integrated Luminosity History
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Average D@ data taking efficiency since April 2002 is 89%)!
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CDF detector highlight

« Large volume, high precision,
charged particle tracker
— O-layer silicon tracker
— 96-layer drift chamber
— 1.4 m outer radius

n = -In(tanB/2)

§t1=0 .]=1’/

D@ detector highlight

* Liquid Argon/Uranium
calorimeter

- longitudinal shower sampling

« High acceptance, low
background, muon system

— 0.5 m outer radius for D@
central tracker!



Producing W and Z in pp

Hadron collider is a difficult environment!
« proton is a composite object
— PDFs (Parton Distribution Functions)
— proton remnants, gluon bremsstrahlung
* huge total cross section
— ~12 collisions per bunch crossing at design luminosity! (every 396 ns)
— backgrounds
— trigger

Select ~ 10 tagged W—¢v and ~ 10° Z0—¢/*/ events per fb'



EW Cross Sections at the Tevatron

Cross Section (picobarn)
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Tevatron Run Il pp at\Is = 1.96 TeV

—&— DO Runl
—#— CDF Run II
Theory

Wy Zy ww wzZ Y4 H—- WwW
(m=165 GeV)

First Observed by DQJ: summer 2008



Signatures of W and Z Production at the Tevatron

« Z— (*¢: pair of charged leptons:

« peakin ¢*¢ invariant mass

> 500 — .
8 — DO Preliminary, 1 fb —— Data
~ e
Q375 L— e'e — Fast MC
8
q:) 250 —
Ii » Fit Region

~  y2/dof = 153/160




Signatures of W and Z Production at the Tevatron

Z— (*¢: pair of charged leptons:

peak in ¢*¢ invariant mass

W— ¢ v: single charged lepton:

E Mss (from v)

peak in “transverse mass”

“s“‘ e Neutrino

e transverse mass: m, = \/2p,.’ p (1-cos¢,,)

Hadronic recoil
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Signatures of W and Z Production at the Tevatron

CDF |l preliminary IL df = 200 p!:)'1 CDF |l preliminary ..L dt = 200 pb'1
> o> f
] - Wi 3 L 144
" - W— WV TR “ - W—ev 55 ¢
e | 5 t 12 2 1500— '6.' -
2 L 3 , a 1
c c $ *
g g T
> 1000 — A L 1 4 *
L gt ¥ 1000 — ‘
; ¥ ‘ < I ﬁ-’ ._
4 - o 4 %©
500— . M, =(80349 + 54__) MeV - 4 M, =(80493 + 48__) MeV
- f 500 * it
- v3ldof = 59 / 48 " rf y2Idof = 86 / 48 L.
--‘ .‘.‘m T ..'..
L — k i A ::l‘.“.—.“'n- -4 4 2 A A " A | A i A & | ~'VM“-
%O 70 80 90 100 %0 70 80 20 100
my(uv) (GeV) m,(ev) (GeV)

transverse mass: m, = \/ZpTIpTV(l—cos ¢,.)

Electron

« W—/v: single charged lepton:

«  Eqmss (from v)
* peakin “transverse mass”
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Measuring the W Mass

Use Monte Carlo samples to
generate my distribution
expected for different values
of my,

— “templates”

Need to simulate accurately:
— production and decay of W

— passage of produced
particles through the detector

— signals produced in the
detector

Need to understand precisely:
— lepton p; scale and resolution

— initial and final state
bremsstrahlung

— longitudinal motion of W
along beam direction

x10°
> . : :
8 ff(ﬁ
Yo} [ J_H—‘"JJI -- MC template: Mw=80 GeV |
%2000 “ Jr]; H‘H-’— MC template: Mw=81 GeV~
g 4 |
g H181 GeV
1000 |
80 GeV .
%0 70 80 90 100
_ M. (GeV)
q Y
[
w
g
q Vv



W Mass in W—ev (D)

e 1fb'. ~500k W—ev events, ~19k Z—e*e" events

« The main challenge:

— Measure electron energy response at better than per mille level
* Including dependence on energy, |n|, etc.
* Including effect of nearly 4 X, dead material in front of calorimeter
— Calibrate using Z—e*e" events making use of information from:
* Four samplings in depth in EM calorimeter, |n| dependence
« Divide Z—e"e into 15 sub-samples in n, vs. n,

)
= o041
c n
2 T eta=0
I icl = 0.08 |
Blind Analysis! 5o (norma
z 0 incidence)
... inci
&
o [Q
x < VO ™ < —
soeu-g /gy 2 3 =
w o/l w m ™
"o -
0.02—
o_ IIIIlIIlllIIIIIllIIlII"_'-‘1—‘—‘—l "Illllll
0 5 10 15 20 25 30 35 40

depth in radiation lengths (X)) |,



W Mass in W—ev (D)

e 1fb'. ~500k W—ev events, ~19k Z—e*e" events

« The main challenge:

