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The Top Quark Mass

* free parameter in the Standard Model

> check the self-consistency of the Standard Model in
combination with W mass measurement
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Top anti-top signatures
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Extraction techniques: template method

> use variables strongly correlated with m,.
» compare data to MC with different m_ hypotheses
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Top mass reconstruction

constrained

kinematic fit: invariant mass
m,

(2 v solutions)

minimize x°
for all jet-parton
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Top mass reconstruction

constrained
. . invariant mass
m,

(2 v solutions)
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for all jet-parton
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systematics: jet energy scale
et energy scale:

\'; translate jet into parton energy

t+ HAD
a

Calorimeter jet

W mass constrains
jet energy scale

Particle jet

gl
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Main systematics: jet energy scale
b jet energy scale:

\'; translate jet into parton energy

t+ HAD |
a

fe]

Calorimeter jet
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Results > [ 191 <

> Probability density functions with Kernel Density Estimates
» maximum Likelihood fit using signal and background pdfs

A _jEt - T T T T T T T T T T T
™ : § § i A logil) =05 H H
energy = ; " e gy 21 * I+jets/dilepton
scale §  — g <4 combined
0.5 : :
o
-DIS: .
_1:
: CDF Run |II E’rqlinl'linéary (1 .Qlfb;'i}l o | L | T
166 168 170 172 174 176 178

M, (GeV/c')

[mtop = 171.9 + 1.7 (stat+JES) + 1.0 (syst) GeV] +1.1%
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Alternative template method

> Quantities with minimal dependence on jet energy scale

Jet
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Results > [ 191 <

* Likelihood fit for data using mean values of both variables

%~/ ndf 1377716
- — : —_— —— Prob 0.6156
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[mmp = 176.7 + 6.2 (stat) + 3.0 (syst) GeV] +3.99%
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Extraction techniques: matrix element

» probability densities for every event as function of m..

) signal ) signal ) signal b background - experiment
sig sig sig bk evt
'-’/\\1 x ’ ﬂx‘"‘“ x _r'/\'. x \-%_\ = /\
m m m m m
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- .
Acceptance LQ~M,I.er/_ element PDF's Transfer Functions
(selection, X phase space (Probability to measure
trigger,...) X when y was produced)

> maximum Likelihood fit:

L(ml, cey Ly Mtop, JES) ftop) — H Pevt(x?l; Mtop, JES? ft()p)
1=1
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Calibration: ensemble tests

> pseudo experiments: compare measured mass with generated
» correct for differences: calibration curve

D@ Run lIb Preliminary, L=1.2 fb
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> rely on MC simulations (ALPGEN, PYTHIA) in detail...
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Results
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‘ 07/30/2008 Top Quark Mass in Lepton+Jets at the Tevatron - Christian Schwanenberger - ICHEP 2008, Philadelphia 17 w




Systematics apart from simultaneous JES

Source Uncertainty on top mass (GeV/c?)

Signal modeling +0.40 Systematic source |Systematic uncertainty (GeV/c?)
Background modeling +0.08 Calibration 0.1
W heavy ﬂszor fact(?r +0.07 MC generator 0.5

b fragmentation function +0.10
PDF uncertainty +0.24 ISR and FSR 0.3
Residual JES uncertainty +0.03 Residual JES 0.5
Relative b/light Jet Energy Scale +0.82 b-JES 0.4
b-tagging efficiency +0.16 Lepton Pr 0.2

Trigger efﬁmency +0.09 Pileup 0.1
Jet energy resolution +0.30 PDF 0.2
Multijet background +0.20 : '

MC calibration +0.14 Background 0.4

Total +1.0 Total 1.0
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Systematics apart from simultaneous JES

Source Uncertainty on top mass (GeV/c?)
Signal modeling +0.40 Systematic source |Systematic uncertainty (GeV/c?)
Background modeling +0.08 Calibration 0.1
W heavy flavor factor +0.07
b fragmen}’;ation function +0.10 MC generator 0.5
PDF uncertainty +0.24 ISR and FSR 0.3
esidual JES uncertainty +0.03 QeSidual JES > 0.5
elative b/light Jet Energy Scale > +0.82 b-JES| 0.4
;W ing-ofli +0.16 Tepton By 0.2
Trigger efficiency +0.09 Pileup 0.1
Jet energy resolution +0.30 PDF 0.2
Multijet background +0.20 : -
MC calibration +0.14 Background 0.4
Total +1.0 Total 1.0
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Systematics apart from simultaneous JES

: Uncertainty on top mass (GeV/c?)

