Ly
4 //~

Measurement of the
top quark mass with
e DO detector

- Infroduction
- - Event.Selection
e -..._Mﬁiﬂx,gjemen"fﬂmeth‘o‘a"f

II.I.' #.

Andreas Jung Mai 15,2014 =

# Fermi 'ab Analysis Centre, DESY



S Tevatron - Introduction
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DEY Tevatron - Introduction

» Worlds largest pp data set for a long time

» Well understood detectors

» |Initial state allows for unigue measurements

* Less pile-up effects

Ratio to data
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Recent new top quark results:

» Differential cross sections
» Charge/Forward-Backward

Asymmetry (top based)
— DO Top quark physics results

E A. Jung
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http://www-d0.fnal.gov/Run2Physics/top/index.html
http://arxiv.org/abs/1405.0421
http://arxiv.org/abs/1401.5785

DY Tevatron — Introduction

* Worlds largest pp data set for a long time
(b)
» \Well understood detectors °sC D@ preliminary 9.7fb"
* [nifial state allows for unique measurements |
\ 0.2 4 L PRD 86, 034026 (2012)
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Tevatron: — High precision m and m measurements
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http://arxiv.org/abs/1209.2716

D The DO Detector

» General purpose 4n detectors:

Tracker: Detection and momentum measurement for charged particles
Calorimeter: Identification and energy measurement of jets and electrons
Muon system: Identification and momentum measurement of muons

=0 =1

m Muon Scintlators
B ———§F —————— ————————§ 4§
5 — Muon Chambers ~
|

-5

» Upgrade activities, aging, etc = DO defines four run periods

E A. Jung Measurement of the top quark mass with the DO detector



DEJ Top quark infroduction

* Top is the heaviest fundamental » Strong interaction: Top pairs
particle discovered so far: ¢
> m =173.2 % 0.9 GeV laniv:1305.3929] o <

» Top plays special role in EWSB ? 7
- A, =0.995  0.005 Y t t

s Lifefime: 1=~ 5x10%°s << T ___ \

— Observe bare quark { e [

gqg annihilation gg fusion

Tevatron vs. LHC:
(1.96 TeV 718 TeV)

qqg: ~85% ~15/13% (~10%, 14 Tev)
gg9: ~15% ~85/87% (~90%, 14 Tev)
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http://arxiv.org/abs/1305.3929

o [op quark infroduction

* Top is the heaviest fundamental
particle discovered so far:
= 173.2 + 0.9 GeV [arxiv:1305.3929]

» Top plays special role in EWSB ?

dilepton 4

_ antiproton - BR, bg
-\, =0.995 + 0.005 i
FIEE , 25 N .
2 Llfehme. 1= 5X-| O S << FQCD - |epton+lets -
— Observe bare quark . w:
» Different decay channels: g g t 5
- ~100% to Wb 7 7 .
Top Pair Branching Fractions SRS w= q
alljets" 46% !
All hadronic |
+jets 15% q &
BR, bg
wr 1% € increase 4
T 20'[3 '
e 2/30 : . ,
\.ﬁ&;\j\el\%h £ S P  ptjets 15% antiproton _q'
"dileptons” MBMS/O g
Measurement of the top quark mass with the DO detector 7
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http://arxiv.org/abs/1305.3929

DES Measuremenf strateqy

DO Prellmlnary 9.7 fb™!

400F

Entries

I. Event selection & :
Sample Composition .

100"

II. Matrix element method
& calibration of the method

ok

g v il
0.5 P

) 100 200 300 400 500

DO Preliminary 9.7 fb™!

Entries
Ratio

H; [GeV]

g -;E’ o.af // : 0.81 "/

200 400 600 800 1000 = i / = r /
M) [GeV] Z L
0.5; . o.s; 7 =
\ \ \ 0-5: D@ preliminary 0.5: D@ preliminary
IV. Unblinding & Final ; :
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x@ : 105
1 .04; X 1.0 4_
1.03} I1I. Check consistency, 1081

1.02? estimate systematic 1.02 6®
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DEJ Fvent selection

° | epton+jets decay channel. Full Run Il data recorded by DO

proton

0|

antiproton

M -
variable
w+ v

kinematic range

lepton n(#)
b lepton pr(4)

= Br
t jet n(jet)
W- o] JEt pT(.?Et)

p

In(e)] < 1.1 and |n(u)| < 2.0

7(€) > 20 GeV

Er > 20 GeV

n(jet)| < 2.5

pr(get) > 20 GeV

g = Exacftly four jets with af least 1 b-tag

» One of the most important experimental technigues “b-tagging”:
Displaced b-quarks hadronize before :\asojw
Tracks . ' ~ [
decaying into a c-quark: >70-
Secordl — Long-lived B hadrons 3 60
set o decay some mm away £ 500
\fd — Mulfi-Variate Analysis %40; A |
e B 7 : = ¥ 4 p >30GeV,f<1.1
4\ fechnique < 30; b p_>15GeV, || <2.5
20"1|I-1 Lol |
et Subm. to NIM [arxive:1312.7623] 10 Fake Rate (%)
E A. Jung Measurement of the top quark mass with the DO detector 9


http://arxiv.org/abs/1312.7623

DES MC & backgrounds

» Background from instfrumental and ofher physics processes, e.Q.:  “isolated” u*

"Whb + jets” ‘multi jet” _ v
I~ 0 o” b< (et
[ b
4 ‘ g .
et jet
_ - jet jet
q- =V

> Multi jet and W + heavy flavor + jets contribution derived from data

» Samples for signal and backgrounds:
° tt; Alpgen+Pythia (0,1, 22Ip)
systematic uncertainties: Alpgen+Herwig, MC@NLO+Herwig
» W+jets: Alpgen+Pythia (0,1,2,3.4, 251p)
Whf+jets: Alpgen+Pythia (0,1,2,23Ip)
o Multijet shape is faken from inverted loose lepton-ID selection

