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Experimental status overview

¢ Top mass is accurately measured ¢ The case for CMS results

-+ 0.4% total uncertaninty on m__ = most precise measurements in almost every channel

= mostly from invariant mass-based methods = ~0.4% systematics + 0.05% statistical uncertainty
CMS Preliminary

- intrinsic calibration to a MC-based reference N LI B s By S B B B B
= consistent measurements across colliders CMS 2010, dilepton OV
JHEP 07 (2011) 048, 36 pb” (value = stat = syst)
CMS 2010, lepton+jets ® 1731+ 2.1+ 2.6 GeV
PAS TOP-10-009, 36 pb" (value = stat + syst)
TOp quark mass measurements CMS 2011, dilepton ® 1725+ 0.4 = 1.4 GeV
EPJC 72 (2012) 2202, 5.0 b (value = stat + syst)
CMS 2011, lepton+jets . 1735+ 0.4 = 1.0 GeV
ATLAS e JHEP 12 (2012) 105, 5.0 fb" (value = stat = syst)
CMS 2011, all-hadronic T 1735+ 0.7 = 1.2 GeV
CDF arXiv:1307.4617, 3.5 fb"! (value = stat = syst)
f——0—— PN
CMS 2012, lepton+jets 172.0+ 0.2 = 0.8 GeV
PAS TOP-14-001, 19.7 fb! (value = stat + syst)
M NN
CmS ' CMS combination 172.2+ 0.1+ 0.7 GeV
March 2014 (value = stat = syst)
DZERO -~ CMS 2012, all-hadronic N 1721+ 0.4+ 0.8 GeV
PAS TOP-14-002, 19.7 fb™ (value = stat = syst)
Combined result 173.34 + 0.76 GeV/c2 Tevatron combination 173.2+ 0.6 = 0.8 GeV
I March 201"1 Phys. Rev. D86 (2012) 092003 (value = stat + syst)
World combination 2014 173.3+ 0.3 = 0.7 GeV
| | | I
ATLAS, CDF, CMS, DO (value = stat = syst)
1 65 1 ?O 1 ?5 180 | | | | 1 | | | | | | | | | | | | | |
i i 3
Mass [in units of GeV/c?] 165 170 175 180

m, [GeV]
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Experimental status overview

¢ Measurements are currently systematically limited
do we need to improve!?
where can we improve !
do we really need more luminosity ?
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“Classic” measurements

¢ Although mostly produced from QCD the top quark evolution is dictated by EWK processes

= [=1.4GeV >>A__ :it decays before hadronizing mostly in the Wb channel
= [,=25GeV>> /A : theW decays before b-hadronization time scale
= use final state products to reconstruct mass of initial particle

e Different techniques used depending on the final state

all jets final state I+jets final state dilepton final state

mw = 80.4 GeV

my = 80.4 GeV

e Fully reconstructable e Up to 2 solutions for p(v) e Up to 2x4 solutions / event

e Fit kinematics of 6 permutations | ® Fit kinematics of 2 permutations ® Alternatively use partial
kinematics e.g. b-l system

e Can fit jet energy scale in-situ by imposing m.=m,,

e No b-JES fit in-situ
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Events
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Measurement using all-jets

e 26 high-p_jets, 22 b-tags and AR _>1.5

*

e Use permutation with best ¥x? and Pgof(x2)>0.09, after kinematics fit W

e Background is modeled with an ® Use reconstructed W mass @ Parametrize m_and m,, for

event mixing technique peak to constraint JES in-situ different permutations and
JES hypothesis
BO0E e R Y aﬁﬂ_“F'T'"",'"'!?- oW, BaBRW 700 SM8 Profiminary, 18216", 18=8TeV
1f correct Background
500} 1 300} =ﬂm th 600
400f 1 =30¢ 1 500
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Measurement using all-jets

10/30

® 72% signal events with 45% correct permutations are expected after selection

e |deogram method: n Wevent
& [ﬁ(smnplelﬂm]‘SF) = [I (EPgof(f)(ZﬁPf(MEFImt,JSF)xf’}(fﬂﬁ?lmtJSF))) *]

events \i=1 i
/ f pull events which have correct combinations

combine all events weight each permutation probabilit.y of f:orr:ect/wrong/un-matched
by kin. fit probability permutation yielding (m_,JSF)

