Precision Measurements, Small Crosssections,
and Non-Standard Signatures:
The Learning Curve at a Hadron Collider

Henry Frisch
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Lecture 1: Introduction to Collider Physics

Lecture 3:
1) Searching for the Higgs
2) Searching for Not-SM events
3) The Learning Curve at a Collider
4) Unsolved Problems
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m Thanks to many CDF and DO colleagues whose
work I’ll show... Also SM MC generator folks
(these are the heros- we need more of them!)

m Apologies to DO- I tend to show much more CDF

than DO as I know it much better (happy for help
on this).

m Opinions, errors, and some of the plots are my
own, and do not represent any official anything.

Note-These lectures are frankly pedagogical- apologies to the experts in advance..
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QCD Results

At lower root-s reach farther in xT = pT/(root-s/2)

Large xT corresponds to large x: sensitive to the valence quark
distributions

Shortest-distance (biggest momentum transfer) collisions
observed — sensitive to new geometric crossections,

thresholds (e.g. black holes?)

Wiets, Z+jets, gamma+jets crucial backgrounds to new
physics- we have to be able to predict the SM contribution to
subtract off and get the new!

Many critical details- underlying event, trigger biases, energy
scales, fake rates for photons, taus, electrons, rapidity gaps,.. .-
a wealth of important measurements to be made.
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High PT Jet Production and PDF’s

D@ Run Il preliminary Jets are

e Jet 8 GeV, P=26142 overwhelming —
L=0.9 fb1 Jet 15 GeV, P=6186 the dominant
Jet 25 GeV, P=306 feat.ure at a
Jet 45 GeV, P=21 collider!
Jet 65 GeV, P=4.9
Jet 95 GeV, P=1.3
Jet 125 GeV, P=1

‘Layered’

Trigger
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High PT Jet Production and PDF’s
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High PT Jet Production and PDF’s
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CDF Run IT Preliminary

16 % luminosity uncertainty not included

CDF Run II Preliminary
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Really remarkable agreement with CTEQ PDF'’s in Mass(JJ)
Note # of decades, systematic uncertainty bands ]




Gamma-+]Jet Crossections

‘Compton Scattering’- glue-q -> g-photon (would he (Arthur Holly) be surprised!)
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Z+jet Production- THE Standard Candle

CDF Run Il Preliminary

CDF Run Il Preliminary

Z—ee + jets
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Z+jet Production and PDF’s

CDF Run Il Preliminary CDF Run Il Preliminary
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EWK Results (not updated- apologies)

m At lower root-s the ratio of W/QCD-jet production is
10X larger at the Tevatron than the L CI,) due to
being at larger x, as m* = (X, X,) S

m Unlike at LEP, the "beam energy’ is a continuum-
there 1s nothing external to set the scale of energies.

The W and Z provide calibration for the energy

(calorimeter) and momentum (tracking) scales.

m Many models of NP have a quantum number
consetved by QCD, but not by EWK (e.g. flavor), so
final states will involve W’s, Z’s,. ..

m Cascade decays (e.g. in SUSY ) often end up in W’s,

/.’s, photons..- low transverse velocites => low boosts

m So scale of missing-Et, lepton pt thresholds is ~20
GeV (1/20f 1/2 %IW}— remarkably low..

m Precision measurements will require a good
understanding of multiple parton interactions,
multiple interactions, ISR, FSR, ...long learning cusve
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ZIy* - e'e” MC
band includes
several theoretical
calculations
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Dijet background
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W— ev + X background
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ldea (HF, Sacha Kopp, J. Rosner)- Breit-Wigner should fall
slower than resolution (power law vs Gaussian, hopefully)...

o I'y=2.6 GeV
° FW:2'1 GeV

I,=1.6 GeV - .
Insensitive to radiative

corrections- good place to
look for new Jacobian
peaks- see Rosner, Worah,
and Takeuchi, PRD49,1363
(1994) (hep-ph/9309307)
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Above the Poles: g*
The W Width Direct Measurement L
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Systematics are Iargelzy from the Z, hence statistics-
limited: note Z/W is 1.25 at pt=100, 1.5 at pt=200 (Arnold
and Reno, Nucl Phys B319, 37, 1989)
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Corrected Asymmetry

Correctied Asymmetry
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W Asymmetry

