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D °3)  Single Top: Cross Sections

= Single top quark production via electroweak interaction
q t i } 8 v
wt W b
b t
q" b g - g t

| Colier We-chamme g,

LHC: pp (7 TeV) 4.6 pb 64.6 pb 15.7 pb

= Wt-channel: negligible at the Tevatron

= s-channel: challenging at the LHC
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— Single Top: Analysis

= Main background to single top: W+jets - very challenging

q g O Modeled using

b Alpgen+Pythia/
Herwig

Simulated with ¢
Comphep (D@) or
POWHEG (CDF)
+Pythia q

[

W ‘ Normalized to Data

QI

= Select |+jets & E_+jets signature
= High p_lepton (l+jets) & high E_
= 2 jets (CDF) or 2&3 jets (DO)
= 1 or 2 b-jets
. ET+jets: increase acceptance

= Not-reconstructed electrons/muons from W
= Events with hadronically decaying tau-lepton from W
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MAN Single Top: Combination
= Build multivariate discriminants, optimized to separate s-channel
signal from backgrounds

= Extract combined cross section using Bayesian statistical analysis

= Systematic uncertainties: categorized in classes; correlation taken
Into account

g ~ s-channel single top quark, Tevatron Run I, L .= 9.7fb™
B ¢+ Data

Systematic uncertainty CDF DO Corre- E: 10°e I SM signal

Norm Dist Norm Dist lated oo - S’;EE;?)ﬂ : : ﬁtl%ﬁ;ﬁty

Lumi from detector 4.5% 4.5% No W |

Lumi from cross section  4.0% 4.0% Yes 10 3

Signal modeling 2-10% e 3-8% Yes -

Background (simulation) 2-12% e 2-11% e  Yes 1R

Background (data) 15-40% e 19-50% e  No F

Detector modeling 2-10% e 1-5% e No -

b-jet-tagging 10-30% 5-40% e No 10k

JES 0-20% e 0-40% e No ;

-1
Discriminant output [Iogm(s/b)]
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W Single Top: s-channel
Combination

= Central result: maximum of posterior Phys. Rev. Lett. 112, 231803 (2014)

= P-value: 1.8x101° ., 6.3. S.D. observed significance

== L
. 1 D 180 s-channel single top quark, Tevatron Run I, Lint <97
s-channel single top quark, Tevatron Run I, Lint <97f1b @ [ ==Posterior probability density distribution
. 1.6
Measurement Cross section [pb] £t No=1205200
i 1.4
I [y . il i
: : +0.44 ¥el - 2oM=1.05+0.06 pb
CDF [+jets +—— 1.417°5 5 g 12 °
. 5 0.61 S =
CDF E +jets — 11272, & 1
: 3 0.8
) ; +0.37 o r
CDF combined —— 1.36 5 065
DO I+jets —— 110705 04
f 0.2
. : +0.26 E
TevatronCOmblned E_._' 1-29 -0.24 O_ ol L O IR . S B [ I Ao I -
: ' 0 0.2 04 06 08 12 14 16 18 2 22

Cross section [pb]

Theory (NLO+NNLL)
1.05 +0.06 pb [PRD 81, 054028, 2010] |

0 1 2
My, = 172.5 GeV Cross section [pb]

®» First observation of s-channel single toE Eroduction!
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http://dx.doi.org/10.1103/PhysRevLett.112.231803

W Single Top: s+t and t-channel

Combinations

= Same combination method (& input analyses):
also used for s+t-channel and t-channel combinations

= Discriminants trained on s-channel or t-channel
- both discriminants used simultaneously

= Construction of 2D posterior probability density

_ Single top quark, Tevatron Run Il, Lint <97

=« Function of o, and o, 35 - oot
3 EsM'
. C 2
= Combined o : : FONC?
s+t S o OFour gen.
- OTop-flavor*

measured by forming 2D posterior

= e A ATop pion®
for o versus o
s+t t

N

t-channel cross section [pb
\®]
9]

—_
9]
I

—
T TT

- Integrate out o

" "PRD 81: 054028, 2010; PRD 83: 091503, 2011 1s. d
" 2 PRL 99: 191802, 2007 2 S d
 ° EPJ C49: 791, 2007 N

- *PRD |63:01401|8_. 2001 | | | | 3 S.ld.
0 L 111 L1 11 L 111 I | L 111 L1 11 L1 11 L1
0 05 1 15 2 25 3 35
FERMIL AB-CONE-14-370-E s-channel cross section [pb]

o
&)

