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Probing the structure of our environment
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State of the Art

The Standard Model
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State of the Art

Exercise 1.1.1.1.1a: Given locality, causality, Lorentz invariance, and known
physical data since 1860, show that the Lagrangian describing all observed phys-
ical processes (sans gravity) can be written:
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The Standard Model

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

...but its rather unlikely to be the syimplest description.
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Top Ouark

What are the clues?
QUARK MASSES

Mans
[ GevicT)

200 |

Where does this mass
structure come from?

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

Why is its Yukawa coupling ~ 1 ?
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New Theories?

—
Pra—uh TT"FL‘H- |51

Is there some
simple but
foreign idea
which could
explain many of
these mysteries?

“Matthews... we’re getting another one of

those strange ‘aw blah es span yol’ sounds”
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Higgs
6=
E )
h - 54\ ¢ Al =
AN | — 0.02758=0.00035 ;
PR /’ £ 1\ - 0.02749:0.00012 ¢
= 4 - E ess incl. low CF data
N, 3 - e ) :
Hisos connection P = "5,“-.‘ : :‘.
Radiative correction to M via i .."
Higgs loop y ’
Heavy top means heavy Higgs
M, provides constraints on M I SelucEs
D I L] I
100
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Outline

* Top quark pair production
— Decay
— Detector signature

* Dilepton mass measurement problem
— Template strategy
— Matrix-element strategy

e Measurements
— Current results
— Combination of measurements

September 13, 2005 Daniel Whiteson/Penn



Top OQuark Production

The FermuiLab Tevatron is the only facility with enough energy
to produce and observe top quarks

"y
L.

) «— Antiproton
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CDF at Run?2

Cartoon Detector

muon
Muon track
Central track

electron
EM shower
Central track

_E; | Jets
Neutr/nos,_ EM and hadronic
new physics showers
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Dilepton Signature

J‘L\K ' g
V
! b
E b
% I
v b-jet
b-jet

Dileptons are clean
More leptons!

Fewer jets

Smaller backgrounds

Particle ID and measurement
Charged leptons are well-measured
Small statistics Jets measure quark energies
bb+eelew/uu: 5% Neutrinos are undetected
bb+e/ut+qq :30%
bb+qq+qq : 44%
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How to measure mass

How do we know how much mass the top had?
We can’t just put the pieces back together again

Information has been lost
-Neutrinos have escaped undetected
-B-quarks have hadronized, showered, been clustered into jets
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Solution

Integrate over unknown quantities.

Each event has N /M\
a curve, 8| \
rather than :

a single

mass value

165 170 175 180 185
Mt [GeV]

Construct probability curve.
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Probability calculation

P(Mt)
N ]
P

/ \
18 P \
{
1.6 /
f
14} / \
12

\
osf- / \

04

1 L 1
165 170 175 180 185
Mt [GeV]

Matrix-element strategy
Calculate probability directly from
matrix-element

Template strategy
Construct parameterized probability; fit
parameters to examples from simulated

events Make simplifying approximations

This sweeps difficult effects into the
parameters.

Measure any necessary
corrections using simulated
events.
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Template Method

P(partons | M) x P (measurement | partons) = P (measurement | M,)
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Template Method

P(partons | M) x P (measurement | partons) = P (measurement | M,)
M, = 165
M, =175

M, = 185
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Template Method

P(partons | M) x P (measurement | partons) = P (measurement | M,)

Given examples,

M, = 165 deduce rule for P.

Rec Mass 1-Tag(T): CDF Preliminary

Top mass:
77145 Gevic?
165 GeV/c?
185 GeV/c?
[ 205 GeVi/c?