— Measure electron energy response at better than per mille level
* Including dependence on energy, |n|, etc.
* Including effect of nearly 4 X, dead material in front of calorimeter
— Calibrate using Z—e*e" events making use of information from:
* Four samplings in depth in EM calorimeter, |n| dependence
« Divide Z—e"e into 15 sub-samples in n, vs. n,

2]
=
« Shower to shower 2 o E =45 GeV
fluctuations are significant gm—_ eta=0
Fraction of shower energy -CQU - (normal
deposited in EM1,2 layers helps — 008 incidence)
compensate partially for energy S onsh- -
lost in dead material %{ b o
0.02|
s T e T T s 0 s a5 4o

depth in radiation lengths (X)) |5



Electron Energy Response Calibration with Z—e*e"

2o EN“‘ Fractional energy *f =

ol % deposits, elecfrons _f e

A <22 __ * Eneasured = O X Eyrye 7 B

« Use energy spread of electrons in Z
decay to constrain a and [3

- s =4 Ewa « Uncertainties on a and 3 translate to

= Am,, = 34 MeV
« so will improve with more data
* Dead material known
to £0.01X,!
500 :_Dg preliminary’ 1 fb1 fmur:\/liommo 1000 12/ndF=150.9/135 900 DQ Preliminary, 1:/nd!i45.a45

FAST NC i FAST MG 800 1 fb?! = FAST NC

600 600 p_l_ Of
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recoil
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W Mass Fits

E 10OOO:DO Preliminary, 1 fb" « DATA E 2000c:DO Preliminary, 1 b ~ DATA E 20000EDO Preliminary, 1 fb"  DATA
© 7500 —FASTMC| @ 15000 —FASTNC @ 15000 — FASTMC
% L W wsw 5 L W B - W
E 5000 W Z>ee E 10000 W Z->ee ] 10000— Bz
a  F aco a f aco a F aco
2500 ot = 48R 5000(3 50001
% 60 0 i % mT Gé\'}( N I . Ge@ % w0 s s BT ol
< 4 w 4 = Ar — 1
© DO Preliminary, 1 o = DO Preliminay, 1 b [ DO Preliminary, 1 fy
o et I T LT
ﬂﬁm f i w i M#nW MWH I WH i ﬁ bl .ﬂlwﬂﬁ (T #l + Q Ik M} |
LA O UL LMLV R Y o
LR R R R v S v B L R R L P
o _ CDF Run 0/1 —e——  80.436 = 0.081
« Combination of fits to m, pé; and MET:
DO Run | ——&— 80.478 + 0.083
— my = 80.401 £ 0.021 (stat) £ 0.038 (syst) GeV
: : : : CDF Run I —e— 80.413 = 0.048
* World’s most precise single-experiment my,
measurement DO Run II —— 80.402 + 0.043
« Tevatron average M,, now slightly more precis  Tevaon 209 8 80420 = 0.031
than LEP average
. Energy scale uncertainties World average 0~ 80.399 = 0.023
_ . | | | July 09
falrIyI uncorrelated. between CDF and DY | 80 802 80.4 80.6
— dominated by available number of Z candidates! m,, (GeV)
W



Summary of EW Data from LEP/SLC

0,

A, —e— 0.23099 + 0.00053
* Asymmetries measure: A(P)) —h— 0.23159 + 0.00041
2 2
(91.)" — (98)
(g f) 2 | (g 7 ) 5 Agbc —v— 0.23221 + 0.00029
L R A * 0.23220 + 0.00081
had
« Combine all \ Qpy X 0.2324 + 0.0012
measurements Average T 0.23153 + 0.00016
, " 10 3_: x*/d.0.f.:11.8/5
\/vvvvt/;\/vvv\\\k/vv\/\/\ ;
)
b Q)
t. ]
« g L
* Prediction of Standard € 102 5 Aol®, - 0.02758 % 0.00035
Model = me=170.9 £ 1.8 GeV
0.23 O.2|32 | | WI 0.2|34 | |
. 2
sin“0_,
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m,, and m, (compared to m,)

August 2009
1

68% CL

1 —LEP2 and Tevatron (prel.)
80.54 - LEP1 and SLD

6 __ August 2009 Myt =_157 GeV
| | WA B Theory uncertainty i
Lo Aa®) = [ :
5 - . % had _
: L —0.02758+0.00035
T % % --0.027490.00012
4 % %eesincl. low Q2 data —
(\I?< 1
----- B> 3 7
2 _ —
1 - —
; 0 _ Prelifninary_
175 200 30 300
m, [GeV] my, [GeV]

« Data prefer a light Higgs!