01.10.2014 Yvonne Peters 8



M Single Top: s+t and t-channel
Combinations

= Table of individual channels Tevatron single top quark summary
i . ] Measurement Cross section [pb]
and combinations: s.channel :
CDF ] 0.37
PRL 112, 231805 (2014) g_.— 1.36 t0.32
DO ’ +0.33
PLB 726, 656 (2013) '_:’_' 1.10 -0.31
Tevatron : 0.26
PRL 112, 231803 (2014) + 1.29 t0.24
t-channel: :
CDF . i +0.38
CDF-CONF-11033 (2014) ; 1.65 -0.36
DO i e 0.54
PLB 726, 656 (2013) i 3.07 t0.49
Tevatron b 2.25%0%
S+ ;
CDF o +0.49
CDF-CONF-11033 (2014) 3.02 -0.48
DO E o 0.60
PLB 726, 656 (2013) : 4.11 t0.55
Tevatron —e—  330%%

0 1 2 3 4

Cross section [pb]

iy Theory (NLO+NNLL)
*' PRD81054028 (2010), PRD83 091503 (2011) m,=172.5 GeV
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MAN Single Top: |th|2

s Extraction of th: use same discriminants as for s- and t-channel
Cross sections

= Bayesian posterior probability density formed for |V_|*
= Assumption: flat prior in |V_|*

= No assumption on ratio as/at

>\ -
‘B 3 6: Single top quark, Tevatron Run I, Lim <97 b
@ " [ _/\ Posterior probability density distribution
__ I ,’r\
2140 | v P=1.04712 N
S 1o _ +0.06 |
& '-ef IVmI =1.02 005 |
g_ 1 _/| Posterior for IV, I<1 :
B L %% ]
208 IV F>084at95%CL. | | : \
8 0.6 I\r‘ml >0.92 at 95% C.L. NN
o |
04__ | ‘\
- | \
0.2_— | ' A
: 1 1 1 | 1 1 1 | 1 11 | LJ‘/I 1 1 \ |I I. 1 | 11 I\‘r‘l‘-
00 0. 0. 06 038 1 12 14
v, F
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““ tt Cross Section: Analysis

= At Tevatron: 85% qq annihilation + 15% gg fusion

= ttW*bW'b : Final states are classified according to W decay

= Combination of tt cross section from CDF and DO in dilepton and
|+jets final states

= 4 analyses from CDF, 2 from DO

Top Pair Branching Fractions

1T 1% o
m*cﬂl 22/3/0
1‘—\‘(’/ \OI%

\V\'\g\«e e?’ 'I\o"lo

ex

“alljets™ 46%

Ttets 15%

l-uhl

antiproton L+jets 15%

etjets 15% )
"dileptons” "lepton+jets™
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W tt Cross Section: CDF input

» 4 CDF measurements:

= 2 |+jets \

= 1 dliepton >  Constructed mutually exclusive

= 1 allhadronic )
= Dilepton: counting events with >=1 b-tagged jets
m |+jets:

= Analysis 1: Construct NN discriminant based on kinematic variables

= No b-tagging
= Analysis 2: counting events with >=1 b-tagged jets

= Allhadronic: fit to reconstructed top quark mass in events with
==1 and >1 b-tagged jets (in events containing 6-8 jets)
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I *3)  Intermezzo: BLUE Method

= BLUE Method (Best Linear Unbiased Estimator)

= Use weighted mean of all measurements vy :
é=2i Wi
= The weights are set to minimize uncertainty:
> v,
w,.= L
W
k ] kl

with V: covariance matrix (of all
uncertainties: statistical and all systematics)

- Error squared on the weighted mean: Var(0)=#w'V

= For high correlations: some weights can get negative

VY Ve YN E Yvonne Peters Al



MAN tt Cross Section: CDF input cont.

= CDF analyses are first combined to one CDF cross section

= Using BLUE

= Systematic uncertainty on tt selection efficiency directly proportional
to measured o - three iterations of BLUE combination to remove

this bias

Correlation LJ-ANN LJ-SVX DIL HAD

LJ-ANN 1 0.50 0.25 0.34
LJ-SVX 1 0.44 0.47
DIL 1 0.51
HAD 1

= CDF combination:
o, = 7.63£0.31(stat)+0.36(syst)£0.15(lumi) pb

01.10.2014 Yvonne Peters 14



MAN tt Cross Section: DO input

2 DO measurements
= 1 dilepton
= 1 [+jets

Dilepton: likelihood fit to discriminant based on NN b-jet
identification algorithm (using smallest NN output value from 2
highest-pT jets)

|+jets: events with 3 & >3 jets, split into 0, 1 or >1 b-tagged jets

= In background dominated samples: use random forest discriminant
= Likelihood fit to all subsamples simultaneously

