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top mass: motivation

why top mass

LEPTONS
o, Neutino | Muon Newtrn | Tau Newtrne
o free parameter of the Standard Model m-0 [ mys0 | meso
Lagrangian = provides consistency test of the . e
. Electron Muon
electroweak sector in the Standard Model m,=0511x10% | m,=0.108
i . QUARKS -
o enters theory predictions beyond leading order T ® T 1;5(_; "
3 my= €'
through top loops > b4
m,=24x10° m =127

o directly related to Higgs boson coupling i ®
o implications on stability of electroweak vacuum
= handle to physics beyond SM

Down Strange
my=48x101 m =004

top mass definitions: mMC, mele, mMS

e mass from direct measurement (mMC) not theoretically well-defined

= additional O(GeV) uncertainty (arXiv:1412.3649, arXiv:1608.01318)
o O(Agcp) renormalon ambiguity in mP"® definition (arXiv:1605.03600)

o short-distance mass (m[\TS) resums higher order logarithms = converges faster
than pole mass (arXiv:1305.6422)
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top mass: goal and strategy

Matteo M. Defranchis

ultimate goal: measure m; 5(,u) as a function of a given scale p

— for example p = m(tt)
strategy

e simultaneously extract o,z and mMC from template fits to final state distributions

e compare U"-bs to fixed-order theory prediction to extract top mass in well defined
renormallzatlon scheme

— with this procedure the dependence of the result on the mMC is mitigated
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M

C extraction and status of the development

1S
o o
challenge: measure ~ 4% effect c + +
I a
e reconstruct top kinematics to determine 3 +
the scale of the process ;
. - . . . . C
e constrain systematic uncertainties in situ =
to achieve better precision S N
—_ »
scale
state of the art
o extract mV (mt) from inclusive cross CMS-TS-2016-007
section using the 2016 dataset - 19.7 1" (8 Tev)
. . ] = e Simule
e no scale dependence, no kinematic g oo At muaten
reconstruction E OO — mP=172.5 GeV
G 0.008— - :; m=166.5 GeV
E o
EF : m=169.5 GeV
determination of mM¢ gooe : E m=175.5 GeV
e ) ‘5 0004 =& - m=178.5 GeV
e m{"“ included as free parameter of the fit £ 0.002f- =
T A . S EALL o B
e my distribution sensitive to the m; ¥ 15
o B A
assumption in the MC ¥ IE ~—=
0.5 L | L1 | L I
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event selection and classification

o ™
V
Wy newrino

Jer1(b) g

dataset: full 2016 dataset (35.9 fb—1)
final state: fully leptonic tt - e channel

N——
Leptons | pr,1 > 25 GeV ‘)
P12 > 20 GeV A
my > 20 GeV 2 @
Jets pr > 30 GeV ncutrino 4 SN
electron Jet 2 (b)
x10° 35.9 b’ (13 TeV)
g ¢+ data
b-tagging: tight selection — classify events g =§hg
I Wiets
w
events split in 12 mutually exclusive =tD\ﬂ¢/‘w
MC syst+stat

categories according to:

A
2 25 3 35
b jet multiplicity

©® number of b-tags
® number of additional jets
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fit strategy and treatment of systematics

strategy and details
e x? fit to final state distributions

e tt topology exploited to constrain
systematic uncertainties

e event categorization improves
constraining power of the fit
systematic uncertainties

e systematic uncertainties treated as
nuisance parameters of the fit

e bg normalization constrained in data

choice of fit distributions

‘ 0 jets 1 jets 2 jets 3 jets
0 b-tags | yield jet pT  Jet pr jet p1
1 b-tags | yield m,’l',"” m,’l',"_” jet p1
2 b-tags | yield mp" mp"  jet pr
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expected results (blinded measurement)

highest contrib. to m:wc uncert.

systematic source | contrib. [GeV]

jet ES 0.41 T A B o e S I
tt ME scale 0.17 CMS 2010, dilepton 75,50 = 4.60 - 4.60 GeV

top pr 0.12 JHEP 07 (2011) 049, 36 pb" (value = stat = syst)
NLO 0 12 CMS 2011, dilepton 172.50 = 0.43 = 1.43 GeV

generator . ERuC 722012 2202, 501" (vt st » y5)
ME/PS matChlng 0' 12 CMS 2011, all-jets 173.49 = 0.69 = 1.21 GeV

stat 0.11 EPJC 74 (2014) 2758, 3.5 16" (value = stat = syst)

. —e—

CMS 2011, lepton+jets. 173.49 = 0.43 = 0.98 GeV
total 0.47 EP 12(2012) 105,601 aido - suts oy
S 2012, dilepton N 17282 019 = 1.22 GeV

This analysis, 19.7 1" (value = stat = syst)
. CMS 2012, all-jets sl 172.32 = 0.25 = 0.59 GeV

CMS Work in progress This anayss, 18.215" (vai = sta 5 oys)

o

32.5 CMS 2012, lepton+jets 172.35 = 0.16 = 0.48 GeV

o = 8xx.x £ 1.7 (stat) T35% (syst) pb Tris anals, 16.15" (i = st = 13
CMS combination Sl 172.44 = 0.13 = 0.47 GeV

mMC = 17x.xx £ 0.11 (stat) & 0.46 (syst) GeV femtie)

t : : : Tevatron combination (2014) -
anxicraor oz 174342 0.7+ 052 Gev
B
. .. Sl
e competitive precision compared to
e e b

previous measurements

. . . 175 180
e dominant systematics: jet energy scale m, [GeV]

and tf matrix element scale
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mMS(m,) extraction at NNLO

o theory predictions obtained with Hathor CMS Workk'." progress

e ABMP16 NNLO pdf set

(consistent treatment of m}> in pdf determ.)

e using o;; result from combined fit

uncertainties =

e experimental: from o,z fit (contains m¥¢) i3

o PDF: from eigenvectors (s still missing)

e theory: from envelope of 6 possible u, and e R ez o
pr variations by factor of 2 2 profile - parabolic fi
CMS Work in progress
mé\Ts(mt) = 16x.x £ 1.5 (exp @ pdf) t%"lg (scale) GeV
latest result quoted in PDG:
. mf/TS =160 t?t GeV  — improved by a factor of 3
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as(Mz) extraction at NNLO

details and uncertainties:

e same setup used for m° extraction

o mt(mt) = 160.86 GeV
(for consistency with ABMP16 pdf extraction)

CMS Work in progress

as(Mz) = 0.11xx £ 0.0018 (fit) 7993 (scale)

o consistent results with different pdf sets

e uncertainty from m,MC automatically taken
into account (combined fit with o)

latest result from DIS: (arXiv:1709.07251)
o as(Mz) =0.1142 £ 0.0028 (first NNLO result

from hadron collider - inclusive jet production)

— improved precision with results from o
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CMS Work in progress
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summary and outlook

summary of the results

e simultaneous fit of oz and m?/lc is performed with 2016 data

e expected results are found to be competitive with previous measurements

MS

e my’> is extracted from o,z by comparing to NNLO theory predictions

e sensible improvement with respect to previous results is expected

e same method used to extract as, precision found to be competitive

outlook

e analysis is being reviewed in CMS and the results are being unblinded

10/10

Matteo M. Defranchis Deutsches Elektronen-Synchrotron (DESY)



Thank you!

CMS
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