E A. Jung Measurement of the top quark mass with the DO detector 10


mailto:MC@NLO

S Control distributions

- (Good description/modeling of the data
(Assuming measured cross section)

200

- D@ 9.71b" 8 [ D@97
i S 3000 l+jets
N = -
I L B
I 200F
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0 0:
5 o 2
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z 1 el bl
5t ' T o5 \ e L
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W +HF 12598 + 2,12 | 16221 *= 28]
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DY Jet Enerqgy Scale (JES)

° [ts not just a “jet” from a quark...in reality much more complex:
» |nitial state & final state radiation, underlying events, multiple
parton inferaction, the parton shower
* Need a correction to take these effects info account

Offset
correction

Jmeas / ;
Foptel _ j — Fo E_, - offset correction o )
— s 8 R —response correction (jet composition, etc.)
i S - Showering corrections, In/Out of cone

s To be exact: DO JES only valid for Pythia Tune A

E A. Jung Measurement of the top quark mass with the DO detector 12



DY Jet Enerqgy Scale (JES)

» Latest JES calibration applied
» Correction depends on jet energy, uncerfainties of 1-2%

o
o
I

Jet energy scale correction

—h
o
I

| ' | ' | '
DO 3.0 b

(b) |

- Reone = 0.5 .
— P =25GeV |
— P = 100 GeV
— pe® = 400 GeV

I NI I S

-1 0 1 2" 3

Mv ndet

Jet cuts required in top quark measurements
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..................
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http://arxiv.org/abs/1312.6873

DEJ Single Particle Response

» JES does not distinguish quark and gluon jets
* Employ y+jets events to calibrate response in MC 1o data
» Derive a correction factor F___for MC: 7 » Response in calorimeter

; _ for data or MC for particle i
1 Z B R‘;l ata inside particle jet
) g~ b 7 « Matching with dR < 0.25
7. pMC
v+jet Zz L - R 1
* Preserves standard JES calibration

» Cdlibration by using:
» Reconstructed jet p. with offsef correction: p ="

Fﬁ:m‘r —

(F)

o p, Of EM cluster with tight photon ID: ol
» Calibrate ratio P~/ P,

e

Assuming the single particle composition as in MC

E A. Jung Measurement of the top quark mass with the DO detector 14



DEJ Single Particle Response

» Does not correct the response of gluon and quark jets fo be the same

- the response of jets in MC and data to be the same

1.1

= 1.1¢ . = 1 — .
£ 10F m,|<0.4 (@) = £ 100 m,[<0-4 (€) =
= . @) - .
S 09F E S 0.9F o
F @) = 0 O O .
= = 0.8F =
0.8E QQO‘) @) - QOOOOC.)?QS ° E
0.7¢ e %o v+jet = 0.7¢ Dijet E
0.6F e Data E 0.6F e Data E
0'5;_ O MC Before Corr__; 0'55_ O MC Before Corr. A
= S 0.4E .
04 200 300 1000 100 200 300 1000
E [GeV] E’ [GeV]
= 1.1¢ = 1.1p .
tQ— 1 0L |T|det|<0.4 (b) 3 tQ— 1_02_ |ndet|<0'4 (d) _i
= o =
8F 0.9 4 Sroef =
= O 3 F O 3
08E . 0) é 08E . o® 5 e @© @) O =
0.7¢ o00°® y+et E 0.7¢ Dijet E
- ° E 0.6] 3
0.5F O MC Corrected 3 05F O MC Corrected
. ] 04— L
043040 100 200 300 1000 30 40 100 200 300 1000
E [GeV] E’ [GeV]
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DEJ Single Particle Response

* Improves MC description of jets and reduces sample-dependency
» Resulting F__for different jet flavors and their uncertainties

. | D@ M |<04 (@ | '« | D@ I |<04 (b) . | DG I <04 (c)
g 80.021 oet 1 ©80.02 oet 1 280.02- oet .
L I ] L i ] L i
0.00r . 0.00r . 0.00r 7
-0.02F - -0.02F / -0.02¢ .
-0'04:_ —— Correction _ _0'04:_ —— Correction _ _0'04:_ — Correction _
i Statistical Uncertainty 1 ] i Statistical Uncertainty 1 i 8 Statistical Unc. 1
_O'O6i Systematic Uncertainty - O'O6i Systematic Uncertainty 0'06: Systematic Unc. -
Lo b v b b by I T T (T O N R S N NS S N RSN S N Wi o o v by by oy |
20 40 60 80 100 120 20 40 60 80 100 120 20 40 o60 80 100 120
p. [GeV] p. [GeV] p, [GeV]

» Small correction to light quarks (u.d.s.c), several % for g and b quarks

» Without that correction, the measurement (see 1\fb result) suffers an
uncertainty for the b/light response ratio of 0.83 GeV, by far
dominant SOUICE  phys. Rev. Lett. 101, 182001 (2008)

E A. Jung Measurement of the top quark mass with the DO detector 16


http://arxiv.org/abs/0807.2141

DES Measuremenf strateqy

DO Prellmlnary 9.7 fb™!