Combination with likelihood fit, systematics treated as nuisance
parameters

DO combination: o= 7.56+0.20(stat)+0.32(syst)+0.46(lumi) pb

01.10.2014 Yvonne Peters 15



g 35 tt Cross Section: Tevatron
Combination

= BLUE combination of CDF and DO input combinations

= Split systematics into classes according to correlation

CDF DO Tevatron

Central value of oz 7.63 7.56 7.60
Sources of systematic uncertainty Correlation

Modeling of the detector 0.17 0.22 NO 0.13
I\-'Iodeliné; of signal 0.21 0.13 YES 0.18
Modeling of jets 0.21 0.11 NO 0.13
Method of extracting o,z 0.01 0.07 NO 0.03
Background modeled from theory 0.10 0.08 YES 0.10
Background based on data 0.08 0.06 NO 0.05
Normalization of Z/~4™ prediction 0.13 - NO 0.08
Luminosity: inelastic pp cross section 0.05 0.30 YES 0.15
Luminosity: detector 0.06 0.35 NO 0.14
Total systematic uncertainty 0.39 0.56 0.36
Statistical uncertainty 0.31 0.20 0.20
Total uncertainty 0.50 0.59 0.41

Y YN e Yvonne Peters



g 35 tt Cross Section: Tevatron
Combination

= Correlation between Tevatron Run Ii
measurements from CDF dilepton = @ =] 7.09+0.83 8.8 fb™
CDF and DO: 17%

CDF ANN lepton+jets E o o 7.82+ 0.56 4.6 fb™

. C DF measureme nt : CDF SVX lepton+jets  [mlim@uju] 7.32+0.71 4.6 fb
weight 60%;

all-jets fr— @ — 21+1. 9 b’
DO: 40% CDF all-jet 7.21+1.28 291b
CDF combined o 7.63+0.50
DO dilepton e m—] 7.36 +0.85 5.4 fb™
DO lepton+jets e —] 7.90+0.74 5.3 fb”
DO combined f=— o =] 7.56 + 0.59

" A” Channels Compatible Tevatron combined = e = 7.60 + 0.41
with each other m=1725GeV | . |
and SM value 6 7 8 9

Phys.Rev. D 89, 072001 (2014) pp — tt cross section (pb) at\/s=1.96 TeV
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B (53 Top Quark Mass: Analyses

= Top quark mass: important free parameter in SM

m Tevatron combination uses

= 5 Run I measurements
= 5 published Run II measurements and 2 preliminary CDF results
= Update since march 2013:

= CDF analyses in dilepton and alljets

Proton

= DO I+jets measurement
using matrix elements Antiproton

= Combination: using BLUE

= Systematics split into classes according to source and correlations

= Main challenge!

01.10.2014 Yvonne Peters
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M”‘N Top Quark Mass: Combination

= Matrix of total correlation coefficients:

Run I published Run IT published Run II prel.
CDF D CDF D& CDF
f+jets £e all-jots f+jets £f f+jets Lxv MEt f+jets £f £f all-jets

CDF-1I £4jets 1.00 0.29 0.32 0.26 0.11 0.49 0.07 0.26 0.19 0.12 0.54 0.27
CDF-I ££ 0.29 1.00 0.19 0.15 0.08 0.29 0.04 0.16 0.12 0.08 0.32 0.17
CDF-I all-jets 0.32 0.19 1.00 0.14 0.07 0.30 0.04 0.16 0.08 0.06 0.37 0.18
D@-1 £4jets 0.26 0.15 0.14 1.00 0.16 0.22 0.05 0.12 0.13 0.07 0.26 0.14
D@1 ££ 0.11 0.08 0.07 0.16 1.00 0.11 0.02 0.07 0.07 0.05 0.13 0.07
CDF-II1 £+4jets 0.49 0.29 0.30 0.22 0.11 1.00 0.08 0.32 0.28 0.18 0.52 0.30
CDF-II L 0.07 0.04 0.04 0.05 0.02 0.08 1.00 0.04 0.05 0.03 0.06 0.04
CDF-11 MEt 0.26 0.16 0.16 0.12 0.07 0.32 0.04 1.00 0.17 0.11 0.29 0.18
D@-11 £+4jets 0.19 0.12 0.08 0.13 0.07 0.28 0.05 0.17 1.00 0.36 0.15 0.14
D@-11 ££ 0.12 0.08 0.06 0.07 0.05 0.18 0.03 0.11 0.36 1.00 0.10 0.09
CDF-II £¢ 0.54 0.32 0.37 0.26 0.13 0.52 0.06 0.29 0.15 0.10 1.00 0.32
CDF-II all-jets 0.27 0.17 0.18 0.14 0.07 0.30 0.04 0.18 0.14 0.09 0.32 1.00