Signal modeling +0.40 Systematic source |Systematic uncertainty (GeV/c?)
Background modeling +0.08 Calibration 0.1
W heavy avor act(?r +0.07 C generator > 0.5

b fragmentation function +0.10

PDFE_uncertainty +0.24 R and FS 0.3

esidual JES uncertainty | +0.03 esidual J > 0.5
lative b/light Jet Energy Scale| > +0.82 b-JES| 0.4

- fﬂblcuby +0.16 LeptOIl PT 0.2

Trigger efficiency +0.09 Pileup 0.1
Jet energy resolution +0.30 PDF 0.2
Multijet background +0.20 : -

MC calibration +0.14 Background 0.4

Total +1.0 Total 1.0

> work together to get uniform treatment where possible
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Top mass interpretation
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Top mass interpretation

. ¢ of quart . tion-d rent!

> matrix element in LO QCD
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Top mass interpretation

" ¢ of quart . tion-d tent!

> matrix element in LO QCD
> parton showers

q 0 v
8 t
<
v £
560000 "

q ¢ q
O

W .n'
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Top mass interpretation

d t of quarl . tion-d tent!

> matrix element in LO QCD
> parton showers

> color reconnection b
q < X < O ' V
w+
D 0O 00 0C E t+
a ¢ q
W <O -
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Top mass interpretation

" t of quarl . tion-d tent!

> matrix element in LO QCD
> parton showers

> color reconnection b
q .... : V
w+
D 0O 00 0C E fl.
a ¢ q
W ‘ .c'.
7

= how can this “effective” scheme
translated to a renormalisation scheme?
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Top mass from cross section measurement

*> lepton+jets/dilepton/lepton+tau combination

> o[ < o ;
D@ Preliminary, ~1 b ‘ DQ@ Preliminary, ~1 fb

W Moch and Uwer
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pole mass [Mto = 169.6 + 5.5 GeV with NNLOappmx] +3.2%

P
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Templates
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Summary

CDF Top Quark mass (*Preliminary)
&
i 186.0+10.0+ 5.7
&
DO .- peliminary Summer 2008 Di:iﬂ:’: 167.4+10.3+4.9
._._._._.
Run| dileptons o1 K & 1 168.4 £12.8 GeV Le(r;ti:;iets 176.1+ 5.1+ 5.3
Run | lepton+jets 0.1 H—e— 180.1 * 5.3 GeV Diepton ———
Run Il dileptons * upto2.8f™ H—C—H 174.4 = 3.8 GeV (1.9 171.2£2.7+2.9
- &
@Ieptonﬂets*@ HOH 172.2 + 1.7 GeV < Le;;ff;?;g)ets (Lxy+lepton p; 1753+ 6.2+ 3.0
. -8
D@ combination (July 2008) HeH 1728 £ 1.6 GeV < L?;;f;r;;%ets 1722+13+1.0
World average (March 2008) HOH 172.6 + 1.4 GeV ‘ —_——
i 176.9+ 2.6+ 3.3
@(Hjets, I, 1+7) * ~10" JH—@— 169.6 £ 5.5 GeV ‘ )
—, . A . . e b 1724+ 1.0+ 1.3
160 170 180 (stat.) £ (syst)
Top Quark Mass [GeV] | | | | xzfd°f|= 3.8/6 (71‘|’4)
150 160 170 180 190 200
+0.92% M, (Gevic)

* jdeogram method

> template

+0.95%

» dynamical likelihood
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Jlevatron Combination: July 2008

Mass of the Top Quark (*Preliminary)