. m,=87"%_,GeV  m,<157 GeV (@95%CL)
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Events / 0.5 GeV/c?

Events / 10 MeV (GeV/c?)

Prospects for My,

CDF analysis of 2.3 fb-! data set already well advanced

Z—e*e” invariant mass distribution

CDF Il preliminary

J L dt~2.4fb"
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Events / 0.5 GeV/c?

4500
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2500
2000
1500
1000

500

Z—p*u” invariant mass distribution

CDF Il preliminary J‘ Ldt =23 fb"

%

E A m3t =12 MeV /c? ' H data

E x2/dof = 27 1 29 ‘L MC

= P 1

= ; "

E e e

S— ~WM‘,$ P ST T N ST S T S T l%—»..ﬁ“*"‘:’ S

0 75 80 85 90 95 100 105 110

2
m,.,- (GeV/c?)

Calibrate tracker and p; scale and resolution

JAp—ptu invariant mass distribution

CDF Il preliminary

J‘/_ dt~2.3 b’

0.1 < (1/pk) < 0.15 (GeVic)"

A mgealetsat = 6 MeVic?
ledof =19/24

data
— MC

2
m. . (GeVic’)

Events / 15 MeV (GeV/c?)

30000

20000

10000

Y(1S)—p*u” invariant mass distribution

CDF Il preliminary I Ldt~2.3fb"

l\llllllll{ll

A mvs;cale(sta!) =1 MeV/cz data
v2ldof =32 /18 — MC

m . . (GeV/c?)
nn
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Events / 0.5 GeV/c?

» Calibrate MC description of material in tracker

— Because of bremsstrahlung in detector material p (track)
tends to be smaller than E (calorimeter)

calorimeter
<—
cluster
electron detector
material
Z—>¢'*e” invariant mass plot using track information only W—ev E/pc distribution
CDF Il preliminary j Ldt=~24fb! CDF Il preliminary J. L dt~ 2.4 fb"
i - i
- © 40000
1500 - data o i * data
L ~ — MC
i — MC ,.3 i background
1000 d>> N
B W 20000(—
: i A m‘:’cale(sm) =5 MeVlc’
500 — Am;? = 42 MeV/c? x?ldof = 33/ 16
B x2ldof = 22/ 22 i
B ' J’ L f | o 1 Il | 1 Il 1 1 1 0 1 :
% 80 90 100 110 1 1.5

track m,. . (GeV/c?) E/pc (W-—ev)



Events / 0.5 GeV/c?

15000/

100001

Prospects for M,,

W—ev transverse mass distribution

CDF Il preliminary I Ldt=2.4fb"

5000/

1

A my =15 MeV/c?
x¥dof =70/ 48

W—pv transverse mass distribution

CDF Il preliminary J.L dt = 2.3 fb™!

A myt =16 MeV/c?
y2/dof =72 /48

.............

+ data
— MC
background

o
+ data 15000
— MC (&) i
background L)
pl -
= 10000
2 -
c
S
o 5000
80 90 100 -
m,(ev) (GeV/c?)

80 90 100
m.(uv) (GeV/c?)

« Expected statistical uncertainty AM,,, = 11 MeV

— (CDF e+p 2.3 o)

N.B. Current theoretical uncertainties:
— AM,, (PDF) = 10 MeV
— AM,, (QED radiative corrections) = 10 MeV

* will become dominant unless improved in the long term
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W Charge Asymmetry and PDFs

down down

u quark PDF is harder than d quark PDF ~ *®™  antiquar quark up antiquark

W+* (W) tends to be boosted along '—» 4--‘ ’—» 4----.

proton (antiproton) direction

asymmetry — (N+-N')/(N++N') W(+) boson W(~) boson
We actually observe the charged lepton & =)
W decay partially washes out asymmetry positive muon negativemuon

=1
N

=) H
] L L

“W- \Was

:
asymmetry

Charged Lepton

-0.5

‘.O
N
-"_
o
N

3 - - -
id aniditv
rapidity Rapidity 23



W Charge Asymmetry and PDFs

« Experiments publish measurement in different form
— Charged lepton charge asymmetry in different electron p; bins (DQ)
— Inclusive W boson charge asymmetry (CDF)

« MSTW and CTEQ have problems to incorporate both CDF and
D@ data into their global PDF fits

