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State of the Art The Standard Model
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State of the Art

The Standard Model

—ghgyihal — g S Duabalnt — s9a T ghatatal +
Lig (@7 v4ql ol + GUFGH + g, f8,GoG g — AW AW, —
MWW, — 18,208, 2, 2{'3 M2ZLZY L, A, A, — 1, H.’B H
Lt H? — 8,0 8,07 — M6+ 6™ — 18,0°8,0° — 7 MPo" — 5[ 24"+
BLH 4 J(H? + %" + 20107 )] 4 '*_j;‘u,, e 8,20 (W,
WIW, ) — Z0W e W, — Woa, W) + 7”[W'd Wy -

W B, W] — dgaw [ AL (W, = WIW ) — A (W] +9), W
W, au":— AJWraW, — W AW — 1ot W) 1-5; W H-’v +
'U*H’+H’ Wiw, +J’¢*[E“n+z”w- ZNISWIW )+
g (AW A, H’- — A AWITW ) + P speu[AZ0WIW, —
W w,;; - 2_4,,zgi-t-;+n-’,:| — ga|HY + He" + 2H gt g™ | —
Lt [HY (@) (gt e )P4 49" et g+ Al g ¢+ 2(0") B
gMW, W, H — -J-r7°?"rf Hg[WH (g% — ¢ ") —
w-mﬂdp.; —|;+ L)+ gl W (Hig — ¢~ W) =W, (Haet —
¢ O H )|+ fa (2D HE0" — "8, H) ~ig: ,'luﬂ[u; TeWo et

s MAL W o™ — T, o ]—?_,I—LZUI'@' W — o 80 +

e ﬁlﬂiap'ﬂ,.:;» — g dypt) — _.l H’H'Iip, [H? + (¢") + 29797 —
y 7 e . G« F —_

W ZUENHE 4 (07 + 2(26] - 1)%7e7] - J9° P 2000 (Wi

uF #) — Ligt = ZOH (W, — Wie®) + 1%, AP (Wiem +
Woot)+ 'zg"!* AHWEg™ —W e J—_ﬁ"—tfﬂ‘c“ ]]E" Apta —
glat A At — M8 + 'r.-.!."]L — Pyt — a2 (vd + miu —
d‘"nﬂ + mighd} + igsy Au[—(EMret) + Sl u J‘J - [d"*.-“:i"ﬁ -

70 (1 +‘\‘5‘JJ«-J".| (@ (42— 1 — 45)et) + [uw[
1= 7)) + (@yt{1 — a2 — 95)d)] + AW ({1 + ) +
(a1 + ]C';...d":l| + a5 Wi (&1 + ")) + |'.-;T"F("J"K7-‘[1 +
"5’].'.:}]] + ” .” [ S M1 — %)) + o [EM1 + )] -
[HI’E"E)'} +agl (e )| + gl [—mi (I Chll — 7)df) +
'” a3 au[l+’*ﬂ]d“ +2.“r 1"'1' [mﬁld"(")_,‘l'1+w ut)—mg ld_“("M[]—
Tt - 25 H[u uf H[f)'n'.!'Jl . fm PladyPul)
ig fJ;«rf-d;} + X0 mpﬁ X-(8 - MHX- + XO(@ —
M) XLV EPY +ige, W (8, X0 X~ — 8, X+ X°)+igs, W (8,7 X~ —
BXHY) + ige, Wy (3,X X0 — 8,X0X+) + igs, Wy (3,X ¥ —
BY X ) +ige, (8, X T X+ — 8,8~ X~) + igsy A, (8,X X+ —
X" X7) - jgM[XTXTH + XX~ H + F‘Ei'”x"m +
1 g MK X0+ — X~ X% + ;oigM[X°X -6+ — X°X +o7] +
igM s [XOX -+ — XX +m] + LigM[X+X+g" — X~ X ¢

March 21, 2006 Daniel Whiteson/Penn




Many Questions about the Top Quark

QUARK MASSES

Mans
(HevicT)

g dossn  siangs oham  bobom e
GQuarks

Ouark mass structure

What does it reveal?

