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#....... Measu rement Method
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= Build estimator for m, (invariant mass of decay products)

= Parametrize estimator as function of mM¢
(and possible other parameters)

= Possible per event combination of multiple estimators
® [deogram method, CMS all-jets and |+jets

B Perform maximum likelihood fit to data

m mM“=160 GeV
mmMc=170 GeV
mMC=180 GeV

-2A-In(L)

estimator
mean m;

a'mt+b

-

m extr

Top Mass Measurements of the Hartmut Stadie Seite 3
Universitat Hamburg hartmut.stadie@desy.de 2.12.2014



#....... Kinematic Fitting
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B Selected objects:
® 4 untagged jets
® 2 b-tagged jets

Hartmut Stadie
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#....... Kinematic Fitting
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B Selected objects:
® 4 untagged jets
® 2 b-tagged jets

B Constraints:

B 2x m; = my,

Sl
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#....... Kinematic Fitting
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B Selected objects:

I “ ‘ \/ )

® 4 untagged jets
® 2 b-tagged jets

B Constraints: =W boson &

B 2x m; = my,
"My = Mijp 1 = Mijp 2 = Myptitop -

W~ _

.~ — t
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#...... Kinematic Fitting

DER FORSCHUNG | DER LEHRE | DER BILDUNG

CMS Preliminary, 19.7 fb " i s = 8 TeV, l+jets CMS Preliminary, 19.7 fb" 1 {s=8 TeV, l+jets
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#...... Ideogram Method
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JSF
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CMS Preliminary, 18.2fb, s =8 TeV
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[ -2a10g(L) = 4
[]-2at09L)=9

JSF
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#....... All-Jets — Event Selection
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H Ndata I
e QuadJet50

1. Trigger:
66€ e p;:1*>50 GeV, based on calorimeter jets
490M
Esel e p;*(calo) > 60 GeV (confirm trigger)
e Trigger efficiency > 99%
2. Multi-Jet: e Particle Flow, Anti-k; (R=0.5), |In| <2.4
e p;1*>60 GeV
1% I 4% I e p;°%>30GeV
12M
3. B-Tagging: Ng.1.e (CSVT) 2 2
16% | 1% 271k

e Combine six leading jets using b-tag information
4. Kinematic Fit:
e Choose permutation with lowest y?
78% W e P(x2)>10% & AR,, > 2.0
4356
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DER FORSCHU

E:.i\,;;ﬂ:mm Multijet Background Modeling

B Multijet background estimated using event mixing
® Using all events after b-tagging requirement
® 16% contamination of top-quark pair events
m All jets in mixed events originate from different events

asafsafscisafsals
ZINSZNSANEEINLZ NN

1

Event Mixing
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DER FORSCHU

E:.i\,;;ﬂ:mm Multijet Background Modeling

B Multijet background estimated using event mixing
® Using all events after b-tagging requirement
® 16% contamination of top-quark pair events
m All jets in mixed events originate from different events

asafsafscisafsals
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DER FORSCHU

E:.i\,;;ﬂ:mm Multijet Background Modeling

B Multijet background estimated using event mixing
® Using all events after b-tagging requirement
® 16% contamination of top-quark pair events
m All jets in mixed events originate from different events

asafsafscisafsals
ZINSZNSANEEINLZ NN

1

Event Mixing
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DER FORSCHU

E:.i\,;;ﬂ:mm Multijet Background Modeling

B Multijet background estimated using event mixing
® Using all events after b-tagging requirement
® 16% contamination of top-quark pair events
m All jets in mixed events originate from different events

asafsafscisafsals
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DER FORSCHU

E:.i\,;;ﬂ:mm Multijet Background Modeling

B Multijet background estimated using event mixing
® Using all events after b-tagging requirement
® 16% contamination of top-quark pair events
m All jets in mixed events originate from different events

asafsafscisafsals
ZINSZNSANEEINLZ NN

1

Event Mixing

N2
N
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DER FORSCHU

EQE\,;?MM Multijet Background Modeling

B Multijet background estimated using event mixing
® Using all events after b-tagging requirement
® 16% contamination of top-quark pair events
m All jets in mixed events originate from different events

I NV NNV NN N2 LENVZS
NSNS SN T N AN

1

Event Mixing

AZYNZIN LN A 2N
O LI LI\ DT\
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#....... All-Jets — Distributions

