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Contents

Measurements of the top-quark mass using “standard” methods:

@ Measurement of the top-quark mass in tt events with dilepton
final states in pp collisions at /s = 7 TeV
CMS Collaboration, Eur. Phys. J. C 72, 2202 (2012);
http://arxiv.org/abs/1209.2393

@ Measurement of the top-quark mass in tt events with lepton+jets
final states in pp collisions at /s = 7 TeV
CMS Collaboration, JHEP 12, 105 (2012);
http://arxiv.org/abs/1209.2319

° - Measurement of the top-quark mass in all-jets tt events in
pp collisions at /s = 7 TeV
Submitted to EPJC; includes new combination;
http://arxiv.org/abs/1307.4617

There is a second talk on alternative measurement approaches by
Stijn Blyweert. J
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Introduction
°

Top Quarks at CMS
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Dilepton Channel

Top Mass Measurement in Dilepton Channel

v T After preselection: 11627 events,
\4 90% tt signal
/ N ot Analytical Matrix Weighting
e Technique:
dileptons ;
selection: scan different m; hypotheses
e 2isolated e, with @ smear jets (1000 times)
pr > 20 GeV,|n| < 2.4 @ solve kin. equations of tt
@ > 2jets with system .
pr >30GeV,|n <24 @ sum weights w =
@ > 1 b-tagged jet {22 F0a)f0R)IP(ES 1 )P(ES- 1)

® Fr > 40 GeV and Mg, cut hypothesis with maximum weight —

for ee and pu reconstructed mass )
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Dilepton Channel
o

Result on Data

Result with 9934 selected events in dilepton channel, 5.0 fo~"

m, = 1725+ 0.4 (stat.) &= 1.5 (syst.) GeV
S CMS 2011, 5.0 foat VS = 7 TeV. Source l Sm _(GeV)
r B Fit calibration +0.40
[0} C _F BOOE
© 1600 g oo Jet energy scale 0%
‘C—>| 1400 & 500 b-JES +0.76
~ E 400) A —0.66
@ 1200F 300 Lepton energy scale +0.14
S E igg ‘ Unclustered Zr +0.12
5} looo- of Lo Jet energy resolution +0.14
r 160 165 170 175; mlSD 185 b tagging +0.09
8001~ L onaemes= = pielp To.11
600 = tfsignal Background normalization +0.05
F = ti background Parton distribution functions +0.09
400 3 3‘”?"?{“’” g and pr scales +0.55
200 v Do ME-PS matching threshold +0.19
£ Underlying event +0.26
L Color reconnection effects +0.13
150 200 250 300 350 400
Reconstructed mass [GeV] Monte Carlo generator +0.04
Total [ £1.48
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Lepton+Jets Channel
[ Yole}

Top Mass Measurement in /+jets Channel

CMS F 7 TeV, (+jets

lepton + jets

)
) 7
selection:

2000

= 4000 —
8 |:| tf unmatched I Z+jets
[ tt wrong [ W+jets
Te) 3500 -ﬂcorrect [ single top
~ D7 tt uncertainty e Data(5.0fb™)
» 3000
C
S,
= 2500
+—
>
E
=
[0
o

@ exactly 1 isolated e, with
pr > 30 GeV,|n| < 2.1
(veto additional e, i)

@ > 4 jets with 500
pr >30GeV,|n| < 2.4

. . 100 200 300 400

@ > 2 jets with b-tag mie®° [GeV]

1500
1000

L L B o B L R}

Estimated composition: 90% tt , 3% W-+jets, 4% single top, 3% other J
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Lepton+Jets Channel
oceo

Kinematic Fit

@ split in 3 permutation
classes:

(]

]

flipped b-quarks, mistags
@ unmatched
no unambiguous match

@ kinematic fit:
e two untagged jets:

m; = 80.4 GeV
e lepton and neutrino (Z7 )
my, = 80.4 GeV

@ combine with two b-tagged
jets: Mpjjp, = Myyp,

CMS measurements of the top-quark mass
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4000f
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i B e e B e I I
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P 11 uncertainty e Data(5.01b™)
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Hartmut Stadie (Universitidt Hamburg) 7/13



Lepton+Jets Channel
oceo

Kinematic Fit

CMS, Vs =7 TeV, (+jets
T

@ split in 3 permutation

7 tf unmatched I Z+jets
Classes 1200 [ tt wrong [ W+jets
I tf correct I single top
i tf uncertainty e Data(5.0fb"
) 1000

> [ ]

> N ]

0] r ]

[T} r ]

@ u ]

= r e 1

flipped b-quarks, mistags 2 L with kin. fit 1

8001 .

e unmatched = i 1

no unambiguous match é 600" ]

