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sasurements so far:
Jets channel (30%)

top mass

Mass of the Top Quark

July 2010

CDF-I dilepton

D@-| dilepton

——

CDF-Il dilepton *
D@-I dilepton *
CDF-I lepton+jets
D@-1 lepton+jets
CDF-Il lepton+jets *
Dd-Il lepton+jets *
CDF-I alljets
CDF-Il alliets
CDF-Il track

Tevatron combination *

R

(* preliminary)
167.4 £11.4 (+103+ 49)
168.4 +12.8 (+12.32 36)
170.6 £ 3.8 @z2+3.1)
174.7 + 3.8 (t2.9£24)
176.1£ 7.4 (+51+53)
180.1£ 5.3 (+3.9x36)
173.0+1.2 o7+1.1)

173.7+1.8 os=+16)

- =

@
186.0 £11.5 (+10.025.7)
1748125 (#1.7+19)
175.3£6.9 (+6.2+30)
173.3£1.1 (o609
(£ stat £ syst)

x2/dof = 6.1/10 (81%)

150 160

tematic uncertainty: jet energy scale (JES)

170 180
My, (GeV/c?)

esented 3 complementary measurements to
assess the JES systematic (ATLAS-CONF-2011-033)

190 200
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LHC

d Luminosity: ~50 pb™
Luminosity: 2x10°* cm™s™
2S: 368 (stable beams)

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker



nd inputs
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nd inputs

Trigger: lepton trigger
(fully efficient at 20 GeV)

PisaJetl1




and inputs

Primary vertex with at
least 5 charged particles

Trigger: lepton trigger
(fully efficient at 20 GeV)

jet

PisalJetl 1




and inputs

Primary vertex with at
least 5 charged particles

Trigger: lepton trigger
(fully efficient at 20 GeV)

Electrons: isolated,
no high-pT and
isolated muon,

pt> 20 GeV

In| < 1.37 or
1.52 < |n|<2.47

Muons: isolated,
no high-pT and isolated |
electron,
pT> 20 GeV

In| < 2.5
dR(u,jet) > 0.4

PisalJetl 1



and inputs

Primary vertex with at
least 5 charged particles

Trigger: lepton trigger
(fully efficient at 20 GeV)

Jet-lepton removal:
Fake jets from electrons
Muons from semi-lept.
decay

Electrons: isolated,
no high-pT and
isolated muon,

pt> 20 GeV

In| < 1.37 or
1.52 < |n|<2.47

Muons: isolated,
no high-pT and isolated |
electron,
pT> 20 GeV

In| < 2.5
dR(u,jet) > 0.4

PisalJetl 1



Trigger: lepton trigger
(fully efficient at 20 GeV)

ETmiss:
calo cells+muons
Object-specific calibration
Electron (Muon) channel:
E;™° > 35 (20) GeV

Jet-lepton removal:
Fake jets from electrons
Muons from semi-lept.
decay

Electrons: isolated,
no high-pT and
isolated muon,

pt> 20 GeV

In| < 1.37 or
1.52 < |n|<2.47

and inputs

Primary vertex with at
least 5 charged particles

Muons: isolated,
no high-pT and isolated |
electron,
pT> 20 GeV

In| < 2.5
dR(u,jet) > 0.4

PisalJetl 1
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and inputs

Trigger: lepton trigger ’ Primary vertex with at
(fully efficient at 20 GeV) | least 5 charged particles

Jet-lepton removal: = - W transverse mass:

Fake jets from electrons calo cells+muons QCD bkg suppression
Muons from semi-lept. Object-specific calibration electron-channel:
decay Electron (Muon) channel: my' > 25 GeV

E;™ > 35 (20) GeV muon-channel:

E;™ +my," > 60 GeV

Electrons: isolated,
no high-pT and
isolated muon,

pr> 20 GeV

In| < 1.37 or
1.52 < |n|<2.47

Muons: isolated, ,

no high-pT and isolated
electron,

P> 20 GeV

In| < 2.5
dR(u,jet) > 0.4

PisaJetl1 11



Trigger: lepton trigger ’
(fully efficient at 20 GeV) |

ETmiss:
calo cells+muons
Object-specific calibration
Electron (Muon) channel:
E;™° > 35 (20) GeV