M, = 175

250 300
M, (GeVic’)
op

Apply rule to data,
extract mass.
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Neutrino Weighting

etafv); miop=170
E i ndf 65.54/36
Constant  364.9:7.072
Mean 0z 0

Sigma 08767 0.01208

Inspired by Runl neutrino weighting analyses )
-Constrains Mw, Mt=Mt
-Integrates over 2 neutrino eta distrubutions -
-At specific Mt, weight factor derived from missing energy resolution

Example Signal template Example background template
_ Mean 163.8
Mean 166.3 g0 RMS 40.04
g oms RMS  31.91 3
§ oo D05
E oot §
ﬁ (i ) - a L
o am 170 GeVic D.m_ Combined background
B yooa
0.00% 0,005
0.004 :
0.002 -
0 o .
(GeVic’) 100 150 200 250 300 50
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Neutrino phi

Neutrino angle method

- Integration over two neutrino angles; flat — Py (P! - )2 (UE -UE'Y
distribution requires no MC prior B Z o2 Z Z 2
C in Mt=M =12 O, Jj=1.2 i=x,¥ UE
- Constrain Mt=Mt
- Find most probable top mass which minimizes: ( 1= My) + (M"M ) (M jiw =) + M iz =)
2 T2 T2, T3
Example Signal template Example background template
170 GeV/c? 06
= 180} Mean 178.4
B1a0 RMS 29.s8 0.5
0120 0.4
'Eﬂ:n
0.3
60 0.2
a0
20 0.1
u i i —J u
100 150 200 250 300 350
Reconstructed Mass, GeV/ie~ 100 200 500
- combined
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I 1 I T
—e—data
[ o.M, =180 GeVie®
B wsbmwwz
nen-W QCD
I single top
B ristsos

ttbar QZ S CDF Run Il preliminary, 16|2 pb '

Method using ttbar Pz
Assume Mw, Mt=Mt
Scan over Pz of ttbar system, prior from MC

-&NJ -400 -200 0 200 400 600

Smear jet Et, ttbar Pt, and missing Et " (Gevic)
Choose most probable Mt
Example Signal template Example background template
_ Mh:n = 170.0 GeV combined bekg. template | e — s
o | Me 1
v | Mean 164 5 - el i
Jaa- 00~ # I ndf 17.6/20
- r pa 135.4 4 3.686
- RMS 3247 0012 pi 13.2641.435
-y L p2 0.782 £0.1053
5 0.01— p3 157.6 1 5.679
gumf B pt 19.38 11506
C 90+ 0
* e e 300& Q
0.006
a5 - C
- l].[lﬂﬂ_—
: o.mzf—
e 0 0:1un‘l s w0
fass | Beve’ )
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Matrix Element Method

-~ 1 B LR L BLEL BRI BLELEL LN B B

: /
b iy \ .
16F 3

14F / \ 3
1.2} / \ 3

4/ \;

165 170 175 180 185
Mt [GeV]

P(Mt)
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Method

P(eventx | M,)

1N
ot r# . P
SN {1 do(M)
14f / \\ 1 = VX . '
" A (M) dx
oof [ \ ]
ot / \ -
165 170 175 180“ur /(17:!!;}
History
First ideas by K. Kondo, et. al. [ J. Phys. Soc. Japan 57 4136 (1988) ]
First M, measurement in Run1 by DO in |+jets [ Nature 429 636 (2004) ]
Applied in Run2 by CDF and DO in |+jets [ W&C 6/11/04 and 7/22/05]
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Duirect Calculation

Differential cross-section calculation:

(10’ ( *\‘[f ) — : PR .
d x ) / dPs| Mz (p; My)|” fror(q1) fror(g2)

I A
Matrix
Element

p 4-momentum of final partons
g 4-momentum of initial partons
x measured event variables

Phase-space

Integral

But there is no reference to our measured quantities x!
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Method

Break into two pieces: parton-level process and showering/resolution effects

P(partons | M,) x P (event x | partons) P (event x | M,)

/lepton

P(Mt)