@ kinematic fit: 8 r ]

e 2 400F 5

e two untagged jets: S [ ]

m;; = 80.4 GeV o zooi g

e lepton and neutrino (Z7 ) S r ]

me, = 80.4 GeV = C d
@

@ combine with two b-tagged
jets: Mpjjp, = Myyp,

Pgof > 0.2 & weight permutations by

PgOf:
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Lepton+Jets Channel
ooe

ldeogram Method

@ simultaneous measurement of OMS, (s=7TeV,tviets
the top quark mass and jet 1200 = Pt — o
I i correct [ single toj
energy Scale (JES) :;uncen‘ainty . Dat:(5.0p|b")
1000

@ ideogram: P(event|m;, JES)

@ input: m{"; and S

@ use all allowed permutations i
per event

800
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400

200

Sum of permutation weights / 5 GeV

mit [GeV]
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Lepton+Jets Channel

[e]e] }

ldeogram Method

@ simultaneous measurement of
the top quark mass and jet
energy scale (JES)

@ ideogram: P(event|m;, JES)

e input: m{; and mi

@ use all allowed permutations i
per event

CMS measurements of the top-quark mass

Sum of permutation weights / 5 GeV

£ —
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Lepton+Jets Channel
ooe

ldeogram Method

@ simultaneous measurement of
the top quark mass and jet
energy scale (JES)

° ideogram' P(event|m;, JES)
@ input: m ; and migs

@ use all aIIowed permutations i
per event

° P = z,f,-P,- (mit|m, JES)
0 m, JES)

CMS measurements of the top-quark mass

CUS simalation, r 7T, ot
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Lepton+Jets Channel
ooe

ldeogram Method

@ simultaneous measurement of
the top quark mass and jet
energy scale (JES)

® ideogram: P(event|m;, JES) no dependence on m gen
@ input: m ; and migs

@ use all aIIowed permutations i

per event
fi
° P= Z/ fiP; (m t|m, JES
CMS simulation, s =7 TeV, p+jets
I”CCO >0.18C T T T T -l
[oR —*— JES =0.96 ]
|f77t7 JES 80_16, —e— JES =1.00 E
d —+ JES=1.04

g014F ) m,g,, = 1725 GeV ]
£0.12 3 E
£ ]
201 B
o ]
5008 E
‘go.os E
Lo.04 E
0.02 E

0 100 110
m{ﬁﬁ.f’p [GeV]
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Lepton+Jets Channel
ooe

ldeogram Method

@ simultaneous measurement of
the top quark mass and jet
energy scale (JES)

® ideogram: P(event|m;, JES) no dependence on m gen
@ input: m ; and migs

@ use all aIIowed permutations i

per event

° P=3 1P (m‘“\mt,JES)
>018F CcmMs s‘imulation,‘ E=7Te\‘l, p+jets , ~
migss|m, JES ) e ]
. . : 0.14F +.'1:s -1107425(3ev
° f|naI ideogram: combine P; 8. e ]
and weight event by sum of fit 2 o E
probabilities 5008 E
'50.06) E
o.04 E
0.02 E

4

0 100 110
m{ﬁﬁ.f’p [GeV]
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Lepton+Jets Channel

[e]e] }

ldeogram Method

@ simultaneous measurement of
. CMS simulation, Vs = 7 TeV, (+jets
the top quark mass and Jet ¥ JES=0.96 -@- JES=1.00 -4 JES=1.04

energy scale (JES) -

. ) 7; E I |- E

@ ideogram: P(event|m;, JES) I O-E%hﬁﬂ;q . % e

@ input: m, and S 5 o5t b-l 4

) ) . . =3 1; ;

@ use all allowed permutations i Voo15E E
per event A ootsf

2 001 E

o P =, 1P (mitim, JES) AR FRORIT AP T RIS

Leco V' .0.005 Tﬂr T t } ]

P/ mW7i|mt,JES) .0.012 £

-0.015F e

@ final ideogram: combine P; TTTTTes 10175180 G1§/é

and weight event by sum of fit Mhoon [GeV]

probabilities

@ combine all ideograms and
extract m; and JES after
calibration
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Lepton+Jets Channel
o

Result on Data

Result with 5174 selected events in ¢+jets channel, 5.0 fo~'

m, = 173.49 + 0.43 (stat.+JES) + 0.98 (syst.) GeV
JES = 0.994 + 0.003 (stat.) + 0.008 (syst.)