01.10.2014 Yvonne Peters 19



M”‘N Top Quark Mass: Combination

= Uncertainties on Tevatron combined values (GeV/c?)
combined top M, 174.34
qua rk mass: In situ light-jet c&li_bra,tion (1JES) 0.31
Response to b/q/g jets (aJES) 0.10
Model for b jets (bJES) 0.10
Out-of-cone correction (cJES) 0.02
Light-jet response (1) (rJES) 0.05
Light-jet response (2) (dJES) 0.13
Lepton modeling (LepPt) 0.07
Signal modeling (Signal) 0.34
Jet modeling (DetMod) 0.03
b-tag modeling (b-tag) 0.07
Background from theory (BGMC) 0.04
Background based on data (BGData) 0.08
Calibration method (Method) 0.07
Offset (UN/MI) 0.00
Multiple interactions model (MHI) 0.06
Systematic uncertainty (syst) 0.52
Statistical uncertainty (stat) 0.37
Total uncertainty 0.64
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MAN Top Quark Mass: Combination

= New Tevatron top mass combination

Mass of the Top Quark

1 July 2014 (* preliminary)
[ | - . o
ReS u |tS u S | n g u p tO 9 . 7fb CDF-I dilepton 167.40 +11.41 (£10.30+ 4.90)
-
_ DO-I dilepton 168.40 £12.82 (+12.30+ 3.60)
m,=174.34+0.37(stat)=0.52 (syst) GeV |
CDF-ll dilepton * 170.80 £3.25 (+183+269)
. ——=
D@-II dilepton 174.004+2.76 (:2.36+1.44)
. =
CDF-I lepton+jets 176.10+7.36 (+5.10+530)
. L
2 06 July 2014 DO-I lepton+jets 180.10£5.31 (£3.90+ 360)
ﬂEi ) Preliminary -l
8 CDF-Il lepton+jets 172.85+1.11 (x052+0.98)
g L]
a DO-II lept jet +
£ Red box: positive weights eplon+jets 174.94+0.76 (:041+064)
— Grey box: absolute value of . &
S 04 e weinhs CDF-l alljets 186.00 £11.51 (£10.00 5.70)
o
L . L o
o CDF-Il alljets * 172.47 +2.07 (£1.43+1.49)
£ o
-g CDF-Il track 166.90+9.46 (+9.00+ 2.90)
Br = W
w102 CDF-Il MET+Jets 173.95+1.85 (+135+126)
e Fd
E‘_ R & & o e Tevatron combination * 174.3440.64 (:0.37+052)
‘D S@Q \Q'Q"‘ \\@Q‘“ \ad‘ g oo o"\'x\ & (+stat + syst)
= . S » o o Q,p*“‘ Z2/dot = 10.8/11 (46%)
mam & F S S | | | | | |
8 Rt 150 160 170 180 190 200
: GeV/c?
arXiv:1407.2682 [hep-ex] M ( )
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W Top Quark Mass: World
Combination

= March 2014: First world combination of top quark mass

= Jnputs: best measurement per channel per experiment (as of
March 2014!)

= 6 input measurements from Tevatron (Run II)

= 5 input measurements from LHC (7 TeV data sample)

III

= All input measurements are “classical” top mass measurements:

= CDF: template methods; dilepton: neutrino weighting
= DO: ME method in |+jets, neutrino weighting in dilepton

» JES calibration transferred from |+jets to dilepton
= ATLAS: 3D template method in I+jets, m_observable in dilepton

= CMS: ideogram method; dilepton analytic matrix-weighting
= Combination performed using BLUE

01.10.2014 Yvonne Peters



W Top Quark Mass: World
Combination

= Main challenge: systematic uncertainties!

= Correlation between measurements and experiments?
= In contrast to Tevatron-only: also between colliders
= (Partially) different treatment at different experiments

= Different MC programs for central mass measurement: MadGraph at
CMS, Alpgen at DO, Pythia at CDF, Powheg at ATLAS

= Solution:

= 1. classify systematic in “logical” classes with the same correlation
= Get central result
= 2. vary the correlations to check the influence on the result!