W+ l 1.8 / \
v % Jet 16 / \\ E
I— 14f / \ ]
b 1.2 /// \\\ 3
. - / \ g
; : —x 4/
4’;?:2 ; 4/ \
1% TR T T TR T
l t Mt [GeV]
eptiton
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Direct Calculation

We know P(partons | M,)

~ o~
/ﬂ/\;

We can parameterize parts of P( event x | partons ):

L] m'
> o] © 180 .
2 e < -Predicted
N 140 -Actual
S 120
L[] g Im:
For jets: W . 100
3 e 80
1003
“é 60
"é 40
a0
. 20
PR R R R s i ey i B 050" 40-60"50-100'120 1401501 80 200220230
Parton Energy [ GeV] Jet Energy [GeV]
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Assumptions

 I|nitial state
— No initial state radiation
— Transverse energy of system is negligible

 Final state

— Leptons
* Energy well-measured
 Direction well-measured

— Jets
« Jets arise from b-quarks
 Direction well-measured
« Energy can be parameterized from parton energy

« Assumptions make calculation tractable
— balance sensitivity with computation time
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Calculation p 4-momentum of final partons
g 4-momentum of initial partons
x measured event variables

For each event, calculate differential cross-section:

1

Plx N

d{I}ﬁ

Jrff ) —

Mg(p: M) 1 | £(piyx ) fror(a1) fror(g2)

jets A

Phase-space
Integral

Transfer
Functions

Matrix
Element

Only partial information available

Fix measured quantities

Integrate over unmeasured parton quantities
consistent with tt production and measured event.

September 13, 2005 Daniel Whiteson/Penn




Unknowns

6 unknowns

W :
v 3 (neutrino)
r l» 1 (quark energy)
- b 1 (quark energy)
[ :

==

3 (neutrino)
-2 (P conservation)
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Integration

6 unknowns 6 integration variables
IIII+
.|_
2" y 3 (neutrino) W, t invariant masses
/1 (quark energy) quark energy
E b 1 (quark energy) quark energy
. I
W
V 3 (neutrino) W, t invariant masses

-2 (P conservation)

Choice of variables

Transform phase space to exchange variables for those which are more efficient.
Requires numerical solution at each integration point.

Integration done with VEGAS.
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Examples

Four simulated events (Herwig, M. =180 GeV)
ﬂ51'—'—1—'—'—~—|---|—---|---—I

gqn'l_l_llllll_l_lllll_'_l_llll

— p — - |
E -I E D. 14 C —I
= 1u|- N 3 = . s
[ ;o ] 0.12- £
JI : f 1‘ i}
8 | A a1l { v a
'1-.. L JI I:I' -:
/ ! ] ! ]
Bl I kY | 008 - I‘I i b
| i k) J N : I'|, N
| { "\.l J - ir % -
|r 1 \\ ] oo | Y .
P ) B i 7
o o \ i
/ 004 | 4 ]
2 / C ]
B 002- ' -
¢ . - ]
Ui- PP BRI B \ { gl L ) -‘H"‘“' ml_l_-ll
140 160 180 190 160 180 0 220
MF fsew Mt [GeV]
=10 Q5107
E I S E L j
T TE s :
15% [ %ﬁ : / \ ]
14 i b 25 f 3 -:|
q I'|' C _'r Y ]
12 I y sl H \
[ L r { 3
1a / kY s ! \ 1
15 J }
s Jr Y - / kY ";‘
a1 r M
B i C [) l‘ﬁ
j \ It ! 5, J
f % E ' g il
4 ! . r 4
/ N, CEI ', j
2 i by » ey,
s F F
[4] | PR R BRI ) D o L _l_lj
140 160 |0 200 2E0 180 160 180 200 220
Mt [GeV] Mi [GeV]

To test performance, build joint probability in pseudo-experiments
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Stonal only results: full ssimulation

zuu III!IIII!IIII!IIII!IIII!IIII.IIII!IIII!IIII!III:

195;_ 4 Response ....... ...... _;
E | ——— 178.0 + (M-17811.00 [ i S
ABSE i
- E Response = <M____

Measured M, [GeV]

LE1 SRR FFORRS PR SPOOR RONSTT CNSE SUIEE SO Y S Pull =M__-M___
170_ ....... ....... _______ i _______ _______ _______ _i O, eas

15“ IIIillllillllillllillllilllliIlllillllilIllilll
155 160 165 170 175 180 185 190 195

Input M, [GeV]

Response

Linear.

