Top quark mass measurement with ATLAS
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Outline

* Why the top quark mass at ATLAS?
* Present status of fop mass measurements

* Focus on the lepfton+jets channel (most promising
analysis)

* Qverview on different ongoing analyses in ATLAS
experiment
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Why the fop quark mass?

ner-»

4 N R
*High mass reference candle during the
LHC start-up “The LHC will be a top factory
-->statistical error will be negligible
“Its masss is a fundamental parameter of -->the challenge will be the syst. error

the Standard Model

A precise measurement could constrain i c,/100
the Standard Model Higgs boson -
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»SM Yukawa coupling ~1 --> Special role oo S I
Tevatron LHC

in Electro-Weak symmetry breaking???
\_ AN

top

c (pb)

Phvsics at LHC 2008 - Solit Pietro Cavalleri - LPNHE Paris 3



Analysis channels

N
The W decay Top Pair Branching Fractions
determines the
analysis channel

o

We \ v E' ttjets 15%
{
b
J

15%

‘dileptons™

-Low bkg and BR (~50000 evts)

No direct measurement of the
invariant mass (2 neutrinos)

vEasy to detect: two high pT
leptons and Missing Energy

“Huge background \
*Huge combinatorics
vBranching Ratio=44%
(~350000 evt)

“Possibility fo reconstruct
the whole event /

Number of produced
events for 1fo-1 af LHC

»Good compromise
between BR and bkg

v~250000 evts (without
T+jets)

v“golden channel” -
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N"TA A
N (Present stafus of the top mass measurement

C Tevatron direct measurements in the different ChonneISD

-

Best Independent Measurements

of the Mass of the Top Quark

CDF-l dilepton O 167.4 £ 11.4
D@-1 dilepton @ 168.4 +12.8
CDF-Il dilepton* — = 171.2+ 39
D@-ll dilepton* — 173.7+ 6.4
CDF-l lepton+jets —— 1761 £ 7.3
D@-l lepton+jets —8— 180.1 = 5.3
CDF-Il lepton+jets* -@ 172.7 + 21
D@-ll lepton+jets* L 172.2 + 1.9
CDF-l alljets Cr 186.0 £ 11.5
CDF-Il alljets* — 177.0 = 4.1
y2 =
Tevatron Run-l/lI* o 172.6 £ 1.4 \
150 170 190

Top Quark Mass [GeV]

M =172.6+0.8(stat.)£1.1(syst.) GeV

-

Tevatron
combined best
measurement
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Lepton+Jets — Most promising analysis

- —
Steps of the analysis Lepton

* Events selection triggering

« Hadronic W mass reconstruction , Ihe signail

with chi?2 minimization or &

geometric method

* Top Mass reconsfruction

* Top Mass measurements: best
value, statistical and systematic
uncertainties

- ~ Mass
reconstruction
p > o Main backgrounds R
Analysis done with +W boson production (W-->lv, W+bb and W+cc)
2 b-tags, 1 b-fag and L Z+iet with Z--sl|
no b-tag . ST LI &
g y vsingle top events
“fully leptonic and fully hadronic ttbar events
_ )
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Event Selection

Standard cuts: “Two jets must be b-tagged

«1 isolated lepton of pT > 20 (25) GeV for «In | <2.5 for all these objects
muons (electrons)

v Isolation reject all the leptonic b-
decays in all-jets channel

Missing E. > 20 GeV (reduces QCD bkg)
vAt least 4 jets with pT > 40 GeV

Trigger efficiency:.
/1% of e+jets events with pT>25 GeV
/4% of u+jets events with p1>20 GeV

- /
- B
Cut flow for 1 fb-1 data -
Process Number 1 isol. lep > 4 jets 2 b-jets
of events | ppr >20 GeV | ppr >40 GeV | pr > 40GeV
Fr > 20 GeV
Signal 313200 132380 43370 15780
W boson bkg. 9.5 x10° 154100 9450 200
Z+jets 1.2x10° 180000 570 20
tt —all-jets 466480 1020 560 160
tt — di-lepton 52500 16470 2050 720
single top (t ch.) | 81500 24400 1230 330
- /
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Event Selection