CDF-ll Preliminary, 170 pb 1
35 < E:_< 45 GeV

RESBOS CTEQ6.1M
(F. Landry, R. Brock, P.M. Nadolsky, C.P. Yuan,

Phys.Rev.D67:073016,2003)
40 extreme pdfsets

VS 1, Pt (Mass)
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New (Jan. 5, 07) CDF W Mass

Data from Feb. 02-Sept 03
218 pb-! for e; 191 pb-! for p

CDHII preliminary L ~ 200 pb

® Data s
Simulation | 3
. APP = (-1.536+ 0.088) x 10
+

CDF Il preliminary J-L df = 200 pb"

ovents/ 10 MeV

events / 15 MaV

w¥idof = 17/ 22

#

4

S/ "Ur!lh— LLL mass fit

-
e, .
hp e e — P, IR

First, Calibrate the spectrometer momentum scale on the J/Psi and Upsilon-

material traversed by muons really matters in electron Wmass measurement.
(discussed in Lecture 1).

Note: This is a small fraction of data taken to date- this is to
é§fdblish the calibrations“drid"feehkiques=($6"f4r) for Run II. '°



5, 07) CDF W Mass

- S; = 1.00001 £ 0.00037 AMy, =30 MeV
COF Il preliminary J L ¢t = 200 pb”'
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Run Ib Problem Now Solved: 2 Calibrations of EM calorimeter:

Zmass # E(cal)/p(track) Electron and Muon Transverse Mass Fits

1. Electrons radiate in material near beam-pipe, but cal (E) gets both
e and g; spectrometer sees only the momentum (not the g):

2. Use peak of E(cal)/p(spectrometer) to set EM calorimeter scale
3. Use tail of E/p to calibrate the amount of material

4. Check with mass of the Z. Run I didn't work well (Ia, Ib). Now
understood (these were 2 of the dragons).
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New (Jan. 5, 07) CDF W Mass

See William Trischuk's talk for details, explanations

Transverse Mass Fit Uncertainties (MeV) W omass (MeV)

electrons MONS common DELPHI B0336 +£ 67

W statistics 48 54 0 . i

5 :H: | 4 5

Lepton energy scale 30 17 17 L JALLE S

Lepton resolution 9 3 OPAL %0416 + 53
Recoil energy scale 9 9 9 o T

Recoil energy resolution 7 7 7 ALEPH 80440 £ 51
Selection bias 1 0 = -
IH: TN = 'I-

Lepton removal 8 5 5 L DF'] ' “‘1'- 3+ /Y

Backgrounds 8 9 0 -] BO483 + 84

pT(W) model (g2,23) 3 _ ST

Parton dist. Functions 11 11 11 LEP Averave B376 £33
QED rad. Corrections 11 12 11 ) - .
, oy v F L Ny e W R

Total systematic 39 27 2% Tevatron-1 Average 80454 £ 59

L] E o Previous World Average 80392 £ 29

Sy stematic uncertainties shown in green: statistics-limited by control data samples [I}F_ ]] | |1| : minarv N ._I_] 14 ,_I_:'-.:

Note: This is with only 0.2 fb-! R GIY- I IR Y ER
and 1 experiment: have ~2 fb-1. REAIGEEECEENEIEELESY

CDF Wmass group believes each systematic in
green scales’ike a statistical uncertainty =>

%8&4%%)%(91-6'" ano’rher‘ round Of !&Qvgjtn)gtgagn élJQQTDhysics: Lecture 2

typically a 3 year cycleor so



Systematics scale with Statistics!

Take a systematics-dominated measurement: e.g. the W mass.
Dec 1994 (12 yrs

ago)- s000 —1F (1') the Uncertainty scales as Statistics
j L j L j L j
*Here Be Dragons’ HIF PRELIMINARY
Slide: re kab lglyzl 1000 - nomes © Wmunu -
T il - v ¢ Wenu -
how prec E:i [ o O Combined |
can do at the = 5001 & .. ]
Tevatron 2 |
(MW, Mtop, Bs 7
. 3 200 |- I .
mixing, ...)- but has =
taken a long time- = Lo6 - Jr _
. g __ - . —1a —]
like any other 5 i ere B Dregoms ‘o 47
. o : °
precision z ol | ]
measurements = : RS
. . 4 ~ |
requires a learning % e oo e
prlocess of E 26 |- Lomweat oumber I've ever seen from LEFP n
techniques, =
details, detector 10 N R N R SR
upgrades 1 5 10 50 100 500 1000

Integrated Luminosity (pbE—1E)
Theonisks TOO(SM) XXXV Int. Mtg on Fund. Physics: Lecture 2 19