CMS, 5.0 fb™, Vs = 7 TeV, (+jets

v 1.01 25 ~ | Om (GeV) s
L =

) 2 Fit calibration 0.06 0.001
1.005 20 5 Jet energy scale 0.28 0.001
« b-JES 0.61 0.000
! Lepton energy scale 0.02 0.000
Unclustered Z7 0.06 0.000
\ Jet energy resolution 0.23 0.004

0.995 1 b tagging 0.12 0.001

[ \ Pileup 0.07 0.001

Non-tt background 0.13 0.001

099 Parton distribution functions 0.07 0.001
pr and pr scales 0.24 0.004

0.985 ME-PS matching threshold 0.18 0.001
Underlying event 0.15 0.002
Color reconnection effects 0.54 0.004
72173 174 175 Total [ 098 0.008

m, [GeV]
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All-Jets Channel
e

Top Mass Measurement in all-jets Channel

kinematic fit:

jet jet @ 2 x 2 untagged jets: m; = 80.4 GeV
_ bt @ combine with two b-jets: my, = my;
b_e% CMS, L=3541", (s=7TeV
ﬂ § . data
je jet % 450; - zgﬁnfbin;dtiand multijet
all hadronic Lﬁ 4007 - :gzz::epcoln::rtmulauons
selection with pr-ordered ssof [ e Muletbackground
JetS. 300§ Uncertainty on f gy
@ six jets with || < 2.4 Zzz
and pr 4 > 60 GeV, ok
pr5 > 50 GeV, mo;
pre > 40 GeV 50?
@ > 2 jets with b-tag 00 T ST
Pgof > 0.09 and AR > 1.5: £, = 51%

background modeled by mixing jets from selected data events
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All-Jets Channel
o

Result on Data

Result with 2418 selected events using an ideogram method similar
to (+jets, 3.54 fb™

my = 173.49 +0.69 (stat.) + 1.21 (syst.) GeV

CMS,L=3.541f? (s=7TeV

> E e CMSdata
8 250? - Combined t T and multijet
ITe) L — — tf component ‘ om, (GeV)
- E g e Multijet background Fit calibration 0.13
0 2000 Uncertainty on f Jet energy scale 0.97
< r [ b-JES 0.49
g [ z EEE y Jet energy resolution 0.15
(1 150 ! S iy b tagging 0.06
L | & / Trigger 0.24
[ [ Y i Pileup 0.06
100~ L + 4 f Multijet background 0.13
L I S Parton distribution functions 0.06
r ‘ L 75 e np and pg scales 0.22
5ol - l ++* " ME-PS matching threshold 0.24
r | el T Underlying event 0.20
L ,_.fl-'" e f . Color reconnection effects 0.15
F -1 T DR et
Tl b L T T Total 1.29
fo0 150 200 250 @00 30 09 !
mit [GeV]
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Summary
e

Combination

e B L B e e e B e LA s S S p S
CMS 2010, dilepton - 175.50 + 4.60 + 4.52 GeV
JHEP 07 (2011) 049, L=36 pb' (value * stat + syst)
CMS 2011, dilepton 172.50+ 0.43+ 1.48 GeV
EPJC 72 (2012) 2202, L=5.0 fb”' (value + stat + syst)
CMS 2011, lepton+jets 173.49+0.27 + 1.03 GeV
JHEP 12 (2012) 105, L=5.0 fb™! (value * stat + syst)
CMS 2011 all-jets 173.49+0.69+ 1.21 GeV
Submitted to EJPC, L=3.54 fb’' (value + stat + syst)
— O
CMS combination 173.54 £ 0. 33 +0.96 GeV
Submitted to EJPC, up to L=5.0 fo'' (value * stat + syst)
- He@=-
Tevatron combination 173.20 £ 0.51+ 0.72 GeV
arXiv:1305.3929, up to L=8.7 fb™! (value+ stat + syst)
S T I T S T T I T T S R T S S MR L
165 170 175 180 185

m, [GeV]

Published mass measurements with the 2011 data in all three decay
channels. J
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Summary
°

Summary

top-quark mass measurements:

@ in dilepton channel with 5.0 fb~ ‘ ‘ ‘
: . SRR 4,0 TR 13y 4520
° ?narl]ytllcal Matrlx Welghtlng cmsz?u)mlepmn . — 17250043 1.48 Gev
echnique S 20n L depton 172505943
. . . CMS 2011, lepton+jets. 173.5 49+027+1 03 GeV
@ unbinned likelihood for m; a0 b
. . . 71 STWSMZBIW ‘E;@ftfse - [1;3&49 + 069 +1.21 GeV
@ in lepton+jets channel with 5.0 fb =
. Cltfs‘ggmgggugn st LW\S 54*033*095 GeV
@ good mass resolution due to ot
Kinematic fit T ganinaton massgone
Il

| |
. 165 170 75 180 185
e 2D ideogram for m; and JES 1 m [GeV]

@ in all-jets channel with 3.5 fb~
o large multijet background before
final selection
e after kinematic fit: 51% signal
o 1D ideogram for m;

Each measurement is the
most precise measurement
in the respective channel!

Measurements limited by systematic uncertainties —
investigate alternative approaches, constrain MC with data J
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