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State of the Art? The Standard Model
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The Standard Model

The theoretical machinery is very effective and often beautiful...

e

..but its rather unlikely to be the stmplest description.
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Top Quark

What are the clues to an underlying simplicity?

QUARK MASSES

Mans
[ GevieT)

Where does this mass
structure come from?

What does it reveal? \ wo |
Why is the top so heavy?

5D

[iTi ] LR =
. . . ~ (8 E-= ] & c h
Why is its Yukawa coupling ~ 1 ? e e svenge chem botiom o
CQuarks

Is 1t really the SM top we are seeing?

Are the observed top quark candidates due solely to SM top?
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Outline

Di-lepton sample

— Laboratory for electroweak, top and new physics

Top quark di-lepton decays
— Fermilab Tevatron and CDF

— Cross section measurement

Precision mass measurements

— Novel application of a powerful technique

Result

— Impact and Conclusions
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Leptons at Colliders

Z—e¢e event at CDF

AT e ST S

Critical handles
Reject QCD background

Well known standard candles
of leptonic production

Signature of important
physics

Leptons are excellent probes

Good coverage
Difficult to fake

Excellent resolution
4, Q
N
(4 Y
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Top mass in Run 1

Mass of the Top Quark

Measurement Mtop [GeV/cz]
CDF-I di-l o] 167.4 +11.4
DZ-I  di-l o 168.4 +12.8
CDF-l 14] KRR 176.1+ 7.3
DD-1 4] : 00— 180.1 + 5.3

ey

150 170 190

M., [GeV/c?]

Mass in di-lepton channel appeared low, but statistical error was large.
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Outline

Motivation for di-lepton top quark physics

— Laboratory for electroweak, top and new physics

e Top quark di-lepton decays
— Fermilab Tevatron and CDF

— Cross section measurement

Precision mass measurements

— Novel application of a powertful technique

Result

— Impact and Conclusions
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Top Ouark Production

The FermiLab Tevatron has a monopoly on top quark observation

J «— Antiproton
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Tevatron

The frontier
Highest energy
Highest statistics
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High Statistics

Year 2002 2003 2004 2005
_qaffenth1 4 7 10 1 4 7101 4 7 147

I

14
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Total Luminosity (pb
S
S

b

<

=]
T

Delivered -
To tape |

1000 1500 2000 2500 3000 3500 4000
Store Number
Dataset
Run 1: 100 pb!
These results: 1000 pb-!
Summer 2007: 2000 pb-!
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CDF for Run?

muon electron
Muon track EM shower
Central track Central track

E, ets
Missing Energy EM and hadronaic
showers
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Top guark production

Production Process Detector Sronature

muon electron

jet

/

Missing E.

jet
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Other standard model processes

Drell-Yan

Reduce by requiring

Large missing E

Large 2E T

November 8, 2006

Misidentified Lepton

Reduce by requiring
Isolated lepton

Large 2'E T

Daniel Whiteson/Penn
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Cross-section

200 :_ |:|tt(c=a.?||:t-j _:
B [ Fekes 7]
1 :_ Eﬁ;ﬂ _: Samp le events
160 | — o4 & (M=175,0=6.7 ph) 50.2
140 8 4 = Z —eeluu 10.9
120 | = MisID lepton 8.7
DA . wWw, Wz 5.0
100 §-— ------------- = Z —TT 2.2
SRR AR ] .
= =
50 — Total 77.1 £ 2.1
40 .
= Observed 78

1 2
Jet Multiplicity

0=67110( + 1.1

stat) (syst)

*Speaker’s unofficial calculation
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Kinematics

Cross-section is a counting experiment, sensitive only to thresholds.

MRRE R I T T I
g A [t (M =165 Gevie") 3 a5 : l ] t (M =165 Gevic)
[ Fakes . - [ Fakes .
16 -E";-' N 0 |- 3 ww .
] ] C Cwe ]
14 [ — - Bz 3
[ 4 . = 0z -
12 A caa E E A caa E
. 20 | J
19 = " .
8 - 15 | -
B N i ]
. 10 | -
4 - - ]
2 : 5 |- ]
o - g L A L1 7]
0 50 100 150 200 250 0 150 200 250
Py [GeV] P [GeV]

Want to examine the kinematics, to see whether events are consistent with ¢
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Outline

Motivation for di-lepton top quark physics

— Laboratory for electroweak, top and new physics

e Top quark di-lepton decays
— Fermilab Tevatron and CDF

— Cross section measurement

e Precision mass measurements

— Novel application of a powerful technique

Result

— Impact and Conclusions
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Top mass in Run 1

Mass of the Top Quark

Measurement Mtop [GeV/cz]
CDF-I di-l o] 167.4 +11.4
D@-1  di-l o1 168.4 + 12.8
CDF-l 14] KRR . 176.1+ 7.3
DD-1 4] : 00— 180.1 + 5.3

I e

150 170 190

M., [GeV/c?]