0-2 | 0.8 L L L e B '_"_
- —— CDF 1 fb" data(stat. + syst.) 3
o % 0.7= _ NLO Prediction(CTEQS.1M) E
- (a) DO, L=0.75 fb' £ 0.6F [ PDF uncertainty(CTEQS.1M) 3
E‘ 02~ 25<E3<35 GeV E, 0.5 —E
C El>25 GeV 0 3
E 04— < 04 =
- C —— CTEQ6.6 central value s’ -
B 2 03 3
D6—  mmm=- MRSTO4NLO central value 2 E
r CTEQ6.6 uncertainty band 1 (&) 0.2 _E
0.8 -_n v e e b e e by e b s g by ; 0'1 _;
0 0.5 1 1.5 2 25 3 0 E
el 0.8
> —— CDF 1 fb” data(stat. + syst.) ]
02 g 07 NNLO Prediction(MRST2006NNLO) E
g 0.6 [ | PDF uncertainty(MRST2006NNLO) =
o1 (b) DO, L=0.75 f5' 7 05 E
z - E}>35 GeV < o4 3
> I~ 5 -
£ oF E;>25 GeV (] E
E 2 03 N
2 ——— CTEQ6.6 central value g 3
0.1 . o 02 -
---- MRSTO4NLO central value =
s CTEQ6.6 uncertainty band 2 01 =
021~ L1l L1 L1 L1 IR T T S N ]

S Y S S ey pmm % o5 1 15 2 25

15
el ly,!



W Charge Asymmetry and PDFs

« CDF have re-analyzed their data (stat. uncertainties
only) to allow a direct comparison with DJ

£0.05r é ; ]
= [ E\>25 GeV
whd - : : :
> T
Y PSSR VNN SOV AU U N SN (U SO S
= - ! ¢ *
© - : hi i
o I
_0.05 -_.- ........................................................................ : ................ *, ................................
: A DO 0 75 ! data (e) |
_0 1 -_ ...................................................................................................................................................
- CDF Run IT Prellmlnarv 1 b’ data [e)
-0.15 :— --D0. Run H Preilmmary 5. fb -data- (H) - ........
B Il Il i | 'l 'l 1} i Il Il Il A i Il | 'l 'l ; 'l a Il Il é Il Il Il i 'l
-0.25 0.5 1 15 2 25 3

Lepton rapidity
* The experiments agree!
* The problem looks to be in the theory!
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Observation of Electroweak Single Top Production

* Top pairs: g,a <t 0, = 6.7 £ 0.8 pb

B AANAANL
[BINININ
p t_d"v W
o
’Q

g @ f

« Single top:

s-channel

o, = 0.88%0.07 pb t-channel
o, = 1.9810.21 pb

 The most direct way to study the W—tb vertex!
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Candidate Event Pictures

D@ Experiment Event Display
Single Top Quark Candidate Event, 2.3 fb™" Analysis

Run 223473 Evt 27278544 Sun Jul 23 19:21:41 2006

ET scale: 28 GeV

b Jet

b Jet

Muon

w Neutrino

@ muon
Jet 1(b) o :

V,
% H neutrino

« But observing “candidate events” does not, in itself,

constitute a “discovery”!



Backgrounds to Single Top =~ «e.,  ®

neutrino

* 04, Only a factor of ~two lower than o - o

 fewer high p; objects
« Backgrounds much more of a challenge!
« WH+jets poorly understood

_ -1 L -1 [lls-channel - -1
CDF Run Il Preliminary, L=3.2 fb CDF Run Il Preliminary, L=3.2 fb [e<harns! CDF Run Il Preliminary, L=3.2 fb
4m0 C T T T T T T T T T T D'N+|igh'l C T T T
r [DW+charm [0 W+charm 5000 C
[ [llW-+botom 1500 [l W+bottom [ 4 . . [l W+bottor
L0 e | g B | 2000 E leading jet £
o) 3 P Ie pto n [l Diboson g [l Dooson qC) [ t [llDiboson
> L - > > . g
w i T —Data w000 " u'l3000 i i
2000 | T 2 F & S
o R - 2 = i 3
E - g o ie
© o S 500 | B & L o
O1000 # O £ O I g
g 1% 1000 |- 18
5 15 [ 5
iE H %— g
° 40 60 80 100 120 140 ) 0 i 0 50 100 150 20:)
i | Ks: 0.0 KS:0.0% E(1) G
Chi2/DoF: 65.9/50: 5.8% pT() Chi2/DoF: 102.9/50: 0.0% n(l) Chi2/DoF: 122.8/50: 0.0% T(] ) [GeV]



* Even after b-tagging, ........

