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Top mass:
<& Most precise results of D@ and 1, q
CDF for each decay channel w 'L V,q
. t
Decay properties: \
b

<& W-helicity in top decays
O Br(t — bW) /Br(t — qW),
lifetime
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Top Quark Production and Decay

Dominant process:
Top pair production
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Precision Top Quark Mass Measurements

¢ Allows together with the W

mass for predictions on Higgs Summer, 06 top mass +
— Jan’07 W mass
1
t 1 { —LEP1 and SLD
W - W W \.“ W 80.5 1 —LEP2 and Tevatron (prel.)
UV G Y UV VU VOO 68¢% CL
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¢ Consistency check of the

standard model 80.3
¢ Constraint on Higgs can point 50 175 200
to physics beyond the standard Mo, [GeV]

model
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Top Mass Measurements Techniques

Template methods: 0_14;_ CDF Run Il Preliminary .
¢ Calculate a per-event observable strongly <% » [ 145 Gevie?
correlated with M, 3 T I 165 Gevie"
. . C = 0.08" [] 185 Gevre?
¢ Extract M; by comparing simulated distribu- B AL 205 Gevic®
tions (sig+bg) with varying M, with data %o |
Matrix Element (ME) analyses: °'°:'_ LE
¢ Calculate a per event probability density e
for sig+bg as function of M;:
1
Pgyig(x; M) = = [ d"o(y; M) dgidqsz f(q1) f(qz2) W (x|y)
LO diff. cross PDF’s Tranfer function:
section parton (y) — rec. object (x)
Pevt — .ftop * P.sz'g + (]— - ftop) * Pbg
. Sample
o tham most  , pent 1 A Event?2 A Event N A Likelihood
likely M, by .
multiplying /" \ Szgx X o oo X = T
event likeli- J Py \» » \» A
hoods top mass top mass
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Mass in the £ 4+ Jets Channel

Event signature:
¢ 1 high pr lepton (e or w)
¢ Large missing transverse

energy Hr
o 4 jets (> 1 b-jet)

Backgrounds:

¢ Medium amount

& Mostly W +jets, and QCD
multijets

Bonus:
¢ In-situ calibration of light
quark jets using My, _, 445

& Crucial for current level of
top mass precision

DIS 2007, 04/18/2007 J. Wagner, University of Karlsruhe



Most Precise ¢ + Jets Results

Use of in-situ technique — strong reduction of the dominant syst. uncer-
tainty of top mass measurements, the uncertainty on jet energy scale

JES: Parameter used to adjust for a possible overall miscalibration of the jet energy scale (jet — parton)

Matrix element method
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Example of Systematic Uncertainties

Source AM,; [GeV/c”]

JES residual 0.42

Initial state radiation 0.72 *
Final state radiation 0.76

Generator 0.19 £+ jets mea-
BG composition and modeling 0.21 T
Parton distribution functions 0.12

b-tagging 0.31

Monte Carlo statistics 0.04

Lepton p; 0.22

Multiple interactions 0.05

Total 1.36
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Mass in the Dilepton Channel

Event signature:
¢ 2 high pr leptons (e or u)

¢ Large missing transverse

energy Kt
o 2 jets

Backgrounds:

¢ Low amount

¢ Diboson and W/Z + jets
events

Challenge:

¢ Two neutrinos — dilepton
channel is underconstrained
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Most Precise Dilepton Results

Template method w

Ignore K1 , assume m; and 7 for

Matrix element method *

Event probabilities are integrated each v
over neutrino energies Assign a weight to each (m¢, n,,,1.,)
> 0 16 T T | rTTT ; LI ; rTTT LI ; TTTT ; rTTT ; LI ; FTTT | T T1 hypOtheSis based on agreement Of
:E E : : . ‘CDFI‘IPreIim‘inary: E Calc' and Obs' ET
a 0.14 - .RESU": | JLdt=1.0fb“(78evems)j
z [ indata - .
2 012 . 5,0k
s I ] = 1 event
a 01 ] 0.06|
0.08 L . | 0.05;
- j | i 0.04f-
0.06 |- ; - - b
B . 1 0.03F rms
0.04 |- = -
- : 0.02}~
0.02 - . oot meanl
07 | : . : . o?llllol I I12‘0‘ I1&|1-(III | I1(|S(TJI | ‘1!‘30I | I2{10I I I22‘0‘
745 150 155 160 165 170 175 mattzagﬂcz) hyp. Top Mass [GeV]

my = 164.5 & 3.9 & 3.9 Gev/c? Mt = 172.5 £ 5.8 £5.5 Gev/c®

(f Ldt =1.0fb~1)
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Mass in the All Hadronic Channel

Event signature:
¢ Exactly 6 jets (> 1 b-tagged)

¢ Additional selection on event
topology

Backgrounds:
¢ Large amount
¢ QCD multijets

Challenge:

¢ Reduction of background
(e.g. ANN)

Bonus:
¢ In-situ calibration of light

quark jets using My, _, ;g
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Most Precise All Hadronic Result

Signal templates

0.04F — 150 GaV 0.024F
2D (mt,J ES) template .3 Motsossy | 0022 —eS=sg
® F M= 178 Gev 0.0zt —JES=-10
analysis: oo ] o ES =10
i s 0.014;— JES =30
Signal templates from ME = °* s
o 0.015}F 0.008F-
calculation, background asot]-
templates from data-driven o~ 3 \
E L bl L L L T : el L e L L LT
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Result: m; = 171.1 &+ 3.7 & 2.1 GeV/c’
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Top Mass Combination

Status of winter’'07

Best Tevatron Run Il (preliminary, March 2007) _ —ILEPI1 anld SII_D '
A”(_ ;jt:; fv?': —— 1711+ 4.3 80.5- _:::2;_”(1 Tevatron (prel.)
Diepton COF— 164.5+5.6 (;;
Diepton: 00 1 1725+ 8.0 ;g 5041
LeplonsJors: OOF TS 170.9£2.5
80.3 -
LeplonsJets: 00 ST 170.5+2.7
R | 1709518 o s 200
| | | | | | M, [GeV]

150 160 170 180 21 90 200
Top Quark Mass (GeV/c)

Relative uncertainty Data prefer a low

of ~ 1% achieved Higgs mass
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Top Decay Properties

; - Is the Top really the
- Standard Model Top?