Mass in dilepton channel appeared low, but statistical error was large.
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Higg ° !
1908 .
B Aagd=
54T\ ¢ ]
v — 0.02758+0.00035
1 o -+ 0.02749+0.00012 7
4 - e 1 *=+ incl. low Q° data —
N ]
5 o —
. . 2 - .
Higos connection | |
Radiative correction to M, via 1- N
top loo ] ]
- P ) P L i 0 Excluded v A
eavy top means heav 189S — T '
M y ,(1; avy gﬁ 30 100 300
rovides constraints on
¢ P h m,, [GeV]
L BN UL L L
80.70 | experimental errors 68% CL: n
1 LEP2/Tevatron (today) ]
80.60 - -
Standard Model extensions
. ; L
Top appears in many loops 3 o050
Helps constrain SM extensions s
80.40
80'30~
80.20
| Hellnemeyer. Hollik, lSlocklnger, Weblen Weiglein 'OG:
160 165 170 175 180 185

m, [GeV]
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How to measure mass

How do we measure the mass?
Can’t just put the pieces back together again
J P P g g

Lost information

- Neutrinos have escaped undetected muon electron

- Quarks have hadronized, showered,
been clustered into jets

-Assignment of reconstructed
objects to partons is not obvious

>
-Lepton resolution is good,

but not perfect e jet

Maisinformation

-Background processes mimic top-ology Missing E; jet
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The Matrix-Element approach

Context

Pioneered in Runl by DO for single lepton channel

Advantages

Direct test of t£ hypothesis

Encode our knowledge

& assumptions transparently

Maximal statistical power

Use all information

Squeeze every correlation

Weigh well-measured events more heavily

Difficulties

Complex numerical integration

2
A
(@) YN
(t
= b)
-,)-{ N
£) b)
(< - ~
&P “<Zu

Never applied to any other channel: many new challenges

November 8, 2006
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Method

P(eventx | M,)

P S I B B B B

P(Mt)

180 185
Mt [GeV]

Each event has
a curve,
rather than

a single
mass value
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Method

P(eventx | M,)

22T T T T T T T T

P(Mt)

:: — /'# \\ ‘ 1 (l a ( 1\-[ t )

14f 14 \\ - ——

1.25— / \ : = a ( ;&[ t) dX

0.8f- / NE
0.6} \ ]
0.4f E
15 170 175 180 185

Mt [GeV]
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Duirect Calculation

Differential cross-section calculation:

do(M;) _ | . | |

dx _/d‘I’ M z(p; My)|*feor(q1) fror(q2)
Matrix
Element

Phase-space

Integral

But there is no reference to our measured quantities x!
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Duirect Calculation

Differential cross-section calculation:

do(M;) _ / o
dd

dx Mz (p; 1111‘.:)'2 Pl p) feor(q1) fror(qz)

T )

Matrix Parton-to-Detector
Element Transfer Function

Phase-space

Integral

November 8, 2006 Daniel Whiteson/Penn



The problem

To compute this integral, we need a description of
P(observe event x | parton configuration y )
Which is usually computed numerically via Monte Carlo

Parton level Detector level

muon electron

A\

jet

/

Missing E. jet

November 8, 2006 Daniel Whiteson/Penn




Model

L eptons
Energy and angle well measured

P(xlp) = 8(x-p)

Interpret events in tt hypothesis

Jets

[eading jets are bs

Jet angles well measured

Jet energies can be described by TT's

Initial state
Initial state gluon radiation
ttsystem may have p-

November 8, 2006 Daniel Whiteson/Penn



ets

P( event x | partons )= O(¢p-¢) 6(6-6) I;C,t(E-

Jet Energy

588 0 8 8 8 88

ot BLF

Tgh 40 60 B 00 128 1hd 150 180 200 28 2
Parton Energy

November 8, 2006

‘et pzzrton)