01.10.2014 Yvonne Peters 23



W Top Quark Mass: World
Combination

= Step 1: correlations between systematics and experiments

Prxp PLuc | PTEV PeoL

PcoF | Poo | Part | PowMs PATL-TEV | PCMS-TEV
Stat 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0
iJES 0.0 1.0 | 0.0 0.0 0.0 0.0 0.0 0.0
stdJES 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0
flavourJES 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0
bJES 1.0 1.0 1.0 1.0 0.5 1.0 1.0 0.5
MC 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Rad 1.0 1.0 1.0 1.0 1.0 1.0 0.5 0.5
CR 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
PDF 1.0 1.0 1.0 1.0 1.0 1.0 0.5 0.5
DetMod 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0
b-tag 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0
LepPt 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0
BGMCT 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
BGData 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0
Meth 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0
MHI 1.0 1.0 1.0 1.0 1.0 0.0 0.0 0.0
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W Top Quark Mass: World
Combination

= Step 1: correlations between systematics and experiments

PEXP PcoL
Step 2 PcorF | Poo | Pat | PowMs pLuc | prev PAaTL-TEV | PCMS-TEV
(examples) Stat | 0.0 (00| 00 [ 0.0 | 0.0 | 0.0 0.0 0.0
Change: iJES 0.0 1.0 | 0.0 0.0 0.0 0.0 0.0 0.0
0.05 stdJES 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0
B favourJES 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0
bJES 1.0 1.0 1.0 1.0 0.5 1.0 1.0 0.5
MC 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Rad 1.0 1.0 1.0 1.0 1.0 1.0 0.5 0.5
CR 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
PDF 1.0 1.0 1.0 1.0 1.0 1.0 0.5 0.5
DetMod 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0
b-tag 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0
LepPt 1.0 1.0 1.0 1.0 0.0 0.0 0.0 0.0
BGMCT 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
BGData 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0
Meth 0.0 0.0 | 0.0 0.0 0.0 0.0 0.0 0.0
MHI 1.0 1.0 1.0 1.0 1.0 0.0 0.0 0.0
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W Top Quark Mass: World
Combination

= Step 1: correlations between systematics and experiments

PEXP PcoL

Step 2 PcoF | Poo | Part | PowMs i PATL-TEV | PCMS-TEV
(examples) Stat || 00 [ 0.0 ] 00 | 0.0 0.0 [ 0.0 0.0 0.0
Change: iJES || 00 [ 10| 00 | 0.0 0.0 | 0.0 0.0 0.0
0_.05 stdJES || 1.0 | 1.0 | 1.0 | 1.0 0.0 [ 0.0 0.0 0.0
oo flavourJES || 1.0 | 1.0 | 1.0 | 1.0 0.0 [ 0.0 0.0 0.0
bJES || 1.0 | 1.0 | 1.0 | 1.0 0.5 1.0 1.0 0.5
Change: MC|l 10 [ 10| 1.0 | 1.0 1.0 | 1.0 1.0 1.0
1.,0.5 Rad || 1.0 | 1.0 | 1.0 | 10 1.0 1.0 0.5 0.5
CR| 1.0 |10 | 1.0 | 10 1.0 1.0 1.0 1.0
PDF || 1.0 | 10| 1.0 | 1.0 1.0 1.0 0.5 0.5
DetMod || 1.0 [ 10| 1.0 | 1.0 0.0 | 0.0 0.0 0.0
btag || 1.0 | 1.0 | LO | 1.0 0.0 | 0.0 0.0 0.0
LepPt | 1.0 | 1.0 | 1.0 | 1.0 0.0 | 0.0 0.0 0.0
BGMCT || 1.0 | 1.0 | 1.0 | 1.0 1.0 1.0 1.0 1.0
BGData || 0.0 | 0.0 | 0.0 | 0.0 0.0 | 0.0 0.0 0.0
Meth || 0.0 | 00 | 0.0 | 0.0 0.0 | 0.0 0.0 0.0
MHI || 1.0 | 1.0 | 1.0 | 1.0 1.0 | 0.0 0.0 0.0
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W Top Quark Mass: World
Combination