Top Quark Results

m Top is uniquely heavy- only fermion heavier than the
W or Z (in fact, mtop ~ +MZ. to high precision?!

m Top is unique- Yukawa =0.985+/-0.015.

m CDF and DO are statistics-limited for top studies-
cross-section ~ 8 pb, so in 1 fb-1 make only 8000, and
BR’s (e.g. lepton+ijets=24/81) and acceptance x eff
mean get only ~350 ttbar events with a b-tag per

invtb.

m BUT, now for the first time we’re getting a large
enough sample to study the production and the decay
using the data themselves for systematics-e.g. using
the reconstructed W’s in top decay to determine the
jet energy scale. It’s an exciting opportunity....

20



TTbar-> WbWb->(ev)(jj)bbar

T-Tbar -> W bW-bbar

W->charm sbar

'/

qulark->W+bquark

B-quark

T-quark->W+bquark

B-quark
Cal. Energy ;
From electro
W->electron+neutrino
21

(Already saw this in Lecture 1)



Precision Measuremnt of the Top Mass

CDF Run Il Preliminary (940 pb™)

CDF Run Il Preliminary (940 pb™)

Monte Carlo
mean: 156.0 GeV/c?
RMS: 30.2 GeV/c?

Data
mean: 156.3 GeV/g
RMS: 29.0 GeV/c

Monte Carlo _
mean: 78.8 Gerc:
RMS: 19.3 GeV/c”

Data i
mean: 79.7 Gewc:
RMS: 20.5 GeV/c"

2

(M =170)

. B tt (Mtop =170)
Non-W QCD

Non-W QCD
Bl ZZ, WW, WZ
I Single Top
Wc+3p
Wee +2p
B W bb + 2p
W 4p

—e— Data

B ZZ, WW, WZ
Il Single Top
Wc+3p
W cT + 2p
B\ bb + 2p
W 4p

—— Data

200 250
m, GeV/c?

M(2-jets)- should be M, M(3-jets)- should be M;,,

CDF e/p-Met+4 Jets (1b) - 0.94 fb-1, ~170 ttbar events

XXXV Int. Mtg on Fund. Physics:
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Precision Msremnt™ of the Top Mass

*like Mrenna

CDF Lepton+4iets: NS EHaicunceanicsicevic N
P ;

Systematics: z
Ter Energy scle 7€) [NPANSRINTTY
Now set by Mw (i) [ YO0
Background composition and modeling -
T [T
Note Fsk, 1, SN °
TS, and b/ Jes L L
dominate- all |
measurable with [ TN
more data, at
some level..

Again- systematics go down with statistics- no " wall’ (yét).




Precision Measurement of the Top Mass

Tevatron Run Il Preliminary (July 2006)

AlJets: COF T 174.0+52
Dilﬁg;%r};b%DF_.— 1 645 + 56

Dil(esthg‘r;;J%U *—178.1+8.3 >
Leplontets: CDF Ly 163.9:15.8

Le(p;gg;g%t& coF T 170.9+ 2.5

LoptonJets: D0 & 170.3+ 4.5

——
ken D TR
150 160 170 180 190 200

Top Quark Mass (GeVicz)

Aspen Conference Annual Values
(Doug Glenzinski Summary Talk)
Jan-05: AMt = +/- 4.3 GeV
Jan-06: AMt = +/- 2.9 GeV

. CDF Top Mass Uncertainty
{1+l and |+] channels combined)
10 1
™ " ¥
o 1" 2fb" 4fb” 8fb
'fﬁ 2RI
O *
= Ao~ TDR
9 ¥ CDF Results ey,
=17 4 Runlia goal (TDR 1996)
.r_j
Scale A(stat) / NL. Fix Alsyst)
(assumes no improvements)
mrenenees Scale Aftotal) / L
(improvements required)
T —— T
10 10 1 10
(March 2006) Integrated Luminosity (pb )

Setting JES with MW puts us significantly ahead of the projection based on
Run I in the Technical Design Report (TDR). Systematics are measurable with

24

more data (at some level- but W and Z are bright standard candles.)