DG 2.3 fb™ DG 2.3 fb™

> D@ 2.3fb" Data ¢ %'000_ all channels %000_ all channels
o th+tgh M| (5 & T
v 400+ Wbb o o .
; | b-tagged Wcec H S % |
] all channels Wjj+Wcj r] =
o i Ztjets g () i
E. - Dibosons | L1500 5500_
L ttoum| =0
s 2007 tf trjets M| g = |
= Multijets 1l = P
0 100 150 % 100 150 200 foo 200 250
W Boson Transverse Mass [GeV] issing E_[GeV] mi,p [GeV]
DD 2.3 fb™ DD 2.3 fb™
S [ all channels 3800— all channels Event Yields
B600- S I in 2.3 fb~! of D@ Data
o | 600" e, 2,34 i
o @ L M, 2,3,4-jets, 1,2-tags combined
w c
“—400— @ tb + tqb 223 +30
L=t 111400 .
2 | — WHijets 2,647 + 241
> | =T
B [ - Z+jets, dibosons 340 £ 61
200 >200 =
I - it pairs 1,142 + 168
a I Multijets 300 + 52
4 -2 0 2 4 100 200 300 400 500 Total prediction 4,652 + 352
Q(lepton) x n(light-quark jet) H.(jets,l,v) [GeV] Data 4,519

......... the signal is swamped by background! 2



Kinematic Discriminants
 Use multivariate kinematic discriminants

7 13

— e.g., "Neural Network”, “Decision Tree”

« Validate on “background-enriched” sub-samples

“W-like” (low total visible E;) “tt-like” (very high total visible E+)

> - -1 Data ¢ s L _
e L H; <175 GeV + Whob . o - H+> 300 GeV Non-t I
< 300 1 b-tag  Wee s T 60 45 bt tf >
2 L 2jets Wjj+Wej a C e aes tf — (+jets W
o i Non-W F g [ A Multi}ets o
E, 200! Multijets I % 40__ +
© I = |
2 - © -
$ 100} < 20

% 50 100 150 0

0 50 100 150

W Boson Transverse Mass [GeV] W Boson Transverse Mass [GeV]
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CLC

F Observation of Single Top Production

Candidate Events

Candidate Events

Cut on discriminant selects
single top-like background

— a general feature of such

analyses!

BDT>0.25

150

Candidate Events

Candidate Events

BDT>0.6

CDF Run Il Preliminary, L=3.2 f5"

Discriminant output
distributions

Combination of five

lepton+jets+MET
analyses Jets+MET analysis
10 | (b)
10° *$+ ii*
102 =
10 +z- |
| iy Bx,

Super Discriminant MJ Discriminant

« Combined significance 5.0c
O, = 2.3"06  (stat + syst) pb
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DO Observation of Single Top Production

2 >00 -1 Data ¢
« 2.3fb" g R DG 2.3fb tb+ tqb mm
»  Combination of three lepton+jets = 4007 W+lettst_ -
+MET analyses = 300' t Multijets 1=
» Significance 5.00 (4.50 expected) = t
*  Ogy = 3:9410:88 (stat + syst) pb 200
100
The only direct % 02 04 06 08 1
determination of |V@l Combination Output
CDF DO
N 0:91+£0:11 1:07 £ 0:12
V| @ 95% CL > 0.71 >0.78

* Plus, a really important calibration analysis for WH—lvbb, etc.

« and will get increasingly precise with more data! -



Reminder: Direct Searches for Higgs at LEP2

« A particle’s mass depends on how strongly it
couples to the Higgs

a :
. L 7L LEP  s=200209Gev Tight
H b let % ¢ Data
e+ * U 6 Background
Z en - P Signal (115 GeV/c)
_____ ~ 5 8
- hR V é all > 109 GeV/c’
e 7 N 9 4 [ pata 18 4
\ = | Backgd 14 1.2
3 [ Signal 2.9 2.2 + +
AY :
2 — - o
l -
: : _— 0\ : -
* Direct searches at LEP yielded limit: 0 20 40 60 50 100 120

— m,>114 GeV myree (GeV/c?),



Higgs Production Cross Section
at the Tevatron

Decay Branching Ratios

bb dominates for m, < 130 GeV

t
q H
t *  WW dominates for m, > 130 GeV
g g g fusion
W, Z bremsstrahlung o g T T e
E . bb ]
—_ Y T ' T Y T .g WwWw
jd“’f\ / [5=196Tev ] 2
& gg—H : Bk
'3 : st
T .
Q cC
0 0.1¢
U 10‘2:
e — 10250 720 T40 T60 T80 200
100 120 140 160 180 200 M , Higgs Mass (GeV/c)
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Searches for the SM Higgs Boson at the Tevatron

“Associated Production”: Low mass only, three final states

ol
ol
ol

WH—lvbb ZH—vvbb ZH—llbb

“Gluon Fusion”: Most interesting at intermediate to high masses

Higher cross section

- but can only distinguish from backgrounds with
H—WW decay

Also WH—WWW interesting at intermediate masses

About 1 in 10'2 proton-antiproton interactions will contain a Higgs
“The Higgs is underneath the needle in the haystack!”