= Step 1: correlations between systematics and experiments

PEXP PcoL

Step 2 PcoF | Poo | Part | PowMs i PATL-TEV | PCMS-TEV
(examples) Stat || 00 [ 0.0 ] 00 | 0.0 0.0 [ 0.0 0.0 0.0
Change: iJES || 00 [ 10| 00 | 0.0 0.0 | 0.0 0.0 0.0
0_.05 stdJES || 1.0 | 1.0 | 1.0 | 1.0 0.0 [ 0.0 0.0 0.0
oo flavourJES || 1.0 | 1.0 | 1.0 | 1.0 0.0 [ 0.0 0.0 0.0
bJES || 1.0 | 1.0 | 1.0 | 1.0 0.5 1.0 1.0 0.5
Change: MC|l 10 [ 10| 1.0 | 1.0 1.0 | 1.0 1.0 1.0
1.,0.5 Rad || 1.0 | 1.0 | 1.0 | 10 1.0 1.0 0.5 0.5
CR| 1.0 |10 | 1.0 | 10 1.0 1.0 1.0 1.0
PDF || 1.0 | 10| 1.0 | 1.0 1.0 1.0 0.5 0.5
Change: DetMod || 1.0 | 1.0 | 1.0 1.0 0.0 | 0.0 0.0 0.0
0_.0.5 btag || 1.0 | 1.0 | LO | 1.0 0.0 [ 0.0 0.0 0.0
LepPt | 1.0 | 1.0 | 1.0 | 1.0 0.0 | 0.0 0.0 0.0
BGMCT || 1.0 | 1.0 | 1.0 | 1.0 1.0 1.0 1.0 1.0
BGData || 0.0 | 0.0 | 0.0 | 0.0 0.0 | 0.0 0.0 0.0
Meth || 0.0 | 00 | 0.0 | 0.0 0.0 | 0.0 0.0 0.0
MHI || 1.0 | 1.0 | 1.0 | 1.0 1.0 | 0.0 0.0 0.0
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W Top Quark Mass: World
Combination

B Step 2: VarlatIOnS 2077 1 T 13 o 10T

=y §'150§_ ATLAS + CDF + CMS + DO Preliminary _i é 502_ ATLAS + CDF + CMS + DO Preliminary _i

to check stability S0 e, 150

A gk . 1 % E

= Global factor: - B e, 32

= Change correlation factor '5"2: E

o1f50|nd|V|duaI systematlcs | os0)

> 100l ATLAS + CDF + CMS + DO Preliminary _ '200;— 3 800 © 3

= I R s o v T T R R VR T
g ]

E“ _ Multiplicative factor f [%] Multiplicative factor f [%]
L -'--l*'*:_é
BB838°88°38 E&3
1aiiiadiadyegs
LU0 EEE555%:

233288238338 %83 : .
22 (e =<3 ;g = Small size of effects - no additional
s 2 i< % 29 uncertainty assigned for the choice of
23 : b & correlation factors

5 E
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Top Quark Mass: World

= Step 2: variations
to check stability

= Global factor:

= Change correlation factor
of |nd|V|c uaI systematlcs

15

—

—

FLTLﬁLS +

CDF + CMS +

D{] Pre

A

Ilmlrl\ar'_n,r

50%]|—
100%|-
100%|-

50% |

I:rLHG TE‘U—GW‘NES}
pLHG JEV.CO L(m)

pLHc.TEV.GOL':stES)
Plic TEve GL(fIavourJES}= 50%|_

pLHC.TEV‘mL(fIavourJES)

= 0%

(Rad)

I::IE'IIZIL
[w

(DetMod, btag LepPti= 50%|—

I:'LI-IC.TE‘:.-’.II.'.?.'JL

add CMS hadr.—

remove CDF, DO, ATLAS hadr—
alternative CMS cat. (bJEShadr.)— o

Combination

S‘ 200 : T | T T T | T T T | T T T | T T T | T T T | T : ;‘ 1 00 : T | T T T | T T T | T T T | T T T | T T T | T :

g 1503_ ATLAS + CDF + CMS + DO Preliminary 3 g 503_ ATLAS + CDF + CMS + DO Preliminary _f

2 100F *u 1 & of E

S0 T, S 5

<] B i"“—._ - i —

500 . 1 ® s0f E

r - . = r .