160

-Predicted

140 -Actual

120
100
80
60
40

20

0
0 20 40 60 80 100120140160180 200220240
Jet Energy
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Calculation

For each event, calculate differential cross-section:

PIM) = 3 [ d® Ml M) T] £ ) frore(a) fror (@)

I jets A

Transfer
Functions

Phase-space
Integral

Matrix
Element

Only partial information available
Fix measured quantities
Integrate over unmeasured parton quantities

November 8, 2006 Daniel Whiteson/Penn



Neutrino solutions

8 unknowns

0 3 (neutrino)
@ 1 (quark energy)

@ 1 (quark energy)

0 3 (neutrino)

November 8, 2006 Daniel Whiteson/Penn



Neutrino solutions

8 unknowns 8 unknowns

0 3 (neutrino) W, t invariant masses
1 (quark energy) 1 (quark energy)

@ 1 (quark energy) 1 (quark energy)

0 3 (neutrino) W, t invariant masses

pr ¢ of tt

"T'ransformation accomplished numerically.
Integration done numerically [ VEGAS ]

November 8, 2006 Daniel Whiteson/Penn



Examples
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Four example events simulated by HERWIG (M. =180 GeV )
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Stonal only results: full stimulation

Joint probability in signal-only Monte Carlo experiments

A35‘1°-15' [ - —— D‘:-.EGO T Ii T il |i 1 ill I LI i'l 1 ||[||
& ; E - P
25 / : = | ' Hemwigtt :
2 / E B 180 - 178 + (M,-M,) x s n
e T Gmeds 2 ;
! / N T 3 i |
ost  / RN = 180
o= “f14lo | Tm  mo 220 B .
Mt [GeV]
170 |- .
M i ]
meas
M,=177.8 = 0.2
160 |-
s=1.04 =0.02
Response = <M X _
150Tllill||+I||Ii||III‘IIII!IIII|IIII!III|||I||:IIIT
155 160 165 170 175 180 185 190 195 ,
True M, (GeV/c')
Response
Linear.
Unbiased.
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Stonal only results: full stimulation

Joint probability in signal-only Monte Carlo experiments

2 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S | % ARAE RAAES RAAA RAALY AR AAAA AR R
§ E . . . . . . . . N
3 £ 3 o w N . . v . " 1 1
= 1.8t ieeaiees . —
25 f . 3 A .
, f 3 a r: : : Mean pull = 1.16 .
!' ] 15_ -
15 —y_—'r -] o " " [ . =
! \ T meds i _

I/ \ B E " = . 0 = " 0 "
v/ N PR S-S T S-S SN S-SR SO A
R S
bt kg gr k- : + 1T * ] :
f“H'*H?F}
u Ty I
meas —l:llll:lala:alll-:ll Itll.ld.:d.lll:lllltll.ll.:llt
X 1 EE O S S S
Response = <M, > R
0.6 .ttt ]
-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.

Pull =M -M 155 160 165 170 175 180 185 190 195
meas true Mt {GBWCE_]

meas

Pull width

Flat.

Width is ~1.16 due to assumptions
Assumptions enforced: width 1s ~1.0.
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Sample composition

Sample is expected to be 3:2 signal to background

200 :_ Cttie=57 |L|:-j _: Samp le events
10 E =WFE'*<W e tt (M =175, 0 = 6.7 pb) 50.2
= [ iz ] Z —eeluu 10.9
160 | gy 7
=z . Fake lepton 8.7
140 § - 4 WW,wz 5.0
120 | = Z— 1T 2.2
LAY ]
100 -
- RNV ] Total 77.1 2.1
]
&0 E Observed 78
40 =

1 2
Jet Multiplicity
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Background Likelihoods

We generalize the probability to be a weighted sum of signal & bg probabilities

P(x|M;) = Py(x|M,)p, + Pog1 () phg1 + Poga(X)Prgo-.-

Il
a-

P. + P,

S

Signal event 4

Background Event 4
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Z+jets

2 unknowns
1 parton energy

e 1 parton energy

1__

@ 0 After selection cuts!
@ 0.22 |||||||||||||||||||||||||||||||||

—tt

[1z+2p J

0.2
0.18
0.16

0.14
Matrix Element & Inteorals 0.12

Events

Alpgen subroutine for Z+2p 0.1
2 integrals for unclustered E. 0.08
Integration with VEGAS 0.06