Jet-lepton removal:
Fake jets from electrons
Muons from semi-lept.
decay

and inputs

Primary vertex with at
least 5 charged particles

Electrons: isolated,
no high-pT and
isolated muon,

pr> 20 GeV

In| < 1.37 or
1.52 < |n|<2.47

W transverse mass:
QCD bkg suppression
electron-channel:
my' > 25 GeV

muon-channel:
ELm™° +mWT> 60 GeV

Muons: isolated, ,

no high-pT and isolated
electron,

P> 20 GeV

In| < 2.5
dR(u,jet) > 0.4

Jets: anti-k; R=0.4
Had. scale calib. (pt,n)
In|< 2.5, pt > 25 GeV
#jets =4
At least 1 b-tagged jet
No “bad” jets in event

PisalJetl 1
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section

Combination of Tevatron and
LHC measurements
strengthen our confidence in
our understanding

T I I I I I I I I I T I I I I 1 : I I I I T I I I | I I I I | I I I Ly B T l LI B | l LI B l LI B B l LI B B | |
ATLAS Pre]iminary h NNLO i_ | -- NLO QCD (pp) ® ATLAS 180+ 18 pb
R eory (approx. ) 61‘: | B Approx. NNLO (pp) (35 pb™, Prelim.)
Data 201 O,J. L=35 pb'1 m, = 172.5 GeV ~~NLOQCD (pp) ¥ CMS158+19pb
: 10% = - Approx. NNLO (pp) (36 pB™, Prelim.)--=38 —
- , : 421 - ®CDF .
L+jets w/ b-tagging F—|+|—| 186+ 10 75y £6 - ADO 300 .
: : : 18 +8 B .
Dilepton w/o b-tagging  +-+——a—- 173£22 7 75 i ) 050 1
Combination Hobmt 180t9 +15+6 10k ‘;ﬁf_,—._-‘... s E
L+jets w/o b-tagging I—I—'—A—l—| 171£17 72 +6 - ﬂ 150 .
Dilepton w/ b-tagging I—I—-—A—l—! 171+22 *2 *7 - £ 100 .
: (stat)E(syst)t(lumi) i 6.5 7 7.5
PN TN S TN AT N N T NS S S TN N - M T T NN S T SN O N M T N S AN O ] | P ||
0 50 100 150 200 250 300 1 2 3 4 5 6 7 8
G lpPo] |
tf \'s [TeV]

sure the top-quark mass from these events
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b BT6P mass measurements

e methods at ATLAS:

ed uncertainty, stability against JES
sed on the resolution on my,,

and Jet energy scale factor (JSF)

natic likelinood fitter: using all decay
ts

r'y methods: cross check, address
dlﬁerently Improve knowledge

t stated differently: presenting baseline method

PisalJetl 1 15



Asurements

e methods at ATLAS:

Hadronic top reco: Jet-triplet (had. top):

4-vector sum with

_ > rejected if 2 jets are Smallest event
highest pr b-tagged yield from all
W boson reco: > No b-tag: chose jets with methods
mass window smallest dR in top rest-frame
60 GeV<my, <100 GeV

ITTICAIIN LV OUUL

“© and Jet energy scale factor (JSF)

" “top

matical likelihood fitter to all decay products

r'y methods: cross check, address
differently, improve knowledge

t stated differently: presenting baseline method

PisalJetl 1 16



| 'channels,
V/Z+jets

S estimated by
N background

ated from data

lon) channel
7.3/14.9) = 5.8 (5.2)
events: 56 (99)

described by sum of signal
“and background

etalls in backup slldes)

PlsaJetl 1

Events / 25 GeV

Events / 25 GeV electron channel

muon channel

-
o
n

QS
-
=

251
20
151

10

IIIIIIII|III|lIII|IIII|IIII|IIII_
ATLAS Preliminary e \s=7TeV data -

[ :|ttm =172.5 GeV

-stop M 1725(3eV

- Z+jets

Wijets

WW,Z2Z,WZ

B oco

J L=35pb’