¢ Production properties:
production rate, production
piaieon mechanism, charge, spin
Previous talk by
Cecilia Gerber

& Decay properties:
branching ratios, lifetime,
couplings, W helicity

this talk

jet
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W Helicity in Top Decays

Right-handed:

Longitudinal: Left-handed:
1/2 ; '1/2 1/2 ;
b < o~~~ —~W; b < o~~~V b < o~~~ —~Wg
top top top
1/2 ; To 1/2 ; g 1 g 1/2 1 >
SM: V-A suppressed
SM: F, = 0.7 SM: F_ = 0.3 SM: F, = 0.0

Use reconstructed cos 6*
as observable

|+

* tion of top
W+

b <

V
|
DIS 2007, 04/18,/2007

-, Neg. direc-

Deviations from SM values would
indicate new physics:

& Search for a possible V' + A coup-

ling in weak top decays:
= Altered F. value

& Search for an indication of non-
SM EW sym. breaking:

= Altered Fj value
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W Helicity: Results

Unfolded diff. cross section * £+Jets, cos6*, 955pb~!
3 CDF Run Il Preliminary
PN F,=0.1 —
b %B L =955 pb-1 ...... F,=0.2 F_|_ —_— 0.03 :I: Oo07 One parame-
b o) o L it —— F, =-0.03 0% (stat.) +0.14 .
e .t ) F, = 0.59 ter fixed
T 2} Fy = 0.7 fixed 0 *9Y_0.13

F_|_ = —0.06 :|: 0.10 Simultan-
FO — 0.74 :|: 0.26 eous fit

¢+Jets & Dilepton, n2, 750 pb—!

o "~ cose’ F, = —0.02 = 0.08 (F fixed
| CDF Il preliminary, 955 pb ILikelihOOd contours “r ( 0 e)

we (Phys. Rev. Lett. 98, 072001 (2007))
08
o DED ¢+ets & Dilepton, coso™, 370
05 F, = 0.06 &= 0.10 (F, fixed)
Z:‘; (Phys. Rev. D RC 75, 031102(R), (2007))
02
0-;): All D@ and CDF measurements

are consistent with the SM
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Lifetime and Branching Fraction

Impact parameter d, of £ Top branching fraction:
correlated with 70, R=Br(t — bW) /Br(t — qW)
’ Impact parameter of lepton ‘
g 16;_CDFRI_J1n2PreIiminary £+JEtS & Dilepton, 162 pb_l
o 14:_318pb —o— data: RMS=33.4% 1.9 um R=1 12-|—O.27
*:2) 123_ £-|-Jets )" best fit (RMS=41.3 um) - = —0.23
2 ol R > 0.61@95%C.L.
; (Phys. Rev. Lett. 95, 102002, (2005))

] % ¢+Jets, 230 pb~ !

- Jf | __ R =1.03107 w
00 -100 0 100 200 |
d, (Hm) R > 0.61@95%C.L.
(Phys. Lett.B 639, 616-622, (2006))

CTtop < 52.5 Hom Q 95% C.L.

Results consistent with SM
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Summary

TOp mass. ' CDF Top Mass Uncertainty
(I+I and I+j channels combined)
¢ Measurements are systematically 10 3
limited o ] 1fo' 2fo" 4fo" 8fo’ [
® vovov
2 0]
o my = 170.9 £+ 1.8 GeV/c ~ *
. . ©
(Tevatron combination) I3 Y  CDF Results Y,
~, T N 7o
. . E 1 ] LY -
¢ Relative uncertainty ~ 1% = | * Runllagoal(TOR 199)

2 Scale A(stat) / L, Fix A(syst)
& Hope to reach Amt ~ 1 GeV/c (assumes no improvements)

""""" Scale A(total) / \L
1 (improvements required)

10 10° 10
Top decay properties: Integrated Luminosity (pb ")

4

& Measurements are still statistically limited

& All decay properties are consistent with the Standard Model prediction
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Challenges of Top Quark Physics

-
)
& Top quark physics requires =1
the understanding of all 3
detector components =
2 detector
¢ It is a rare process with — fef:)‘iﬁstlon
significant backgrounds '
¢ We measure jets, not quarks:
Correct jet energies (JES) for
detector effects, hadroni- hadroni
. . . adaroni-
zation, mult. interactions — zation,
JES k t 307 “;f@@ | mult. inter-
nown to ~v o — ﬁtﬂ@ﬂ@ action,...

dominant syst. uncertainty

¢ b-tagging can be used to ‘,
@} ===
reduce backgrounds and jet/ i |

uark combinatorics
q P



B-Tagging at CDF

SecVix Tag Efficiency for Top b-Jets
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Vertex [ ) Tight: € = 45% (b)
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L e ~ 9% (c)

< Y

dy resolution for central tracks: =~ 50 um
Including L0O: o(5) pm improvement

Prompt tracks