400F

Entries

1. Event selection & :
Sample Composition I1. Matrix element method

100"

\ & calibration of the method
% reliminary 9. § 1?‘ WI I I
o5 b e
0 100 200 300 400 500
H, [GeV]
E EOIB: // 50:3: r’/
200 400 600 800 1000 =0 / =0 /
M(tt) [GeV] ”; / °"; /
0-6; D@ preliminary 0.6; - D@ preliminary
IV. Unblinding & Final
results T T S e R S ey e e e
1.05¢ 01.05;
104 <104
1.08 I1I. Check consistency, 103
1.02- estimate systematic 1020 6@6
1.01 i | uncertainties (1) | . Q}\Q
172 173 174 175 176 177 172 173 174 175 176 177
m, [GeV] m, [GeV]
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DEJ Matrix element method

> Maftrix Element method (ME) calculates event probability densities
(PD) from differential cross sections and detector resolutions:
* Maximizes statistical power due o maximal use of kinematical
and topological information

P(x,m) = : /S:da(yamt)dﬁhd% flq1)f(q2) W(y, x, kys)

g (mt ) LO ME PDFs Transfer function

f Psig (Z;my, kigs) + (1 — f) Poke(T; kygs)

» The Transfer functions relate the PD of measured set x of kihematic
quantities to partonic set y

» 10 dim phase space integral, with sum of incoming parton flavors
and neutrino p, solutions

E A. Jung Measurement of the top quark mass with the DO detector 18



DEJ Matrix element method

s k .. is a global factor for the Jet Energy Scale

* In-situ calibration by using the hadronic W decay (does not
account for b-JES)

4+

U

w Vv
proton

Constrain jets of hadronic

b
q 7 p 2 rj; jeN W decay to W mass
antiproton q
g
% jej

» Simultaneous extraction of m, and global JES scale factor k

* Method robust against changes in kinematics in different phase
space regions

E A. Jung Measurement of the top quark mass with the DO detector
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DEJ Matrix element method

Updates compared to |last publication/measurement:
» More data 3.6/fbb = 9.7/fb (full Run 1)
* Improved object IDs (e, u, b)
» Faster method:
* Random number generation
> Modify treatment of kJES
- Veriflied that method gefts
same result as with “old”
method, but factor of
~ 100 faster

* Allowed dramatic increase in
MC statistics

E A. Jung Measurement of the top quark mass with the DO detector
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DEJ Matrix element method

Updates compared to |last publication/measurement:

> More data 3.6/fbo = 9.7/fo (full Run II) [ Higher-order effects
» Improved object IDs (e, u, b) ISR/FSR
* Faster method:
* Random number generation
? MOdlfy freatment of kJES Modeling of background
— Verified that method geTS W +jets -hDF:H.-'}-'—ﬂH‘..-'DI' scale factor
same result as with “old” | Modeling of b jets
method, buf factor of

~ 100 faster Data-MC jet response difference

* Allowed dramatic increase In
MC stafistics Jet 1D efficiency

Typical stafistical uncertainty:
~0.25 GeV - ~ 0.01 - 0.05 GeV

E A. Jung Measurement of the top quark mass with the DO detector

+H0. 25
= +0.26
Hadronization and UE ic\'l +0.58
Color reconnection § +0.28
Multiple pp interactions § +0.07
< £0.16
5 4007
= 40.09
Choice of PDF = 2024
Residual jet energy scale 2 $0.21
1028
b-tagging efficiency +0.08
Trigger efficiency +0.01
Lepton momentum scale .17
Jet energy resolution +().32
+0.26

21



http://arxiv.org/abs/1105.6287

DEJ Transfer functions

> ME method needs parton momenta, derive fransfer functions
» Sum of two gaussian fcts, separately for light, b-tagged jets with
soft muons and b-fagged jets in 4 regions in |n|
» Directions of lepton and jets are measured with high precision
> No need for transfer functions, employ o-functions
* m(di-jet), m(ri-jet) matched fo W boson, fop quark mass:

35001
3000F

2500F

2000

1500(

1000

500(

- DO preliminary

= Smeared w TF

Fully Simulated

80

100 120 140
m,, [GeV]

2200ED@ preliminary Fully Simulated

2000F
1800F
1600F-
14000
1200F
1000F
8001
600
a00F
200F

%

m Smeared w TF

30920 140 160 180 200 220 340
M, [GeV]

* Very good modeling of the detector response

E A. Jung
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DES Measuremenf strateqy

DO Prellmlnary 9.7 fb™!

400F

Entries

1. Event selection & :
Sample Composition .

100"

II. Matrix element method
& calibration of the method

ok

g v il
0.5 P

) 100 200 300 400 500

DO Preliminary 9.7 fb™!

Entries
Ratio

H; [GeV]

g -;E’ o.af // : 0.81 "/

200 400 600 800 1000 = i / = r /
M) [GeV] Z L
0.5; . o.s; 7 =
\ \ \ 0-5: D@ preliminary 0.5: D@ preliminary
IV. Unblinding & Final ; :

084 05 08 07 08 08 1 084 05 08 07 08 08 1
res u |'I'S true signal fraction true signal fraction
1.05¢ ~
x@ : 105
1 .04; X 1.0 4_
1.03} I1I. Check consistency, 1081

1.02? estimate systematic 1.02 6®
1.01- R uncertainfies (1) Il 1.01 Q}\Q
1727173 174 175 176 177 1727173 174 175 176 177
m, [GeV] m, [GeV]
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DY Calibration signal fraction

* Employ pseudo-experiment to calibrate the method
» Calibration for each run period and lepton type — 8 channels

» Pseudo-experiments with:

> N(data)

» W+jets and Multi-jet background (others are few %)

» Nn=1000 at each cdlibration point

» Signal fraction:;

- Integrate over

mfond kJES

fitted signal fraction

0.5

|
™ [ 2 7 maf
| pO 0.1884 = 0.005794
| [ p1 0.7446 = 0.008134

T
388/3

P

A

*

0.6F

4

D@ preliminary

4

0.5

0.6

l}.ﬁ_:"" e g

0.7

IG-BI 11 Iﬂ-gl 1 1 1 1
true signal fraction

fitted signal fraction

0.9
0.8

0.7

0.5

|
™ [ «® / ndf
| pO 0.1957 = 0.006338
| | pl 0.7369 - 000882

T T
0.9835/3

P

o

)%

0.6f

v

D@ preliminary

0.5

0.6

D.ﬁ:"" T e

4

0.7

IELEI 11 Iﬂ-gl 1 1 1 1
true signal fractlon
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DY Calibration signal fraction