Events / Bin

0

Backgrounds very similar to single top!!!

Higgs Searches at Low Mass

— top pair and single top production, W or Z + jets, “Di-boson” (WW,

Wz, ZZ)

40 160 180 200
M, [GeV]

D@ Run Il Preliminary (3.1 f")

1 ZH—eebb

jetjet

—— Data
Z+jets
B Z+HF
I Top
I Diboson
Multijet
~—— 7H x100

Candidate Events

30}

25

20

10 |

15|

CDF Run Il Preliminary, L=2.7 fb"

+
-

BWH(115)
[CJwight

[CJW+charm

| WH—lvbb =

[l Diboson

W z+jets

W single_top
[l Top_pair
—Data

— WH(115)x1

UONOIPSId O} PAZIBULON|

0.5 1

NN output 36



Cross Check Samples in ZH—vvbb Analysis

e W—pv+jets “multi-jets”

EW Control sample (one tlght btag) %x10° Multuet Control sample (one tlght btag)
E T T T T T T T
E 100~ DO prellmlnarg (5 2 fb 1)— E 101 DO prellmlnar'y (5 2 fb 1) ]
[{] B Diboson 7 © B —— I Multijet ]
. : 80_— Wijets(Lf) ]| : 8_— 3\::;;::'.” -
- /c-| 4
Events with I e B M
5 r Z+b/c-jets N 5 — = zf,?_;g; —
S 60 Bl Top - > - I Top b
one b-tagge @ I :
20 . - s
C ] : C i
PRSI N (T T T S N T S S L L T
% 50 100 1 50 200 250 % 100 150 200 250 300
DiJet Invariant Mass (GeV) DidJet Invariant Mass (GeV)
(a) (b)
EW Control sample (two asymmetrlc btags) 25 %x10° Multijet Control sample (two asymmetrlc btags)
> 50 T T T T e > 25 T 7 T T
8 - DO prellmmarg (5. 2fb ): 8 . DO prellmlr:rg ,5,5(2 fb )
[ Dib - [ u |e -
& a0- v 1 8 2- = hown
L Wib/c-jets | - g
] o -Z+|a:(I?) . o r -xj:@ﬁ',s ]
H $ 30 Zeblcjets | S 1.5 Zeblcjets ]
vents wit g %0 me 1 2V 2l
w F b w C ]
two b-tagged 2 E - E
j etS 10— !F . 0.5 -
% 50 100 150 200 250 300 % 100 150 200 250 300
DidJet Invariant Mass (GeV) DidJet Invariant Mass (GeV)
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Higgs Searches at High Mass

Higgs is a spin zero particle

W+ et
<M~— =
el e T =

— - -
Ve
* Look for leptonic decays of WW COF Fun 1l Prefiminary [
« Look at azimuthal angle between 5w m,=1ssceve -

the two charged leptons

Z+

Ag(I

{ - Higgs x 10



Higgs Searches at quh Mass

CDF Run Il Preliminary jL 360"
> 1apf OS 0 Jets Wajets
g - M, = 160 GeV/c? ;V_w
- i
N —
« 160 - Wz
7] - zZZz
£ 140 — DY
Q C
> 120 Cww
T} C —HWW x 10
1 DD :_ -a-Data
80
60
40—
20
D - (I [T R T R
D 100 200 300 400 500 600
H; (GeV)
w
<
o
~
A
=
o
O
>
83

102

10

T
20f +"“
40F |
60f-

B D@ 5 4 fb 1 e_l‘l’ -1 b Data
! Preliminary [ Nzeets
E E _W+jets
I +31t + 1=
E_L_I:d: _E _Multijet
i E _Top
_: — _Diboson
E E — Signal (x 10)
0 05 95 2 TS
A g(e, 1)

60 N D@ Preliminary, 5.4 B —4— Data

- B signal x 2
40 D +1 s.d. on Backg.