Why 1s the top so heavy?

Why is its Yukawa coupling ~ 1 ?
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-l LEP 1 and SLD
80.5 M LEP 2 and Tevatron (prel.) |

68% CL

150 175 200
My, (GeV)

Hioos connection

Radiative corrections

Heavy top means heavy Higgs
M, provides constraints on M,
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Direct top mass measurements
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Direct top mass measurements

[p— _I nr 1 I L L L L LI I LI I LI I LI I_
E:g 200 ¢ N , — L+jets error dominated
= - Hadronic 7 b . 1
- ) . y systematics.
B 1905 ‘ s L+jets
— H m Dilepton 1  Dilepton error will soon
2 180 = be systematics limited.
= L7 oh P
o 17007 L — Precision hadronic
|E - + a measurements coming.
160 —
150~ ' 34 M, inlfbl: this
- . summer from D0 and
140 1 cDF

000 200506406500 H00 500800
Integrated Luphinosity [ pb™]

This talk

- most precise measurement

- channel comparisons

- new world average

- prospects for reducing systematics
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How to measure mass

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

Jet et

Lost information

- Neutrinos have escaped undetected

- Quarks have hadronized, showered,
been clustered into jets

-Assignment of reconstructed

objects to partons is not obvious
-Lepton resolution is good,

but not perfect & - b-jet

Maisinformation

-Background processes mimic top-ology
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Mass Measurement Technique

Monte Carlo integration over
resolutions & unmeasured quantities

Lepton+jets = 22FT l e
4 jet energy resolutions s of
L] L] '.8 \
jet-parton assignments E ] Each event has
1.6}
12 (no b-tags) i : a curve,
6 (1 b-tag) 1.2” | rather than
2 (2 b-tags) } " ] a single
— i ]
1 missing neutrino aak. 1 mass value
0.6
. 0_4.:—
Dzleptons 165 A A17()A A 175 A A180A A 185
2 jet energy resolutions Mt [GeV]
2 jet-parton assignments
2 missing neutrinos

Construct probability curve
P(M,) for each event.
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Probability calculation

Template strategy

P(Mt)

18

1.6

14

12

0.8f-

04

170

|
175

Example: parameterize P(M,) in terms of

event-level variable: Reconstucted M __

Derive parameters from templates of
simulated events.

Currently, best measurement in

lepton+jets
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p

1
180 185
Mt [GeV]

Matrix-element strategy

Calculate P(M,) directly for each event
by convoluting matrix element with
resolution functions.

Make simplifying approximations and
measure corrections in simulated

events.

Currently, best measurement in

dileptons.
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CDF Lepton+Jets template

(680 pb-1)

2-tag: 38 events

. Data

Events/(15 GeV/c’)

« 8 ‘ '
v 6 Signal + Bkgd
-------- 4
""" recotil 2
0
----- Reconstructed Mtop [GeV/c?]

E—jet

Use assignments with lowest %2 to
reconstruct top mass.

Prefer
- top masses equal
- reconstructed Ws near MW
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CDF Lepton+Jets template

16
N 14 2-tag: 38 events
O
% 12
g 10
- 8
2 6
c
@ 4
w2
0
Reconstructed M, ,, [GeVic?]
20
— 18 2-tag: 57 events
L 16
> 14
O 12 [ Data
- 10 .
% 8 Signal + Bkgd
Reconstructed I/ mass to calibrate jet L 6
energy scale, expressed in units of i ;
O (P, ) from the external calibration. 0

Reconstructed W mass [GeV/c?]
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2D Likelihood _.CD.F, Run i IP,relimiln,a,ry (6|30 P, 1)

-~ 2 Aln L=8.07 00 T e e : : \ﬂ
5 L ' o athl
< -1 alnLe=as .
L | ] -

B ‘,‘ ' Aln L=2.0 N
O Togon N E

-1 5

-2} :

_3: I I R
165 170 175 180 185

Mmp (GeV/c
2D Result:l| M, =173.4 1.7, +1.8 5 1.3 ., GeV/c?