100 200 300 400 500 600 700

301
25t
20F
15¢
10f

5

%

_IIII|IIII|IIII|II
- ATLASPreliminary o

IIIIIIIIIIIIlIIII
\'s =7 TeV data

:|tt m, =172.5 GeV

-stop M 1725GeV

- Z+jets

Wijets
WW,ZZ,WzZ

B oco

100 200 300400 500 600 700

mee [GeV]
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etrization (signal, bkg)

Data well described by sum
of sighal and background

PisalJetl 1

Events/ 0.5

Events / 0.5 electron channel

muon channel

e method

45 IIIIIIIIIIIII I IIIIIIII | TTTT | TTTT | TTTT | TTTT | TT I:
C ATLAS Prellmlnary e \s=7TeVdata ]
40;— ]t m_=172.5 GeV —;
353_ - s-top, mlop=172.5 GeV_f
C - Z+jets ]
30:_ Wjets E
o5F WW,ZZ,WZ =
- B oco ]
2()?' : 7
108 | ] E
5F :
C - l ]
0‘ ; | | =
0 1 2 3 4 5 6 7 8 9 10
35 IIIIIIIIIIIIIIIIIIIII | TTTT | TTTT | TTTT | TTTT | TT I:
ATLAS Prellmlnary ® \s=7TeVdata 1
300 [t m,,=172.5 GeV _:
B - s-top, mlop=172.5 GeV 7
25__ - Z+jets _:
: W-+jets E
20 WW,ZZ,WZ -
- Il cco .
15 ]
- J L=35pb’ .
o ]

0 1

2345678910

reco /;€co
Rap=Migp /My
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metrization

dent samples

m of a ratio of two
dau function

as a linear dependence
ass

kg(RBZ;mtop>

round sample is well
by a Landau function

al contributions are summed into
metrization (for all m,, samples)

PisalJetl 1

Normalized Events / 0.1

Normalized Events / 0.5

0.12F

0.1

0.08

0.06F

0.3F
o \s=7TeVZWsjets
0.25- di-bosons, QCD ]

0.04f

0.02f /

metrizations

0_14_|||| TT T

|I|II||III||III|I|II|IIII||III_

m,,=160GeV ]
N ' [1my, =170 GeV ]
Bl m,,, = 180 GeV -
Bl m,, = 190 GeV

sig

ATLAS Preliminary
\'s = 7 TeV Simulation _]

ATLAS Preliminary —:

L /\" Pbkg
0.2F ¢ l x%/ndf = 1.3/5
0.15F
0.1
0.05F
O:IllllllllIl|||I||||I||||[||||I||||I|l||
1 15 2 25 3 35 4 45 5

Electron channel Rs



od fit

ape of Rs, distribution (Lg...(Rs,;my,)|),
background (L, ., |) in N observed events,

Ils+ n,

_( s nb) red
anbkg<R32>i % + (ns+nb>N exp| —(n,—ng" )2
N.’ zo-npred

b

}

nts: are used to validate the chosen fitting approach
luate systematic uncertainty effects on the result

seudo-experiments for each input top-quark mass,

nts Poisson fluctuated, with 35 pb™ integrated luminosity,
y between input and output top-quark mass (pull

S are consistent with the expectation)

PisalJetl 1 20



Incertainties

uncertainty is varied by +1o -
asponding to integrated luminosity of

ladratic sum of all contributions

Theory uncertainties:

ISR/FSR (2.6 GeV)
Proton PDF

Method:
calibration

MC uncertainties:

Hadronisation (1GeV)
Pileup simulation
Signal MC

Measurement:

JES (2.3 GeV)

b-JES (2.5 GeV)
B-tagging
Jet energy resolution (1.1 GeV)
Jet reco efficiency

Total systematic uncertainy:
4.8 GeV (electron channel)
5.0 GeV (muon channel)

<+—— | MC bkg estimates (1.7 GeV)

Background:

QCD bkg estimates

PisalJetl 1
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) - :
o 30— ATLASPreliminary * \'s=7 TeVdata
P Best Fit background
§ 25— -[ L=35pb’ Best Fit tt + background?
T 1 My, = 173.8 6.7 GeV
S
D —
- 1
C
© —
L
(@) o L
cC 165 170 175 180
o Migo [GeV] —
5 4
)
8 0 2 'k ilad pebeaddo STy P
L] 1 2 3 4 5 6 7 8