* Signal fractions measured per run period:

Epoch Channel | Signal fraction o;;7 (pb)
Rntls TS| 0ss 78
Rintbl UL | o s
Rz HE g 73
Rt I 03 s
TlRen GHR | 0w 7

» In good agreement with latest Tevatron o, combination (< 8.8/fb):

_>

0= 7.62+0.42 pb (m =172.5 GeV)

PRD 89, 072001 (2014)

E A. Jung

Measurement of the top quark mass with the DO detector

25


http://www-d0.fnal.gov/Run2Physics/WWW/results/final/TOP/T13C/T13C.pdf

DEY Calibration

» Employ pseudo-experiments 1o calibrate the method in m, and k
» Calibrate m, by using m, = 165, 170, 172.5, 175, 180 (k ., =1)
andin k,.=0.95, 1.00, 1.05

> Apply measured signal fractions per run period
» Calibrated quantities defined as:

, i — 172 . 5GeN ) —p,"*
i = N )=P0 | 1725 Gev
P
s (kes—1)— B
- . , (x) —X
» Statistical uncertainties corrected by using the pull:  pull = =
O'r(m;) = G(m;) X Woun (111;)
6 (kigs) = 0 (kyps) X Wpull (KJES )

\ Width of the pull distribution

E A. Jung Measurement of the top quark mass with the DO detector 26



D3 Calibration

» Use pseudo-experiments to calibrate the method in m, and k

Mass Error Mean 1.069 Tup Mass| | Constant 122.57 = 4.82 Mass Pull| | Constant 63.18 + 285
RMS 0.1145 ﬁ Mean 173.64 = 0.04 = Mean -0.018138 = 0.042355
—cr 140 Sipma  1.2923 = 0.0307 r Sigma 1.2418 = 0.0374
200 D@ preliminary : e
1” i?ﬂ_ N
160 I -
100 -
140 I S0
80 -
120 : e
100 sl -
80 : -
60 -lu]_ 2.[:':_
40 [ s
20 E
20 m:
n_ - j [ n:llllllﬂ IIIIIIIIIIIIIIIIIIIIIIIIIIIII |'|III
t}[:u 0.5 1 15 2 25 166 188 170 172 174 176 178 5 4 32 2 40 1 2 3 4 5
fitted Am,,, [GaW] fitted m,__ [GeV] pull
|JES EI'TGI'l Mean 0.009 JEE Constant 187.60 = 7.04 | J Es PU " | Constant 62 387 = 2620
B RMS 0.0006 240 Mean 0.00208 = 0.00034 F Mean  0.026112 = 0.042508
B e Sigma  0.010364 = 0.000206 Eﬂ':_ Sigma 1.2335 = 0.0367
200
180
160
140
120
100
a0
B0
a0
20
ﬂn D004 0008 0012 0018 D02 . 092 0.08 1 104 108
finzdak fitted b
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DeS Calibration u.eem.

:.T 10¢ i
? $§ [P0 070-007
a b pl 1.03 = 0.01 //
5 o L/
T u: /1
z Nz
-2: / i LlTlEta
af // w/ol JES prior
-ﬁ; // ¢ Ke=1
8-

%o 5 6 4 2 0 2 4 8 & 10

True mmp-i 72.5 [GeV]

DO Run lIb2 Preliminary

— 10 i i I I i i
§ [P0 080-006 v
e [P 093-001]| |/

ln A
ol A

af Lo .. wlolJES prior

- 7 =
-6F /'/ * K=
af/

% 5 5 4 2 0 2 4 8 8 10
True mﬂ:-ﬁz.ﬁ [GeV]

Pull widths of fitted mmp

Pull widths of fitted My

_ pﬂ 1.47 + 0.01
145
i :
1.2 ¢ §
[ |4 t
1_
i u+jets
08¢ w/0, JE$ prior
0.6} £ ket
- FEFEEEENER.

True mmp-1?2.5 [GeV]

DO Run lIb2 Preliminary

16—
| PO 1.18+0.01
141 _
1.2} ;
F ¢ t ¢ ¢
1
i e+jets
-8 w/o JES prjor
0.8 * Koot
%% 8 6 4 2 0 2 4 6 8 10

True m_-172.5 [GeV]
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w Calibration ...

= 0.15[ m
5 w
F: 10.007 = 0.001 / - Tp0 1.16-0.02
3 oif P1 0.937 = 0.019 8.
i - ©
: rd o ;
0.05 . s 12 ;
P E *
of g
u+jets u+jets
-0.05} 0.8
: o MET=1725 GeV] e MET=1725 GeV
0.1 0.8
01895 01 005 0 005 01 015 047506 -0.04 -0.02 0 002 0034 0.6
Triie K -1 True K, -1
DO Run lIb2 Preliminary D@ Run lIb2 Prellmlnary
- 0.15 i i i o 1.6 i i
g | po -0.005 = 0.001 Y [l po
8 v : 005 = 0. / = | P 1. 20 0 02
E 0.1 p 0.951=0.017 / ;..5: 1.4
[ C °
- E In ' *
0.05[ £ 12
B E "™
of g 1
e+jets i e+jets
-0.05} 0.8
- o ME"=1725GeV [ e MZ=1725 Ge
0.1 0.8
018145 01 005 ©0 005 01 015 04506 004 -002 0 002 004 0.06
True kd -1 True ic 1
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DES Measuremenf strateqy

DO Prellmlnary 9.7 fb™!

400F

Entries

1. Event selection & :
Sample Composition .

100"

II. Matrix element method
& calibration of the method

ok

g v il
0.5 P

) 100 200 300 400 500

DO Preliminary 9.7 fb™!