0.04
0.02

III|I1I|III|III|III|III|III|III|III|III|IIIL
|III|III|III|III|III|III|III|III|III|III

80 -70 60 50 40 -30 -20
i

Inf do“l

dx
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Response & Pulls

-
el
-]

ﬁl""1g-5 1 1

L

:;' 190

% * Herwig tt

B[ — 178+ (M-M,) xs
3

w

Pull Width

1.8

1.6

—
—
-
o
=
=
-
—
-
o
-
o
o
E
E
=
—
o
=
=
-

Mean pull = 1.17

IIIIIIIIIIIIIIIIIIIII

175

170 |-

155 M,=176.5+ 0.2 §

160 5=0.84 + 0.01 ]
AT AR PR FEERE FNERE ARR T ERREL s livaalis, -III|IIIIIIIIIIlIIIIIIIIIIIIIIlIIIIIIIIIIIIlIIII.
155 160 165 170 175 180 185 190 185 155 160 165 170 175 180 185 190 195 ,

True M, (GeVic) M, (GeV/c?)
Response Pull width
Linear. Flat

Slope <1 due to backgrounds.
Error is reduced 15% by P, ,
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Response at mt=175

Residual, error, and pulls are well behaved.

— T T T T SR B B s s B B B
input M= 175 GeV 1 ol = E ss0 b E
- Mean: 175.46 GeV- . Mean: 4 98 GV : Mean: 0.05 ]
500 . n R - .
- RMS: 512 GeV s s Sigma: 1.02

F E auﬂé
250 |
zu-:lé
150?

100 F

I PR L™

140 150 180 170 180 190 E?ﬂﬂll [él?ﬂ: %.ﬂ 10 .1]1!?[55:’?:7] . s oul
Method Mean Error (L = 350 pb’)
Matrix Element 9.4 GeV
Neutrino Weighting 12.8 GeV
Kinematics 14.6 GeV
Neutrino Phi 14.9 GeV
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Systematic Errors

Source AM,, (GeVic?)
Jet Energy Scale 3.5
Parton Distributions 0.9
Generator 0.9
Background Statistics 0.7
Background Shape 0.7
ISR/FSR 0.7
Sample Composition 0.7
Method 0.6
Total 3.9

November 8, 2006 Daniel Whiteson/Penn



Systematic Errors

Source AM,, (GeVic?)

Jet Energy Scale 3.5 «

Parton Distributions 0.9 Can be r.educ.ed
Generator 0.9 Jfrom using direct
Background Statistics 0.7 b-jet egergg/bscale
Background Shape 0.7 Sfrom Zto bb.
ISR/FSR 0.7

Sample Composition 0.7

Method 0.6

Total 3.9

November 8, 2006 Daniel Whiteson/Penn



Outline

Motivation for di-lepton top quark physics

— Laboratory for electroweak, top and new physics

 Top quark di-lepton decays
— Fermilab Tevatron and CDF

— Cross section measurement

Precision mass measurements

— Novel application of a powertful technique

Result

— Impact and Conclusions
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Data 20 example events...

Arbitrary Units

1871 1745 2279 1977 1745 0279 15871 1745 2279 15671 1745 2279 1571 1745 2979

Arbitrary Units
-

e . a " " . g "
1271 174.5 2279 1211 174.5 2279 1217 174.5 7279 1213 174.5 2278 1211 174.5 £27.9

Arbitrary Units
[
;
o

1871 1745 2278 1371 1745 2279 1271 1745 2279 1571 1785 2279 1271 1745 2279

Arbltrary Units
a”

T A7ES DZr9 1871 I745  D2r9 1877 1745 92r9 1BTA  A7E5 829 1871 1745 o2ra

—
e o1
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Measurement!

3 | LI I LI . L | LI . LI | L | LI | [ | !
E 0157 CDF Runll Preliminary : |
¥ _[ Ldt=11b" (78 eventsj | L = 350 pb-l
- _ . . | Phys. Rev. Lett 96, 152002 (2006)
b . | Phys. Rev. D Accepted (2006)
- . | Thesis, A. Kovalev Penn (2005)
= 01 |
ﬁ . | L= 1000 pb-!
0 . | Thesis, B. Jayatilaka Michigan, 2006
E Phys. Rev. Lett, In preparation
o |
= 0050 —
IE .
.
o ||||||||||||||||||||
145 150 155 160 165 170 175 180 185

T 3.9

stat —

— +
M, = 164.5 * 3.9 e



Measurement!