=

0 010203040506070809 1
NN Output




Current CDF+D@ Combined Limits

* In the absence of a signal
— Set a limit on the allowed cross section times branching ratio for Higgs production
* thatis, how large could cross section times branching ratio for Higgs production be before
g g ggs p
it would have been visible?
— Express limit as a ratio to the cross section expected in the Standard Model
Tevatron Run Il Preliminary, L=2.0-5.4 fb™
\E ;\/ﬁ\'\/}\/\/\I\XALAgCI/\X\; T LI | | L ‘ T T T | 1 >{(\\<I 1 ‘ L | L ‘ 1 T
n K LEREchusmn 4. Tevatron; i |
= e 1 ' ;\;;i\}é Exclusion
i  “Observed limit” £ N s E"Pected o | 1
: -=40 | == Observed _ e M .
obtained from D@+CDF oy IR +o Expected i~y
data EI) *fi“ff\/i\*%fx::i&fx’i»j:ji::i::@:::::*,”?Fj’,F,’,‘P?Ff??'ﬁ:::ii:::::::::::::ii::::{%f\g:::::iijjj::::::::::f?::::::::::::::?::::: -
fx’.%.zr%. \,‘_/‘v\\/\ X e ;A;x ____________________________________________
) 2 s, T Sl
o A XX //VYX\//& AR
Ty OO0 L —— i A— - .o SRR——
) - G i G
. Expected limit” ==—eaeao_____ GRNREsT 0 A8 I
. . - T—_VAAY
obtained by repeating : {
the analysis on a large 1 oo
number of R SM=1 | {
‘@ ’ j@\\ \/‘/\A /X/. Y %v/ : 1
background-only Zx*«;mxj‘x /V\'J%\//\‘\/} L | | | : | Nov$mber6 %OOC .
MogzICa”OS 100 110 120 130 140 150 160 170 180 190 200

i (GeV/c?)

Standard Model Higgs ruled out @ 95% CL if the limit reaches this level! 40



Tevatron Prospects

N Dﬁx 2 Lurnmosrty Prolectlon

v 95% CL Limit -
. Comblnatlon of two expenments assumed -

| = 3-0 Evidence -

-
o

Analyzed Luminosity / Experiment (fb™)

56 s W S St Sl St WS Sl St S S St Wit (S S W e S — IS S e Wil el St }II lll(1ll
I 110 120 130 140 150 160 170 180
m,, (GeV/c?)

Lots of creative work to improve Higgs sensitivity still going on!

Plus, most non-Higgs analyses also still stats limited, e.g.,
— M,y and other measurements with W & Z

« QCD phenomenology of high energy hadron-hadron collisions
— top properties
— B¢ — up, CP violation search @

(to do in the next 2-3 years while the LHC experiments are calibrating ;-)
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LHC Sensitivity

-1

= oM 1« Huge EW event samples
> . . . .
o | crucial to commission
S | / detector, trigger and event
ooy /‘ reconstruction
g 1 // — in 1 fb
E, ——— | « 1M Z—ll events
2 o Hoyycuts 1 . 250k “lepton+jet” tt events
£ —=— H—yy opt
g 1k e HoZZdl -
— F —=— HHWW-2I2y ]

RN l ! I i

100 200 300 400 500 6?0
M,,,GeV/c

« But it will take a few years of commissioning and “low
luminosity” running to achieve this sensitivity!
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Backup Slides




MWSummary of uncertainties

( Source o(mw ) MeV mr |o(mw) MeV pp|o(mw) MeV I .
Experimental
0 Electron Energy Scale 34 34 34
Q Electron Energy Resolution Model 2 2 3
= Electron Energy Nonlinearity 1 6 7
E W and Z Electron energy 4 1 4
o loss differences (material)
g Recoil Model 6 12 20
= Electron Efficiencies ) )
o < Backgrounds 2 5 1
= Experimental Total 35 37 41
£ W production and
% decay model
> PDF 9 11 14
@ QED 7 7 9
Boson pr 2 53 2
W model Total 12 14 17
\ Total 37 40 44
statistical 23 27 23
total 44 48 50
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Parameters of The Standard Model

e f

At the level of simple “tree level” diagrams the EW interactions are determined by
three “input” parameters

Masses of W and Z also given in terms of coupling constants

yiye:
\/§Gpsin2 Qw

For practical purposes we use as inputs the three most precisely known EW
experimental observables:

— The fine structure constant: o = €%/2¢hc
— Fermi constant (measured in muon decay u-— ev, v,): Ge
— Z mass: my
Adding QCD requires an additional constant:
— The strong coupling constant: oy

mw2 — m220082 Qw -
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{

Loops cause running of coupling constants

o —o(Q?)
sin?0,, — sin20,°f

EW observables then depend on:
— a, Gg, m,, m, m
Basic programme:

Measure precisely L and R couplings of each fermiontoy, Z, W
Measure precisely boson self-interactions
Measure precisely ay, o, Gg, m,, m,
Test consistency of measurements with Standard Model predictions
Find the Higgs!

