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How?

wH U q
t g /= ‘
t t ‘ = L
W-L& ‘T B ' A
Lepton + jets Dileptons All-jets MET+jets
Templates CDF, 8.7 fb! CDF: 9.1 fb* CDF, 9.3 fbt CDF, 8.7 fbt

DO, 5.4 fb Soon: DO, 9.7 fb?
Soon: DO, 9.7 fb?

Matrix Element DO, 9.7 fb? DO, 5.4 fb?
Soon: DO, 9.7 fb?

From cross-section DO, 5.4 fb* DO, 5.4 fb
Soon: DO, 9.7 fb* Soon: DO, 9.7 fb

Lepton pT CDF 2.7 fb* CDF 2.8 fb!
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How?

Templates

Matrix Element

From cross-section

Lepton pT

Lepton + jets

CDF, 8.7 fb*

DO, 9.7 fb*

DO, 5.4 fb*

Soon: DO, 9.7 fb!

CDF 2.7 fb?

Dileptons

CDF: 9.1 fb'!
DO, 5.4 fb
Soon: DO, 9.7 fb?

DO, 5.4 fb?
Soon: DO, 9.7 fb?

DO, 5.4 fb
Soon: DO, 9.7 fb!

CDF 2.8 fb

wH U q
gt/ ‘
FN A B
W_L&‘w q 1’]‘”}1< )
N g N,
All-jets MET+jets
CDF, 9.3 fb'! CDF, 8.7 fb

Soon: DO, 9.7 fb?

For the top mass combinations see Yvon Peter's talk on Wednesday

Top2014
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CDF alljet measurement, 9.3 b arXiv:1409.4906

e tt simulation: Poweg+Pythia

(\% 5[}{]:_ @) = 1-tag events
| : 5} I ﬂr — Data (9.3 b
« Selection w4001 } Fitted bkg + i
2 H Fitted bkg
- 6 -8 jets with p,. > 15 GeV, |n| = 2.0 2 200 | 1
- MET significance cut + NN discrimination mf J t
. N 4
- 1—3 Db-tags in the event - \
100
 Background model: vl A\
?T................Tr‘r%w |
- Pretag sample times b-tagging rate P 120 140 160 180 200 220 335[5%282?
. my - [GeVic
- Evaluate probability to tag background jet from
the sample with 5 jets §
- Use correction factors for multiple b-quarks per 3 “F ® = [Htag events
. O gooE 4 —} Data (9.3 fb™
events from background dominated samples =I: | |
(inverse NN cut) 3 L Fitied Dkg + I
2 a0k 1 Fitted bkg
. ' . ‘;2 0.1_— @ .tfm{“templales E +—
« All possible combination are 5| Sl f L
taken into account g e w1 "
. w0k ]
- m™ and m, " are reconstructed : . - ook I \
o =7 4
by the %2 minimization and fitted -4 100E 7 Ny
simultaneously G0 10 60 30 100120 140 160 180 200370

miee [GeVic?]

miee [GeV/c?]
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CDF alljet measurement, 9.3 b

> 1-tag events (9.3 fb7)

170 172 174 176 178
M,,, [GeV/c?]

Source OMeop TAjEs
(GeV/c?)
Generator (hadronization) 0.29 0.273 = Herwig — Pythia
Parton distribution functions fgég fﬂgﬁg
Initial / Final state radiation 0.13 0.232 @ 1.5F
Color reconnection 0.32 0.101 < -
Ajgs fit 0.97 —— F
Meop It — 0.207 -
Other free parameters of the fit 0.41 0.040 050
Templates sample size 0.34 0.071 03_
tt cross section 0.15 0.034 -
Integrated lnminosity 0.15 (1.[].‘32 -0.5?— S Fitted values
Trigeer 0.61 0.188 [ e -LN(LIL, ) =4.5
Background shape 0.15 0.014 Af--- sLn(LL ) = 2.0
b-tagoing 0.04 0.018 [ — -Ln(L ) =05
b-jets energy scale 0.20  0.035 16—
Pileup 0.22 0
Residual JES 0.57 ——
Residual bias / Calibration ig%i tﬂggé
Total T T
_ +1.55
m,, = 175.07 = 1.19 (stat) _15g (Syst) GeV

Top2014

Precision: 1.1%
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CDF dilepton measurement, 9.1 fb”