Unbiased.
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Stonal only results: full ssimulation

Joint probability in signal-only pseudo-experiments

zuu III!IIII!IIII!IIII!IIII!IIII!IIII!IIII!IIII!III:

z_llI!IIII!IIII!IIII!IIII!IIII!IIII.IIII.IIII.III

— _ P

= : - s LT ]

{3 195 4 Response SRS e LS - - ]

e C : : A E Bl ERRREE H -

f 1905 | 1780+ (M-178)1.00 | i A e 5 § § CDF Run2 Prelim. i

T TS 0 = TNV 0 O O O

o e S S ST A = I
180 i e e S ST I e, R a } : : ;

ﬂ S S S A (A S - [ +T} i il b1, 7

m1?5—: . . . - . . . L 1'4 [ : . : :

A 72 S I

= 70E b MR 0 I T O O O Tl s O
S " 4 S A S S - B S
1650 o ETR L = g :
B0 i A = L R SRR S """"""""""""""""" .
S0 WO S TS SO S W= LS N O O T O O O
1En:|||illllillllillllillllilllli||||i||||i||||i|||: _|||i||||i||||i||||i||||i||||i||||i||||i||||i|||_

155 160 165 170 175 180 185 190 195 155 160 165 170 175 180 185 190 195
Input M, [GeV] Input M, [GeV]
Pull width
Flat.
Width is ~1.4.
In parton-level tests, width 1s ~1.0.
(template methods have ~1.05-1.1)
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Linear.

Unbiased.



Pull wadth

PW inflated because probability
contains assumptions broken by a
subset of events.

Fitted Pull Width

Assumptions held
Parton events: width = 1.0

:IIIIiIIIIiIIIIiIIIIilllliIIIIiIIIIiIIIIiIIIIi—

0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85
Assemptions broken Fraction with two matched jets

Full ssmulation : width = 1.4

/oI P2 {00 ] L L L L L B

LT« PW=10 E

£ 1600 3

+ Two matched jets: width » 1.2 i Ja00- |
+ Well measured leptons: widih ® 1.1 : « Pw=1.1 =

+ Small parton-jet angle: width ® 1.0 - ‘
1000/ 8

soofJLL\ 3

t:‘.tmJ |

Scale factor for error 1 :
Flat in top mass 4005 E
Flat in measured statistical error 2008 E
o, o o o o e e s I S e R b [
Insensitive to systematic variations 0 01 02 03 04 05 06 07
Error on scale factor is ~ 0.03 AR [ parton-jet]
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DIL Sample composition

DIL Sample is expected to be 3:2 signal to background

| | CDF Il prelinllinary Samp le ot
% [ fake tt (M=175GeV, 0 = 6.7 pb) 17.2
80 E i Z —eeluu 4.9
70 5 MisID lepton 4.2
2 & « Data (340 pb’) Ww, WZ 1.6
_§ - : Z—1r 0.8
E 40
2 30 Total 28.7 + 2.1
20
10 Observed 33
’ 0 1 =2 # of jets
Final Cuts

Probability expression needs to reflect presence of background
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Background Likelithood

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

P(x|M;) = Py(x|M)p, + FPog1 (X)pog1 + Fhga(X)Paga-.-

Where the weights are the expected sample fraction:

A (M)
ps(M:) (M) + N,
Py = M) + A A\ = expected

number of events
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Z+jets

g 0 unknowns
1 parton energy
q 1 parton energy
Z H -2 (P, conservation)