DER FORSCHUNG | DER LEHRE | DER BILDUNG

CMS Preliminary, 18.2 fb™, Vs =8 TeV CMS Preliminary, 18.2 fb™, s =8 TeV
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... All-Jets Result at 8 TeV
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CMS-PAS-TOP-14-002

B Top-quark mass in all-jets final states:
o m, (2D) = 172.08 + 0.36 (stat.+JsF) + 0.83 (syst.) GeV

®mJSF=1.007 £ 0.003 (stat.) £ 0.011 (syst.)
m, (1D) =172.59 + 0.27 (stat.) + 1.05 (syst.) GeV

CMS Preliminary, 18.2 fb™%, Vs =8 TeV

|(_/|_) 1.018

JES+PU: ] Source Unc. [GeV] = 1.016 =2:Z$i

0.42 1.014 []-2a1000L) =9

~|JES+PU+JSF 0.48 2
JSF: 1.012
Detector modelling 0.21 1.008
Signal modelling 0.52 1.006
Background 0.22 1.004
Method 0.06 -
Syst. 0.86 0.998
Stat. (m, only) 0.27 0.996
Total 0.90 171 172 173

m, [GeV]
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#....... Lepton+lets — Event Selection
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1. Trigger:  IsoMu24 or Ele27_WP80

fsig | Ssel Ndata
] e 1 isolated lepton, p; >33 GeV and <2.1
2. Bresiiing e 4 PF jets Anfc)i k (RpIO 5), In] <2 4I|To]|>30 GeV
Selection: L i
o Ny (CSVM) =2
94% 2.2%
107k

Combine four leading jets using b-tag information
e Take all permutations from kinematic fit

2
96% < 0.6% 7 P (%?) >20%
28750

4. Kinematic
Fit:
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Lepton+Jets — Distributions

Permutations / 5 GeV

Data/MC

CMS Preliminary, 19.7 fb~

1 is= 8TeV l+jets

CMS Preliminary, 19.7 fb T Vs=8 TeV, l+jets
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... Lepton+lets Results at 8 TeV

. . ) CMS-PAS-TOP-14-001
B Top-quark mass in lepton+jets final states:

m, (2D) = 172.04 + 0.19 (stat.+JsF) + 0.75 (syst.) GeV

®mJSF=1.007 £ 0.002 (stat.) £ 0.012 (syst.)
m, (1D) =172.66 + 0.11 (stat.) + 1.29 (syst.) GeV

CMS Preliminary, 19.7 fb”, s = 8 TeV, l+jets

L
JES+PU: ] Source Unc. [GeV] 3 1.012
032 HlES+PU-+ISF 0.36 .
0.15_] bJES+Had 0.44
Detector modelling 0.28 1.008
Signal modelling 0.39
Background 0.11 1006
Method 0.10 1.004
Syst. 0.76
Stat. (m, only) 0.11 1002
Total 0.7 HECN

Top Mass Measurements of the Hartmut Stadie Seite 20
Universitat Hamburg hartmut.stadie@desy.de 2.12.2014



Lepton+lets Results at 8 TeV
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, , , CMS-PAS-TOP-14-001
B Top mass vs. kinematic variables

B Data well-described

B y2 between data and MadGraph+Pythia Z2*
B m, y?/ndf =37/47 = P(x? ndf) = 85%
® JSF: y?/ndf =61/47 = P(y?%,ndf) =8.3%

CMS Preliminary, 19.7 fb ', \s = 8 TeV, I+jets CMS Preliminary, 19.7 fb ™, \s = 8 TeV, l+jets A CMS Preliminary, 19.7 fb ™, \s = 8 TeV, l+jets
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#...... CMS Top-Mass Combination
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B Combination of all standard

CMS-PAS-TOP-14-015

19.7f6" (8 TeV) + 5.1fb" (7 TeV)