/
Standard cuts: Two jets must be b-tagged
v1 isolated lepton of pT > 20 (25) GeV for vInl <2.5 for all these objects
muons (electrons)
v golo’rlonl reJelqu SII Trr:e Iep;ronlc - Trigger efficiency:
ecays In dll-jets channe , ,
eleeEly 71% of e+jets events with pT>25 GeV
Missing E. > 20 GeV (reduces QCD bkg) , ,
/4% of u+jets events with p1>20 GeV
L vAt least 4 jets with pT > 40 GeV
/
Cut flow for 1 fb-1 data ——»
Process Number 1 isol. lep > 4 jets 2 b-jets
of events | ppr >20 GeV | ppr >40 GeV | pr > 40GeV ~
B > 20 GeV
Signal 313200 132330 13370 5750 The cut on the
W boson bkg. 9.5 x10° 154100 9450 200 lepton
Z-+jets 1.2x10° 180000 270 —20 reduces the
tt —all-jets 466480 1020 560 160 dt-->qlljets bkg y
tt — di-lepton 52500 16470 2050 720
single top (t ch.) | 81500 24400 1230 330
- /
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Event Selection

- N
Standard cuts: Two jets must be b-tagged
v1 isolated lepton of pT > 20 (25) GeV for vInl <2.5 for all these objects
muons (electrons)
v golo’rlonl reJelqu SII Trr:e Iep;ronlc - Trigger efficiency:
(clgieal Ll Slnjsts Cnieiints 71% of e+jets events with pT>25 GeV
Missing E. > 20 GeV (reduces QCD bkg) , ,
/4% of u+jets events with p1>20 GeV
At least 4 jets with pT > 40 GeV
- /
- B
Cut flow for 1 fb-1 data ——m» ———>
Process Number 1 isol. lep > 4 jets 2 b-jets
of events | ppr >20 GeV | ppr >40 GeV | pr > 40GeV
Er > 20 GeV
Signal 313200 132330 13370 550 The cut on jets?
W boson bkg. 9.5 x10° 154100 ?ﬁ)ﬁl_!_‘)(] 200 | reduces Z and
Z-+jets 1.2x10° 180000 570 20 —1 ..
11 —all-jots 166430 1020 500 = Ch-lepton bkg J)
tt — di-lepton 52500 16470 2050 720
single top (t ch.) | 81500 24400 1230 | 330
- /
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Event Selection

Standard cuts:

«1 isolated lepton of pT > 20 (25) GeV for
muons (electrons)

v Isolation reject all the leptonic b-
decays in all-jets channel

Missing E. > 20 GeV (reduces QCD bkg)
vAt least 4 jets with pT > 40 GeV

“Two jets must be b-tagged
vIn | <2.5 for all these objects

Trigger efficiency:.
/1% of e+jets events with pT>25 GeV
/4% of u+jets events with p1>20 GeV

- /
- B
Cut flow for 1 fbo-1 data —m» ——™@m» ———>
Process Number 1 isol. lep > 4 jets 2 b-jets
of events | ppr >20 GeV | ppr >40 GeV | pr > 40GeV
Er > 20 GeV r— . ~
Signal 313200 132380 43370 15780 With this
W boson bkg. | 9.5 x10° 154100 9450 200 selection the
Z+jets 1.2x10° 180000 570 20 S/B goes from|
tt —all-jets 466480 1020 560 160 10°to ~10
% — di-lepton | 52500 16470 2050 720 \. J
single top (t ch.) | 81500 24400 1230 330
- /
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Hadronic W mass reco. with chi2 minimization

vJet Energy Scale varies with jet energy.
To correctly reconsfruct the hadronic W a
rescaling is necessary

vThe event by event is sifu rescaling is performed
by constraining the jet pair to known W mass
(chi2 minimization)