Q|
=

8 After selection cuts
0.22 |||||||||||||||||||||||||||||||||||

0.2
(L 0.18
0.16

0.14
Matrix Element & Integrals 0.12

vents

—tt
Z+2p

Add 2 integrals for P, of Zjj system 0.1
Alpgen subroutine for Z+2p 0.08
Integration with Vegas 0.06

0.04
0.02

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

80 -70 -60 -50 -40 -30 -202“- 0
)

In [ dG ]
dx

— III|III|III|III|III|III|III|III|III|III|IIIT-

o
o
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Mus-ID Lepton

3 unknowns

1 parton energy

1 parton energy

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

After selection cuts

m T 171 T | T T 71 | T T T T | LI T | T T T T LI T :
Y-S ]
O o —ft .
> 0.5- B
L B D I+3) in data ]
0.4 w [ misID ]
- candidate ]
Matrix Element & Integrals 0_3:_ B
Alpgen subroutine for W+3p - -
Integration with Vegas 020 N
0.1:— —
B e i
0_ L L T | L1 | L1 | PR S N R I ]
-80 -70 -60 =50 -40 =30 =20

]n[ dGFakev ]

September 13, 2005 Daniel Whiteson/Penn



WW+jets

6 unknowns
Parton energy
g Parton energy
3 neutrino (P components)
3 neutrino (P components)

q , -+ I
Z 14 "V"W"“< y -2 (P, conservation)
} I
q %4 M v After selection cuts

0-22IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIIIIII

0.2 J’
[ lww+2p

0.18
|

0.16

Events
|
~+

0.14
0.12

0.1
0.08
0.06
0.04
0.02

Matrix Element & Integrals

Alpgen subroutine for WW+2p
Integration with Vegas

:UII|III|III|III|III|III|III|III|III|III|II

L IIIIIII|IIII|IIII|—IL-||IIIII
-50 -45 -40 -35 -30 -25 -20 -15 -10 MT’?V 0
i
;H[dﬁ_]
dx

:
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Response & Pulls

h

zun III!IIII!IIII!IIII!IIII-IIII-IIII-IIII-IIII!III_

[y B — TTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTTT TTT
- - L3 [ S A L L L
tun-‘ 195:_ " Response ....... ....... _: E : : : :
E_ 1992_.. — 176.5 + (M-178)"0.81 ....... ______ _i ﬁ 15— """"" CDF Run2 Prelim. -
E 135;_ ............................................................... _; E 1.6_—-} _____ l ______ llT _______ l$_—
Emn;_ ................................................................... 3 E :_‘*}}l*IE*$*{}£ %:
@ A75E . L = 1'4__ """"" 0 R A e ]
% Fo S T S
TTOE oot bbb 120 b
11 SRR RRRRE S OO RO SUUOUOE OUROUOL PO SO S
1B0E- i 375 i = 1_— """""""""""""""""""""""""""""""""""""""""""" ]
(L0 S SR SRUNIIE S S S S AU U WO WO N SO S
15n:llliIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIII: _IllillllillllilIIIiIIIIiIIIlillllillllillllilll_

155 160 165 170 175 180 185 190 195 155 160 165 170 175 180 185 190 195
Input M , [GeV] Input M, [GeV]

Pull width

Flat.

Width increased due to

unmodelled bg (Z->771, WZ,Z7)

Response

Linear.

