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Theme: What Wu-Ki knows and has been
telling us- careful and thoughttul
understanding of the parton/hadron
(and hadron/parton) relationship is
essential at the Tevatron and LHC. Most
folks haven’t yet caught on-but they will!

WuKiFest 4/12/07 1



This is The Wisdom about working

at the Tevatron or LHC
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Abstract

The rule of glotwl LWD aoalyvziz of perton distribution funetivnz (PDFz) in collider
physicz L the Tevatrun and LHL iz zurveyved. {Jurrent ztatuz of PDF snslyzez are
reviewed. emphazizing the uncertainties and the wpen izsuezs. The stability of NLDY
LHD slobal aoslyaiz and itz prediction vn "stendsard candle™ W /2 erozs sectivns AL
hadrun colliders are investizated. The immortance of the precize meszurement of various
W2 ereez sectivnz AL the Tevatrun in advenocing our kouwledre of PDFz. hence in
enhancing the capebilitiez of meaking ziznificant progress in W meazz and tup quark
Terrmeter messurements. Az well Az the dizcuvery putentisalz of Hizzz and Mew Phyzics
AL the Tevatrom and LH. iz emphazized.
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Two cases of non-understanding
of ‘What’s Beneath’

WARNING: the search for a ‘known’ signal imbedded in
not-thoroughly- understood backgrounds in data from a large
complex detector is difficult— one needs to be healthily sceptical.
CHATRMAN'S SUMMARY
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necessary models f“ currently discredited. B A clear signal is observed for the duction of an isolated large lepton in jation with two or
The lack of Py "bumps” means there are no significant three centrally produced jets. The two-jet events cluster around the W* mass, indicating a novel decay of the Intermediate
This is independent of nucleon target size. = i Vector Boson. The rate and features of these events are not consistent with expectations of known quark decays (charm,
- P’ heavy objects (M from 3 + 10 GeV) decaying into two bottom). They are, however, in agreement with the process W — tb followed by t — b, where t is the sixth quark (top) of
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(See Fig. 1).

2.  This is independent of Py from 1.5 to 5 GeV/e.
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(A BHL point is taken from & comment by R Adair). The

implications are that leptons and pions have a
common origin. Statement 5 implies the source mass - =i
must be less than 3-4 GeV (no threshold effects) for ' .

P+ + X+ anything . : . I ; ”EI\}rik
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or less than 1.5-2 GeV for pion production e.g.
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Classic example of the importance of
thorough SM predictions of what you

expect
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1.

Some topics woven in the talk:
(part of the hadron collider culture)

‘Objects’ and their limitations (e.g. em
clusters)

Fake rates and efficiencies (z=1 limit and
I-spin)
The rationale for signature-based searches

The problem of communicatin
experimental results in a model-
independent way

The problem of Njets
Systematics-limiting variables
The doubling time: luminosity vs learning
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'Understanding Objects’ and their limitations

Example- electro-magnetic (em) cluster

Identify an em
cluster as one of 3
objects: (CDF)

E/p < 2: Electron
E/p> 2: Jet

P <1: Photon

Where p is from track, E
is from cal

E/p measures
bremstrahlung fraction Recent 'typical' zoo event (only an example)
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Really remarkable agreement with CTEQ PDF's in Mass
(JJ)- note # of decades, systematic uncertainty bands




Z+jet Production- THE Standard Candle

SC) and PDF’s

CDF Run Il Preliminary
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Really remarkable agreement with CTEQ PDF's - note

# of decades, systematic uncertainty bands



Z+jet Production- THE Standard Candle

(SC) and PDF’s

CDF Run Il Preliminary CDF Run Il Preliminary
g 4L Statistical uncertainties only E - Z—ee + jets .
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Really remarkable agreement with CTEQ PDF's - note
# of decades, systematic uncertainty bands




It’s not just partons inside hadrons- we
need hardrons inside partons!