* (or other new particles beyond the Standard Model)
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(2.1 pb-', arXiv:0810.5357)

Anomalous Dimuon Events? (CDF)

Muons:
— pr>3GeV
— [n[<0.7
Dimuon events:

(GeV) < 80

- 9<M,,

Silicon

hit requirements:

— “Loose” (590970 events)
« 23 hits in LO-L4 plus ISL

— “Tig

ht” (143743 events)
hits in LOO, LO plus 22 of L1-L4

Number and properties of “Tight” events
consistent with bb, cc, plus Drell-Yan

Predict number of “Loose” events:

NLoose = NTight /€ Tight wrt. Loose

See an excess of 72553 + 7264 “Loose”
events (“ghosts”) with very broad impact
parameter distribution

10° &

Impact parameter

distribution in Loose

sample

W,

k'
“\'I’w’,

M

= Predicted
. “gh()st”

Mk

Cm

CDF unable to explaln ‘ghost” events in
terms of punch-through/decay in flight
Other features of “ghost” events

— Equal numbers of same-sign and opposite-sign
— Contain anomalous number of additional muons
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Anomalous Dimuon Events? (DQ)

09 fb"I * Evaluate € Tight wrt. Loose USing J/L|J—>}J+|J_
http://www-d0.fnal.gov/Run2Physics/ events . . -
WWW/results/prelim/B/B57/B57 .pdf — as function of relevant kinematic variables
«  Mimic CDF geometrical and " Nioose = 177535
kinematic acceptance cuts * Nrign =149 161
« Silicon hit requirements: " Nescoss = 712 2462 (St?t) £ 942 (syst)
_ “Loose” « 0r[0.40 £ 0.26 + 0.53]% of N| ;cc
. >3 silicon hits * N.B. No correction for any decay in flight
_ “Tight" or punch through contribution!
“Loose” plus both tracks have hit « D@ does not confirm CDF observation of
in Layer-0 (radius 1.6 cm) anomalous dimuon events with large

impact parameters

DO Run lIb, Preliminary (L = 0.9 fo' ) 400—

Loose selectio

Lu ’H’{ {++H¢LJ~L1%+§+

it
-200—

N(up) / GeV/c?
=
4

N(u) / 0.01 cm

o
TT T T T T T[T

DO Run lIb, Preliminary (L = 0.9 fb™)

\ . . '8065""110""115""20""25""30
—~——— Impact Parameter (cm) M(uu) (GeVic?)




Top Quark Production and Decay at Tevatron

e Pair production:  85% :q :‘ 15% ° f
q .

f g t

* Decay

» Final state determined by decay of the two Ws

» Discovered by CDF and DG in 1995

« Lifetime ~5x10%° s
— Decays before “hadronization” takes place (timescale ~10-22 s)
— Our only opportunity to study a “bare” quark

* Is the object we see the SM top quark?
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Top Mass Measurement

 Reconstruct t quark mass and W=>qq mass
— constrain Jet Energy Scale(JES) at ~1% level!

£

€

b
Entries/(10.0 GeV/c)

@O\

o/
Yoy B
v/o

Myp =173.1+ 1.3 GeV

Mtreco

g 8 B

CDF Run Il Preliminary (3.2 fb™)

—e— Data

e

250

(Including £ 0.7 GeV from JES, which will

improve with more data)
Amy,, /My, ~0.7%

(by far the most precisely known quark mass!)

- bkgd+Pythia M, = 172 GeV/c?

lepton+jets

Wii ttbar system

CDF Run I Preliminary (3.2 ih")

©
% mE —e— Data
g 70 ;— . bkgd+Pythia M, = 172 GeV/
% 60 B bk
£ 50F
§ i
w40
305
20
10f
300 !2!50 20 100 110 120
Mass (GeV/c’) Mass (GeV/c’)
"a - I [ T [ T T T ] T T ]
%1-5_ ‘‘‘‘‘ — Alog(L) =05
S0 : ! e AloglL)=20 ]
‘“:_’ SN N S S Alog(L) -=4A5 ]
0.5- ]
ol— _
0.5 ]
: ICDIF IlI P Iimilnalry ?.zlrb-l1 L I L I 1 L L i 1 L l:
168 170 172 174 176

M, (GeVic

N

S



Charge Asymmetry
S o & o
» L) N o N

O
™

W Charge Asymmetry and PDFs

« CDF have re-analyzed their data
to allow a direct comparison with D@

[ 25 GeV < E; < 35 GeV
: CDF Runll Preliminary 1 fb™ data
B A D@ 0.75 fb' data
B RESBOS with CTEQ6.6 *
1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 [ 1 1 1 1
0 0.5 1 1.5 2.5

Charge Asymmetry

o

1
g
—

o
(V)

o
w

»

ES > 35 GeV

CDF Runll Preliminary 1 fo™' data

B D@ 0.75 5" data

RESBOS with CTEQ6.6

°IIII|IIII|IIII|

1 1 I 1 1 1
0.5 1 1.5
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