Slope < 1 due to backgrounds.
Error is reduced 15% by P,
Slope is improved by 20% by P,
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Response & Pulls

F Eun:lll!IIII!IIII!IIII!IIII.IIII.IIII.IIII.IIII!II|: IEI 2_||| TTTT ||||!|||| TTTT T TTT[TTTI ||||!|||| |||_
5 195 [ . Response S o ... : B i
Pl [~ : : : - 1.8 oo, e H -
E_ 190F | —— 177.8 + (M-178)"0.99 YN e _: E - CDF Run2 Prelim. i
P SRR S SN SRS SN S0 N E R % O o AU TS O T T
QD - - — : : : : : : : : 4
L B ] = B . . - . . . . - .
a 'IEnE_ ................................................................... _E n- 14_ i
@ AT5Ee o R 3 o I A A A S S
E 'I?'n:_ ................................................................... _: B N
1655 AT =
1595_...: ...... &8 RN R RN S e =
A85E T
I SR S FEIEE SRS LS A SN S
15n'|||||||||||||||||||||||||||||||||||||||||||||||_ _”Ii”“i””i””i””il”Ii””i””i“”i”l_

155 160 165 170 175 180 185 190 195 155 160 165 170 175 180 185 190 195
Input M, [GeV] Input M | [GeV]

Response Pull width
After slope correction. After error correction.
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Response at Mt=1 78 GelV

Residual, error, and pull distribution

= Mean: 178.1 [T Ty = Mean: 0.4 LR R K e R Ra ==M F |. OO; ] "1"'|'-'1-"r'-’2
14 RMS: 9.4 % S L ean : -0. s
2 : E 2 't | Width: 0.99 :
E a0k 3 £ 4o = TT— _
ﬁ 120k 3 ﬁ 13% ﬁ -"«'3'ﬂ3'.E -
TR % 0 100r i E :
i 3 an:_'. ME —
o E o - .;
- E sof ] :
£ 1000 &
=+ i % | |
a0 '1?:5 150 1$Afﬁ'1'§buﬁgﬁuﬁu#ﬁhzm % %’wf é‘ ué’ﬂ#“ﬁ?&d_wﬁﬂﬂ '1:5 0 © ‘TI_'_'_'_nlu_'_'_'_z -1-_"
M, [GeV] AM, [GeV] Pull of M,
Method Mean Error (M,=178 GeV)

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 Size
Jet Energy Scale 2.6 GeV
Generator 1.0 GeV
Method 0.6 GeV
Sample composition uncertainty 0.7 GeV
Background statistics 1.5 GeV
Background modelling 0.8 GeV
FSR modelling 0.5 GeV
ISR modelling 0.5 GeV
PDFs 1.1 GeV
Total 3.6 GeV
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Data

33 candidates
signal and bg
probabilities

Slope and error
corrections
not aPplied

Range is
130-220 GeV/c?
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Measurement!

.015

0.01

Probability density

0.005

M, =

Most precise single dilepton measurement to date.

September 13, 2005 Daniel Whiteson/Penn
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Expected Sensitivity

250
{:' Herwig MC (M, = 165 GeV)
200 This measurement
Sensitivity
— 2 CDF Run2 Prelim.
If M =165 GeV/c > 150 | fL - 2400t
mean stat error is 7.8 GeV/c?
If M, = 178 GeV/c? 100
mean stat error is 9.4 GeV/c?
50
% 2 a4 & 8 10 12 14 16 18 20

AM,[GeV]

17% of pseudo-experiments
give smaller errors
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Impact

In World Average
Weight = 8%
Pull =-1.1

Total result has
error of 2.9 GeV,

systematics limited.

September 13, 2005

Best Tevatron Run 2 Preliminary

' L14.0
EPESDﬂl;IJEPtDn 155.0 30 = 7.0
o

CDF Dilepton 165.3 +23 + 3.6
(L=340pb ) '

o
DO Lepton+Jets 169.5 +30+ 3.6
(= 3205 '

e () et
CDF Leptnn+Jets 1735 +21 + 3.0
(L=318pb ") '

i——.——l

New TeV Average (prel.)172.7 =+ }-7 + 2.4
(Run1 + Run2)

—.*

Run 1 World Average 178.0 =57+ 3.3
(Run 1 only)

140 150 160 170 180 190

Top mass (GeV/cY)
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Hioos Impact