X2 = (ij<0(Ej130(Ej2)_M€\’7DG)2 " Eﬂ(l_o‘Eﬂ)z " Ej2<1_0‘Ej2)2

(I'w™) o 7

vThe pair with the smallest chi2 is kept as the
hadronic W candidate

»This chi2 allows also the jet energy to vary within
resolution

« further on, only candidates within £2T"  are
L kept
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Top quark reconstruction

Need o choose from the two b-jets the one to associate to the had. W
 Method chosen: b-jet closest to the hadronic W

-

o

S
I

Evis /5 GeV
: o

Additional cuts to improve the final top purity

o

@ M of had W and the lepfonic b-jet > 200 GeV

150 200 250 300 350 400 450 500

M;p [GeV]

@ M, of the lepton and lepfonic b-jet <160 GeV S af - :

> C - Combinatorial Background
w140

@ 18k, "E ") I<1.5c( ™ = top rest frame) 120F

20 40 60 80 100 120 140 160 180 200 —
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Top quark mass measurement

N

é R -
gauss+cubic fit Systematic uncertainties | y* minimization method
Light Jet Energy Scale 0.2 GeV/%
_ b Jet Energy Scale 0.7 GeV /%
— -+ 5.
A;[j"p _117146';8;002'3(;&\3/‘/ ISR/FSR ~ 0.3 GeV
op— 10 =V.2 L€ b quark fragmentation < 0.1 GeV
Background negligible
§ [ o e 1 Method 0.1 to 0.2 GeV
@ 300 Remarks:

.

2501
C . Physics background
2001

150~
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ir®
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400
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\

v Jet Energy Scale will be the main source of
systematic uncertainty

v light JES is reduced thanks to in sifu rescaling

v with a JES~1% (6§%) the syst. error will be
~1(3.5) GeV

M,,=174.8+£0.3GeV (stat.) £1GeV (syst.)

with JES=1%
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Ongoing analysis - Dileptons

Matrix Element method (likelihood method)

Calculation of a probability density for signal and bkg as a function of the fop mass

v convolutfion of the Matrix Element of the process with the detector resolution
functions

v Infegration over the unmeasured quantifies of the phases space

PS (X|1l[t) =

— /d‘I’U’fﬁ(quPi;Mt)|2W(Pa z)fpor(glt) frpr(gl2)
O'(i.\’[t)

v Multiply each event prob. fo extract the best mass

Event 1 Event 2 Event3 ... Total

.
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Decay length method:

v use the sensitivity of the B decays
length on the fop mass

» Correlate the mean fransverse decay
<va> fo I\/ITOIO

v independent of Jet Energy Scale
-->adllows cross check to conventional
methods

v reconstruction of the event topology is
not necessary

Coa 11y
160 1

65 170 175 180 185
m, [GeV]

T
190
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Ongoing analysis - Lepton+Jets

a 3,
Template method -

The method consist in comparing the
datfa with Monte Carlo distributfions
(Templates) to determine simultaneously 0 i

f

I\/ITop and Jet Energy Scale ' 1
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Advantages: ®wE R e

vReduce syst. uncertainty due tfo jet
calibration

~Take in account bias like pT cuts on jets Find the pair (Mt, JES) for which
templates correspond to data
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Conclusions and outlook

#The most promising channel is the lepton+jets one: good statistics, high
Pl lepton to trigger the signal.