CMS Preliminary, 182 6", 18 =8 TeV

w 1.018
% 1.016
e Event-per-event likelihoods are combined P - ‘I]
1.014
e Extract m and residual jet energy scale factor 1.012
1.01
= fractions of signal and correct permutations float freely 1.008
weit | m = 172.08 + 0.36 (stat+)SF) £ 0.83 (syst) GeV 1.006
1.004
JSF=1.007 = 0.003 (stat) + 0.01 1 (syst) 1.002
e m_ = 17259 + 0.27 (stat) £ 1.05 (syst) GeV 1
0.998
ID fit, 7 TeV, EPJC 74 (2014) 2758 0.996
m__ = 173.49 £ 0.69 (stat) + |.21 (syst) GeV 171 172 173
: m, [GeV]
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e =] isolated lepton, 24 jets, 22 b-tags \ Permutations Before fit Tcer fit: P>0.2,
and weight
e Similar approach to the one used in all jets: J _Purity 94 96
Correct I3 44
-+ perform kinematics fit and require P_(x*>0.2 » V¥rong 16 7
8 Un-matched 71 35
= apply an ideogram method after parametrizing m_for different permutations
p P CMS Preliminary, 19.7 fb™, (s = 8 TeV, l+jets
CMS Prellmlnary 1971b Vs = 8TeV I+]ets CMS Preliminary, 19.7 ib \s= 8TeV I+]ets TH
?) 20000 i ficorrect i . Z-n-le:ls = 12000 —- [ ﬁ;:m:m.l """""""""""" ZﬁJ&i& """"""""""""""""" ] CD - 16 contour
(O] -W'hl‘;ls 3 C _ -W+Jels i r) 1.012
w© 18000— ----- -“‘""’“9 [l singte top————— = -“""""""'!I [ s'ngle top - . -20' contour
@ E Dﬂunmalched E 10000 — |  unmatched e Data . E|3° contour
"g;' ; 3000: i After. fit.and : 1.01
E - :H weigthing by -
o 8000 : 1.008
4000} .
C ] 1.006
2000f ]
0 | | 165 - 1.004
: mf [ttt
£ | £ ki 1.002
L L 0_5 L 1 .
100 200 300 400 100 200 300 400
m>° [GeV] mi* [GeV] 171.5 172 172.5
2D fit 2D fit, 7 TeV, JHEP12(2012)105 m, [GeV]
m_=172.04 £ 0.19 (stat+)SF) £ 0.75 (syst) GeV | m__ = 173.49 + 0.43 (stat+JSF) + 0.98 (syst) GeV
to top

SF = 1.007 + 0.002 (stat)  0.012 (syst)

JSF = 0.994 + 0.003 (stat) + 0.008 (syst)
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» | Systematic uncertainties

We have now a better understanding with respect to the 7 TeV analyses

Channel £+-jets All jets = Similar treatment as for 7 TeV
émy (GeV) dJSF dmy (GeV) dJSF but larger statistics (data + MC)
Experimental uncertainties help refining syst. assessments
Fit calibration 0.10 0.001 0.06 <0.001
pr- and 7dependent JES 0.18 0.007 0.28 0.006
Lepton energy scale 0.03 <0.001
Missing transverse energy 0.09 0.001
Jet energy resolution 0.26 0.004 0.10 <0.001
b-tagging 0.02 <0.001 0.02 <0.001
Pileup 0.27 0.005 0.31 0.001
Trigger 0.18 0.003
Background 0.11 0.001 0.22 0.002
Hadronization model
Flavor-dependent JSF 0.41 0.004 0.36 0.004
b-fragmentation 0.06 0.001 0.07 0.001
Semi-leptomic B hadron decays 0.16 <0.001 0.12 <0.001
Hard scattering process model
PDF 0.09 0.001 0.02 <0.001
Renormalization/factorization scales | 0.1240.13 0.004+0.001 | 0.19+0.19 0.004+0.002
ME-PS matching threshold 0.15+0.13 0.003+0.001 | 0.20+0.19 0.002+0.002
ME generator 0.234+0.14  0.003+0.001 | 0.09+0.21  0.003+0.002
Non-perturbative QCD model
Underlying event 0.14+0.17 0.002+0.002 | 0.13+0.28 0.000+0.002
Colour reconnection 0.08+0.15 0.002+0.001 | 0.00+0.25 0.000+0.002
Total 0.76 0.012 0.83 0.011
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. | Systematic uncertainties