Praw torist 2rd and 345 |ets

0.0
'Raw Fake' 40
rate for a jet 1,10
faking a
photon- jets a.aa5
are ordered in
Et 0.0

0.4
a2

g4

(] 1 . T T
d 1d A J3d 4d 51 &1 Jd gd =
Jet Et{Ge¥}

Z=1 limit of jet fragmentation determines fake rates
for isolated photons- really different for q,g,b,c,..! 1



[
| expermental errors 68% CL: ] . ‘ i (5)

=
LEP2/Tevatron (today, m,: CDF Runll} Aahad -
e +
Tevatrar/LHC 0.02758+0.00035

A9+
LC+GigaZ 0.02;49_07.00012
**+ incl. low Q" data

.. Assuming
2 SM (H->bt

No¥e-'log scale]

. ggr\}/[tgpgalue | Excluded *
T

165 170

M., vs My, Status as of Summer 2006 (update below)
Central value prefers a light (too light) Higgs

Puts a High Premium on Measuring Mtop and MW precisely, no matter what
happens at the LHC (really diff. systematics at Tevatron.)




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.

Note: This is a small fraction of data taken to date- this is to

establish the calibrations and techniques (so far) for Run II. 13



5,07) CDF W Mass

- S; = 1.00001 £ 0.00037 AMy, =30 MeV
COF Il preliminary J L ¢t = 200 pb”'

@ Data

— SI]]'I'JU]:,II,iI.u'|

S. =1+ 0.00025,,,
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-
é
n
o=
5
H

@ Data
— Simulation

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 dra ons)7.
WuKiFest 4/19.2/0
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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 mass (MeV)

electrons MIONS common DELPHI #0336 £ 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 By E sy T s N |

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-!.. ERIHETECVCENREEEERS

CDF Wmass group believes each systematic in
green scalesike a statistical uncertainty =>

We will enter another round of learning at 600-
1000 pb (typically a 3 year cycle or so)



The Learning Curve at a Hadron Collider (t;)

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

aqo )- IF" (") the Uncertainly scales as Statistics
9 2000 Y
j j T T j j T T j j T T j
* Here Be Dragons' HJF PRELIMINARY
Slide: remarkable % 1000 pe-o8 © Wmunu -
: il i v ¢ Wenu -

how precise one  © i 5 O Combined |
can do at the = 500 o . T ]
Tevatron 2 |
(MW, Mtop, Bs 7

.. 2 200 |- I _
mixing, ...)- but has =
taken a long time- = : 47
Ik Th A 100~ - ) MI—1a —
IKe any 0 er o [ Here Be Dragons Rony Jj

o o _ °
precision e ol | ]
measurements = : RS
requires a learning % . P -
prlocess of E 26 Lowest oumaber I've ever aeen from LEF |
techniques, =
details, detector 10 SN E— S B S B
| 5 10 50 100 500 1000

upgrades....

Integrated Luminosity (pbE—1E)
Theorists too(SM) WuKiFest 4/12/07 6



Tevatron experience indicates:

It will not be luminosity-doubling time but systematics-
halving time that determines when one will know that one
no longer needs the Tevatron. We should NOT shut off
the Tevatron until we have relatively mature physics
results from the LHC (i.e. it's clear that we won't need
the different systematics.)

Have lots of hadron-collider experience now-

1. remarkable precision in energy scales possible
(e.g. MW to better than part per mil)

2. remarkable precision in real-time
reconstruction and triggering (e.g. SVT
triggering on B's at CD%%

3. remarkably long and hard development of tools
(e.g. Jet resolution, fake rates, tau'id, charm,
strange id).

.
4

WuKiFest 4/12/07 17



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

18



A real CDEF 1op Quark Event
T-Tbar -> W bW-bbar

W->charm sbar

B-quark "_‘1 ~ = / /
/ ; k
E:—; Equ rk->W+bquark
T-quark->W+bquark ; _,
Lo B- quark

Cal. Energ& .
From electron [

!

W->electron+neutrino

Can we follow the color flow through kaons, charm, bottom? TOF!



Precision Msremnt™ of the Top Mass

*like Mrenna

CDF Lepton+4jets: IINNSISEHSCHRCEHARTESICEVC N

Systematics:  pNETERTTISSNTY -
Now set by MW (i)
Note For, Tsk, I :
JES, and b/} JES
dominate- al
measurable with
more data, at
some level..

Again- systematics go down with statistics- no "wall’ (yet),




The Importance of the My,
\Y ELY | 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—MHiggs 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
tound!). Most likely explanation is that precision My, ot My, is
wrong. Or, H -> 4tau or worse, of, ...? (low Et, met S105S)

The systematics at the Tevatron are completel different from
those at the LHC- much less material, known detectors, gbarq
instead of gg, # of interactions, quicter events (for M\X,)

=>Prudent thing to do 1s don’t shut off until we see MW -

MTOP—MHiggs works.