Aside- One old feature may be going

away-top mass in dilepLoN sV SO O3Vex -
Comparison of M, _ in Different Final States
Mo, (All Jets) = 173.4 + 4.3 GeV/c? (Tevatron Preliminary, July 2006)
M,.,(Dilepton) = 167.0 + 4.3 GeV/c? e Dilepton - All-Jets

(Lepton+Jets) = 171.3 + 2.2 GeV/c? ¥’ = 2.0/1 (16%)

top

(Rainer Wallny, Aspen 07)
Lepton+Jets - All-Jets

y2 = 0.2/1 (65%)

Lepton+Jets - Dilepton
43+4.0 2 =1.211 (27%)

Take differences
between the 3 modes:

10 29 30

| A Mtop | (GeVlc)

Princeton 3/21/07 25



New Physics inTop Production?

on-top Background

N
et
c
Q
>
w
L
o
e
Q
8
€
=
Z

Note 1 TeV

\

300 400 500 600 700 800 900 1000 1100 1200
M. [Gevic’]

Fit +tbar system with known top mass(es) and compare M,;, pT;;.eta,,, X, angular
distributions, etc. with SM expectations. Global fit allows multi-dimensional

comparisons. (Here is only M,; for reasons I don't understand- Dan?)
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New Physics inTop Decay?

1. Fit for V-A, V+A, longitudinal: So far no smoking guns
2. Charged Higgs (e, mu+tau+b)
3. Run I odd dilepton distributions

CDF Run Il Preliminary
CDF Il Preliminary  :
/ Ldt =200 ph™! !

|

— All samples
--- Lepton+ijets
Dilepton
95% CL

-log(L) + constant
» ® D R @

T

o)

o
<
[
&
-

=
Q
V)
&
@
2
|
e}
c
o

best fit
left-handed component
longitudinal component

background component

100 150 200 250
charged-lepton p; (GeV)

o Dilepton only
6/8/2007 XXXV Int. M = T 5 ,
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Huge effort in prediction number of

jets 1n top events ((Njets’)

CDF RUN 1l F'reliminary{EQSpb'1] CDF Run Il Preliminary{ﬁgﬁpb'1‘,l
2| Data i . —s—Data
£ 1200 - 120~ i
o [t (8.2pb) g | [1ti(8.8pb)
AT [ Non-W QCD T - [INon-W QCD
%5 1000 [[]Diboson v 100 = D]boson
5 I Single Top 5 N [ Single Top
¥s! [ We 0 u I Wce
g 800 I Wec E Hir [ Wbb
Z I Wbb 7z - [ Mistag
600 [ Mistag 60
400 40
200 20
& & L
0 | | i — [ ol |
W+1jet  W+2 jet W+3jet W+>4 jet W+1jet  W+2 jet W+3jet W+>4 jet
Jet Multiplicity Jet Multiplicity

Single b-tag events Double b-tag events

XXXV Int. Mtg on Fund. Physics:
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s-channel (tb)

CDF Run Il Preliminary, L=955 pb'1

yann Coadou’ B 5 _I T | T TT | T TTT | T TTT | TTTT | TTTT | TTTT | T TTT | T TTT
As 07 t & : [0 95% C.L.
ta 4;5 - I:l 1o ]
wt © e CDF II Data (ML)
-~ lc B SM Prediction -

@ onro = 0.88 £ 0.11 pb (*}
@ previous limits (95% C.L.):

Run [l D@: < 5.0 pb (370 pb™1)
Run Il CDF: < 3.1 pb (700 pb—1)

e ——
t-channel (tgb)

CDF NN

0.5 F

® DO Decision Tree

(346 EVIDENCH

s+t =4.9+-1.4 pb

\.

o CDF NN ‘%SM
CDF LK

b
Y

0

Situatio

Expect

@ ayro = 1.98 + 0.25 pb(¥*)
@ previous limits (95% C.L.):

Run Il D@: < 4.4 pb (370 pb™1)
Run Il CDF: < 3.2 pb (700 pb~1)

0 US
Zack Sullivan, Aspen 07

- oL ol

| \

T B
G_(pb)

l

n somewhat confused-

1 and 2 pb in s and t channels,

VpespeetiveRpyo Need more data, wits



High Precision B-physics; Mixing, B ->L

CDF Run Il Preliminary

— data+ 1o A 95% CL limit 17.2 ps”
1645¢c O sensitivity

data+ 1.645¢
data + 1.645 o (stat. only)

N

—
II|IIII IIII|IIII

—

Amplitude

O
o

o

©
n

M
1 .
N oo L

1 | 1 1 1 1
5

1:_ 1
0

Note: 1 psec = 300 microns. SVT is critical.
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High Precision B-physics; Mixing

CDF Run Il Preliminary L=1.0fb"