AJES=-0.3 t0.60

Single best measurement of M,. More precise than Summer 2005 World Average!
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CDF Lepton+]ets: Systematics

Systematics are largely due to uncertainties in modeling.

Source AM,,(GeVic?)
Residual Jet Energy Scale 0.7
ISR/FSR 0.6
B-jet modeling 0.6
Background Shape 0.5
Background JES 0.4
Parton Distributions 0.3
Generator 0.2
Simulation Statistics 0.3
B-tagging 0.1
Total 1.3
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CDF Lepton+]ets: Systematics

Systematics are largely due to uncertainties in modeling.

Source AM,,(GeVic?)

?SESISIEIJ et Energy Scale 8'(7; — From poand 7 dependence
B-jet modeling O. 6 of modeling uncertainties
Background Shape 0.5

Background JES 0.4

Parton Distributions 0.3

Generator 0.2

Simulation Statistics 0.3

B-tagging 0.1

Total 1.3
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CDF Lepton+]ets: Systematics

Systematics are largely due to uncertainties in modeling.

Source AM,,(GeVic?)
Residual Jet Energy Scale 0.7
ISR/FSR 0.6 <«
B-jet modeling 0.6
Background Shape 0.5
Background JES 0.4
Parton Distributions 0.3
Generator 0.2
Simulation Statistics 0.3
B-tagging 0.1
Total 1.3

March 21, 2006

Daniel Whiteson/Penn

Model constrained
by Z+jets data




L+jets results CDF Matrix Element
(73] 5 — ~ ) CDF Run i prellmmary (680 pb )
B1.12 - 2
= =105
1.1 _: 1
1.08 = 0.95
1.06 - .
1.04 _: 165 170 175 180 1825
- M, (GeVic")
1.02 —
1 B CDF Transverse Decay Lensth
0.98 — o 20 g
0.96 — 8 .
E : . é 200
4 180 |
150 155 160 165 170 175 180 185 o ——
Mtop eV) 140 | ]
_ 120 ST S
Mt o 170.6 i 4.4 stat T 1 7syst 048 05 052 054 056 058 0.6 0'6<2Lx:i6[1m]
JES =1.03 £ 0.03 M, =183.9 +14.8 , *56,
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L +7.e is summary | Lep&onHer Measilremenks
..._._..
DO: Run |
(L= 100 pb") 180.1+ 3.6 + 2.1
_._.
NEWL | 00: Matix Sloment 170.6 + 4.4 + 1.7
Many methods being used .
o 170.6 + 4.2 + 6.0
Differing systematic sensitivities ®
DO: Ideogram 177.5+ 58 + 7.1
All measurements consistent. (L=1o0eb ) e B N
CDF: Runl
(L= 100 pb) 176.1+ 5.1+ 5.3
_._.__
CDF: DLM 2.6
(L= 318 pb) 173.2+ 5, + 3.2
&
NEW! |CDbF:L, 15.7
(L= 695 pb) 183.9+ ;39 + 5.6
=
' CDF: Matrix Element
NEW! 17 e 174.1+ 2.0+ 2.0
) — =
NEW! CDF: MocoW > jj
. . 173.4+ 1.7+ 2.2
i | | (stat) + (dyst)

150 160 170 180 190 200

March 21, 2006 e e ———




Matrix Element Method
(as applied to dileptons at CDF)

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

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

/lepton g T
w* l . a 1: //M\\ E
t v jet 8- / \ .
b £/ \ ]
! / e \
- l oS / \
W V 0-4—1615 ’ A170‘ ' 17]5 ' ‘180 ‘ 1815-
\ lent Mt [GeV]
epton
Assume Integrate over 6 variables
Jet angles are perfect 2 Top masses
Leptons are perfect 2 W masses
Jets are b’s 2 b-quark energies
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CDF Dilepton Matrix Element: Stmulation Calibration

—
w
L=

175

170

165

160

Mean Measured M, [GeWcz]

155

Approximations in calculation require calibration in simulation.

CDF RunI

—

w

on
TT

178+ (M-M,) xs

. Hemflg tt

I Dllepton

A

%

e

=

VL

P

o

-

M,=176.7+0.1
s=0.85 +0.01

Response

Linear.