We have now a better understanding with respect to the 7 TeV analyses

Channel £+-jets All jets = Similar treatment as for 7 TeV
émy (GeV) dJSF dmy (GeV) dJSF but larger statistics (data + MC)
Experimental uncertainties help refining syst. assessments
Fit calibration 0.10 0.001 0.06 <0.001 .
pr- and 7-dependent JES 0.18 0.007 0.28 0.006 = JES uncertainty component due
Lepton energy scale 0.03 <0.001 to pileup + AC,_, .
Missing transverse energy 0.09 0.001
Jet energy resolution 0.26 0.004 0.10 <0.001
b-tagging 0.02 <0.001 0.02 <0.001
Pileup 0.27 0.005 0.31 0.001
Trigger 0.18 0.003
Background 0.11 0.001 0.22 0.002
Hadronization model
Flavor-dependent JSF 0.41 0.004 0.36 0.004
b-fragmentation 0.06 0.001 0.07 0.001
Semi-leptomic B hadron decays 0.16 <0.001 0.12 <0.001
Hard scattering process model
PDF 0.09 0.001 0.02 <0.001
Renormalization/factorization scales | 0.1240.13 0.004+0.001 | 0.19+0.19 0.004+0.002
ME-PS matching threshold 0.154+0.13 0.003+0.001 | 0.20+0.19 0.002+0.002
ME generator 0.234+0.14  0.003+0.001 | 0.09+0.21  0.003+0.002
Non-perturbative QCD model
Underlying event 0.14+0.17 0.002+0.002 | 0.13+0.28 0.000+0.002
Colour reconnection 0.084+0.15 0.002+0.001 | 0.00+0.25 0.000+0.002
Total 0.76 0.012 0.83 0.011
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> | Systematic uncertainties

We have now a better understanding with respect to the 7 TeV analyses

Channel £+-jets All jets = Similar treatment as for 7 TeV
émy (GeV) dJSF dmy (GeV) dJSF but larger statistics (data + MC)
Experimental uncertainties help refining syst. assessments
Fit calibration 0.10 0.001 0.06 <0.001 .
pr- and 7-dependent JES 0.18 0.007 0.28 0.006 = JES uncertainty component due
Lepton energy scale 0.03 <0.001 to pileup + AC,_, .
Misging fransverse energy 0.09 0.001 . > >
Jot; energy resolution 0.26 0.004 0.10 <0.001 = Signal modelling is added
b-tagging 0.02 <0.001 0.02 <0.001 Madgraph vs Powheg +
Pileup 0.27 0.005 0.31 0.001 . .
Trigger 0.18 0.003 modeling of top p. estimated
Background 0.11 0.001 0.22 0.002 after re-weigthing simulation to
Hadronization model observed top p;
Flavor-dependent JSF 0.41 0.004 0.36 0.004
b-fragmentation 0.06 0.001 0.07 0.001
Semi-leptomic B hadron decays 0.16 <0.001 0.12 <0.001
Hard scattering process model
PDF 0.09 0.001 0.02 <0.001
Renormalization/factorization scales | 0.1240.13 0.004+0.001 | 0.19+0.19 0.004+0.002
ME-PS matching threshold 0.15+0.13 0.003+0.001 | 0.20+0.19 0.002+0.002
ME generator 0.23+0.14 0.003+0.001 | 0.09+0.21 0.003+0.002
] Non-perturbative QCD model
Underlying event 0.14+0.17 0.002+0.002 | 0.13+0.28 0.000+0.002
Colour reconnection 0.08+0.15 0.002+0.001 | 0.00+0.25 0.000+0.002
Total 0.76 0.012 0.83 0.011
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We have now a better understanding with respect to the 7 TeV analyses