+ 6.7 £ 4.8) GeV R

f data

Events /0.3

Muon channel

S

40 LI T I LI T I L I lllll LT e r T
ATLAS Preliminary * \s=7 TeVdata
3B Best Fit background
30— J L=35pb’ Best Fit tt + background._
My, = 166.7£ 5.0 GeV
25— 2 —
20— ' —
+
15— —
10 — , : ) ‘ : —
0 160 165 170 175
5 Migp [GeV] B
0 A e T IR R il ke Fale e T -|-"--|-'t|--t—-rlﬁﬁml l ;s
1 2 3 4 5 8
Miop = (166.7 £ 5.0 £ 5. 0) GeV P

ainty within expectations

ments are statistically consistent with each other and in
ith the world average

= (169.3 + 4.0 + 4.9) GeV

PisalJetl 1
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2-D analysis

° of the hadronic decaying top

F) determined mainly W boson candidates:

es in data and MC mass window +30
+ Hadronic top jet-triplet:

additional 4-vector sum with
highest pt

candidate: fit the jet energies with the W mass
termines the jet pair assigned to the W

1)]2_|_[ EjetZ(l_O(Z)]2+[ij(0(1:0(2)_mw ]2 > Determine O(i'S
O jer Iy, (JSF)

¢ top with the b-tagged jet in the event and the «'s

Frorrr T rTTTTT T T | > Fr—"T7 R L e i
é 70;—ATLASPreIiminary i}\_s=7TeVdata é Template 1: § 30§ ATLAS Preliminary ]
@ el P = W mass without the «; 3 oF 35 po” E
g 50; V‘:T‘:s _f L g 20:_ - Psig+t:tkv_:; _:
Yo wzwe N events: 134 (120) inthe  ® ¢ [/ \ = - P 1
40:— B cco ] 15— e 7 TeVdata ~
sob : electron (muon) channel g + .
F . 10 -
S ] Template 2: : | |
s ] . 5 -
10 E Top mass with the o | /L - AR L eI
026 60 80 100 120 140 0%00 150 200 250 300 850 . 400

Muon channel  mcev Balet]] Muon channel  ms eV



ed reconstruction of my,, and JSF

ore (160-190 GeV) and JSF in the

i 4.3) GeV (electron channel)
6.7 £ 4.6) GeV (muon channel)
6.1 + 4.6 + 4.4) GeV (combined)

sfat) (1 01 +0.05(stat
) n

(stat _O_O5<Stat;) in the electron (muon) channel

/FSR uncertainty same size as baseline method

PisalJetl 1 24



Ined by a kinematic fit

vent

t 4j++EtMiss):

x | Transfer-Functions (j,l,v) | x

nematic fitter

) In the electron (muon channel)

Delta-Function(b-tag)

resolution for jet energy, eta, phi,

lep.)
. top mass

lepton energy, E-™*° from signal MC

Reduce
permutations

reco
top

estimator for m

top

PisalJetl 1

which maximizes the likelihood

correlations and a high fitting efficiency (less
al bkg) lead to a narrower m;_° distribution than the
ethod (but much more sensitive to JES variations)

experiments show the linearity between output and input top

25




| fitter

> 45 —_ T T T I T T T . I T T T T T T T I T T T T I T T T T I T T T I_— E 0.1 LI l LI I LI I LI | LI | llllllll l LI I LI I LILL
8 = Tagged e + jets JJ L=35pb’ ® \s=7 TeV data 3 5 B .
= T - = B +4.4 —
0 40 Jttm,=1725Gev 5 % | my, =179.0 7, GeV | ]
- E - s-top, mmp=1 72.5 GeV E S, 0.08— - ==+ Median _|
0 - = " i ]
2 35 - L] I Zijets - EP_ i ]
g 30 :— . Wijets _: a - |:| Central 68% _

LI - -
= WW,ZZ,WZ = 0.06|— ]
25— I aco ] : ]
20 ;_ _; 0.04 __ ATLAS Preliminary __
15 E_ _E | 7TeVdata .[ L =35pb’ e + jets ]
= | ATLAS Preliminary 3 _ i
10 * = 0.02|— -
5 = i ]
= : . | o i : |
O - L1 11 I L 111 I L1 11 I 11 11 I 1 1 I 1 111 1 : I L1l I 1 I L1 11 I 11 1 1
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m°<° [GeV] my,, [GeV]

top

as before (160-

Migp (€) = (179.0 £ 4.3 £ 7.5) GeV

el by signal and kg ™op (#) = (172.0 £ 3.5+ 7.5) GeV

pancies between MC Combined:
Myp = (174.8 + 2.7 + 7.5) GeV

.6 GeV, b-JES and ISR/FSR
e size as baseline method
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measurements