I1I5I5I I1I“E-I I1IEI5I I1I?Iul I1I?I5I Hlﬁl I1lﬁél I1I“E.I I1IgI5I

M, [GeV/c']

Slope < 1 due to backgrounds.
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Fitted Pull Width [c]

CDF Runll Dilepton
1.3:
1.E_ TTT T T T ]
1.4} _il"l_i - lii
1.2:
1t 1
u.a: ]
155 160 165 170 175 180 185 190 '1'95" '
M, [GeV/c']
Pull width
Flat.

Pulls > 1 due to approximations
made in P(Mt) calculation.
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CDF Dilepton Matrix Element
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CDF Dilepton Matrix Element

> 0-02 | 1 I i I I ‘ 1B l L I s I

=

7)) CDF Runll Preliminary

q:) f L dt =750 pb™' (64 events)

. . at .
Most precise Q o015 . B
. . >N v, .

single dilepton - . - .
measurement — . Lepton+jets measurement

D .o -
to date. @® - .

Q 0.01 - .. .‘. —

O e .

a : H
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'S 0005 S .
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llllllllllllllllllll !
{45 150 155 160 165 170 175 180 185

M, [GeVIc]
M,=164.6 4.5 ,,T 3.1 GeV/c
b-tagged: M, = 162.7+ 4.6 ,,, * 3.0, GeV/c?
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CDF Dilepton Matrix Element: Systematic Errors

Source AM,,(GeVic?)
Jet Energy Scale 2.6
Background Statistics 0.8
Background Shape 0.8
ISR/FSR 0.7
Sample Composition 0.7
Parton Distributions 0.6
Generator 0.5
Method 0.3
Total 3.1

March 21, 2006 Daniel Whiteson/Penn



CDF Dilepton Matrix Element: Systematic Errors

Source AM,,(GeVic?)

Jet Energy Scale 2.6 < Could include W—jj
Background Statistics 0.8 calibration. but
Background Shape 0.8 does not improve
ISR/FSR 0.7 combined M,.
Sample Composition 0.7

Parton Distributions 0.6 Will include
Generator 0.5 calibration from
Method 0.3 Z—bb and y+b
Total 3.1
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D0 dilepton mass

(370 pb)
Pretag
~ 791 X'/ndf 1938 / 10
E?) L @pre"minary Pl 7150 &= /0.36E3
o) - P2 1667+ 3.9p9
- 78 5 P3 1437+ 2814
77 b
76 b
75 '
74
73 |
\<
72 + i
71_w.. . T B B
120 140 160 180 200 220
m, (GeV)
— 2
M,=165.6+14 ,, * 4 GeV/c
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D0 dilepton mass

-log(L.

78

77

76

March 21,

~ 79

Pretag
¥/ndf 1938 /10
@ preliminary P1 7150 £
P2 1667 £

F3

14371

.3653
jops
2E[4

\
120 140 160 180 200 220
m,, (GeV)
M, =165.6 + 14 ,, 4 GeV/c?

2006

52

50

48

46

54

b-tagged

¥/ndf 9177 7 10
i T@ re“mlnar}r Pl 43467 & 37?9
- P2 1782 + 1612

P3 1141+ 019
I_ w 1 1 1 I 1 1 * | 1 1 1 I 1 1 1 I 1 1 1
120 140 160 180 200 220

m,, (GeV)
= 8

M,=176.6 £ 11 , *4_ , GeV/c?
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Dilepton Summary Dilepton Measurements
-
oo’ 168.4 +12.3+ 3.6
-
NEW! | 0¢: v Weighting 175.6 +10.7 + 6.0
Many methods being used NEW! m:; :.1; :::Ehting b-tag 9 661198
Differing systematic sensitivities G[;_Fz F::;a"pl , . 6741045 40
All measurements consistent. CI::LFz: ;;rsb*} 166.6 + ;; +3.2
O
o 1 170.7 + 33 + 3.7
eor ;‘in--; 169.5+ 77 + 4.0
@
e 169.7 + g + 4.0
NEW! C?EQQZEL’F’:;'tEQ 162.7+ 4.6 + 3.0
NEW| T qeesias g