Entries
Ratio

H, [GeV]
] ] o ]
7200 400 600 800 1000 = WE / = WE /
M) [GeV] i: P i e
. . , ojg D@ preliminary 0.65 - D@ preliminary
IV. Unblinding & Final
o'&.dl = I0.5I = b.ﬁl = bf - IO.BI 3y ICI.QI i ‘1 0'&.4| = ID.SI = ‘l'.l.S‘ = b.?l = IO.BI - I0.9I = 1
resu |'I'S true signal fraction true signal fraction
21-0r 1.05
*1.04; <1 o)
1.03 II1. Check consistency, 1.03-
102 estimate systematic o 6@6
101 T uncertainties (1) 101 @\\Q
172 173 174 175 176 177 172 173 174 175 176 177
m, [GeV] m, [GeV]
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DEJ Systematic Uncertainties

Residual jet energy scale

10.21

9 COHSTI’UCT PES IdeﬂTICG”y TO Source Uncertainty (GeV)
default calibration, including L
: - Modeling of signal: ~
W+jets and multi-jet background Hipheronier s 1025 o
(not in 3.6/fb) ISR/FSR +0.26 &
Hadronization and UE +0.58 §
Color reconnection +0.28 N
» Signal model uncertainties are Multiple pj interactions +0.07 O
dominant Modeling of background +0.16 ?O:
: W +jets heavy-flavor scale f: +0.07

» Alternative models processed e v
through ME method and Choice of PDF L0210
Compdred -I-O reference Modeling of detector: %
ol

Data-MC jet response difference

10.28

» All others re-derive calibration b s eblcicniy LA
Trigger efficiency +0.01
Lepton momentum scale x| M
bt AS a rem|nder STOT UNC. Of Jet energy resolution +0.32
systematic uncertainties: /'u T 28
] _ Method:
9 ~ 025 GeV preV|OUS|y e.d Multijet contamination +0.14
— assign stat. unc. if systematic Signal fraction 40.10
uncertainty smaller MC calibration +0.20
Total +1.02
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DEJ Systematic Uncertainties

through ME method and Choice of PDF
Modeling of detector:
Residual jet energy scale

compared to reference

+0.24

10.21

9 COHSTI’UCT PES IdeﬂTICG”y TO Source Uncertainty (GeV)
default calibration, including ﬂ-fﬂifi?gg_of p;odw?n:

: - Modeling of signal: ~
W+jets and multi-jet background Hiphieronierdios 1025 o
(not in 3.6/fb) [SR/FSR +0.26 &

Hadronization and UE +0.58 §

. o Color reconnection +0.28 N

» Signal model uncertainties are Multiple pj interactions +0.07 S

dominant Modeling of background +0.16 g
: W +-jets heavy-flavor scale f: +0.07

» Alternative models processed e v 2

e

%)

2

[l

Data-MC jet response difference

10.28

» All others re-derive calibration b-tagping etliciency i
Trigger efficiency +0.01
Lepton momentum scale +0.17
bt AS a rem|nder STOT UNC. Of Jet energy resolution +0.32
systematic uncertainties: " T 28
. _ Method:
2~ 025 Gev preVIOUS|y e Multijet contamination +0.14
@ ~(0.05 GeV for 1st case Signal fraction +0.10
MC calibratio +0.20
» ~0.01 GeV for 2nd case = — =
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DEJ Systematic Uncertainties

» Complete list for 9.7 /b,

. Source of uncertainty Effect on m; (GeV)
SEee rlghT Signal and background modeling:
Higher order corrections +0.15
: , , Initial /final state radiation +0.09 -—
> Will discuss a bit more Hadronization and UE +0.26 <*—
about the «— ones Color reconnection +0.10
Multiple pp interactions —0.06
, Heavy flavor scale factor +0.06
? COUple of SYSTemehC b-jet modeling +0.09
uncerftainties benefit from PDF uncertainty +0.11
new calibrations and il
. esidual jet energy scale +1).21
Improved methods —» —» Flavor-dependent response to jets +0.16 <w*—
—» b tagging +0.10
Trigger +0.01
—» Lepton momentum scale +0.01
—® Jet energy resolution +0.07
—» Jet ID efficiency —0.01
Method.:
Modeling of multijet events +0.04
Signal fraction +0.08
MC calibration +0.07
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DEJ Initial/Final state radiation

* Vary renormalization scale in Alpgen

» Constrain variation by employing DO ¢*
Iyl < 1 I< |yl <2
» Variation by factor 1.5 covers spread of

measurement,

differences between data and MC

uw, lyl < 1) D@ pre||m|nary

(
4
3
2
A

Yo dold{p_yaug w. r_tl nommai_ =

7.3 b1

2 . =18.53, 2= 13.90

Iip (ee, lyl < 1) DO preliminary

ly| < 2)

E 7.3 b1

&/ o do/d¢” (ratig w.r.t, nomin

0.8l 72, =25.66, 1% = 19.57

I
Py @

-----
o

(lepton1) (lepton2)

*e

Recoil

* Measurement only depends

on directions of two leptons
— Mmeasured precisely

Phys. Rev. Lett. 106, 122001 (2011)

0.8 %011

0.7k , 0.7 .