0151 S
: CDF Runll Preliminary :

_[ L dt =11b" (78 events)

Measurement in single-lepton decays

0.051-

Joint Probability Density
7

T 3.9

stat — syst

M, = 164.5 * 3.9



Different channels

Comparison of M, in Different Final States
(CDF-II Preliminary, April 2006)
All Jets
L]
178.7 + 5.5
Dilepton
]
164.8 + 4.8
Lepton+Jets
—_—y ——
173.5+ 2.8

160 165 170 12?5 180 185
Mo, (GeV/cY)
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Cross-Checks

(stat. error only)

&
e-1 164.6 + 5.3
(37 events)

&
L= 1645+ 7.0
(26 events)

&
e-e 162.0+12.9
(15 events)
—y—
All Data 164.5 + 3.9
(78 events)
I | 1 | | I 1 | | | I 1 1 | | I | 1 1 | I 1 | 1 1
140 150 160 170 180 190
Top mass (GeV/c?)
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B-tagsged measurement

CDF Il Preliminary
®
Dilepton (tagged) 167.3 +4.6 + 3.9
o
Dilepton 164.5+ 3.9+ 3.9
| | Il 1 l | | | | l 1 Il | | l | | | | 1 Il | | |
140 150 160 170 180 190

Top mass (GeV/c?)
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World Average Mass of the Top Quark (*Preliminary)

Measurement Mmp [GeWcE]

World Average CDF-1 di-l o} 167.4+ 11.4
Pull of -1.6 D@-1  dil ol 168.4 + 12.8
Weight of 11% ‘ CDF-Il di-*¥ —&— 164.5+ 5.5
Error of 2.3 GeV, D21l di-I* . 176.6+ 11.8
systematics limited. CDF-1 4] i | 176.1 + 7.3
DDl 4] | —o— 180.1 + 5.3

CDF-Il I+)* %t— 173.4+ 2.8

DD-Il  I+)* kR 170.6 = 4.6

CDF-I all- E o 186.0 + 11.5

i ¥*/dof = 8.1/8

Tevatron Run-l/Il* -$- 172.5 £ 1.3 (stay) £ 1.9 (sysy)

50 170 190
2
Moo 1GeVICT] hep-ex/0603039
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World Average Mass of the Top Quark (*Preliminary)

Measurement Mmp [GeWcE]

World dverage CDF-I di-l o} 167.4 + 11.4

Pull of -1.6 DDl di- ol 168.4 + 12.8
Weight of 11% ‘ CDF-Il di-* —@— 164.5+ 5.5
Error of 2.3 GeV, DIl di-I* . 176.6+11.8
systematics limited. CDF-1 4] e 176.1 + 7.3
DTl 4] | —o— 180.1 + 5.3

CDF-II |+* —b- 173.4+ 2.8

g prTTT———— DIl 14" e 170.6 + 4.6
E CDF-I all s 186.0 + 11.5
2 x> /dof = 8.1/8
”;— — Tevatron Run-I/II* -$- 172.5 £ 1.3 (stay) £ 1.9 (syst)

A -zl‘='u11lin0001mh2ina:ior: [G;j ‘1|50 | 170 | 1EIJU

Miy 1GeV/c’) hep-ex/0603039
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Next Steps: Statistical Error

Optimize with senetically-evolved neural networks
- Effect of backgrounds is non-trivial to predict

- Direct optimization of mass precision
- Power and flexibility of neural networks

mple Purity
EIH oo

a .
=
- b b
T T T T T T T T 7T

Most precise selection for mass
is significantly looser than current selection.

=
[ X
™

PO W NN T TN T N T TN N N T T T A X

ﬂ-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
O 5 10 1% 20 2% 30 35 40 45 50

Same data, more precision! .
Mass uncertainty [ GeV ]

In submassion [ hep-ex/0607012 ]
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Next Steps: Systematic Errors

—

To reduce the largest systematic,

N

calibrate b-jets in data

T1200 T

e Data - |

a Z—bb MC i :
o bb MC 1070 | I SO SO S

600 IO e

4000 oo h i ..............