L L A T Y I A B I B
CMS Preliminary
CMS top-mass results s 2010, opton ey
JHEP 07 (2011) 049, 36 pb"I (value + stat + syst)
. Z
o CMS 2010, lepton+jets 173.1+ 2.1 + 2.6 GeV
B Consistent between all PAS TOP-10.005, 36 pb” (vale 1 st £ 50
CMS 2011, dilepton o 172.5 £ 0.4 + 1.4 GeV
EPJC 72 (2012) 2202, 5.0 fb™' (value + stat + syst)
decay channels cwsor oo " e o4 rocey [
JHEP 12 (2012) 105, 5.0 fb™ (value + stat + syst) l'.'i
= all-hadronic e . . 2Gev |l
JES+PU: Source Unc. [G eV] Eﬁ"ﬁfﬁébﬂ, gvgs, 3.5 fb" :\;"as;use o ;yzsl:(); Y i
0.25 CMS 2012, lepton+jets 8 172.0 + 0.1+ 0.7 GeV |
JES+PU+JSF 0.27 PAS TOP-14-001, 19.7 fb”" (value + stat + syst) it
JSF: bJES+Had 0.39 CMS 2012, all-hadronic BN 17211 0.3 + 0.8 GeV U‘H.h
+ a . PAS TOP-14-002, 18.2 fb™ (value + stat + syst) Y
0. 10-' D d ” 0.19 CMS 2012, dilepton ® (112.5 £02 +14 ();ev
ete Cto r m O e i n . PAS TOP-14-010, 19.7 fb™ value + stat t syst)
g CMS combination =0 172.4 + 0.1+ 0.7 GeV
Sienal modellin 0.38 September 2014 il (value Estat£syst)
g g Tevatron cor_nbination a 174.3 £ 0.4 £ 0.5 GeV
B k r n ) July 2014 arXiv:1407.2682 (value + stat + syst)
a C g Ou d O 09 World combination March 2014 173.3 £+ 0.3 £ 0.7 GeV
M eth Od O . 05 AlTLAf, CPF, (|:MS,I DO | ‘ | | | | | | ‘(vall‘.le ilstat‘ + 5)‘rst) |
165 170 175 180
Syst. 0.65
y m, [GeV]
Stat. (m, onl 0.10
m; ony) - 172.38 + 0.65 GeV (0.38%
Total 0.65 m, — € oo
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Summary

UHH mass analyses:

B Most precise analyses in
all-jets and lepton+jets at
LHC

B Both analyses (plus 7 TeV
predecessors) drive the
CMS combination, the most
precise determination of
the top-quark mass

19.7f6" (8 TeV) + 5.1fb" (7 TeV)

N
CMS Preliminary

I I f l
CMS 2010, dilepton ® 175.5 + 4.6 £ 4.6 GeV
JHEP 07 (2011) 049, 36 pb"I (value + stat + syst)
CMS 2010, lepton+jets g 173.1 £ 2.1 £ 2.6 GeV
PAS TOP-10-009, 36 pb'1 (value t stat + syst)
CMS 2011, dilepton o 172.5 £ 0.4 + 1.4 GeV
EPJC 72 (2012) 2202, 5.0 fb™' (value + stat + syst)
CMS 2011, lepton+jets 173.5 £ 0.4 £ 1.0 GeV
JHEP 12 (2012) 105, 5.0 fb™ (value + stat + syst)
CMS 2011, all-hadronic 173.5 + 0.7 + 1.2 GeV
EPJ C74 (2014) 2758, 3.5 fb™ (value it stat + syst)
CMS 2012, lepton+jets o 172.0 £ 0.1 £ 0.7 GeV
PAS TOP-14-001, 19.7 fib™ (value + stat + syst)
CMS 2012, all-hadronic : 172.1 £ 0.3 + 0.8 GeV
PAS TOP-14-002, 18.2 fb™ (value + stat + syst)
CMS 2012, dilepton I 172.5 £ 0.2 + 1.4 GeV
PAS TOP-14-010, 19.7 ib™ (value  stat + syst)
CMS combination : 172.4 + 0.1+ 0.7 GeV
September 2014 (value + stat + syst)
Tevatron combination 174.3 £ 0.4 £ 0.5 GeV
July 2014 arXiv:1407.2682 (value + stat + syst)
World combination March 2014 173.3 £+ 0.3 £ 0.7 GeV
ATLAF, CDF, CMS, DO ‘ | (value + stat‘ + syst)
| | | | | | | [ | | | | | | |

m, [GeV]

lE%E%:E%lE%%

| m, = 172.38 + 0.65 GeV (0.38%) |
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