Top ' Higgs

21



Precision Measurement of the Top Mass

Tevatron Run Il Preliminary (July 2006)
. ——
Gy 174.0+ 5.2 _
. CDF Top Mass Uncertainty
D"ﬁg;%’};b%m 164.5+ 56 {l+] and l+j channels combined)
10 1
Dilepton: DO *—178.1+£8.3
(370pb’) NE 1’ 2fb” 4fb” 8fb”
Leptonets: CDF Ly 1839158 E 2R N S
*
+Jats: —e—
Leplon+agis: COF 170.9+£ 2.5 = * ~ TDR
Le(p;m;g;g%ts: po T & 170.3+ 4.5 % N ¥ & CDF Results e ‘l'Efg,.‘ I -
vation —.— 1714421 = % Run llagoal (TDR 1996) -
(Run I/Run H) ledof =10.6/10 < , .
15|,0 1éo 170 1éo 1s|>0 280 Scale Afstat) /L, Fix Afeyai)
Top Quark Mass ( Gewcz) (assumes no improvements)
mrenenees Scale Aftotal) / L
Aspen Conference Annual Values _—
(Doug Glenzinski Summary Talk) 10° 10° 10°
Jan-05: AMt = +/- 4.3 GeV (March 2006) Integrated Luminosity (pb )

Jan-06: AMt = +/- 2.9 GeV

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
more data (at some level- but W and Z are bright standard candles.) 22



Aside- One old feature may be going
away-top mass in dileptons was too low...

Comparison of M, _ in Different Final States
Mtop(A” Jets) = 173.4 £ 4.3 GeV/c? (Tevatron Preliminary, July 2006)

i - 2
M,,,(Dilepton) = 167.0 + 4.3 GeV/c ; Dilepton - All-Jets
v = 2.0/1 (16%)

Mop(LEPton+lets) = 171.3 + 2.2 GeV/c?

(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 2
%

| A Mtop | (GeVlc

23



95% CL Limit / SM

Direct Limits on SM Higgs

Tevatron Run Il Prelimina

This is the
DS Expected J. Ldt=0.3-1.0 fb-1, factor one
g CDF Expected ] heeds 1;0 get
g T e Tevatron Expected the 95% CL
|-U<—=J = Toyatron Observed . downto the
- % DO has updated SM Higgs
e high mass region . Xscn

CDF has updated
. low mass regi

180 190 200
m,, (GeV/c?)

24



Direct Limits on SM Higgs-cont.

CDF Run |l Preliminary | L=1fb" — . .
; ‘ WH — | v bb, Preliminary

DJ ‘05 (174 pb™, PRL)

— Observed
= === Expected
[ 1sigma
[ 2sigma

4th gengration

-
o

)
2
~)
Q
)
L
m
x 1
=
=
T
g
(o}

: 0’
Standard Model
180 200 110 120 130 140 150
my, / GeV/c? Higgs Mass (GeV)
CDF has recently (1/31/07) DO has recently (3/12/07)
updated high mass region updated low mass region

I'm not willing to prognosticate (other than to bet $ we don't see
the SM Higgs)- would rather postnosticate. However, lots of
tools not yet used- we're learning many techniques, channels



Higl; s LLimits have gone faster than
% root-L; faster than 1/L,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 . , WH
TR, *BR(Hbb

380 ( )
Comment
from
already
smart
Russian
grad
student
onh seeing
plot

Jul 2006

WH X B.R.(Hbb) Xsctns to compare tc

l
COF Runll .3 "‘?'"'--::-,::;;;-,__ |
-._::::;::__:I

Cross—section X

4 ev/fb produced

0~ 10

iy
{10 . i e

Integrated Luminosity (fb™)

'Sasha— maybe we didnt get enough before... (Smarter, 26




Recent Measurement in T—7T
Channel- CDF

My (Gev)
CDF Run Il 1 fb-1

MSSM ¢—tt Search
Preliminary

[ | Zh*—1tT _
B other EW, tt M other EW, tt
jet fake jet fake

"The Excess is not Statistically Signficant- We need more
data..before we draw any conclusions”- CDF

27



Recent Measurement in T—7T
Channel- D0

DO Preliminary, 1.0 fb”
h

—
M=160

—
o
[N)