200

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

PN I N P R ].+.. 1P
40 60 80 100120 140 160 180 200
Gey

IIII IIII

ol s R
20 40 60 80 100 120 140 160 180 200
GeV

-200

g e e

"’_\II‘II\|I\I|\|IIIIIIIIIIIIII|

O
N[
o

Z— bb decays are difficult to see, due to enormous bb background.

Measurement expected Winter 2007
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Next Steps: Searches

]_j_p9Zh —[l bb P (event x | Mh_)

N ﬂ;/

- 2F T T T T T

= " ]

<l &) a AN i
1.8} / \ ]

A 1.52- /' \\ -

J 14} / \ 1

- : \ |

/{ 1_2__ /‘/ \‘ -

g \ :

S, e / \ g

."Tq\' | & : 0_3:_ / \‘ _

3 ’) osf / :
Mt—ls:s T N R T 11115—:

@ Mt [GeV]
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Summary & Outlook

Tevatron
Precision dilepton mass measurement gives
first significant comparison between channels

With no improvements,
expect statistical error of 2.0 GeV at 4fb"!

Dileptons are systematics limited!

(nb)

a. B

LHC
Order of magnitude greater statistics and energy

0.1

Lessons from Tevatron are critical.

Use similar strategies: "
- Understand basic lepton ID in data

- Observe famailiar processes

- Solid ground for discoveries

November 8, 2006 Daniel Whiteson/Penn

W Z production cross sections

104 ———
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MEST9S partons
NNLO QCD <

W
PE_~7

LHC

W

¥
:T.J.-'\J JUAZ
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Vs (TeV)



Backup material
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Response & Pulls

ot S RALAS LALLS RELLS RALLY LALL RALLS RELL) RALLY LAR £ o A LALAN LARAS RARLI LALLS LARED RALL) LLLAD LARES LAY
-.E . : . - i : J
T . S S - = L - : : : : : : : i
8§ Lo ] S8 fibeie e N
R e b SR L EE LR EL SR SEEEECEEEL SELEE St~ NI S S Mean pull = 1.00 .
c - : ' : . 16 tceniaia.. -
0 HE ST S U S S S S i N . i
o - . . . . . ] | . . -
3 - : : ; : - L. : : : : : : : D
2 1F 8 C5 BF [RERL o0 S22 = - L A A TN TR Jope
E UE . E E . . N N . . v . i
s MmN ._
-1 T R —_— R R CEPRE .
2 . . R She B
P S OO S NN UG FOURY-ONS OUOF SO R
e 0.6 v qrreramemgm et e e

_5 _IIIIIIIIIIIII[IIIIIIIIIIIIII[IIIIIIIIIIIIIIIIII_ -IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.

155 160 165 170 175 180 185 190 195, 155 160 165 170 175 180 185 190 195,
M, (GeV/c?) M, (GeV/c?)

Response Pull width
After slope correction. After error correction.
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Leptons

Sample ee uu eu ll

tt M =175, 0 = 6.7 pb) 11.1 11.7 27.0 50.2
Backgrounds 8.6 10.6 7.9 27.1
Total 19.7+25 22.3t26 34.9+2.0 77.1x2.1
Observed 15 26 37 78

We see additional uu events, and a deficit of ee.
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Probing the structure of our environment
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Lobster diagram
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Backgrounds

- O
Q, -
\:L:: N
Drell-Yan Misidentified Lepton WW
Two leptons Two leptons Two leptons
Signature Small missing E, Significant E Significant E .
2 jets from ISR 3 jets from ISR 2 jets from ISR
Misidentified lepton
Large missing E Lepton isolation
Removal Large 2E T Large 2'E T Large 2E T
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Pull wadth

Assumptions held

Parton events: width = 1.0 _§ 800" I PW =1.0 I
£ 1600 e
. 1] C
Assemptions broken 1400 ; 1’
X X . - < =

Full simulation : width = 1.15 1200 Pw
1000 8
- Well measured leptons: width ® 1.1 800 TJLH i
- Small parton-jet angle: width ® 1.0 600 :
4001 5
Scale factor for error 200 5
Flat in tOp mass 00:| L |0|1| (! b|2| L b|3| T b?ﬂfoﬂéﬁ—-ﬁal-g—b—dﬂaj?
Flat in measured statistical error R AR [ part {Im J er-]
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3 unknowns

1 parton energy

1 parton energy

3 neutrino (P components)
-2 (P, conservation)