Time-domain
plot- not the
discovery
vehicle, but
what I wanted

ure Experimentalist's reaction- pretty!
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1=

to see...
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1
—

—e— data

—— cosine with A=1.28

-2
II|IIII|IIII|IIII|IIII|IIII|IIII|II
0 0.05 0.1 015 0.2 0.25 0.3 0.35

Decay Time Modulo 2rn/Am, [ps]
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D0 High Precision B-physics; B ->pp

Result: DO has @Z'SEDQ Run lla Preliminary
recently analyzed 2 S o[ Sideband1  Signalregion Sideband 2
fb-1- Run IIb didn't g -
add much , but the < 1.5
combination gives 2 F
world's best limit: *8‘ 1;
= 0.5
BR(Bs — pu) [Eallly
< 9.3x10-8 0746 48 5 52 54 56 58 6 6.2 6.4
@95% CL Invariant mass (u* 1) [GeV/c?]

N
o1

- D@ Run llb Preliminary
- Sideband 1 Signal region Sideband 2

L

46 48 5 52 54 56 58 6 6.2 6.4
6/8/2007 Invariant mass (u* 1) [GeV/c?]

BR( Bs — pp )
< 7.5x10-8
@90% CL

Events/5 (MeV/c?)
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High Precision B-physics; B ->pup

CDF Il Preliminary (780 pb)  *EMU:EMY

Copious Source of B's;
Mass Resolution and Trigger

Result: DO and CDF haveWorld's best
limits: CDF::

BR( Bs — pp ) < 1.0x10-7 @95% CL
BR( Bd — pp ) < 3.0x10-8 @95% CL
BR( Bs — pp ) < 8.0x10-8 @90% CL L L T T O
BR( Bd — pp ) < 2.3x10-8 @90% CL N " Likelihood Ratio (L)

This is with 780 pb-1; have more, and
have improved analysis sensitivity-
new # very soon. Getting to have
teeth (imagine 10X data+>Accept.).

One of a number of rare-decay mode searches; B_->uuX; also new

56%2?8 with B quarks N (W@t mtaﬁ%i.W)Physms Lecture 2 33




CDF can trigger on displaced tracks
(Luciano Ristori and the SVT)

Sequencer & 4 Associative
Road Warrior Memaory B12k

x 12 phi sectors

Tsuku ba/
Chicago
Fermilab

Chicago

rector's Beview - SYT Upgrode Ghost Buster

Allows picking out low-mass b hadronic decays among 10 million events/sec
XXXV Int. Mtg on Fund. Physics:
6/8/2007 Lecture 2 34



CDF Observation of New Baryon States

L=1.1fb' _ Fit Prob. = 76%
— Total Fit
Backgrounc
5, — Apr
- — Adr

0O
=
T
o
-
@
S
=
oy
-

4 New Baryons Discovered

Xb(*)T—AbOnt; AbO—Act+n-
;  Act—pK-nt+

we measure:
m(Zb+) = 5808+2.0-2.3(stat.)
1.7(syst.) MeV/c2
m(Zb ) = 5816+1.0-1.0(stat.)
1.7(syst.) MeV/c2 :
m(Zb*+) = 5829+1.6-1.8(stat.) + ;m' i
ackgrounc
1.7(syst.) MeV/c2 ' o — Al
m(Xb* ) = 5837+2.1-1.9(stat.) A
1.7(syst.) MeV/c2

o
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>
Q
=
[g)
L .
Qo
o
o
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[
L
2
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c
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CDF Observation of New Baryon States

CDF Il Preliminary, L = 1.1 fb™

o

L 1400

—_A, = AP, ﬁh — £ 7, Comb. Bkgnd.

eV

==-= A, semileptonic + other

M
&
S

— B semileptonic + other

b

=== A, and B 4-track decays
— A= ALK

Iy

Q
N
T
Q
o
L
Q
]
o
2
L)
c
o
&

6.5 7
m(A; ) GeV/c?

Lambda-b serves as calibration — who woulda thunk it that at 1.96 TeV you could do

this? Shows the power of the SVT!
6/8/2007 XXXV Int. Mtg on Fund. Physics: Lecture 2 36




Summary of Lecture 2:

Present Status

1. Tevatron running well - expect >= 1.5-2 fb-1/yr/expt of
all goes well (could even be somewhat better- there are
more pbars).

2.We have entered the era of precision top physics
(working at the % level, and are learning how to deal
with systematics at that level (e.g. jet-energy scale
from the W-> jj decays). Many theoretical problems are
being worked on - Njet matching, ..