« Selection:

- 2 x electron or muon with p. > 20 GeV

- 2 or more jets with p_. > 15 GeV, |n| = 2.5

- MET > 25 GeV, H.> 200 GeV

- Z veto in ee and mumu + topological cuts

« Template based analysis with “hybrid” variable:

M = w - M7 + (1 — w) - M

- w is a free parameter (weight) in the range
0-1= choosew=0.7

- Mrec is a top quark mass reconstructed with the
“neutrino weighting”

- Alternative variable
\/<£1 ? {:{L> i <£2! CE}3> —+ 120 GE‘KT

A galt
Mt =

Lepton 4-momenta, jet directions

JES dominated
Z

Vg
m,, = 170.80 = 1.83(stat.) £ 2.69(syst.) GeV

Top2014

Precision: 1.9%

CDF Public note: 11072

CDF Run Il Preliminary (8.8 fb")

] W B @0 2]
(=] o (=] (=] (=]
| | T TT T TIoT]T

Events/(10 GeV/c?)
=
T ‘ TTTT TTTT TTT

—+

+ﬁ% I'T+2Jets+E , tagged events

—e— DATA

t [Pythia, M=171 GeV're?)

T

.

100 120 140 160 180 200 220 240
Miece (GeVic?)

CDF Run Il Preliminary (8.8 fo™)

50— _
r ti— I'T+2Jets+E, tagged events
40 :_ + —w— DATA
N‘E L + It (Pythia, M=171 GeVfe?)
> C + Bkg
[*]
& 30
=) L - Bkg
% 20— + il b\tb bz)
@ C Mlt=g 2t 220 4120 GeVic®
w = by by
10 + + {l,b} - scalar product of
lepton and jet four-momema
0 e
120 140 160 180 200 220 240 260 280
M (GeVic?)
CDF Run Il Preliminary (8.8 ‘Fh")
70—
EIJE tt— I'I'+2Jets+§ , tagged events
E —u— DATA
%G 50
% E Best fit to data
(g 40 tf (MC shape) + Bkg
= b Bkg
5 w0 -
c £
8 £
w200
10—
oF

100 120 140 160

e
LAy e B
180 200 220 240 260

M (GeVic?)

DO, 5.3 fb'!, PRD(R) 86, 051103 (2012)
173.9 £ 1.9 (stat) £ 1.6 (syst) GeV
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measurement, 8.7 fb”

PRL 109 152003 (2012)

CDF [+jet

B 180 F ]
2=0r 7 » Data (8.7 fb’) fgg—  Data (8.7 fb™ 160 - Dj%lla (8.7 fb™)
2 200 _/ . 77] Signal+Bkgd 2 133: /7] S\anal+Bkgd %1:3— b [/ signal+Bkgd
S ool . [7]Bkgd only G 120 [7]Bkgd only & oL ' [7]Bkgd only
2 < 100 T a0l | Tagged
2 100 Tagged 2 :g_ ' .9 + Tagged 3 gg_ |
g 50 /, : // @ 40 - /'
100 150 200 250 300 350 100 150 200 250 300 350 50 60 70 80 90 100 110 120
mi®<® (GeV/c?) m{**°® (GeV/c?) m, (GeV/c?)
« tt simulation: Pythia Source Systematic ur
_ , Residual jet energy scale 0.52
« Selection: electron or muon with Sional modeling 0.56
P= 20 GeV, |n| < 1.1, 4 and more Higher-order corrections 0.09
jets P> 20 GeV, |T|| < 2.0, MET > b jet energy :j{:lulc 0.18
b-tagging efficiency 0.03
20 GeV [nitial and final state radiation 0.06
. Separate in n b-tag samples Parton distribution functions 0.08
P 9 P Gluon fusion fraction 0.03
« Use kernel density estimation Lepton energy scale 003
method for three variables: mr for Background shape 020
' Multiple hadron interaction 0.07
the.best and next—tq—best Color reconnection 0.21
assignment + mjj — inv. mass for tho MC statistics 0.05

W jets.

mtop

172.85 + 0.71 (stat+)ES) = 0.84 (syst) GeV

Top2014
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1-tag. 4 jets
e Data
Clw

- Background

100 200 300 400
mtece (GeV/c?)

e tt simulation: Pythia

« Selection ~ |+jets:

NO identified leptons, MET
significance > 3 GeV'?