£+jets All jets

Channel Smq (GeV)  OISF | 6m (GeV)  SISF

Experimental uncertainties
Fit calibration 0.10 0.001 0.06 <0.001
pr- and n-dependent JES 0.18 0.007 0.28 0.006
Lepton energy scale 0.03 <0.001
Missing transverse energy 0.09 0.001
Jet energy resolution 0.26 0.004 0.10 <0.001
b-tagging 0.02 <0.001 0.02 <0.001
Pileup 0.27 0.005 0.31 0.001
Trigger 0.18 0.003
Background 0.11 0.001 0.22 0.002

Hadronization model
Flavor-dependent JSF 0.41 0.004 0.36 0.004
b-fragmentation 0.06 0.001 0.07 0.001
Semi-leptomic B hadron decays 0.16 <0.001 0.12 <0.001
Hard scattering process model
PDF 0.09 0.001 0.02 <0.001
Renormalization/factorization scales | 0.1240.13 0.004+0.001 | 0.19+0.19 0.004+0.002
ME-PS matching threshold 0.15+0.13 0.003+0.001 | 0.20+0.19 0.002+0.002
ME generator 0.23+0.14 0.003+0.001 | 0.09+0.21 0.003+0.002
Non-perturbative QCD model

Underlying event 0.14+0.17 0.00240.002 | 0.13+0.28 0.000=0.002
Colour reconnection 0.08+0.15 0.002+0.001 | 0.00+0.25 0.000+0.002
Total 0.75 0.012 0.83 0.011

=i

Similar treatment as for 7 TeV
but larger statistics (data + MC)
help refining syst. assessments

JES uncertainty component due
to pileup + Ao

min.bias

Signal modelling is added
Madgraph vs Powheg +
modeling of top p. estimated
after re-weigthing simulation to
observed top p,
Hadronization is the
dominant uncertainty

Pythia-based |ES extrapolation:
from calibrated jet flavour to
other flavours

Pythia vs Herwig differences are
evaluated separately for light,
gluon and b-jets

b-fragmentation: default vs LEP
Semi-leptonic B rates: from PDG
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Systematic uncertainties

» Consistency cross-check of our current assessment of the hadronization uncertainty
String vs cluster fragmentation in Sherpa : parton-to-particle out-of-cone effects negligible in tt events

Pythia vs Herwig (with Powheg) in top pair events: consistent effects with main estimate
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» | m_differential measurements

¢  We rely on MC-based models of the top production and decay chain

= particular models for underlying event (UE), colour reconnection (CR) are taken into account
= do these tools describe our data in the different phase space regions!?

= is our assessment of systematic uncertainties mined by casual cancellations?

- can we find sensitivity to different components in top quark p_, b-quark rapidity, charge, etc.?

¢ Choose representative observables which can potentiate particular effects

é ) )
Radiation effects fb-quark kinematics ) (Colour reconnection \

AR (q,q")

b-jet jet

b-jet@

b-jet@

Hr mg pra PTbhad |7b hadl ARy Ay

Jet multiplicity ARy Adyg PT,t,had |??t,had|
\ J VAN
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CMS-PAS-TOP-12-029 (7 TeV), CMS-PAS-TOP-14-001 (8 TeV)

. Strategy for differential measurements

¢ Study performed using golden I+jet channel

- Categorize permutations according to kinematics

= Fit (m,, JES) in data and MC ensembles

-+ Compare expected and observed biases (double differences)

- CMS Pl'e"mlﬂﬂl'?‘, \s = 7 TeV, lepton+jets CMS preliminary, Vs =7 TeV, lepton+jets
£ :I T | | L L LI | T L L L | LI B I — _| LN L L N N [N B B L N L N L N L L B L B L B ]
5 = e Data (50 fb') ] > 10 e Data(50f)
= 4500 —— MG, Pythia Z2 -] o - —— MG, Pythia Z2 .
c - --== MG, Pythia P11 ] N B -.~= MG, Pythia P11 ]
£ 4000 - MG, Pythia P11noCR- = - . MG, Pythia P11noCR-
‘EE - <=« MC@NLO, Herwig °§‘ S5 <<= MC@NLO, Herwig |
o . v N ]
S 3500~ - . . .
8 F - 8 _ _
S 30005 5 3 T —
E C . i _
8 2500 = 5 e -
S - . " .
g 2000 g : :
= C . —_ 10— B -]
S 1500 - = - e -
= C pruy oroguoncven 3 © - e 7
1 i_T‘b _: g L I [ I | | "I | l [ | l [ R | | " B
000: : N 5__I 1 I 1 L] 1 L] | T T T T I L] 1 L] 1 I T 1 T T | T 1 1) I__
- . N —i {
500— ] O 0F * 3
C ] = -
I IR B Tt ! 5 vl v v v v b v b e b by
0 1 2 3 4 5 6 ! 1 2 3 4
AR ©
aa s
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https://cds.cern.ch/record/1521357
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP14001