D@ Preliminary, 1.0 fb™
TT

Bz = Observed Limit

B Z—pu

EQcCD
W—uv

Wt
WW—lv lv

== Expected Limit

Expected Limit,+1o

—_
e
=3
S
—
=
‘,F
<
S
L
m
*
)
-
E
X
7o)
o

5 140 160 180 200
Higgs Mass (GeV)

DO has a dip at 160 in the same channel. (It pays to be patient
and hang in there on the Higgs- a learning process...) 28



Luminosity vs I'1me

Integrated Lummosity (1/pb)

2250
2000

Run IT

1500

Delivered Lum

~|  (CDF+DO)/2"

Integrated Luminosity (1/pb)

e ST e —— s s ———————

Br05 + Fiscal Year 04 = Fiscal Year 03

Key
Store # 43
s 2

Available Phars ¢
7300 E10)

j ; Store 5240 I
L /" 298E10 On Going

6945 nb-1
fst . Store 5234 e /Store 5238
/" 340F10

Place 350 F10 Play‘" Planned
‘ ‘ S$124nb-1

9319 nb-1 #
Store 5231 /

™ O ] 270 E10 Pl _am‘l;y"-' Abort

6832 mb-1

/
£

Note pattern- -
integral grows |

BOQS Failu*e
Tev EOS Studies
CDF/DO. Access

: | e o — ] *(Protons are
When you don t 16-Feb-2007 17-Feb-2007 18-Feb-2007 19-Feb-2007 20-Feb-2007 21-F‘t;j:207 22—;:::?07 23-;::—2007 smaller on This

Fri Sat Sun Mon Tues

Date

[mcor @oo 8 v side (joke))
> 40 pbitdiwk/exptd/ (/A0 wks/yr, e.g.) 29

stop, with
increasing slope




Peak Lum coming up on 3E32

Peak Luminosity (1/ub/sec) Max: 284.5 Most Recent: 238.5

S 8Ng oy M

= :
i
WA
—
L
—
Ty
=
=
A
[
b
£
-1
=
=i
L=
L
B

W

......_1.......q-.:.,..-. - e - N .
Jul-2002 Jan-2003 Jul-2003 Jan-2004 Jul-2004 Jan-2005 Jul-2005 Jan-2006 Jul-2006 lan-2007

B Fiscal Year 07 #® Fiscal Year 06 4 Fiscal Year 05 # Fiscal Year 04 = Fiscal Year 03

Fiscal Year 02

40-50 pb-1/wk times 40 weeks/yr = 2 fb-1/year delivered per expt-

There are more pbars even now. Peak lum problem =>Luminosity leveling?

BUT: don't focus on big improvements- steady improving X running=>smdrts



Low-mass/low met SM, ..e.g. eeg%(me
Event Followup (lg+X,gg+X)

RunI eegammagamma+met event;

also,in g-I+X found a 2.7s excess over
SM. From PRL:

CDF Run I PRL: .."an interesting
result, but ... not a compgllmev
observation of new physics. We look
forward to more data..."

WuKiFest 4/12/07



eeggmet Event Followup

Andrei Loginov repeated the Igmet analysis- same cuts (no
optimization- kept it truly a priori. Good example of SM needs...

Run I: 86 pb-1 at 1.8 TeV

Nature

CDF Run II Preliminary, 929pb '

Lepton+ Gamma + fop Events

Standard Model Source

Py

1y P

(e + p)vEr

WEy
ZU/"}’ + v
Wyy
2+ 5
tty

41.65 = 4.84
3.60 = 1.31
0.32 4 0.042
0.087 £ 0.012
0.22 4 0.029

29.85 & 5.62
14.10 + 2.36
0.18 £ 0.025
0.38 £ 0.048
0.13 £ 0.019

71.50 & 10.01
17.75 £ 3.65
).50 =4 0.064
).47 £ 0.058
0.35 £ 0.045

-

Z0—ete ,e—ny

Jet faking ~

77 contribution

QCD(Jets faking ¢ and o)
DIF (Decays-In-Flight)

9.59 + 0.76
21.5 £ 4.80
2.10 (.66
15.0 +4.12

6.2 + 3.60
0.76 £ 0.24
0.0 £+ 0.100
2.3+ 0.72

9.59 £+ 0.76
27.7+6.00
2.91 =10.65
15.0 £4.12
2.3 072

Total

94.17 £+ 4.71(stat)
+6.64(sys)

3.90 £ 1.94(stat)