4 - 6 jets with p, > 15 GeV, |n| < 2.0 PDFs

to the I+jets

topological cuts + NN discriminant

cut

Use b-tagging to classify events
« Reconstruction procedure is similar

Events/(16 GeV/c?)

so0l

100}

200 300 400
m;eco(z} (GQV}'CE)

PRD (R) 88 011101 (2013)

50 100 150
m; (GeV/c?)

Source Uncertainty (GeV/c?)
Residual jet-energy scale 0.44
MC generator 0.36
Color reconnection 0.28
¢ g fraction 0.27
Radiation 0.28
0.16
b-jet energy scale 0.19
Background 0.15
Calibration 0.21
Multiple hadron interaction 0.18
Trigger modeling 0.13

M

top

= 173.93 = 1.64 (stat+)ES) = 0.87 (syst) GeV

Top2014

Precision: 1.1%
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DO [+jet measurements, 9.7 fb"

Full DO data set.

Selections

Exactly one electron or muon with p.> 20 GeV, |n | < 1.1, |n | < 2.0

Exactly four jets p_edn > 40 GeV, p,> 20 GeV

One or more b-tagged jets (efficiency ~ 65%, mistag rate ~5%)

MET < 20 GeV + topological cuts

Simulation Contribution e+jets H+jets
~ Ot Alpgen +Pythia (DO tt 918.11 + 3.63| 82488 + 348
e W+ jets 7785 + 213 101.03 + 293
ITDOFdS:f'ed tune A), CTEQ 6L1 W+ HF 12598 + 2.12| 16221 + 28I
Multijet 14441 + 24.19 48.17 + 16.11
- W+jets : Alpgen+Pythia Otherbackgrounds|  97.75 £ 051 7924 + 0.94
~ W+cc, W+bb: Alpgen+Pythia Expected 1364.10 £+ 24.65| 1215.53 i_ 17.00

- P9 y Observed 02 1286

- Multijets events : from data
Expected signal fraction ~68%
Top2014 V. Sharyy: Top mass at the Tevatron 10



DO [+jet measurements, 9.7 fb"

-(a) D@ 9.7 fb”

>
S
o 400—
)
2 i
€ 200
T i
0
o 2
E 1?—
0.5%
0

Top2014

2 b) D@ 9.7 fb™
~ Data G 400" 3 l+jets ~Data
it o : Wit
Other bgs M 300~ Other bgs
B W+hf a - B W+hf
Walf T 200C Walf
I Multijet c . B Multijet
" 100
o 0:
o 2:_/ .......................................................................................... z//
.a- 15_ ......................................................................... (2
BN s -
200 300 200 400 600 800 1000
my, [GeV] m_ [GeV]
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JES at DO

« Jet Energy Scale: correct reconstructed
jet energy to the particle level

- Absolute JES
- Separately measured for data and MC

Emeas — Eoffset

Ejet —

calorimeter jet

Response ) Showring

« Flavor dependent correction : different
response correction for gluon, light
quark, b-quarks (b-JES)

- Tune the single particle response
difference between data and MC in
y+jets and dijets events

JES + MC Flavor corrections b

Transfer Functions

| ; >
1
|
|
|
|
- |
|
|
|
- I

4 -

W — 7"
a— '7-‘—:.'\-—.' S — 1
|
-ﬁ
|
|
|
|
|
|
|
|
|
|
|

| xRl
<F>fy_|_jet Z@EZRiWC

parton jet

F. corr —

Top2014 V. Sharyy: Top mass at the Tevatron 12
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JES at DO

« Jet Energy Scale: correct reconstructed
jet energy to the particle level

- Absolute JES
- Separately measured for data and MC

— Eoffset

E’H’LGGS

Ejet —

Response ) Showring

Flavor dependent correction : different
response correction for gluon, light
quark, b-quarks (b-JES)

- Tune the single particle response
difference between data and MC in
y+jets and dijets events

| SRl
<F>fy_|_jet EZE@R?]IWC

FCOTT

Top2014

Uncertainty [%]
a N W A

- N W &

- N W N

b ma
1

- 80.02
LL_

0.00

-0.02

-0.04}

-0.06}

= |Prt=25GeY by 3ot |
;_ ) Rcone = 0.5 i _;
— ! =
-\ e s /
= e~ 100 Gev o)
- Offset =
—~ Response -
= — Showering
3 =2 1 o 1 2 3
ndet
PR LA B T T T ]
- DO m,_|<0-4 (c) E
- — Correction ?
C Statistical Unc.
Systematic Unc.
LT W A NN TR WA N N SR T R PR SN B T W T
20 40 60 80 100 120
P, [GeV]
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Matrix Element Technique

