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Outline

| ntroduction:
Top quark at the Tevatron.

Top quark mass measurement method:
The Matrix Element Method.

Top quark mass measurement results:
Precision improvements by using b-tagging.
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The DZero Detector and the Tevatron

Mucn Scintillators
[ [ ee— — fe—|—
Muon Chambers

/" Main Injector
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Tracking: EM/HAD Calorimeter:

Silicon vertex detector (SMT)  Central, |etal<1.1 3-Level trigger system:
Central Fiber Tracker (CFT) Forward, |etal<4.2  Level 1 (hardware): 1.5KHz

2 Teslamagnetic field. Muon system: Level 2 (hardware): 850Hz
letal < 2.5 letal<2.0 Level 3 (software): 50Hz
Preshowers
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Top Quark

At the Tevatron, top quarks are primarily produced in pairs viathe strong
interaction. Since [V | ~ 1, the top quark almost dways decays to Wb
(Ws, Wd CKM suppressed) i decay modes

Event topology depends on the W decay mode

all hadronic

-

et Tha st ud cs
Experimental signatﬁre In the
lepton+jets channel:
- 1 high p, lepton
- 4 jets (2 b-jets)

-large E,™ v



Top Quark Identification

Background Processes.

Multi-jet background

- Exactly 4 Calorimeter Jets
p, > 20 GeV

| |<25
- |solated Lepton
p, > 20 GeV

| “|<11,| |<20

. ducti - Missing Transverse Energy
W+ ets production. E ms > 20 GeV/

Multi-jet events:
- Jet mis-identified as alepton
and fake missing transverse energy




The Matrix Element Method - |

We calculate a probability per event to be signal or background as a function
of the top mass.
If we had all the parton level information 'y this probability would
be just proportional to the differential cross section.
In reality is abit more complicated:

Transfer Function:
Differential cross section, probability to measure x, when
based on LO Matrix Element parton-level y was produced.
(agq tt)only

T~ v
Py X5 My, JES 1 dg,dg,f q f qrob X,VY,JES
Pl rntop T

|
/ Overal JESisafree parameter in M easur ements:

gcc;r mtzlriz:t;ﬁ?;i e the fit, constrained in situ by the jetsand leptons
=P Y1 massof the W decaying hadronically
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The Matrix Element Method - |1

b-tagging:
Welght each jet-parton assignment with
b-tagging event probabilities.

W+
proton
-, Six particle
; . b final state
antiproton b
24 possible weighted
assignments between

jets and partons

Py x;my JES WP, x;m,JES

] top ]

ftop: signal fractionis

fitted ssimultaneously

top top !

Pae © X;mg, JES £ Py ® x;my , JES 1 f Py, X,JES
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Top Mass Calibration
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Top Mass Fit in 380pb™ lepton+)ets Data

JES = (1.03 +)03) (stat.) M, = (170.6 + ;7) (stat.) GeV
E ‘-2:_Preliminary 380pb’ E 1'2:_Pre|iminary 380pb’
£ 4 brtagging e £ 4 brtagging e
o.sf i
0.6
0.4f
0.2f
T 1 105 4 145 R e
JES Top mass hypothesis (GeV)

Measured JES is consistent with the reference scale (JES=1)
The use of b-tagging information improves the top quark mass

statistical error by 35% (17% expected from simulation) 9/52



Top Mass Measurement Current Status

Measurenl\f:its of the Top Quark ( F’rellm:azgv) eV ImpaCt on Standard M oddl
CDF-I dil o} 167.4+11.4 Higgs boson:
D&-l  dil o} 168.4+12.8 6 -
CDF-Il di-I* —@— 164.5+ 55 A = ]
DZ-Il  di-I* o 1766 +11.8 > _ _ggfizggggi |
CDF-I 14 +10— 176.1£ 7.3 4 *+ incl. low Q° data =
DD-l 4] ' e— 180.1+ 5.3 N T
CDF-Il I+* —b-— 1734+ 2.8 F 3'_ |
D@-Il 14" ] 170.6 + 4.6 5 _
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E '/ dof = 8.1/8 | | Excluded .
Tevatron Run-I/1I* -¢- 1725+ 2.3 030 - 1(|)0 | 300
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M, 89 2Gev:; M, 175GeV @95 CL

M. 1725 2.3GeV ¢’

top

BeggingtoruleoutH 77
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Summary and Conclusions

The precise measurement of top quark mass allowsto constrain

the mass of the SM Higgs boson, and is one of the most important
measurements at the Tevatron.

Top quark mass precision is significantly improved after adding
b-tagging information to the Matrix Element technique:

A new improved measurement of the top quark mass allow usto
reach the 1.3% precision (Combined DZero+CDF measurement)
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Transfer Function

The transfer function W(x,y; JES)
relate the individual top pair decay
products at parton level y to the
measurements x in the detector.

Assume perfect measurements for:
- Angles of all jets and lepton.
- Energy of the electron.

light jets: 0<[n,_,|<0.5 |

—— Norm(F®*Y)=1.000

light jets: 0<[n,_,|<0.5 |

—— Norm(FI®*V)=1.000
T

Norm(F]°%*¥)=1.00d

fosev)=1,000

light jets:

—— Norm(F>%Y)=1.000

Norm(F]*®*V)=1.000

—— Norm(F?°%°V)=1.000
Norm(F;°%*V)=1.000
—— Norm(FI°®¥)=1.000




Jet Energy Scale Calibration
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Top Mass Fitin 0,

Likelihood
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Example of 2D Top Mass — JES Fit
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lmproving the Precision of the Method (1V)

Example: Double-Tag events:

4 dominant terms: (84%)

b b b b
™S yd
W W
A A
w, ;1 °

/ P ‘b\ (13%)

\b ce (3
. 035 . 01, , 0.005
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Cdlibration of the Method
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1000 full-simulated pseudo-experiments:

In order to properly compute the top mass error, the 68% confidence interval

IS obtained by integrating 73.8% of the likelthood. o/
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Top Mass Fit Error in Dataand MC
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Systematic Errors |[m, 16 i s s i ys Gev

Source of uncertainty Effect on top mass (GeV)
Physics Modeling
Signal modeling 046
Background modeling 032
PDF uncertainty 007
b fragmentation 071
b ¢ semleptonic decays 006 007
Detector modeling
JES pT dependence 025
Relative blight jet energy scale 087 075
Trigger 008
B tagging 024
Method
Signal fraction 015
QCD hbackground 029
MC calibration 048
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lmproving the Precision of the Method (1)

Use b-tagging to improve the statistical precision of the Matrix Element Method

b-tagging classifies eventsin 3 tag
categories, with different S/B.

O-tag: 73%, f = 22%
1-tag: 20%, f,, =388%
2-tag. 7%, fop:97%,

t

to

W+ets flavor composition:

O-tag 1-tag 2-tag
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lmproving the Precision of the Method

b-tagging: n
Weight each jet-parton assignment with /
b-tagging event probabilities.

N tag .,. tt oJ :
P 7 Ximg, JES  WiPL Ximy,, JES
1.2 3 4
W Wy Wy Wy W,
J 1.2 3 4
KWKWKWKWK

w, E. tagged jets \

) | W
« Eq, untagged jets

b,c,light
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Data Events
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Top Mass Fit in 380pb lepton+ets Data

Preliminary Preliminary
b-tagging

The use of b-tagging information improves the top quark mass
statistical error by 35% (17% expected from simulation)
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