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Introduction
°

Top Quarks at CMS

CMS Total Integrated Luminosity 2011 (Mar 14 05:42 - Oct 30 16:09 UTC)

7 — Delivered 6.095 fb™' en g
E g |L—_Recorded 5.561 b dileptons lepton + jets all hadronic
’ jets in final state: jet energy scale (JES)
. crucial for top quark mass measurement!
3 — 10CMS preliminary, L=49 16" _ (s=7TeV
2 2 F " =Total uncertainty
> 9 Absolute scale
1 < gF + Relative scale
© £ Extrapolation
0 S 7 « Pile-up, NPV=8 -
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Dilepton Channel
e

Top Mass Measurement in Dilepton Channel

YV MET
Selection: b%é

@ 2 e, with pr > 20 GeV,|n| < 2.4 Lo
@2 jets with pr > 30 GeV,|n| <24 ¢1ei}:ptons

@ 1 b-tagged jet 200 S pEImney sz cvnzomis
o EMis > 30 GeV %1800 [ combinaton #2 7

. S
@ cut against Z events w0 1600

D Combination #1

o 2;1400; 1

512 C |

KINb method: £ ]
: ; - 2810005 -

solve kin. equations of tt system 800[- E
e vary jet pr, EXs dir, and pYf 600 .
e use p!! shape from simulation 400F E

. . 200 |

@ accept solutions with lowest my; IO SSTINREL = S,
imi 20 140 160 180 200 220 240 260

and similar m; | My [GOV/CT
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Dilepton Channel
®0

Reconstructed Masses

T T
77ev, [L=230" 4

T
120f~ CMS preliminary, V-

Events
Events

~+-data —signal - background
> 2 b-tags (ee+uy)]
m,=173.47}
_ vsas ]
Nyigna=1008.9.5, 5
Noackground=84-395

1 b-tag (ee+uyy)
my=170.877

Noga=533.4557 ]
Niackgrouns=261.5317 8o

100f

40
40,
20 20}
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Reconstructed Mass [GeV/c?] Reconstructed Mass [GeV/c?]
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2 2 -
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M, =174.6%5 160) me,=173.L7%
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Nogergromne=111-97.5

40~ 60)
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201~
20|
L 1 L | Il Il
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Reconstructed Mass [GeV/c?] Reconstructed Mass [GeV/c?]
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Dilepton Channel
oce

Result on Data

Result with 4312 selected events in dilepton channel, 2.3 fo~"

m; = 173.3 +1.2 (stat) 2.5 (syst) GeV
CMS preliminary, ys=7 TeV, [ L=2.3 1™
S { e Source Arirgp (GeV/EY)

s F k| FI50
_IE 450 M, =173.30% 2 Gevic? E JES [0
S R k| flavor-JES 113
S 40 —— Combined — JER +0.30
2 a5k Lbag (ees) /] LES roi2
£ > 2 b-tags (ee+up) ] Unclustered E;‘L“'“ +0.43

3; 1 b-tag (ep) E Fit calibration + 040
25k 22 b-tags (ep) 3 DY normalization + 0.40
2; E Factorization scale +041

E 1 Jet parton matching scale +0.65

151 E Pile-up +0.19
1 3 b-tagging uncertainty +0.30

E ] mis-tagging uncertainty +0.43

05F 3

E 3 MC generator +0.14

o) e A A R R PDF +0.39
168 170 172 174 176 178 75T

Top Mass [GeV/c?] Total 263

(UE tune and CR uncertainties not included in this preliminary result.
studies ongoing; expected size < 0.5 GeV each)
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Muon+Jets Channel
[ Yole}

Top Mass Measurement in p+jets Channel

lepton + jets
select very clean sample of ¢t
events:

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

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

@ > 2 jets with b-tag based on
secondary vertices

Number of permutations / 5 GeV

2000
1800
1600
1400
1200
1000
800
600
400
200

Ms prellmlnary, 4. 7 b, \s=7 TeV
: e
- tf correct —Jacp
I tt wrong = Wl

I Z+jets
CJttunmatched @ single top

ttuncertainty  —e— Data (4.7 fb")

\H‘\H‘\H‘\H‘\H‘\H‘\H‘\H‘H\‘H\Lo

100 200 393(20 400
MGy [GeV]

Estimated composition: 92% tt, 3% W-jets, 4% single top, 1% other J
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Muon+Jets Channel
oceo

Kinematic Fit

@ split in 3 permutation
classes:

(]