OF A E -100¢ E

-50§— 3 -150F 3

1001 4 -200fF -

50F- 3 -250F -

-200;— 4 -300p @ 3

- : 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 - : 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1
20—0"""20""30 80 80 100 30—0""20""30 80 80 100

Multiplicative factor f [%] Multiplicative factor f [%]

= Small size of effects — no additional
uncertainty assigned for the choice of
correlation factors
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e Top Quark Mass: World
Combination

= Combined result:

ATLAS + CDF + CMS + DO Preliminary
Tevatron+LHC m,,, combination - March 2014, L =35fb"-8.7 fb” . :
o0F Funn, o ATLAS + CDF + CMS + DO Preliminary CDF Runll, Hjets B 34.6
CUF Hunil, Hie - —— = 172.85+ 1.12 (0.52 + 0.49+ 0.86) CDF Runll, dHepton l 4o
“3”“”” driepton . . . 17028 +369(195  +313) T | .
CBF q“”” all ets - —— 172.47 + 2.01(1.43£ 095+ 1.04) CBF Runil, E™=+jets I o
coF %unll B e Mp—eg=pg 17303+ 1.85(1.26+1.05+0.86) 00 Runil |+Jw I 10'3
DO q””” gt gy 17494 + 1.50 (0.83+ 0.47 £ 1.16) T ek '
epton | 0.3
EL QLIFIII di-lepton A 0 3 96 40551 28 L= B2 :
s o s 174 .00+ 279 (2.36+055+1.38) ATLAS 2011, jets . -
ATLAS 2011, et — it 172.311 1550230724 1.35) L4717 |
L ’,\ s "\TL"‘uC 2011, di-lepton l 71
ATLAS 2011, dHepton _— — 173.09+ 1630864  +150) e 4710 '
H 4.7 |-| - _ CHF ﬂ‘ |+""‘ . 277
CMS 2011, lje b 5 el 173.49 %+ 1.06 (0.27 £ 0.33 £ 0.97) e ,,1" didepion
CMS 2 011, depton —_— = 17250+ 1.52 (0.43 £ 1.46) lasad® I 3
CMS Ln1 . all jets CMS 2011, alljets 75
- . o e | 17349+ 1. 41069 +1.23) Lug = 85 17 '
World comb. 2014 %, "2 =3¢ =gt = 17334+ 0.76(027+024+067)
%4 Tevatron March 2013 (Run 111) i 4 173.20+£0.87 (051+ 036+ 0.61) Tevatron + LHC m_ comb | '
9 March 2014
59 LHC September 2013 B O =] 17329+ 095(023+026+0.88) e i
= | | | fotal  (stat syst) | | |
165 170 175 180 185 1000 0 100
Mhgp [GeV] BLUE Combination Coefficient [2o]

= Uncertainty of 0.76 GeV - including newest results from Tevatron
and LHC should be reduced even further!

= compatibility between input results will need careful consideration
arXiv:1403.4427
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http://arxiv.org/abs/1403.4427

W W Helicity in Top Quark Decays

= | eft-handed coupling of W-boson to fermions:

Negative Zero
Hﬂliﬂity HC].iCit}’ — Ieﬁ—ham.ied
f:OED fﬂ=070 — longitudinal

| |
!
| £=36x10¢ ' 2|8 |
g - ===+ right-handed
I $ : | S 0.6 — o (SM)
] ' 1.
! b ! A 1 oA
1 t | . '
b
| |
| |
| |

= Measure angle 0* between down-type decay product (lepton, d-,
s-quark) of W and top quark in W rest frame

ant®®

1 05 0 _ 05 1
cos 0
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- [ESARYY Helicity: Tevatron Results

= Jnput measurements combined with BLUE:

= 1 CDF l+jets using matrix element method

» Same method as for mass, but replace m_with f & f

= 1 CDF dilepton analysis and DO I+jets and dilepton analysis using a
template method: fitting fraction of coso* templates to data

®» Tevatron Combination:

= Model independent
(fitf,, f, f, with f +f +f =1):

f =0.722+0.062(stat)+0.052(syst)
f =-0.033+0.034(stat)£0.031(syst)

= Good agreement with SM values

o
[T

1

0.9]- SN
0.8 {
— l\'\
N L e
0.7 A —
M,

CDF + D@ combination
L=27-54fb"

® Combined result
% SM value

O CDF l+jets

[0 CDF dilepton

AN DO

0.6

68% and 95%

05

C.L. contours

» First published Tevatron top combination! <3 °2 21 0o o1 oz
Phys. Rev. D 85, 091104 (2012)

0.3

+
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i Summary

= | egacies of the Tevatron are being written

= s-channel observation from CDF+D0 combination

= New combinations of top quark mass!

= Work on more combinations ongoing

= Tevatron, LHC and world combinations!
- stay tuned!