06P: %2, =20.77, 52 = 16.93 0s: 2, = 12.82,52 =10.29

B, s
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DY Initial/Final state radiation

* Vary renormalization scale in Alpgen
» Constrain variation by employing DO ¢*
measurement, (ly| < 1; I<|y| <2; |y| < 2)
» Variation by factor 1.5 covers spread of
differences between data and MC

s s — |SR Nominal D reliminar = |SR Nominal
s 1-2¢ B, prel|m|nary — ISR Down E 1.3 9 P y — ISR Down
E —ISR U £ L — ISR Up
SR P E s
& & e =
§ 1.1 s ¢ B
— o el
%1 05:— 5 1 1?I-Ll-l-l-.- igm =
'+ i I 1 oc B _| - I_
- - 1_l 1 1 |
1_ — :| | | T 1§ - J
0.95F ] A I ;I"_h'lJ I P-:|‘
— 0.9j
0.9 -
- Measurement bin 08
0.8E 1 ‘; 1 | 1 | 2| | | | | 3| | | | | 4|. | | | | 5| | | | | é | | | | } | | 0.70_| = Ig‘ L ‘1‘0‘ 1|5 2|0 . |2|5| 3|0 3|5 4|0I = I4|5I = I50
Number of jets pT(t‘E) (GeV)

» Results in an uncertainty of:  0.06 GeV

\\I\Iote the scale
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DY Initial/Final state radiation

» The p (1) distribution is not modeled

. 8 | D@ 9.7 fb
by MC. | _ | -E- 400§ l+jets -+ Data
» Known issue...p (1) is closely tied 300;I ¢ - s
to Initial/Final state radiation (see - B W+ht
previous slide) 20003 I Mottt
» Assign a systematic uncertainty 100
based on data-MC difference in
o, (1) - 0.07 GeV 2
oc

» Add in guadrature the effects from

scale variations constrained by ¢*
measurement and p. (1) reweighting:

_>

Inifial/Final stafte radiation uncertainty:

0.09 GeV (previously 0.26 GeV)

p,(t) [GeV]

Hashed band includes
data-MC difference

e the scale

E A. Jung Measurement of the top quark mass with the DO detector
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DY Hadronization/UE

* Compare Alpgen+Pythia versus Alpgen+Herwig, drawbacks:
» DO JES not applicable to Herwig, by “default” results in difference
» A residual JES uncertainty in .. n is already applied

— double-counting

* To avoid double-counting refined strateqgy:
* Factorize effects in this comparison by using particle level jets
- no effects from JES
> Match particle level with detector level jetfs: AR<0.25
. p (11 differs in Alpgen+Pythia versus Alogen+Herwig, a larger

effect already included via ISR/FSR
- reweight p.(tf) in Herwig to default (Pythia)

Hadronization/UE uncertainty:
0.26 GeV (previously 0.58 GeV)

_>
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DEJ Single Particle Response

* Improves MC description of jets and reduces sample-dependency
» Resulting F__for different jet flavors and their uncertainties

. [ D@ [ |<04 (a)
g 80.02- oet -
L ]
0.00f |
-0.02F -
_0'04:_ —— Correction -
- Statistical Uncertainty 1
_0'06: Systematic Uncertainty -
Loy by by by by oy
20 40 60 80 100 120

p [GeV]

-0.02

-0.04]

-0.06

N B I I B
D@ <04 ()

- —— Correction g

Statistical Uncertainty -
Systematic Uncertainty -

0 100 120
P, [GeV]

IR TR AR
20 40 60 8

-0.04f

-0.06f

-0.02F

0.02"

A L L NN
D@ <04 (o)

— Correction i
Statistical Unc. 1

Systematic Unc. -

2

0 4|O 6|O 8|0 100
p, [GeV]

............. Loy |
120

» Small correction to light quarks (u,d.s.c), several % for g and b quarks

Flavor dependent response on jefs:

_>

0.16 GeV (previously 0.28 GeV)

E A. Jung
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DEJ Systematic Uncertainties

‘Source of uncertainty Effect on m; (GeV)

“Signal and background modeling:
Higher order corrections +0.15
Initial /final state radiation +0.09
Hadronization and UE +0.26
Color reconnection +0.10
Multiple pp interactions —0.06
Heavy flavor scale factor +0.06
b-jet modeling +0.09
PDF uncertainty AT

Detector modeling:
Residual jet energy scale 4. 21
Flavor-dependent response to jets +0.16
b tagging +0.10
Trigger +0.01
Lepton momentum scale +0.01
Jet energy resolution +0.07
Jet ID efficiency —0.01

' Method.:

—> Total SySTemOTIC Modeling of multijet events +0.04
UnCGrTCﬂnT\_/: Signal fraction +0.08
+ 049 GeV MC calibration +0.07

Total systematic uncertainty +0.49
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DES Measuremenf strateqy

DO Prellmlnary 9.7 fb™!

400F

Entries

1. Event selection & :
Sample Composition .

100"

II. Matrix element method
& calibration of the method

ok

g v il
0.5 P

) 100 200 300 400 500

DO Preliminary 9.7 fb™!

Entries
Ratio

H; [GeV]

g -;E’ o.af // : 0.81 "/

200 400 600 800 1000 = i / = r /
M) [GeV] Z L
0.5; . o.s; 7 =
. . . 0-5: D@ preliminary 0.5: D@ preliminary
IV. Unblinding & Final ; :

084 05 08 07 08 08 1 084 05 08 07 08 08 1
res u Its true signal fraction true signal fraction
1.05¢ ~
x@ : 105
1 .04; X 1.0 4_
1.03} I1I. Check consistency, 1081

1.02? estimate systematic 1.02 6®
1.01- R uncertainfies (1) Il 1.01 Q}\Q
1727173 174 175 176 177 1727173 174 175 176 177
m, [GeV] m, [GeV]
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DEY Results

g @ DooTt ] =320 (b) D@ 9.7 fb"
X 04 l+jets O 300 —L l+jets
- . ' & 250+
1.03; S 200"
- 18D PPN :
1'02:_23D ] E 150;_
- 3SD ; A 1001
1ot ,=174.98 £ 0.58 GeV - -] 50"
kg =1025 £0.005 ST L 21 S
172 173 174 175 176 177 0 04 05 06 0.7
m, [GeV] Om, [GeV]
—» | (+jets,final : my, = 174.98£0.58 (stat+JES) GeV
kies = 1.025+£0.005 (stat)
e+jets,final : m = 175.55+£0.81 (stat+JES) GeV
kiegs =  1.026 1+ 0.006 (stat)
u+jets,final : my, = 174.360.84 (stat+JES) GeV
kigs = 1.02540.007 (stat)

E A. Jung Measurement of the top quark mass with the DO detector
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DEJ Results per channel

DO preliminary, |+jets, 9.7 fo!