After selection cuts

L e I I I I
S [ —t .
2 0250 -
W =L [Fakes -
02f ]
Matrix Element & Integrals - :
Alpgen subroutine for W+3p 0.151 ] -
Integration with VEGAS B ] .
0.1 .
0: PRI R A I | |—‘ |:
80 70 60 50 40 30 20
Inf £
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6 unknowns

Parton energy

Parton energy

3 neutrino (P components)
3 neutrino (P components)
-2 (P, conservation)

After selection cuts
0-22||||||||||||||||||||||||||||||||||| ||||||||||||

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

Matrix Element & Inteorals

Alpgen subroutine for WW+2p
Integration with VEGAS

n

:ulI|III|III|III|III|III|III|III|III|III|III

o by e g |||||||||I|||||—|L-m Lo

||||
-45 -40 -35 -30 -25 -20 -15 -10 H:’?V
gl
]H[ dG ]
dx

(=] 111

-5

=]
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Expected Sensitivity

5900 -

E - CDF Il Preliminary E

ﬁ 800 - J'Lr.lt=1.us fb” (77 events)

E = [ Herwig tt (M=165 Gevic?) -

$ 700 . ]

@ u ——— This measurement n

“ 600 [ =

Sensitivity a -

If M, = 165 GeV/c?, 00 H E

mean stat error is 4.1 GeV/c? 400 | .

If M, = 178 GeV/c? 300 E
mean stat error is 5.1 GeV/c? 200

100 [ -

D - L1 1 | T T R T R T B T A :

0 2 4 6 8 10 2

A M, (GeV/c

46% of pseudo-experiments
give smaller errors
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Pull Width: jet angles

Entries

Requring two matched b-jets
Requiring well-measured leptons

-t
o]
(=
(=]
]
11

-
(=2}
(=
(=]

1400

1200

1000

Fitted pull width

800

=
(= B
(=2

200
|

S PR PR R DT PR RO

=
I:l_l_l_i_l_l_l_l_l_I_I_i_IIIiIIIiIIIiIIIiIIIiII

o

OIQt_I_IJ_l_I_I_lJ:_I_I_I_IJ_I_l_l_IJ_l_I_I ) | i ._J_u L1 | I |_|_|J:_|_|_I_IJ_|_LJ:|

OEA_A_l_A_I_I_I_A_IJ_I o = ST IS WL
0 0.1 0.2 0.3 04 05 0.6 0.7 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 045

A R [ parton-jet] A R between Jet and Parton

Pull width decreases to ~1 as angle improves
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Effect of SUSY events on dilepton mass measurement

-
=]

Chargino/Neutralino o t | SN b
Topology is llI+2f or llqq & . - T
1 :_ ............................................................................. _:
o = 3
M(x+) = 103 GeV S T ey E
M(x0) = 60 GeV ; 10" - COLPTEICHON e -
tan(p) = 5 = s | :
2 o] -
Sigma*br _ 150 fb & 1.u E_ ......................................................................... _g
Acc = 0.15% >~ - A=
g 1073 T 0t RSNSOI NP + =
m E : : : : E
— - . . . : ]
O 4oL ... M(}*+)=103GeV ... ST .
b S M(x0) = 50 GeV :
8 [ =5 _ | :
-5 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1
£ 10 s 6 4 =2 o
=

Mass deviation [GeV] (M =178 GeV)
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TFS

Transfer functions predict jet energy spectrum at varying top masses.

150 Gy

. -Predicted
-Actual

a
O 20 40 &80 30 9001301 401680 190 200 2202
B (V]

190 Gey
a0

isd

1
O 23 40 80 90 900120140160 180 20021140
| i)
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Standard Candles

Z decays are used to understand

Lepton acceptance & resolution
Calorimeter calibration & resolution
Missing energy resolution

Jet energy scale

Trigger efficiencies

éuﬁ :l. LI I LELELEL | TITT7T I TTTT I TTTT TIToT7T I TT T T LI l_- ?50 _l LI} | LELELEL | LELELEL | LB I LB I LB ) I T LI ]

s [ Before - ¢ [ After ]
] - . — Pythia Z— uu : w | . — Pythia Z— uu

400 . 200 tunin g ]

E L O Data

300 - 150/~ -

200 - 100 ]

100[ . s0f- .

0 75 80 85 90 95 100 105M1 10 90 75 B 85 90 95 100 1D5M1 10

1 i
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