+6.84(sys)

148.07 £ 5.10(stat)
+11.93(sys)

04.17 & 8.14(tot)

53.90 & 7.11(tot)

148.07 + 12.97(tot)

_()l)ﬁun-'n(l in Data

vlaying with us- a

90

67

163

Conclude that eeggmet event, |+g+met "excess’, Run IT Wgg event all were
nosteriori searches show nothing

with more data... 32



Signature-Based High Pt Z+X Searches

Look at a central Z +X, for Pt > O, 60, 120 GeV, and at distributions...
Need SM predictions even for something as "simple’ as this... (not easy-ask Rick

5 Observed and Expected events in each Pp-category

Z+X

Inclusive

Pr(Z) > 60 GeV

Pr(Z) > 120 GeV

Z —ete”
Z — ptu~

25079

34222

587

721

70
74

Tatle 1: Number of Z + X events observed in each category

Z+X

Inclusive

Pr(Z) > 60 GeV

Pr(Z) > 120 GeV

Z —ete”
Z— ptus

25079
34222

500
650

53.7
1.8

Table 2: Number of Z + X events expected in each category.
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Signature-Based High Pt Z+X Searches

CDF Run Il Preliminary (305 pb’1)

P1(Z) > 60 GeV

Ni..s for P1#2>0, P:2> 60, and P;#>120 GeV Z's vs
Pyﬂ\ia (Tune AW)-

WuKiFest 4/12/07 34



Signature-Based High Pt Z+X+Y

Simple Counting Expt- ask for a Z + one object, or Z+ 20bjects

Two Objects

X+Y Observed Expected
One Object

X Observed Expected Lepton+Photon 0 0.001

Lepton+Missing Energy 0 0.8
Lepton 3 1.6

Lepton+Ht 0 0.14
Photon 14 12.4

Photon+Missing Energy 0 0.19
Missing Energy 97 85.4

Photon+Ht 0 0.28
Ht 45 36 Missing Energy+Ht 6 3.9

Z+X+anything

Z+X+Y+anything

WuKiFest 4/12/07 35



Communicatin resglts of searches
0 cOrists

Proposal (R. Culbertson et al, Searches for new physics in events with a photon and
b-quark jet at CDF. Phys.Rev.D65:052006,2002. hep-ex/0106012)- Appendix A:
3 Ways:
A. Object Efficiencies (give cuts and effic. for e, mu, jets,b's. met,....
B. Standard Model Calibration Processes (quote Wy, Zy, Wyy in lymet,e.q..)
C. Public Monte Carlos (e.g. John Conway's PGS)

True Acce

tnce, Ratios to True (ABC

Comparison of
full MC with i

el | e |
L - B e ¥ (]

-l-he 3 me-rhods: q, 4 production

M, = Wy
Conclusion-
-0 |
3 =+ i
QOOd enOUgh q, q production
e = M+
for most
: M T N T s e e s
a |ICG1'|OﬂS I'ABILE klx. The reults of companng the methods of caldatmg A= u=mng the model md ependent methods md the
.
I- . 1_ rigarosly-denved Ae. Each row i3 a variation of a madesl of supersymmetry as mdicafed by the label m the fimt calumn and
e. g . 'ml S... th= mazz of a supersymmetnc panicle Izted m column twao |(GeV ). LThe column label=d A = the acceptance of the maded m %

and the next colmn 1= the ngorously-denwsd Ae. |he colmmins lahelsd with H are the mtos of the ngoronsly-dernved Ae to

Ae toumd vming the model mdependent method indscated.

Case for gamma+b-quark+met+x (good Technisig§6



Tevatron aspects complementary to LHC
strengths to compare capabilities

m Obvious ones (pbar-p,..)

m Electron, photon, tau 1D
has much less material-
ultimate M, H->taus,?

m Tau-1D; photon/pizero _ |{
separation (shower max) .