]

flipped b-quarks, mistags

@ unmatched
no unambiguous match

@ kinematic fit:

e two untagged jets:
mj = 80.4 GeV

e muon and neutrino (MET)
m,., = 80.4 GeV

@ combine with two b-tagged
jets: mjp, = Myup,

Measurements of the top quark mass (CMS)

Number of permutations / 5 GeV

2000
1800
1600
1400
1200
1000
800
600
400
200

MS preliminary, 4.7 fb ', \s=7 TeV
— T
I 1t correct L_Jaco
T B w-lv
[ tt wrong B Z+jets

CJttunmatched g single top
ttuncertainty e Data(4.7fb")

w/o kin. fit

AN AR AN AR AR AR RN AR AT

100 200 300 400

reco
mi5e, [GeV]
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Muon+Jets Channel
oceo

Kinematic Fit

CMS prellmlnary 4. 7 b, \'s=7 TeV

@ split in 3 permutation

- tt correct c_aco
classes: 1000, EHtiwrong —1not
CJttunmatched g single top
° D1t uncertainty ~ —e— Data (4.7 fb™)
°
800

> E |

() F 4

G . i

[Te} L ]

@ I ]

E [ . . . N

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

e unmatched 2 o0l ]

no unambiguous match 5 i 1

@ kinematic fit: 8 4000 ]

o two untagged jets: E L i

mj = 80.4 GeV 8 200; i

e muon and neutrino (MET) S [ ]

My, = 80.4 GeV £ [ N
@

@ combine with two b-tagged
jets: Mjjp, = Myuvb,

Pyt > 0.2 & weight permutations by P
fop = 13% — 44%
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Muon+Jets Channel
ooe

ldeogram Method

@ simultaneous measurement of CMS prefiminary, 47 b7, Ns=7TeV
the top quark mass and jet =§—5::[,':;' =y
energy scale (JES) OO0 S nmatees e

° ideogram' P(event|m;, JES) 800

@ input: m ' and my

@ use all aIIowed permutations i
per event

600

400

200

Sum of permutation weights / 5 GeV
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Muon+Jets Channel
ooe

ldeogram Method

@ simultaneous measurement of S 2ppo SMS prefiminery, 47 M7 VeTTey
. E F [aco 4
the top quark mass and jet & 2000- i eomeet =i 3
energy scale (JES) 0 1800 Ly ey
. [22] | |
@ ideogram: P(event|m;, JES) £ 1222; . ]
e input: m{; and mi 2 o00b E
. . c £ ]
@ use all allowed permutations i S 1000 E
per event £ so0p E
E 600- E
8 400> E
© 200 =
= C .1

c?) 0 2 300
mieee | [GeV]
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Muon+Jets Channel
ooe

ldeogram Method

@ simultaneous measurement of

CMS simulation, \s=7 TeV
T T T T

the top quark mass and jet Bozf oo
energy scale (JES) ek

@ ideogram: P(event|m;, JES) %gﬂﬁi

e input: mfY, and migs E’Zéz:

e use all allowed permutations i Sooe- i
per event s S ]

i  RFIRTTRT 15‘;0"20‘0 55075400
o P =Y, 1P (m‘;‘,\m,,JES) e
’ CM‘S slmu‘latlon, ‘J§=7 1‘ev

> T T LRE|
) r E
-y (sl m, JES) Gz T
R © 0.2F A —~—JES=100 3

5018 b UES=1.08

0.02f VY

L L Il L R El
00" 120" 140" 160 180 200 220 240
mi [GeV]
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Muon+Jets Channel
ooe

ldeogram Method

@ simultaneous measurement of

CMS simulation, \5=7 TeV
T

the top quark mass and jet 3T e
energy scale (JES) o Ry vesron
8 01F 3
@ ideogram: P(event|m;, JES) Soos / ]
i - mfi S} {
@ input: mﬁ, and mys Soos)- i E
@ use all allowed permutations i g ]
per event oozt A RN
o Pi= Y3, (mfsim, JES) AR

Py (sl m, JES)

Measurements of the top quark mass (CMS) Hartmut Stadie 9/12



Muon+Jets Channel
ooe

ldeogram Method

@ simultaneous measurement of

CMS simulation, \5=7 TeV
T

the top quark mass and jet 3T e
energy scale (JES) o Ry vesron
8 01F 3
@ ideogram: P(event|m;, JES) Soos / ]
i - mfi S} {
@ input: mﬁ, and mys Soos)- i E
@ use all allowed permutations i g ]
per event oozt A AN
o Pi= Y3, (mfsim, JES) AR