: ®
CDF-Ii di-| 167.4+10.3+ 4.9
_ ®

DO-1 di-l 168.4 +12.3 = 3.6

: . -

CDF-Il di-l 1712+ 2.7+ 2.9

: _ ——

DO-I1 di-| 174.4+ 3.2 + 2.1

, @
CDF- I+] 176.1+ 5.1+ 5.3
. ——

DO-1'1+ 180.1+ 3.9+ 3.6

: , @

CDF-ll 14] 1722+1.3+1.0

: . ~&-

DO-lla I+ 171521.5x 15

: . &

DO-1lb I+ 1730+ 1.3+ 1.7

‘ -

CDF-l allj 186.0 +10.0+ 5.7

, _ ——

CDF-ll all-j 1769+ 2.6+ 3.3

: ®

CDF-Il trk 175.3+x6.2+ 3.0

“Tevatron July’08 | 1724+ 0.7+ 1.0

" T(stat) = gs}rsr.)
;(zfdcilz 6.9/11.0 (81%)
| J | | | J
150 160 170 180 190 200

M, (GeV/c?)

*up to z 2.8 fb! z

172.4 + 1.2 GeV ]:O.?%

July 2008

1 —LEP2 and Tevatron (prel.)

----- LEP1 and SLD
68% CL

-
-
-
-

-
-
_______

175
m, [GeV]
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Conclusions

main challenges for the future:
* CDF & D@
better understanding of systematics

* Theory & experiment:
better understanding on theoretical uncertainties
and interpretation of top quark mass
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D@ Run lIb Preliminary, L=1.2 fb™
1.1

JES

lepton+jets, calibrated

1.08

I LI | 1

1.06

MC bias \

1.04

<+

1.02

~ AlnL=2.0

| jgead ey | I | [ e | | L |

ugaI|III|III|IIIIIILI[IIEIII|III
’ 166 168 170 172 174 176 178 180

M, (GeV)

+1.0% [mtop = 172.2 = 1.0 (stat) £ 1.4 (syst) GeV ]E 2.2 fb Z
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CDF Run Il Preliminary 2.7 fb"

T T
ﬂ B
< ﬂ.E_—
ol
os. —A(nL)=-05
- — A{lnL)=-2.0
- — A{lnL)=-4.5
A v v b b v v b v b v by v by oo |
167 168 169 170 171 172 173 174 175 6
m, (GeV/c’)

+1.0% [mtop = 172.2 + 1.0 (stat) £ 1.3 (syst) GeV ]Z 270 ] <
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Matrix element method comparisons

sig

CDF Run Il Preliminary 2.7/4b

Number of events

80 H
60- i
40

20

0_
-2 0 2 4 6 8 i0 12 14 16 18
Log-likelihood value at peak
Signal (172) + background MC = Data events
I Background MC
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Differences in top mass definitions

hep-ph/0001002 L M |
. = mi\ds (m,) = : t pole mass
/ 1+ B_QS(Mt)
MS scheme

=> difference between MS and pole mass is =7 GeV...
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Top mass from cross section measurement

o214 - theory
_.F DO I+jets Run 11 900 pb”’
c 135 68% CL contour
9 12;_ 25888&; world average top quark mass
§ 112 0203
o 10 6+ 1.4 GeV |
O o
o 85_ “LO Pythia mass”
6
5:—..|....|....|....|....|. e e | [
150155 160165 170175 180 185
top quark mass (GeV)

M., =170 + 7 GeV|

pole mass
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The Tevatron at FERMILAB: pp Collisions

Chicago

Main Injectar_“'
& Recycler

P 4 > -4 = p
Vs =1.96 TeV
At = 396 ns ' :

Run | 1987 (92)-95 — top quark discovery
Run Il 2001-09: 40x larger cataset | gummmmpeasure properties with high precisions:
increased energy L. N )
is it really the particle expected in the SM?
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The Top Quark

> needed as isospin partner of
bottom quark

- * discovered in 1995 by CDF and D@:
£a)m,,, ~ gold atom

» large coupling to Higgs boson ~ 1:
important role in electroweak
symmetry breaking?

> short lifetime: T~ 5 -10s < A _:

.
decays before fragmenting
= observe “naked” quark
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