150 160 170 180 190 200
Top Quark Mass (GeV/c?)
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CDF Combination

CDF has combined its

best measurements to

give a total accuracy of

2.7 GeV.

March 21, 2006

Run 1 All-hadronic

(105pb’)

£ Top Quark Mass Combination
\ / (*Preliminary)

{5 +—
186.0 +10.0 + 5.7

Run 1 Dilepton
(110 pb')

Run 1 Lepton+Jets
(105pb’)

A
*Dilepton
(750 pb’)

*Lepton+Jets
(680 pb’)

*CDF March 2006
(CDF Run I+1)

167.44103+ 4.9
1761+ 5.1+ 5.3
1645+ 4.5+ 3.1
173.4+1.7+ 22

172.0+1.6+ 2.2

(stat.)+ (syst.)
x°/dof = 5.1/4

T T T
150 160 170

T T T
180 190 200

Top Quark Mass (GeV/c")

Daniel Whiteson/Penn



World Average Mass of the Top Quark (*Preliminary)

Measurement Mmp [GeWcE]
CDF-1 di-l e 167.4+ 11.4
DOl di ol 168.4 +12.8
NEW! CDF-Il di-l* —@&— 164.5+ 5.5
NEW! DZ-II  di-l* . 176.6 + 11.8
CDF-1 14 o 176.1 + 7.3
D-l I+ —e— 180.1 £ 5.3
NEW! CDF-Il [+ —b- 173.4 + 2.8
NEW! DZ-ll |+ ] 170.6 + 4.6
CDF-l all- ® 186.0 + 11.5

New World Average
Includes all updated

v*/dof = 8.1/8

measurements!
Tevatron Run-I/II* 8| 172.5 £ 1.3 stay) £ 1.9 (spsy)
Error of 2.3 GeV, '

systematics limited. 150 | 170 | 1 éU

2
Moo [GeV/C] hep-ex/0603039
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World Average Mass of the Top Quark (*Preliminary)

Measurement Mmp [GeWcE]
g prTT——— CDF-I di-l e 167.4+11.4
s D@1 di-l o 168.4 +12.8
g2 CDF-Il di-*¥ —e— . 164.5+ 5.5
DZ-IIl  di-I* . 176.6+ 11.8
CDF-l I4] e 176.1 + 7.3
ISR DDl 4] B . 180.1 + 5.3
Pull in Combination [c] I
CDF-Il I4* St 173.4 + 2.8
Total x2 = 8.1/ 8 d.o.f. _ :
DD-Il  1+f* ks 170.6 + 4.6
CDF-l all-] ® 186.0 + 11.5

New World Average
Includes all updated

v*/dof = 8.1/8

measurements!
Tevatron Run-I/II* 8| 172.5 £ 1.3 stay) £ 1.9 (spsy)
Error of 2.3 GeV, '

systematics limited. 150 | 1 7[; | 1 éU
Moo [GeEV/C]

oD
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Channel Measurements

Comparison

Improving precision of
dilepton and hadronic
measurements will allow for
real comparison between
channels.

Currently

Dilepton channel appears
low, but not statistically
significant -- higher
precision will reveal...

Future

High precision hadronic
measurements coming soon.

March 21, 2006

Tevatron Run I/II D0O/CDF

| | | |

| (total)

Dilepton 166.1+ 4.3
. S =
L+jets 173.4 + 2.4
&
Hadronic 185.4 +10.7

|

150 160 170 180 190
Top Quark Mass (GeV/c?)