: . 00005 01 015 0z 0% 03 03t 04 %&5 0.5
0 Trlggerm at
met~20GeV

Trigoerine on b, ¢ quarks
SVD)-also ()

hyperons,...
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Tools needed at the Tevatron (20 yrs later)

Some topical typical examples:

nJet fragmentation in the Z=1
limit for photon, tau fake rates

(see a difference in u,d,c,b, [
gluon jets) . |

= Njets >2,3,4,.. fory,W,Z
s W,Z, vy + Heavy Flavor (e.g.
Zb,Zbj,Zbbar ,Zbbbarj,....-

normalized event samples)

PH(2) > 60 GeV

m Better, orthogonal, object ID

® Optimized jet resolution
algorithms

metcC.... (tools get made when it becomes HT for P;#>0, P;#> 60, and P;#>120
essential- ‘'mother of invention...”) GeV Z's: ee (Left) and up (right)
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Problem of Njets (W+N],Z+N])

Crass Section (ph)

=3

il
=]

- o W Njuta
(= Z 4N jets

H:.lmharznf jﬁl:uJH
Crossection vs number of jets
in W and Z events

Event and W Properties

W4 Hatio Method Heach

MNilats)

LD 7 o

T 2 [0

Trew 15 00

oD =] &0 N &=L kG = O

1804 ph
AT ]."Il:l
=3 ]."'Il:l
15 ]:ﬂ:-
3.1 ]:"]:l
G50 fh
140 fhb
25 fh

é fh

20 phb (1.0%)
4.4 pb (1.2%)
1.5 ph (1.58%]
0.5 ph (2.5%)
230 fh (T.5%)
100 fh (16%)

50 1k (36%)

20 b (T8%)

20 pb (1.0%)
3.7 pb (1.0%)
0.9 pb (1.1%)
240 fb (1.6%)
95 fk (2.9%)
40 b (6%
18 fb (13%)
8 b [20%)
4 fb (63%)

)
L= ]

]

Farcent Uncertginty in Crozs Secti
B

Hllmburznf_]'atnil
% uncertainty vs number of
jets in W and Z events

So, switch to a measurable that is
more robust: look for new physics
by precise measurements of
(W+Njets)/(Z+Njets)

Systematics at few % level
(PRD68,033014;hep-ph/030388
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Summary of Tevatron Now

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

. Experiments running pretty well and producing lots of hands-on and
minds-on opportunities (lots of room for new ideas, analyses, and
hardware upgrades (great for students!)

. Doubling time for precision measurements isn't set by Lum- set by
learning. Typical time constant ~ one grad student/postdoc.

. Precision measurements- MW, Mtop, Bs Mixing, B states- MW and
Mtop systematics statisics-limited

. Can make a strong argument that pbar-p at 2 TeV is the best place
to look for light SUSY, light Higgs,.... as met at EWK scale,
(MW/2, Mtop/4) doesn't scale with mass, root-s, and tau's (maybe
b's) are better due to lower mass in detector, and SVT and L1
tracking triggers,

. All of which implies keep the Tevatron running until we know that we

don't need it (and keep Fermilab strong for the ILC bid tool)
WuKiFest 4/12/07 40



And Thanks to Wu-Ki

1. The CTEQ PDF work is critical to all we do at
the Tevatron- it's on of the strongest
components of our foundation- we owe an
enormous debt to Wu-Ki and collaborators..

2.Wu-Ki set the tone and standards for teaching
and responsibility when I showed up at UC- had
an enormous impact on me

3.I still regularly refer to Wu-Ki's book on Group
Theory

4.And Wu-Ki's and Beatrice's recipe for cooking
pike is still a standard in our household!

WuKiFest 4/12/07
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"You could be up to your belly-buttons in (SUSY) and not know it.."- C. Prescotf’



BACKUP SLIDES



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 ——
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|t sample threshiolos
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&0 Ge
—_— T Gy

i H
rar
1]
| .
¥
—_
]
L=
=
]
—
o
—
e
.

tau efficiency
=

=
]
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MC tau visible ET (GeV)
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NN Tagger Efficiency

Backup- D0 btagging

-__.__H_-_-_i -I—l—I- L
= il

¥ TaggET apgbod o MO

MM Tagger EMiciency

L] Ipgper Apqeinad
—_— TFF pppied i
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{All detector components
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A real CDEF 1op Quark Event
T-Tbar -> W bW-bbar

W->charm sbar

B-quark ;\__; ~ / /
/ x /
Ve i Equ rk->W+bquark
£ 7 -
T-quark->W+bquark AR 2R 5l
; G — B- quark
Cal. Energ& % 3 ;
From electron Py

W->electron+neutrino

Follow the color flow! WuKiFest 4/12/07



Luminosity vs Time

Integrated Luminosity (1/pb)

Run IT
Delivered Lum
(CDF+D0)/2"
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