#The mass measurement is expected to have an uncertainty of
~ 1 (3.5) GeV with a Jet Energy Scale of 1(5)% with Tfb-1

#Ongoing analysis on dilepton, all hadronic and pure leptonic
(t-->Wb-->Ilv J/o(I"T") ) that will give independent measurements.
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Back-up slides
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Ongoing analysis: dileptons channel

@ “Mass measurement using d likelihood: Matrix Elemment method (ME) &
Calculation of a probability density for signal and bkg as a function of the top mass
v convolution of the ME of the process with the detector resolution functions
v Infegration over the unmeasured quantifies of the phases space
N )
& 2,
Decay length method: !
v use the sensitivity of the B decays length on the top . . /S
Mass Pr [y
imary._ L Secondary
< indipendent of JES -->allows cross check to vetex Ty Vet
conventional methods AN T
v reconstruction of the event topology is not necessary - ./ ‘ *
N )
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Lepton + Jet with no B-fag

% F TT1T I LI | T | T I I TT - % ||||| I LU I L) | LI I L) I T T 1T | Fn
O 600 . O o5pl—
s ATLAS L= o°F ATLAS [ e
gsoo- 1 fb Il coeeeocoms S0 110 o
Lﬁ - - Physical backgraund Lﬁ 0:} C I:I =
400 - ] C Physical background
. = 150 — - -
300 - C ]
C 7 100— ]
200 — L _
100} 3 50— —
C N 7 C i
L ] - e e C Lo aala o]
DD 50 100 150 200 250 300 350 400 450 500 140 150 160 170 180 190 200 210 220 230
Myon-M+ME* [Ge V] My,-M+ME=[GeV]

Figure 23: Events without b-tagging: m,, = Mjj, — Mj; -|-1’14’Ep,.{fﬂk with the geometric method, after
purification cuts (left, C1 and C3 cuts: m,, = 175.0 £+ 0.4 GeV, with a width equal to 11.7 + 0.5
GeV; right, C3, C4 and CS cuts: my,, = 175.2 + 0.5 GeV, with a width equal to 12.4 + 0.8 GeV).
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Lepton+Jets channel (4)

ner-»

V- N
Top quark measurement

Systematic uncertainty | x* minimization method | geometric method
gauss+cubic fit affer C2+C3 Light jet energy scale 0.2 GeV/% 0.2 GeV/%
cuts (C4 and C5 improve b jet energy scale 0.7 GeV/% 0.7 GeV/%
purity without changing the ISR/FSR =~ 0.3 GeV =~ 0.4 GeV
final value) b quark fragmentation < 0.1 GeV < 0.1 GeV

Background negligible negligible

M,,=174.8+0.3GeV Method 0.1t00.2GeV 0.1t00.2GeV
I, =11.6+0.2GeV
I AR A AR RN AR R
%3505_ A;nfbA? _E RemOI’kS.
s B cersoagant - Jet Energy Scale will be the main source of
=0p - [ systematic uncertainty

200 -

v light JES is reduced thanks to in sifu rescaling

: : » with a JES~1% (5%) the syst. error will be
o E ~1(3.5) GeV

50 -

150~ -

T BTN s -

Eo : M,,=174.8+0.3GeV (stat.) +1GeV (syst.)
050 100 150 200 250 300 350 400 ,
g My GVl || with JES=1%
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Top Mass [+ jets with ME method

CDF Preliminary 940 pb™

- I —_— Zz ==l Pi’

N is atotal number of event

1.05 femmrmfonet |
[ \\ \\ o Dominant Systematics (11,
L > N ISRIFSR Radiation +1.05 GeV

L AN =05 ] b JES +0.60 GeV
Canl=20 |\ JES Residual +0.42 GeV
wids Jio ] b tagging 4+0.31 GeV

0.95 ___, ............................ . T L=ﬁf.0§

)

Dominant Systematics w

4 Relative bllight JES +0.57 GeV
— 153_0_ 170 y Gﬁ?f b fragmentation +0.54 GeV
min— tou( evic } S|gnal Fraction

Signal Modeling
. my = 170.9 £ 2.2 (stat. + JES) £ 1.4 (sys.) GeV

¥y my =170.5 £ 2.4 (stat. + JES) + 1.2 (sys.) GeV

Phvsics at LHC 2008 - Solit Pietro Cavalleri - LPNHE Paris