Daniel Whiteson/Penn
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Hioos Impact

M =89 T 36 GeV/c2

higgs

M <175 GeV/c? (95% conf)

(207 including LEP2)

higgs

March 21, 2006

0

(3) _ |
~ Atpaq = a
— 0.02758+0.00035
- 0.02749+0.00012 |
.  incl. low Q° data -
Excluded i
30 100
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Prospects for Systematics

dilepton l+jets
Source AM,,(GeVIc?) AM,,(GeVic?)
Jet Energy Scale 2.6 2.1
Background Statistics 0.8 0.3
Parton Distributions 0.6 0.3
Generator 0.5 0.2
Background Shape 0.8 0.5
ISR/FSR 0.7 0.6
Sample Composition 0.7 ---
Method 0.3 ---
B-tagging --- 0.1
Total 3.1 2.2

Key

Improves with luminosity
More sophisticated treatments ahead

Improves with CPU time

March 21, 2006 Daniel Whiteson/Penn




M

Summary top

172.5* 1.3

(stat) £ 1.9 (syst)

Precision Measurement
We have measured the top
mass with an error of ~ 1.3%

Dileptons & 1+jets consistent (so far!)

Room for Improvement

Systematic errors will decrease
All hadronic measurement in progress

Higher Precision Future
In 4-8fb-!,
- expect 1-2 GeV total error

CDF Top Mass Uncertainty

(l+l and l+] channels combined)

16’ 2" 46’ 8’

!

CDF Results

Run lla goal (TDR 1996)

] —— scale Afstat) /NL, Fix A{syst)

(assumes no improvements)
Scale Altotal) / \L

10 1
o]
o
=
QO
0]
T
° v
= 1Y
<]
10°

- Dileptons become systematics limited.

- 1+jets and dileptons approach equal weight

(improvements required)
10° 10
Integrated Luminosity (pb )

4

March 21, 2006

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

- These results will be relevant for some years, even after LHC turn on
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World average

Category Size [ GeV/c2 ]
Statistical 1.3
Systematic 1.9
Jet Energy Scale 1.3
Radiation & PDFs 0.7
Background 0.5
Method 0.4
Monte Carlo 0.2

Uranium Noise

& Multiple Int. [D0O] 0.2

Total

2.3

M

top

172.5 * 1.3 (stat) £ 1.9 (syst)

March 21, 2006
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Dilepton results

D0 v Weighting Templates CDF v Weighting Templates
(370 pb)

(360 pb))

CDF Run Il Preliminary (358.6 pb™)

DO Run Il Preliminary

i = ;
2'192 — + : i : 'ﬁ.l:1u - [ Llkel ool ws fop mem s |
E L ! > L[| |pata (45 evis) % 8
g-ws? : i + g | D ] ; '
| | a ) 3 5
.§ | ‘ Z B——Signal + Bk T
:5-194 : ¥ : a - ol
E.F. v + 8 [ mugdon : :
§-195 . l. - @ gl g enly : . .
s § . Top Mass [GeV/c?] 35
-’31196;— ‘ SRR SS— i W, [LEevie |
i A=
=197[ |
S i
%-198:— T s al
- H : el L 1 L i e N
200ttt ittt i it %0 100 120 140 160 160 200 220 240 260 280
120 140 160 180 200 220 Recenstructed Mass [GeVic”)
Input Top Mass (GeV)
— + + 2 — + + 2
M,=175.6=x11,,%T6 6 GeVic M, =170.716.7 ,,, * 3.7, GeVlc
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CDF Template results

16
g 18 g
2 12 7
9 10 O
- -
T e Signal + Bhkgd 1
§ 4 Bkgd onk 7
. R kgd only >
0 1 T - ‘
Reconstructed M, ,, [GeVic?] Reconstructed M, ,, [GeVic?]
12 ‘ -
< 10 1-tag(L) o O-tag
u LY
0 B o
0 n
s . & =
0 4]
T 4 =
o LY
a 2 & e
0 ks ' ‘ =
100 150 200 250 300 350 400 100 150 200 250 300 350 400
Reconstructed M, ,, [GeVic?] Reconstructed M, [GeVic?]
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Backoround Likelihood

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

P(x|M,) = P,(x|M,)p, + Fbyl[}{}myl + Fby‘l[}{}phy‘l---

Where the weights are the expected sample fraction:

A (M)
Ps(Mi) = S h
Py = MM + A A\ = expected

number of events
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Ztjets

g 0 unknowns
1 parton energy
q 1 parton energy
z M -2 (P, conservation)