I+jets Run Il e+  174.98 - 0.58, »*/DOF=5.3/7
u+jets Run b3 i 174.79 = 1.23
e+jets Run IIb3 iy —— 176.61 = 1.15
u+jets Run b2 — 174.46 = 1.51
e+jets Run b2 —— 173.44 = 1.51
u+jets Run llb1 -—-——- 173.76 = 2.37
e+jets Run IIb1 - 174.54 - 2.28
u+jets Run lla —— 172.67 = 2.74
e+jets Run lla - —— 177.65 = 2.60
l l l l | l 1 l l | l l l l : : l l l l | l l l l | l l l l
160 165 170 175 180 185 190
M, (GeV)
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DEJ Results per channel

DO preliminary, l+jets, 9.7 fo!

0.9

I+jets Run i - 1.025 - 0.005, »*>/DOF=6.0/7
wHets Run I1b3 —— 1.025 = 0.010
e+jets Run lIb3 r—e— 1.027 - 0.008
wHets Run l1b2 e 1.032 = 0.012
e+jets Run lIb2 s 1.034 - 0.012
wHets Run lIb1 —_— 1.038 = 0.019
e+jets Run lIb1 -—ll-l—-'—- 1.016 = 0.019
utjets Runlla  s—— | 0.986 = 0.022
e+jets Run lla —— 1.000 - 0.023
| | | | i | | I I | | | | I
0.95 1 1.05 1.1 1.15
kjes

E A. Jung
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DEY Control distributions

» Apply ME results to control distributions inm .and m_
» MC (Alpgen+Pythia) with m =175 GeV and k _ .= 0.025

» 0. s measured by ME method

> ) -1
) (a) DG 9.7 fb
O I ; l+jets ~Data
o 400- M tt
™~ 1 Other bgs
@ — B W-+hf
= i WIf
c 200 M Multijet
T _
0
e 2
w 1.5
oc l3e s ey :
0.55=-= Ak
0 100 20 30
m,, [GeV]

Entries/30 GeV

Ratio

400
300
200
100

O =i
O 01N O

"(b) D@ 9.7 fb
[ |+iets +Data

Mt
Other bgs
B W+hf

Walf
m Multijet

800
m,. [GeV]

400 600

» Nicely modeled by MC, improved description compared to pre-ME

E A. Jung
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DEY Summary

* Measurement in lepton+jets channel ("golden channel”) with full
Run Il data set, applying latest Jet energy scale corrections
* Accelerated matrix element method allowing for infegration of
large statistics sample, "not” limited by MC sample size
* Improved strategy for estimation of systematic uncertainties

» Result using 2.7/fb of DO data:
Subm. to PRL [arxiv:1405:1756]

— |m. = 174.98 £ 0.58 (staf. + JES) + 0.49 (syst) GeV |
m, = 174.98 + 0.76 (fotal) GeV 0-43% relative

uncertainty

» WA: m, = 173.34 + 0.76 (total) GeV (- 1.7 SD, DO only stat. unc.)

Outlook:
* Expect more results in the near future (all-jets and dilepton channel)
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DEY Backup
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DEY 3.6/fb measurement

Jet

Full Simulation

E 500_(3')_' Smearing with W
& 400F
)] iy

| e

E C
S 300

> g
L 200

{f/fj;ﬁ:;
100- /?7/&%;
% 30 60 80 100 120 140
My, (GeV)

: (D@, 261" (@
'm, =176.0+1.3 GeV |

170 175 180
m, GeV

= (") —— Smearing with W_
8 3005— (b) Full Simulation * 7
&N 250F 1! )
£ 200 7 oo -
5 / ]
> 150F v E
" 100l ‘ T
50_ b . ’:r/éfr::;ﬁ/;‘f:;;; ,;,’%f _:
0 et ”’ﬁéffﬁé//ff’?’ L]
100 150 200
M. (GeV)
_E DB, 26" (b)
= [ Kygs= 1.013+0.008
w 1r ]
x| '
=l
0.5:
0 1 1.05
kJES

Source

Uncertainty (GeV)

Modeling of production:
Modeling of signal:

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 1D efficiency +0.26
Method:
Multijet contamination +0.14
Signal fraction +0.10
MC calibration +0.20
Total +1.02
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DEJ Single Particle Response

* Responses parametrized as A

function of energy and Q13_ DO |”det| < 0.4 &) E
pseudo-rapidities _Ehes =

> Construct ratio: e 1“-;; E
= 098 E

ol 08 E

Offset contribution and bias corrected S 07E L
\ialorlmeter energy T o BEE . .. . L E

R 30 40 100 200 300

: meas [ E' [ GeV ]

k() (E E()) o 1.4 ¥ L T ] [ T & 7 ¢

MC e gt £

Z-@ E; - Ri @lgiD@ n, <25 (b) :

2911 =

: : : : [ --L'-.J. ']()g..CSD i

° Rafio is within 2% across E' or o ot E
pseudo-rapidities o waEe E

- assigned as systematic S 07F =
uncertainty B0 8 1 2 =

Ul
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B¥J Transfer functions

s000f- D@ preliminary

2500

2000F
1500
1000

500

0 60

[P0 Fully Simulated
= Smeared w/ TF

80 100 120 10
Mg [GeV]

E D@ prelimi
ss00]- preliminary

3000(

[ Fully Simulated
= Smeared w/ TF

D@ preliminary

Run lla

0 120 140 160 180 200 220

[ Fully Simulated
= Smeared w/ TF

240
My [GeV]

- D@ preliminary

ERun 11b2

[ Fully Simulated
= Smeared w/ TF

100 120 140 160 180 200 220 240

My [GeV]