ATLAS Preliminary - Winter 2011, Lint= 35 pb"

default (1d TMT, R_), e+jets —_—— 173.8+6.7+4.8

n n e I) default (1d TMT, R_), p+jets =————@——— 166.7+ 5.0+ 5.0

default (1d TMT, R ), comb ———— 169.3+4.0+ 4.9

2d TMT, e+jets _— = 168.3+6.2+4.3

2d TMT, u+jets —_— 163.5+6.7+ 4.6

2d TMT, comb —_—— 166.1t 4.6+ 4.4

1d TMT, KLF, e+jets o— 179.0+43+75

1d TMT, KLF, p+jets —_— 172.0+35+75

1d TMT, KLF, comb —_—— 1748+27+7.5

d 4 Tevatron July 2010 P 173.3+ 0.6+ 0.9
are similar

| I | | | | |
140 150 160 170 180 190 200

My [GEV]

Xpected statistical uncertainty o, (from current
S) will diminish to:

fit) < 1.3 GeV (1-D R, fit) < 1.7 GeV (2-D fit)

erted for the systematic uncertainties at our present
tanding (especially of JES)

Ing luminosity the method that gives the best expected
Ikely change
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t with integrated Luminosity of
nt-by-event ratio of R, is in

69.3 + 4.0 + 4.9) GeV

op-quark mass measurements support
he estimators used

Its Indicate a good description of data by our

systematic uncertainty is the (b-)jet energy scale
scale uncertainty is decreased by a factor of 2)

more precise measurement involves working on
stematic uncertainties

PisalJetl 1 28



29




ckground

Channel

Process Electron Muon

1t signal 526+ 05| 773+ 0.6
Single top 2.23+0.07 | 3.12+0.08
W+jets 39+ 03| 6.6+ 04
Z+jets 0.71 £0.05 | 0.63+£0.04
ZZI{WZ/WW 0.07+0.01 | 0.11+£0.01
QCD multijet (data) 2.1+ 2.1 45+ 4.5
miop independent background | 6.9+ 2.1 | 11.8+ 4.5
Total background 0.1+ 22| 149+ 45
Signal + background 61.7+ 2.2 | 922+ 45
Data 56 99

S/B 5.8 5.2

Table 1. The observed numbers of events for the 1d-R3> analysis in the data compared to the expected
numbers of signal and background events for the data luminosity, in the electron and muon channels. The
Monte Carlo estimates assume SM cross-sections. For all Monte Carlo estimates the uncertainties are
statistical only, for the QCD multijet estimate obtained from ATLAS data also the systematic uncertainty
is included, see text for details.
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atics

Uncertainty [GeV |
Electron channel | Muon channel
Statistical uncertainty 6.7 5.0
Method calibration 0.7 0.5
Signal MC generator(Pownec vs. MC@NLO) 0.7 0.6
Hadronization Pownec (PyTHia vs. HERWIG) 1.0 0.5
Pileup 0.6 0.8
ISR and FSR (signal only) 2.2 2.6
Proton PDF 0.6 0.5
W/Z+jets background normalization (+100%) 1.3 1.7
W/Z+jets background shape 0.6 1.0
QCD background normalization (+100%) 0.8 0.7
QCD background shape 0.6 0.5
Jet energy scale (x10) plus 5% for close by jets 2.3 1.9
b-jet energy scale (£2.5%) 2.5 2.5
b-tagging efficiency and mistag rate 0.6 0.5
Jet energy resolution 0.6 1.1
Jet reconstruction eficiency (+2%) 0.6 0.5
Total systematic uncertainty 4.8 5.0

Table 2: The contributions of various sources to the uncertainty for m,. The quoted values correspond to
the larger of the observed shift using the pseudo-experiment and the statistical precision of the estimates.
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: properties
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