Number of permutations / bin width

data - MG Z2*

CMS Preliminary, 197fb ' {s=8TeV, l+jets
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Number of permutations / bin width

data - MG Z2*

CMS Prellmlnary, 19.71b"", ts 8 TeV, I+]ets
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/ Conclusions extracted from differential measurements

The top mass observable is used as a probe of the top quark event anatomy
¢ No significant deviation is found with respect to nominal calibration (Madgraph+Pythiaé Z2*)

¢ The extracted top mass is stable in all corners of phase space and for all models considered

11 2 21

bserva mi° X" JES x mio X°
Bffect Observable | 7 ny 8TV [7TeV 8TeV | 7Tev 8 Tev | 29O
ARy 1.01 2.87 | 341 3.66 | 149 083 | 3
, Adgg 281 - | 218 - | 289 - 3
Colour reconnection "~ | 040 089 | 783 1203 | 289 576 | 4
Ifrensal | 041 556 | 333 122 | 317 114 | 3
Hr 318 610 | 119 018 | 224 754 | 4
- me 252 216 | 298 469 | 225 322 | 4/5
Radiation effects Prs 339 102 | 167 122 | 218 133 | 4
Jet mult. | 1.47 424 | 200 010 | 1.56 116 | 2
PTomea | 0.81 257 | 2.35 580 | 217 217 | 4
. . Iromedl | 264 115 | 030 008 | 048 0.72 | 2
b-quark kinematics  “Ap " | 487 037 | 261 163 | 801 177 | 3
Ady 287 - | 38 - | 68 - 3
PT.q.had - 404 | - 839 | - 128 | 4
R L . |77, W had | - 3.36 - 3.79 - 6.27 | 2
EWK® kinematics  * @ i - 159 | - 806 | - 160 | 4
|77 W had] - 1.41 - 1.09 - 1.35 3

68.68/78 (p-val=0.77) at 7 TeV

x? /ndof 93.67/94 (p-val=0.49) at 8 TeV
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_ % Conclusions extracted from differential measurements

¢ With more statistics (i.e. LHC Run Il and beyond)
= establish robustness of top mass result in more detail and with better precision
= tune models in-situ using data or simply exclude extreme models

= use method to compare “our” favorite MC tool to well-defined QCD calculations (cf. arXiv:1405.4781)

P. Silva Top Quark Physics Day


http://inspirehep.net/record/1297081

94 Where can we further improve?

B | Testing our modelling of the signal

23/30

¢ Non-perturbative QCD effects

= can be measured in-situ from UE studies

= compare different models: identify extreme cases
e e.g the data/MC ratio of the average p_/ particle
= characterize as function of p_(tt), AQ(tt)

= Provides evidence of CR in tt events!

CMS preliminary, 19.7 fb™, ys=8 TeV [ inclusive ]
e without CR P11 with CR

“switch
off” CR
model

180

¢
4_

\\

ﬁ \

300

qﬁT}
data/sim -
ff&n&vefse

CMS PAS-TOP-13-007



Where can we further improve!