01.10.2014 Yvonne Peters
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Run Il Integrated Luminosity 19 April 2002 -30 September 2011
12.0
HEEEEE [ ] /"‘
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10.0 Va
-—Recorded 4
9.0 /
' /
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@70 /_.,/// 107
Esu /
£ 4
£ 2/
ES0 Ty 4
3 /

4.0 7

3.0 et i
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d

20 ‘WPJ’

10

0.0 +—ebemepeet=0 | [ |

T T L
1 deli d
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>10fb™* on disk per experiment

Tevatron ended operation on
30.9.2011
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i tt Final States

tt W*bW'b : Final states are classified according to W decay

B(t W'b)=100%
pure hadronic:

Top Pair Branching Fractions 26 jets (2 b-jets)
- “alljets™ 46%
dilepton:
2 isolated leptons;
. . . tt+jets 15%
High missing E_
from neutrinos; «//¢ lepton+jets:
. T 0 .
2 b-jets e 2»(1,’ ws15% 1 isolated lepton;
e ‘\ . . -
Ve et 15% __.Missing E_ from neutrino;
"dileptons” "lepton+jets” T

>4 jets (2 b-jets)
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MAN Reminder of some Basics:
Production and Final States

= Most properties measured in tt events

= At Tevatron: 85% Qg annihilation + 15% gg fusion

= At LHC (7 TeV): 15% qgq annihilation + 85% gg fusion
= tt W*bW'b : Final states are classified according to W decay

= Most properties measured in
dilepton & |+jets final states

Top Pair Branching Fractions

1%

f 1::u 2%
ve 2
T J\I%

W 7"[\0"10
W e-\—e .
etjets 15% )
"dileptons” "leptontjets”

“alljets” 46%

Ttets 15%

antiproton uHjets 15%
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Top Quark Mass: Uncertainties

= |+jets:
. . . Source of uncertainty Effect on m; (GeV)
SYSte m atl C unce rta | ntl es 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 +0.11

Detector modeling:
Residual jet energy scale +0.21
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 1D 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
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Jet Energy Scale
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Top Quark Mass World
Combination: Inputs

= Input measurements for world combination

Experiment | 7 final state | Ly [fb'] My, £ (stat.) + (syst.) [GeV] | Total uncertainty on my, [GeV] ([%]) | Reference
I+jets 8.7 172.85 +£0.52 £ 0.99 .12 (0.65) (8]
CDE dilepton 5.6 17028 + 1.95 +3.13 3.69 (2.17) [9]
all jets 5.8 17247 + 1.43 £+ 1.41 201 (1.16) [10]
E™ss tjets 8.7 17393 +1.26 £ 1.36 1.85  (1.07) [11]
DO I+jets 3.6 17494 + 0.83 £ 1.25 1.50  (0.86) [12]
dilepton 5.3 174.00 +2.36 + 1.49 2.79  (1.60) [13]
ATLAS I+jets 4.7 17231 £0.23 £ 1.53 1.55  (0.90) [14]
dilepton 4.7 173.09 + 0.64 + 1.50 1.63  (0.94) [15]
I+jets 4.9 173.49 + 0.27 + 1.03 1.06  (0.61) [16]
CMS dilepton 4.9 172.50 + 0.43 + 1.46 1.52  (0.88) [17]
all jets 3.5 173.49 + 0.69 + 1.23 1.41  (0.81) [18]

01.10.2014

Table 2: Overview of the 11 input measurements used in this myp combination.
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MANCHESTER
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Top Quark Mass World
Combination: Naming Convention

= Naming convention of systematic uncertainties

WA LHC comb [7] TEV comb. [6] ( [39])
Stat Statistics Statistics (Statistical uncertainty)
iJES iJES iJES (in siru light-jet calibration)
stdJES | uncorrJES&insituy/ZJESaintercalibJES | dJES@cJES&rJES  (Light-jet response 142)&0ut-of-cone correction
fAavourJES flavourJES aJES (Response to b/g/ g jets)
bJES bJES bJES (Model for b jets)
MC MCaUE part of Signal (part of Signal modelling)
Rad Rad part of Signal (part of Signal modelling)
CR CR part of Signal (part of Signal modelling)
PDF PDF part of Signal (part of Signal modelling)
DetMod DetMod DetMod (Jet modelling)
b-tag b-tagging part of BGData (part of background based on data)
LepPt Lepton reconstruction LepPt (Lepton modelling)
BGMC Background from MC BGMC (Background from theory)
BGData Background from Data BGData (Background based on data)
Meth Method Method (Calibration Method)
MHI Multiple Hadronic Interactions MHI (Multiple interaction model)

01.10.2014
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