P(%H) ~ /dGU(yaH)W(waZ/)fPDF(Ql)fPDF(QQ)dCI1d(]2

Diff. xsection Detector response PDEs
with LO ME (Transfer Function)

« Sum over 24 possible jet-parton assignments with b-tag dependent
weights

* Integrate over 10 variables using MC integration

« Use W-boson mass as an additional constrains for the JES correction
factor

« Multiply probabilities for all events -> likelihood as a function of top
quark mass and JES correction. P, (myop)  fPisig(Miop) + (1 — f) Pogr

« limprovement since previous publication (PRD 84, 032004, 2011):

integration by a « Factorise the JES correction factor from the ME calculation

Accelerate * low-discrepancy sequences for the MC integration
factor of ~100

Integrate many more MC events = reduce statistical component
in the systematic uncertainties estimation from ~0.25 GeV to 0.05 GeV

Top2014 V. Sharyy: Top mass at the Tevatron 14



Systematic Uncertainties Estimation

Source of uncertainty

Effect on m; (GeV)

Signal and background modeling:

Higher order corrections

10.15

— MC@NLO +Herwig - Alpgen + Herwig

Inmitial/final state radiation

+0.09

Hadronization and underlyvine event

10.26

\Vary renormalisation scale in Alpgen by 1.5

Color reconnection +0.10 li.n wu iyl <1)| DG preliminary
Multiple pp interactions —0.06 %:E 7 3 fb—1 ISR up

Heavy flavor scale factor 10.06 7 _ LLLL, ee ISR nominal
b quark jet modeling +0.09 i ! ISR down {,
Parton distribution functions +0.11 E‘;" 1 -

Detector modeling: :2 g °°¢+‘°’+++
Residual jet energy scale 1+0.21 :z: iy = 18.53, 2 = 13.90
Flavor-dependent response to jets +0.16 el 2
b tagging 1+0.10 0.6P: x5, ,, = 20.77, x* = 16.93
Trigger +0.01 o =
Lepton momentum scale 1+0.01
et energy resolution 1+0.07 Alpgen +Herwig - Alpgen + Pythia
Jet identification efficiency —0.01 for particle-level jets

Method:

Modeling of multijet events +0.04 Pythia, Perugia 2011 - Perugia 2001NOCR
Signal fraction 10.08
MC calibration 1+0.07

Total systematic uncertainty 1+0.49 Phys. Rev. Lett. 113, 032002 (2014)

Total statistical uncertainty +0.58 PRD with more details is in preparation

Total uncertainty 1+0.76

Top2014

V. Sharyy: Top mass at the Tevatron
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mailto:MC@NLO

- 18D
1'02—_23D
- 3SD . -
1.01- . =174.98 + 0.58 GeV - -
kJEs_1025 +0.005

172 173 174 175 176 77
m, [GeV]

m,, = 174.98 = 0.41(stat) £0.41(JES) £0.49(syst) GeV

Precision: 0.44%

Top2014 V. Sharyy: Top mass at the Tevatron



Summary of the results

Mass of the Top Quark

Top2014

165

July 2014 (* preliminary)
T
CDF-Il dilepton * 170.80 +3.76 (+1.83 = 2.69)
o
DG-I1l dilepton 174.00 +2.80 (£2.36+ 1.49)
&
COF-1l aljets~ 175.07 £1.95 (£1.55% 1.19)
T
CDF-lIl MET+Jets 173.93+1.85 (+1.26= 1.36)
B —
CDF-lI lepton+tjets 172.85 +1.12 (+0.52+ 0.98)
Bl
DJ-Il lepton+jets 174.98 +0.76 (£0.41+ 0.63)
e
Tevatron combination * 174.34 +0.64 (+0.37 = 0.52)
(Run | and Run Il) (+ stat = syst)
x2/dof = 10.8/11 (46%)
170 175 180
M, (GeV/c?)