6w :
. (5) -
5 il 1.. .:, ﬂﬂhad = "': =]
.E ! — (.02758=0.00035 :
R R 0.02749+0.00012 7 -
4 - E ess incl. low CF data i
o 1\ .
F31 \i}
— +45 - "L"‘-. :..‘: ]
Mhiggs — 91 -32 GeV/C2 2 ‘I. 2 . ‘m
Miiges < 186 GeV/c? (95% conf) 17 _
9 Excluded
300

30
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Combining dilepton results

Two overlapping datasets

[\

Statistical Correlation

Data samples overlapping
Measure correlation in pseudo-experiments
which model common data

Statistical Correlation Matrix [CDF Run2 Preliminary|

_ ME KIN  PHI  NWA  Runl
Matrix Element 1.00

DIL sample{ | Kinematic 0.33 1.00 Ap ~ 0.06

|| Neutrino Phi  0.15 0.18 1.00

LTRK sample { | Neutrino Weight 0.06 0.17 0.26 1.00

| Runl 0.00 0.00 0.00 0.00 1.00

September 13, 2005 Daniel Whiteson/Penn



Combined Dilepton Result

Preliminary

Weioht Pull
Matrix EI. 36% -0.60
v Weight  27% 0.42
Kinematic 13% 0.33
v Phi 10% 0.20
Runl 14% -0.07

CDF Il Dilepton Top Mass Measurements

Template: ttbar P
(L= 340 pb’”) z

® -
170.2+78+ 3.8

— 7.3

Template: ¢ of v.
(L:34pr-’) ?

® ’
169.8+22+3.8

—9-3 —

Template:n of v
(L= 355? pb’) "

.
170.6 +7! + 4.4

Matrix Element
(L= 340 pb”)

165.3+23+ 3.6

Combined Dilepton
(CDF Run 1+2)

168.1+41+ 4.0

I—I—.—l—|

Combined l+jets 173.5+17+2.4
(DO+CDF Run 1+2) :
| 11 1 | 1 | | I_I_I I I I_l_l_l_l_l_
140 150 160 170 180 190
Top mass (GeV/c?)
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Summary & Outlook

—
=

;‘ O
— > F — M=178 GeV
Precision Measurement 0 g: ................................................................................... -
We have measured the top - ghl. CDF Runz Prelim.
mass in dileptons with @ g -
a stat. error of 4.1 GeV s I | | E
i L ]
N 6;,_ _|;
Results consistent with 1+jets = - .
E B .. o]
= 3
Room for Improvement 4= =
Identified assumptions which SEL— j
are critical to sensitivity E j
2
: - g ]
Hish Precision Future S S PN SR S S
I e T T T O S SO i
0 2 4 6 8 10
With no improvements, in 4fb-!, J. Ldt] ﬂ)"]]
- expect 2.5 GeV statistical error for ME

- Dileptons become systematics limited.

- 1+jets and dileptons approach equal weight

- Comparison of channels to test top hypothesis, look for new physics

- Systematic challenge: reduce jet energy scale (no W->j5 decay for calibration)

September 13, 2005 Daniel Whiteson/Penn



CDF Dileptons
24 people
9 institutions
7 countries
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Backup material