N g

N 1) o
E

£

$

Testing our modelling of the signal

24/30
¢ Non-perturbative QCD effects ¢ ISR/FSR effects

= can be measured in-situ from UE studies = modelled from p_/u_ and ME-PS matching

== COmPare different mOdels: |dent|fy extreme cases = measure differential cross-section:

e e.g the data/MC ratio of the average p_/ particle N, H., gap fractions, ...

jets

= characterize as function of p_(tt), AQ(tt) e . extra jet multiplicity as function of An(b,b")

®
09

. . . imi . T ys= dil hannel, inclusi
= Provides evidence of CR in tt events! . CMS preliminary, 19.7 fo ', Ys=8 TeV dilepton channel, inclusive

A C @)
Fy - ®data © simulation 5
c C
CMS preliminary, 19.7 fb™, ys=8 TeV [inclusive ] =1 2 —— ;
Bl ri1 wihoutCR [l P11 with CR = C o |:6:| é * n
“ . E 1.5_ -l
switch = - g
off” CR o 4 =
model i n S
v 0.5— o
5F ~
“switch n | | |
”» 5 L=
1) on” CR 5 | eP11mMPIN DITEV ENoCR
180 o model 2
= ]
(5]
% 0.9
pR/pF = 08 . .
Val"iation iS a g 1-2_.22* {0;2)2 {2‘:”2.
conservative £
o
N envelope i
data/sim RREEEr 1 0.9 R
trangverse i
' T o8
CMS PAS-TOP-13-007 =5 0




Where can we further improve!

Alternative methods

Reduce specific systematics using robust observables: typically require high statistics
B-hadron lifetime technique
m_ = 1735 % 1.5 (stat) + 1.3 (syst) £ 2.6 (p;,) GeV
= Pioneered by CDF

= No JES uncertainty

= Sensitive to fragmentation and top p,

= would benefit from theory developments
CMS preliminary, {s=8 TeV, | L=19.3-19.6 fo”
e . Q
~ 14000~ p+ets channel 7
S C CMS Simulation, 1s=8 TeV T
7 12000 Eord A
| 7 —e— ep-channel
B = 0.74f —— p+jets-channel _I
10000 L . —o— :'+;:::-c:anne: O
- ©
8000[- S
- o
6000 &
4000
2{]00 0'62162 164 166 168 170 172 174 176 178 :ﬂlﬁaezv]
larat
4 5
Ly [cm]
2 15f
ﬁ 1jme R ™ M{»&'
= 061 v v v by by ﬁ 1y
g 0 1 2 3 5



Where can we further improve!

B | Alternative methods

Reduce specific systematics using robust observables: typically require high statistics

B-hadron lifetime technique }J/¢y method
m,, = 173.5 = 1.5 (stat) £ 1.3 (syst) + 2.6 (p;,) GeV = first observation of |/ production in tt events!
= Pioneered by CDF preliminary fragmentation/hadronization studies
= No JES uncertainty = in the future: use M(J/y,l) to reconstruct m
-+ Sensitive to fragmentation and top p; < CMS preliminary, 196 7, ¥5=6 TeV dlepton channel
o 60 :— . E_)ata
-~ would benefit from theory developments (ca . Wi
CMS preliminary, {s=8 TeV, | L=19.3-19.6 fo” 5:_), 50 - 1f others (MG)
3 F 0 y F [l single top
2 14000 n+ets channel % ,,g 40+ . ;ib?sin:
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E 12{]00__ E o7 > > [ Wty
% [ 7 —— gu-channel :’ L 30 CMS PAS'TO P' I 3'007
10000F o :';::Iz:::::: O __ CMS proliminary, 1981b °, V5= 8 TeV | + jets channel
C B 20 > gol ® Data
8000 o 8 * ----- 1T (PY6)+BG
N o 0 sol M 7 o)
6000 u 8 1 0 : 50 L tT others (MG)
n -0 C [l single top
4000 0 % 40 a2 Dibosons
a 0.2l 1 2 3 4 Lﬁ C B zy -
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V92 Where can we further improve?

. | Resolving the ambiguity in interpreting m st

27/30

EPJC 73 (2013) 2494
¢ Explore endpoint for the spectrum of variables which: Lipt=5.01b" J§=7Tev cMs

3
3

= are suited to analyze events with symmetric 3 body decays

—

N

(=]

o

|
-
on

<

= factorize event-by-event boost of the tt system

gt JHEP 0903 (2009) 143
e Use M(l,b) and M_-variants oo (2011) 061801

g

8888 &8

Events/5 GeV

e Compare directly with LO expectations

m,, = 173.9 £ 0.9 (stat) +1.7/-2.1(syst) GeV

N
R-B

» M A
= main uncertainties: jet energy scale, QCD effects and fit choices 0


http://arxiv.org/pdf/0810.5576v2.pdf
http://arxiv.org/pdf/0910.1584v2.pdf

Where can we further improve!