-y (sl m, JES)

@ final ideogram: combine P;
and weight event by sum of fit
probabilities
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Muon+Jets Channel
ooe

ldeogram Method

@ simultaneous measurement of

CMS simulation, Vs=7 TeV

the top quark mass and jet 3 4 e
energy scale (JES) K
. E._. ; Const. fit i
@ ideogram: P(event|m;, JES) FIR: ; :
- = bl bl i il 1
@ input: mft and mig° € Syt bty i
@ use all allowed permutations i h:
per event : ;
e P= E/ flP/ (m?[/‘mfa JEs) 165 170 175 m:;j,[G;\i}?
<005, QU simlston, B ey
Py (i m, JES ) oo e
?,,0.0o; 4 JES=1.04
@ final ideogram: combine P; oozt o )
and weight event by sum of fit SUTTIN N
probabilities oot R TR TR
. . -0.02F ]
@ combine all ideograms and ooat
extract m; and JES after 004 ]
: : -0.055 ]
calibration 65 170 175 m:;j‘ o
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Muon+Jets Channel
o

Result on Data

Result with 2391 selected events in u+jets channel, 5.0 fo~'

m; = 172.6 +0.7 (stat+JES) + 1.2 (syst) GeV
JES = 1.005+0.006 (stat) +0.012 (syst)

” CMS preliminary, 4.7 fb™, \s=7 TeV 5mt (GeV) 6JES
W1 03 Calibration 0.15 0.001
b-tagging 0.17 0.002

JES o2y
b-JES 0.66 0.000
pr and n dependent JES 0.23 0.003
Jet energy resolution 0.21 0.003
Missing transverse energy 0.08 0.001
Q@2 scale 0.76 0.007
0.99 ME-PS matching threshold 0.25 0.007
Non-{t background 0.09 0.001
0.98 Pile up 0.38 0.005
170 172 174 176 PDF 0.05 0.001
m; [GeV] Total 118 0.012

(UE tune and CR uncertainties not included in this preliminary result.
studies ongoing; expected size < 0.5 GeV each)

Measurements of the top quark mass (CMS) Hartmut Stadie 10/ 12



From Cross Section
o

Top Mass Measurement from the tt Cross Section

gﬁe Teasﬁ;en?]éf CrtOhSS1 S‘Iefcbtlop n “% CMS Preliminary, Vs=7 TeV, L=1.14 fb™
ilepton c with 1.1 fb—': c
approx. NNLO x MSTWO08NNLO:
@ parametrize dependence of pmoeniedetsl
. i ZZZ| idonakis
measured cross section on 1 avronsotal.
top mass I
@ parametrize dependence of
On 200
tOp mass I [0 Measured cross section iz
. @ Cross section corrected for mP"® (Langenfeld et al.)
@ extract top mass using = cross section dependence on !
joint-likelihood approach T T
m:"’" (GeV)
pole mass and MS mass:
Approx. NNLO x MSTWOSNNLO | mP”° / GeV | mMS / GeV
Langenfeld et al. [7] 1703773 163.1788
Kidonakis [8] 170.077° -
Ahrens et al. [9] 167.677° 159.8773
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Summary
°

Summary

top quark mass measurements:

@ indirectly from tt cross section in
the dilepton channel with 1.1 o~
CMS-PAS-TOP-11-008

@ in dilepton channel with 2.3 fo~'
CMS-PAS-TOP-11-016

o exploit full kinematic analysis
o unbinned likelihood for m;
@ in muon+jets channel with 5.0 fo~
CMS-PAS-TOP-11-015
@ good mass resolution due to
kinematic fit
o 2D ideogram for m; and JES

Measurements of the top quark mass (CMS)

CMS 2011, mass from x-sec
CMS TOP-11-008, 1.1 fb ' (Langenfeld et al.)

170.3+ 5.8 + 3.9 GeV
(value £ theo ® exp £ c.)