3.Remarkable low-mass hadron reconstruction from CDF
SVT- precision B-physics..

4 _Entering Higgs search era- need more luminosity, and a
much higher degree of sophistication for jet resolution,
trigger usage strategyy n..£&DF: L2-upgrade, e.g. 37



THE END

XXXV Int. Mtg on Fund. Physics:

"You’@6U1d be up to your belly-buttons iIfTSUSY) and not know it.."- C. Prescott®



Juasks

Strange

AAAV 1ML IVIlg Or1 Furia. I"HySICS:
6/8/2007 Lecture 2




BACKUP SLIDES

XXXV Int. Mtg on Fund. Physics:
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New CDF Higgs to taus result:

Tau ID depends on good tracking, photon ID- clean
environment (all good at the Tevatron). Key numbers
are efficiency and jet rejection:

This may be an area in which the Tevatron is better.

CDF Run 2 - jet to tau fake rates CDF Run Il - tight tau efficiency

P ——

=

|t sample threshiolos
40 Galy'
&0 Ge
—_— T Gy

=
]

i )
i ]
& =
L =
a =
m 5]
5 —
- =
5 ]
_E'; =
Y =
2

T T = a L -

100 150 200
40 60 a0

MC tau visible ET (GeV)
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Precision Msremnt™ of the Top Mass

*like Mrenna

CDF Lepton+4iets: NS EHaicunceanicsicevic N
P ;

Systematics: z
Ter Energy scle 7€) [NPANSRINTTY
Now set by Mw (i) [ YO0
Background composition and modeling -
T [T
Note Fsk, 1, SN °
TS, and b/ Jes L L
dominate- all |
measurable with [ TN
more data, at
some level..

AgGiiY’ systematics go ‘déwn with' statistics- no “wall' (yét).




The Importance of the My, -
M., -M Triangle

Much as the case for Babar was made on the closing of the CKM matrix,
one can make the case that closing the My, - MTOP—M triangle 1s an
essential test of the SM.

All 3 should be measured at the LHC- suppose the current central values
hold up, and the triangle doesn’t close (or no H found!). Most likely
explanation is that precision My, or M, is wrong. Or, H -> 4tau or
wortse, of, ...7 (low Et, met sigs)

The systematics at the Tevatron are completely different from those at
the LHC- much less material, known detectors, gbarq instead of gg, # of
interactions, quietet events (for My,

=>Prudent thing to do is don’t shut off until we see My - MTOP—M
works.

Top Higgs

Higos

Top

Higgs

XXXV Int. Mtg on Fund. Physics:
6/8/2007 Lecture 2 44
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Higgs Limits have gone faster than
1/ro0t-1. faster than ,even

The Are We Getting Smarter? Plot’
95% C.L. Limits on Cross—section XB.E. MH = 130 GeV
JF preliminary

< If we gain as only
i ::::::S_qu't—LLII"ﬂ [Etﬂﬁﬂtiiﬂ_}
ZH nunu e B 33z, ! WH

..
T
-
Iz
W p
=

iy, *BR(Hbb)

Comment
from
already
smart
Russian
grad
student
onh seeing
plot

CDF Run |l
Jul 2006
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4 ev/fb produced

-2

2 -4
4 Integfated Luminosity (fb™') %
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Precision Measurements, Small Crossections,
and Non-Standard Signatures:
The Learning Curve at a Hadron Collider

Henry Frisch
Enrico Fermi Institute and Physics Dept
University of Chicago

Lecture 1: Introduction to Collider Physics

Lecture 3:
1) Searching for Higgs and Not-SM
2) The Learning Curve at a Collider
3) Unsolved Problems

Note-These lectures are frankly pedagogical- apologies to the experts in advance..

6/8/2007 XXXV Int. Mtg on Fund. Physics: Lecture 2 a7



A real CDF Top Quark Event
T-Tbar -> WbW-bbar

~ o W->charm sbat
B-quark S L AR T AL NS S /
q r'll‘ ’#-‘- ] . - Kl [ ] .. 4 . .-."' ..

| rk->W+bquark

T-quark->W+bquark

Cal. Energ\ P i
From electron Py

}

W->electron+neutrino

B- quark

Carf##®follow the color flow thruph¥ioss haim, bottom? TOF!



Precision Measurements, Small Crosssections
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Precision Measurements, Small Crosssections
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Precision Measurements, Small Crosssections
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Precision Measurements, Small Crosssections
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