V. Sharyy: Top mass at the Tevatron
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Conclusion

« The most precise channels from the Tevatron with all statistics are done.

Several more results are coming in dilepton and alljets channels

All-jets
CDF, 9.3 fb

Soon: DO, 9.7 fb?

Lepton + jets Dileptons
Templates CDF, 8.7 fb CDF: 9.1 b
DO, 5.4 fb?
Soon: DO, 9.7 fb?
Matrix Element DO, 9.7 fb! DO, 5.4 fb!
Soon: DO, 9.7 fb!
From cross-section DO, 5.4 fbt DO, 5.4 fbt
Soon: DO, 9.7 fb* Soon: DO, 9.7 fb*
Lepton pT CDF 2.7 fb* CDF 2.8 fb*

Top2014 V. Sharyy: Top mass at the Tevatron

MET +jets
CDF, 8.7 fb!
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Top2014

Additional Materials
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C det .

. ——

- — Correction E

C Statistical Uncertainty 1
Systematic Uncertainty
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DO ISR/FSR. variation

o, (e Iyt < 1) DO preliminary
2 E —1
Eiaf 7.3 Tb
=1.3f
= FE
212
E E
.55_1 .1 =
2 E AR s S +++ =
T—?U-g' ;— c%_‘_‘_'_I_l—\_‘_‘_l
o.s: x5, ,, = 25.66, * = 19.57
0.7
o.cf: ){120_11 = 12.82, 2 = 10.29
0.5 . 1 a.l ol L
107 107 1 &
<P
- D@ preliminary
: ISR up
E : ISR nominal
14—
Sl ISR down
@iﬁ
1E | i -
- ] ¥
0.952— I
09— T
0.85} Our selection
0.8 ;'* bt ...5 "A" é" . 6.1..;.,

Number of iets

E; . vl <1)| DS preliminary
Tiaf 7-3 fb—1 ISR up _
- ISR nominal
%_2 ISR down ‘}
=11
ig 1 ‘hheﬂﬁ¢r#4h+ﬁ}
0.9
o.ed: %7 ,, = 18.53, x* = 13.90
0.7
o.e - x[zun; = 20.77, %% = 16.93
5 aal | 1
10% 107 1 -
<P
_ ., D@ preliminary
. S s =
€ [ Forour selection (N;=4)
312_
. R s
3 - ]
2 1
N Warh, Ui T
A Tl |
R It I
- IT' r--'-"?‘—lf. I l
0.9 1 .
0.8 I
n?-...I...;..l...l...].;..I..;..LI..I
0 5 10 15 20 25 30 40 45 50
p.(tf) (GeV)
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DO measurement: systematic uncertainties comparison

Source

Uncertainty (GeV)

Modeling of production:
Modeling of signal:

3.6 fb?

Source of uncertainty

Effect on m; (GeV)

Signal and background modeling: Q ] fp-1

Higher-order effects +0.25
ISR/FSR +0.26
Hadronization and UE +0.58
Color reconnection +0.28
Multiple pp interactions +0.07
Modeling of background +0.16
W +jets heavy-flavor scale factor +0.07
Modeling of b jets +0.09
Choice of PDF +0.24
Modeling of detector:
Residual jet energy scale +0.21
Data-MC jet response difference +0.28
b-tagging efficiency +0.08
Trigger efficiency +0.01
Lepton momentum scale +0.17
Jet energy resolution +0.32
Jet ID efficiency +0.26
Method.:
Multijet contamination +0.14
Signal fraction +0.10
MC calibration +0.20
Total +1.02

Higher order corrections +0.15
Initial/final state radiation +0.09
Hadronization and underlying event +0.26
Color reconnection +0.10
Multiple pp interactions —0.06
Heavy flavor scale factor 1+0.06
b quark jet modeling +0.09
Parton distribution functions +0.11
Detector modeling:
Residual jet energy scale +0.21
Flavor-dependent response to jets +0.16
b tagging 1+0.10
Trigger +0.01
Lepton momentum scale +0.01
Jet energy resolution +0.07
Jet identification efficiency —0.01
Method:
Modeling of multijet events +0.04
Signal fraction +0.08
MC calibration +0.07
Total systematic uncertainty +0.49
Total statistical uncertainty +0.58
Total uncertainty +0.76

Top2014

V. Sharyy: Top mass at the Tevatron
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