CMS 2010, dilepton
JEHEP 07(2011) 049, 36 pb ™'

1755+ 4.6+ 4.6 GeV
(value * stat + syst)

—————
173.3+ 1.2+ 2.5 GeV

(value + stat + syst)

CMS 2011, dilepton
CMS TOP-11-016, 2.2 fb

—————
174.0+ 1.8+ 2.5 GeV

(value + stat + syst)

DO 2011, dilepton
PRL 107 082004, 5.4 fb '

————
1731+ 21+ 2.7 GeV

(value * stat + syst)

CMS 2010, I+jets
CMS PAS-TOP-10-009, 36 pb ™

CMS 2011, u+jets
CMS-PAS-TOP-11-015,5.0 fb '

1726+ 0.6 + 1.2 GeV
(value = stat+JES + syst)

CDF 2012 prel., l+jets
CDF CN 10761, 8.7 fb”

———
. 1728+ 0.7+ 0.8 GeV
(value + stat+JES + syst)
Tevatron average
Tevatron prel., July 2011

173.24 0.6+ 0.8 GeV
(value £ stat + syst)

160 165 170 175 180
m, [GeV]
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Uncertainty of Jet Energy Corrections

10 CMS preliminary, L = 491 _ (s =7Tev grosGMS preliminary s =7 Tey
2 =Total uncertamty ] -31 0ab 1
> 9F Absolutescale = 9 'F QCD Monte Carlo g
€ gb +Relative scale  § 51.03f Il <1.3 +c E
s O o Extrapolaton 1 O [ 19
S 7 « Pile-up, NPV=8 51021 uds
o _f = Jet flavor 1 ®101k
S 6 Timestability 3§ i@
O 5L 4 3 1
w I Anti-k; R=0.5 PF E [
] 4: mm|=o E 0.99
3 4 osesf E
2f . * D.97§ B E
1F - | 0.963 3
O: ¥y Sogo oo :1 ) ol X Ll ‘:
20 100 200 1000 09510 20 100 200 10002000
P; (GeV) Corrected Jet p_(GeV)

@ uncertainty on jet energy corrections: 1.5 — 5%
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Data Samples

Collisions Data:
@ 5.0 fb~" pp collisions at /s = 7 TeV
@ single muon primary data set

v

Simulated Samples:

all simulated with GEANT4:

@ tt signal sample (Madgraph + Pythia)
e 161.5GeV < mygen < 184.5 GeV
e 0.96 < JESgen < 1.04

@ background samples
o QCD, W+jets, Z+jets (Madgraph + Pythia)
e Single top, s-, t-, tW-channel (Powheg)

@ corrections to match data distributions

e pile-up (PU) reweighting, scale factors for b-tag/trigger efficiencies
@ jet energy resolution up by 7-20%
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Kinematic Fit & Final Selection

@ Improve with constrained kinematic fit
(my = 80.4 GeV, m; = ny)
@ Weight each permutation by P = exp (—3x?), cut Pg; > 0.2

CMS preliminary, 4.7 fb ™, \s=7 TeV
R e

———
I i correct caco E

[ tt wrong = ZWHZZ
It unmatched g single top

ttuncertainty ~ —e—Data(4.71b")

Number of permutations / 0.05

0 0.2 0.4 0.6 0.8 1
Pfit
@ Fraction of correct tt permutations enhanced: fo, = 13% — 44%
@ No QCD left, treatment of non-tt background (4%) —
systematics
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Validation & Calibration: Statistical Uncertainty

@ Investigate pull distributions of calibrated pseudo-experiments,
pull = (meas — gen) /o (meas)

CMS sil ion, \'s=7 TeV CMS si ion, \s=7 TeV
o 1.5 N simulation, Ne=r ey o 1.5 simulation, Ne=r ey

% E v JES=0.96 6 E v JES=0.96

s 14F o yEs=1.00 f| 2 1-45 ® JES=1.00

=S 1.3F 4 JEs=104 T 1.3F 4 JES=1.04
;125 == Const. fit : 5;— 125 ==+ Const. fit :
R . 15 PR
B R R SRt s S T S5 G T
0.9F 1 09F 1
0.8F 0.8
0.7t 0.7t
06: 1 06F ]
05 "g5 170 175 180 185 °° i 170 175 180 _ 185
M, gen [GEV] M, gon [GEV]

@ Pull width above unity, correct £ accordingly
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Evaluation of Systematic Uncertainties

b-tagging: Vary tagger working point to reflect b-tag efficiency
+4%

b-JES: Scale jet energies +10f4,0r
JES(pr,m): Scale jet energies 104,014 (= £ 1.6% global scale)
JER: Scale jet energy resolution by 7 to 20% depending on 7
Q? scale: Vary @2 scale by factors of 0.25 and 4

ME-PS matching threshold: Vary matching threshold by factors of 0.5
and 2

Background: Add 4x single top

Pile up: Vary average number of expected pile-up events of 8.8
by +7%
PDF: reweight signal with 44 modified PDFs
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