7000-D@ preliminary
8000
5000
4000f
3000;
2000

1000f

[ Fully Simulated
= Smeared w/ TF

80 100 120

140
my, [GeV]

2500:—DG preliminary

2000

1000

500

[ Fully Simulated
= Smeared w/ TF

my, [GeV]

4000-D@ preliminary

3500
3000
25000
2000}
1500

1000F

1400

1200

1000

Run I1b1

[ Fully simulated
= Smeared w/ TF

100 120 140 160 180 200 220 240

Myqp [GeV]

D@ preliminary [ Fully Simulated
Es = Smeared w/ TF

Run I1b3

100 120 140 160 180

200 220 240
My [GeV]
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Calibration

fitted signal fraction

fitted signal fraction

1_ y_“a’ndf: : 0.153.;’3:
C [P0 0.2289 = 0.00508
L[ p1 0.7146 = 0.007099
0.91
i
0.8
- A
0.7_ /
B um i
- D@ prelimina
0.5- -I-IJ:'FQ il
el J\J\-\J
0-8-4I 11 I0-5I 11 IG.GI 11 I0.7I 11 IDIBI 11 Io.gl 11 I-I
true signal fraction
1 T T T
| %/ ndf 3La/3
[ | p0 0.1894 = 0.005794
L[ pl 0.7446 = 0.008134
0.9"
B /'
0.8F /,
0.?_ M | o~
- _“Run oz
0.6 Vd
= )
C D@ preliminary
0.5
T T

true signal fraction

c 1 ; 3 g c 1 I I
o - [ 7 nat 4883/3 K= [ | »*fndf 188473
- [| pO 0.1598 = 0.004008 T [ | p0 0.2205 = 0.004774
Lod | [Pl 0.7707 = 0.006897 E L [pd 0.6892 = 0.006726
Z 09 = 09
[} - 1] -
5 B .5‘ B 3
Z - /‘ = - /‘
3 08f v B os8r e
E C g T /
0.?_ 0_7: /)
: P 0.6- ] Rin-Hh1
o8- / A B Ruh 1oL
- - b . |
C 1 . fDQﬁ breliminary C D@ preliminary
0.5 =Hets 0.51
oo v b b by v v Taw gy 0__""""""'|||||||||||_
%43 05 o066 07 08 08 1 82
true signal fraction true signal fractlon
c 1 T T T = 1 1 1 1
o [ [/ ndf 0.8855/3 b [ | »*/mdf 1682/3
© [ | p0 0.1957 = 0.006338 © [ | PO 0.1995 « 0.005616
= [ et 0.7369 = 0.00862 £ | (e 0.7233 = 0.007823
= 0.9 3 0.9
5 /‘ s [ A
w [ Lr] L
T 0.8f - B o8f v
g L / g r /
L A i A
0.7 0.7
. // : // Run 11b34
0.6 0.6F
4 N g B
C D@ preliminary E D@ preliminary
0.5 0.5]
42 05 06 07 08 o9 1 %82 05 o6 o7 o8 08 i

true signal fracticn

true signal fraction

fitted signal fraction

fitted signal fraction

1
r -l.;ﬂa’nd'fl : 2.299!3|
[ | po 0.1703 = 0.005024
L | el 0.7602 = D.00TOTB
0.oF
0.8 //
0.7}
0.6 ,//
- ! D@ preliminary
0.5
_||||||||||||||||||||||||
043
true S|gl‘lﬁ| fraction
1 1 1 1
| x® #F ndf 0.4532/ 3
[ | 0 0.1581 = 0.005504
L [pl 0.7733 = 0.007739
0.9F
0.8 //
0.7}
0.8 I//
. 1 D@ prelimipary
051
%42 05 o8 07 0.9 1

true signal fraction
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DEY Calibration

Fitted my,-172.5 [GeV]

D@ Run lla Preliminary

L e s s s —
of PO 0.61-0.07
c| p1 0.89 = 0.01
6f f’(
af o/
o
-2F '., Iu'i'je‘t's
-¢E ' /ol JES prior
-8 4" * K=t -
e e e Y Y

Pull widths of fitted My,

2 4 6 8 10
True my -172.5 [GeV]

DO Run lla Preliminary

0.05

o0
pi

I I
-0.007 = 0.001

0.894-0

.018

o

L+jets

o mE=1725

GevI

01845 01 -005 o

0.1
True k-1

0.05

0.15

Pull widths of fitted JES

D@ Run lla Preliminary

1.6 T T T T T T
PO 1.14 - 0.01
14
[ .|
1.2 ¥
- =
T
1_
u+jets
P-8r w/o| JES prior
B =
e
0.8 = |
7| S FSS S TS S USRS S Y

2 4 6 8 10
True m-172.5 [GeV]

D@ Run lla Preliminary

1.6

14

0.4

1.17 = 0.02

1.2

el

u+jets

0.8

* mZ=172.5 Ge|

0.6

-0.06 -0.04 002 0 002 0.04 0.08

True k-1

D@ Run lla Preliminary

= 10: I I I I I I 7
8 /PO  -0.82:0.07
E E|p1 0.90 = 0.01
~ 6 3
e /
Eg 4; :
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DEY Results
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DEY Control distributions
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DEY Sample composition

* W + heavy flavor + jets (W+hf+jets) contributions constrained by using the 2, 3,
and = 4 jet-bin output distributions of the multi-variate b-ID fechnique

> Apply 0.15 ("medium”) cut on output values

i i i + i i = 1F - imulation
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DEY Sample composition

* W + heavy flavor + jets (W+hf+jets) contributions constrained by using the 2, 3,
and = 4 jet-bin outfpuft distributions of the multi-variate b-ID technigque

> Apply 0.15 ("medium™) cut on output values
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