2, Resolving the ambiguity in interpreting m =

28/30
EPJC 73 (2013) 2494
¢ Explore endpoint for the spectrum of variables which: Lipt=5.01b" J§=7Tev cms
1400 T
= are suited to analyze events with symmetric 3 body decays 1200}
= factorize event-by-event boost of the tt system :3;0005_ $
(D R
yari JHEP 0903 (2009) 143 3 :
e Use M(Lb) and M_-variants 42" 67 o611 061801 rha S
e
. . . ge00r
¢ Compare directly with LO expectations D ook o
L e
m_ = 173.9 £ 0.9 (stat) +1.7/-2.1(syst) GeV 2001 ,
top [
AN B
= main uncertainties: jet energy scale, QCD effects and fit choices 0
I °
PLB 728 (2013) 496 " EXtraPOIate m.rp° ¢ from cross section

CMS, 15 = 7 TeV, L = 2.3 f"; NNLO+NNLL for a;

LN L L B LTI Y LA AL I : :
oy Wnogn) et rinsasenr §N ¢ Needs careful choice of cuts for cross section measurement
£ Withafm ) of POF set ]
L el - minimize acc. dependency on m_ and signal model systematics
ABM11 A M I T
CTi0 | —— e First NNLO+NNLL determination of m_r°*
HERAPDF1.5 | A—— H
MSTW2008 e s m,, = 176.7+3.0/-2.8 GeV  using NNPDF2.3
NNPDF2.3 H' P . ) ) ) ) |
et i v o ooy | @ O determination is also possible after fixing m P
160 165 170 175 180 185 t

® In both cases compare with different PDF predictions


http://arxiv.org/pdf/0810.5576v2.pdf
http://arxiv.org/pdf/0910.1584v2.pdf
http://dx.doi.org/10.1016/j.physletb.2013.12.009

s | CMS PAS-FTR-13-017

. | Top mass @ CMS: quo vadis?

e Projections made as a roadmap towards HL-LHC based on flagship measurements @ the LHC

= improved fitting techniques. dedicated signal modeling studies

= to be accompanied with improvements from theory

T . . == Std. meth. == Endpoints
CMS preliminary projection "

_Jhp _ny

— 4r -

> - Present 30 fo™ 300 fb’ 3000 fbo' o

Q s 13 TeV 14 TeV 14TeV 1

O 3.5 4

| = 5 -

2 3k 5

c - top p; @ NNLO .

S 25F 5
move to 3D 8 - ]
fit (light JES+b JES) c 2 1 standard

: C 1 methods
dedicated UE / 2] - ] /expected to
fragmentation / S 1/ lead m_,
hadronization studies © 1 measurements

o f ;
fully differential = 0.5 o—o
measurement 0 -
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> { Conclusions

e Rich m _ measurement programme at CMS

= fundamental SM parameter and window to new physics

= 7 TeV programme fully published, moving to full 8 TeV dataset

e “Classic” mass measurements adopt the MC definition of m
~ 0=04%m_ ~4/N,,

= inclusive phase-space calibration is performed

= robustness tested against different theory models and experimental uncertainties
e Data can be used to image in finer detail a top quark event

-+ differential measurements do not reveal significant biases for different variables

= UE studies show that a colour reconnection model is needed to describe top pair events in data

Alternative methods can further help:

= robust against specific systematics

= clarify interpretation of classic measurements

Higher statistics is crucial: expect great benefits from 300 fb-' and 3000 fb"'

Ultimate experimental precision 200 MeV ~ A, , may be possible

P. Silva Top Quark Physics Day
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p. | UE studies in ttbar events

e Data/MC ratio of the average p_ per charged particle

= Compare ratio with two Perugial | variations: with and without colour reconnection

= Evolve comparison as function of the number of extra jets in the event

CMs prellmlnary 19.7 fb™, Ys=8 TeV [ =0 extra jets ] CMS prellmmary 19.7 fb", Ys=8 TeV [=1extrajet] CMS prellmlnary 19.7 fb”, Ys=8 TeV [ 22 extra jets ]
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