September 13, 2005 Daniel Whiteson/Penn



Dzilepton History: Run I

CDF: 8 events
Mt =167.4 +-10.3 +- 4.8 GeV

DO0: 6 events
Mt=168.4 +-12.4 +- 3.6 GeV

- Cal
L —— Dalo 4o - ) T T
~===1 Tap+Background - -~ 2
L ,----.Ea::cﬂgaauﬁ;j =47 3.5 — = 15 |
1 Tasp b “ 3t (b) 14 KJE
3 Bisf S5t 130 Syee?
%“-3_ ] _II I iy | | g - 12-||||.|.||.|_
- *1120 145 170 195 270 b 2L 160 180,
E . 1T LGe‘u';';"} - o O m, (GeV/ie™)
Hl.l‘:l‘ - 1.5 -
= Z g
s | B
Ll | N
1t 055 5
()] = i‘ =T il |_ Ll — -t ——|
- . 80 120 160 200, 240 280
Q teak TR P =L Y.TY | i 1 M 3 ml EGE'EH.T_L: _:I
a0 180 280 380
M. (GeV /™)
Phys. Rev. Lett. 82, 271 {1999) Phys Rev Lett 82, 2063 (1998)
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Pull Width: jet angles

Requring two matched b-jets
Requiring well-measured leptons

1.3

—
[2+]
o
o
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rrrig

Entries
—
(=} ]
o
o

.
1400 1'2E

1200

1000

Fitted pull width
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= o
e o
o o

200
|

=
I:l_l_l_i_l_l_l_l_l_I_I_i_IIIiIIIiIIIiIIIiIIIiII

-

0.9‘:A_I_IJ_|_I_I_IJE_I_I_I_IJ_I||I|III_IiIIIIiIII_IJE_l_I_I|iIIII|_|_I_Jj

0 EA_I_l_I_LLl_A_IJ_I_A_I_IJ_I_I_I_A_liE:d«i!:lll:l:lil:El:r
0 0.1 0.2 03 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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Stonal probability in data

B (t (M=165 GeV) rerhp T
12 Fakes CDF Run2 Prelim.
ww
= WZ fL =340 pb’
10| e 7+
H /
+ Data (33 evs)

Events

Distribution of un-
normalized signal
probability in data agree 6
with that expected from

N
III|III|III|III|

MC
4
0
90 -80 -70 -60 -50 ;?gff{ﬁf?&ﬁ)-zo
Inf /
dx

September 13, 2005 Daniel Whiteson/Penn



Background probabilities in data

Distribution of un-

normalized background

probabilities in data

agree with that expected
from MC

Events

10

0

B tt (Mt=165 GeV)
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e ww
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Bl Z-
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Pull width: mismatched jets

Pull width is affected by wrong jets

2

-E_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIII_

1.9F

1.9
1.8
1.7
1.6

Fitted Pull Width
Fitted Pull Width

1.5

1.4
1.3
1.2

1.1

e
Fraction of matched jets P, of tt [GeV]

Most wrong jets come from initial state
radiation, which can be probed by
examining P, of ttbar
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Mass steps refined

o=
—
o

Probability density

0.05

September 13, 2005 Daniel Whiteson/Penn

We scanned the space in Mt with finer steps to probe the shape:

L
CDF Run2 Prelim. 5 B

_[ L dt = 340 pb™

e e
Ff IR INEN NI A ENET b
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Effect of SUSY events on dilepton mass measurement

—
=

Chargino/Neutralino o ? | Sl ?
Topology is llI+2j or llgq & ] - .
1 :_ ............................................................................. _:
o~ = 3
M(x+) = 103 GeV S [ ey :
M(x0) = 50 GeV ; 10 - OUOTIRGICHON e e -
tan(p) = 5 t : 13
S o] ).
Sigma*br — 150 fb & 1"] E_ ......................................................................... _g
Acc = 0.15% >~ - A=
g 1073 e e, +_§
m E : : : : E
— - . . . : 1.
O 4oL M) =103GeV ... ) T
- S M(x0) = 50 GeV 5 |3
E - tan(B) = 5 _ T
-3 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 [GelV] (M =178 GeV)
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TFS

Transfer functions predict jet energy spectrum at varying top masses.
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Future work

ANl N
r
i b
jd/i
- +
< ™ T T = —

Statistical error

-Improve handling of extra jets
(approximates NLO effect)

Systematic error
-Apply jet energy calibration from Z->bb
-Improve sophistication of background modelling

September 13, 2005 Daniel Whiteson/Penn