Q|
=

g After selection cuts
0.22 I I L L B

0.2 —tt
Ly 0.18 DZ+2P

0.16

0.14
Matrix Element & Inteorals 0.12

vents

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|I|I|III|III|III|III|III|III|III|III|IIIL
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d._lll|III|III|III|III|III|III|III|III|III|IIII—
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Data
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Effect of SUSY events on dilepton mass measurement

-
=

Chargino/Neutralino
Topology is llI+2j or llgq

1 1 1111m

—

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

Msugra model - | f
M(x+) = 103 GeV 1;_,-1;_.... SUSY Prediction S S b
M(x0) = 50 GeV SRR |
tan(p) = 5 ol
o*br =150 fb 10 E_ ....................................................................... § .
Acc = 0.15% -
103 b +

10 L. .- M(X+) -103GeV ... o 7
M(x0) = 50 GeV : :
B tan(p) =5
'5 1 | | I | | 1 | | 1 | | 1 | | I | | 1 | |
" 8 6 4 2 0

Number of SUSY events in 34{Iv|:)b'ﬁI

Mass deviation [GeV] (M =178 Gel’)
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Direct Calculation

We know P(partons | M,)

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

1l
=]

s
CRNE -Predicted
N -Actual
D
S 180]
Forjets: W ..
5
100
=
i
4]
u_' Tah 40 B0 @0 a00 129 140 160 140 200 239 240 ﬂ-:l 20 40 60 80 100120140160180200220240
Parton Energy [ GeV] Jet Energy [GeV]
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Assumptions

* Initial state
— No initial state radiation
— Transverse energy of system is negligible

* Final state
— Leptons

« Energy well-measured
e 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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Pull width

PW inflated because probability
contains assumptions broken by a

Fitted Pull Width

subset of events.

Assumptions held

Simple simulation: width = 1.0

Assemptions broken Fraction with two matched jets

Full simulation : width=1.4

= H

“«Pw=10
+ Two matched jets: width ® 1.2

+ Well measured leptons: width ® 1.1
+ Small parton-jet angle: width ® 1.0

« PW=1.1

-t

[o2] =]

=] =]

(=] (=]
B B B R B I I

_IIIiIIIiIIIiIIIiIIIiIIII iIIII

600
Scale factor for error

. 400
Flat in top mass -

. o e 2000
Flat in measured statistical error -

L ] [3 ] 0_|||||||||||||||||||‘|"T‘—r‘-o—-|—-l--r-—|—-+—r—‘l-rr-—n_d—n—

Insensitive to systematic variations 0 01 02 03 04 05 06 07

Error on scale factor 1s ~ 0.03 A R [ parton-jet]
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Calculation

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

For each event, calculate differential cross-section:

1
N

P(x

Jrff ) —

d®s| M z(p; M;)|? H f(pi,x )feor(q) fror(q)

Integral

Phase-space

March 21, 2006

jets A
Transfer
: Functions
Matrix
Element

Only partial information available

Fix measured quantities
Integrate over 6 unmeasured parton quantities
consistent with tt production and measured event.
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CDF Lepton+]ets: Systematics

Systematics are largely due to uncertainties in modeling.

Source AM,, (Ge Vic?)

Residual Jet Energy Scale 0.7

ISR/FSR 0.6

B-jet modeling 0.6 < -
Background Shape 0.5 Unce.rta,ntze.s: from
Background JES 0.4 semz-lepton.zc decay,
Parton Distributions 0.3 j; ztz*i:’;:f;twn and
Generator 0.2 .
Simulation Statistics 0.3

B-tagging 0.1

Total 1.3
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CDF Dilepton Matrix Element: Systematic Errors

Driven by small

sample of mis-1D
lepton candidates
drawn from data.

Source AM,,(GeVic?)
Jet Energy Scale 2.6
Background Statistics 0.8 <
Background Shape 0.8

ISR/FSR 0.7

Sample Composition 0.7

Parton Distributions 0.6
Generator 0.5

Method 0.3

Total 3.1
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