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Measuring a Well-Defined Top Quark
Pole Mass

= Recipe
+ Pick an observable that can be calculated in
perturbative QCD with a well-defined mass definition.
o Measure distribution (or number) at detector level

+ Unfold to a (parton?) level that can be calculated
* Or forward fold from parton level.
o Fit calculation to the (un)folded quantity

+ Evaluate all uncertainties, including dependence of
(un)folding on the top mass assumption.



Outline

m.P°"® from inclusive cross section

o from CMS at 7 TeV.

o from ATLAS at 7 and 8 TeV.

o from CMS at 7 and 8 TeV.

Projections

m.Po from tt+1 jet events from ATLAS at 7 TeV.

Top quark mass from lepton-bjet invariant mass
from CMS at 8 TeV.

Summary



m.P°'e from tt Cross Section
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T T T T I T _; II IE

ST %‘:‘Dif;ozf Bf:m 3 Compare measured inclusive tt production
o NS,  E 2 T B ] . . . .
ook ~i=i= Top++ 2.0, CT10 1 cross-section to fully inclusive calculations at
. O, £ o e Top++ 2.0, HERAPDF1.5 — . .
L A I — Top++20,mstw2os | NNLO QCD that involve an unambiguous m,
180 — N Top++ 2.0, NNPDF2.3 ] de_ﬁn I-t_l-on
160 - T
N . Joint likelihood:
1401 -
- - pole \ _ pole pole
C N Z P(mt )_ff;:xp (Gt? lmt )f;h (Gt? Imt )dO’ﬁ
120/, RN/
165 180 185 190
m™*® (GeV)
Gaussian probability
distribution
Dependence due to acceptance and efficiency Topes 20, NNPDF2.3
. 005 T T T T 7 T T T T T T T
depending on top mass. ‘g s=7Tev i
pole +3.0 S oo ngs(":z;g-z“esi‘v E
m’" =176.7",GeV 5 0w
o
o

—>First NNLO top mass. 0.02

PLB 728, 496 (2014) 0
(arXiv:1307.1907v3)




CMS, Vs =7 TeV, L = 2.3 fb"; NNLO+NNLL for o7

—v— Witlhocsl(mzl)=;).11ls4;o.loool7 S OUter band:
f Mihes(m) ofpor s MC-pole mass.
ABM11 . A .
oT0 T — Inner error bar: cross-section, LHC beam
HERAPDF1.5 , PN — <€ energy, PDF, scale.
MSTWz2008 e Outer error bar: + &(a).
NNPDF2.3 = e
O T T T BT PLB 728, 496 (2014)
™ (GeV) (arXiv:1307.1907v3)
m* (GeV) Uncertainty on m}"* (GeV) -
Total 0’3‘935 PDF KUR,F Xs ELHC m;
ABMI1 1727 151 |48 5| 07 o o8 103
CT10 1770 133 |31 5| %08 s Tos  Toa
HERAPDFL5 1795 33 | %35 53| %05 H1 10 565
MSTW2008 1779 '35 | 51 5% 05 s o5 o3
NNPDF2.3 1767 5% | % 3] 08 07 83 03

= ABM11: significantly smaller gluon density = larger o, or
smaller m.”°"®to match the inclusive tt cross section
measurement by CMS.
= m,”° from other PDF sets compatible with
+ each other
o direct measurements within < 2 sigma



m.P°'¢ from tt Cross Section

= The 7 TeV measurement was only the beginning.
" |t became obsolete after the following measurements from

ATLAS and CMS described in the next slides.

DO 5.3/fb

PLB 703 (2011) 422

CMS 7 TeV
PLB 738 (2014) 526

ATLAS 7+8 TeV

167.5 = 5.0 GeV

176.7 = 2.9 GeV

EPJ C74 (2014) 3109

ATLAS 7 TeV tt+1jet
arXiv:1507.01769

172.9 + 2.5 GeV

173.7 + 2.2 GeV

DO 9.7/fb Preliminary ° 169.5 = 3.3 GeV

D0 6453-CONF

CMS 7+8 TeV Preliminary 173.6 = 1.8 GeV

CMS TOP-13-004

CMS combination 172.44 + 0.48 GeV

arXiv:1509.04044

| | | | | | | | | | | | | | |

165 170 175 180

m, [GeV]

MC mass.



Cross-section [pb]

m.P°'e from tt Cross Section

e channel EPJ C74 (2014) 3109
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164 166 168 170 172 174 176 178 180 182\ 166 168 170 172 174 176 178 180
s, pole
m " [GeV] oo [GeV]
N\
m' Acceptance and background effects
theo exp pole’\ _ ref t 1 2 ) .
i m )=0o{m )| —= {1+ a X +a,X7 ) partially cancel = Final dependence:
m
t do

L =-0.28%/GeV
dm

t

Remaining small slope from
acceptance and Wt single top background. 7



m.P°'¢ from tt Cross Section

l -
PDF mb - ( GeV) from o;; mP‘)le — 172 9%2 G@V
t =2
Js=7TeV Vs =8TeV
CT10 NNLO 171.4 £2.6 174.1 £ 2.6 — assuming 100%
MSTW 68 % NNLO 171.2 + 2.4 174.0 £ 2.5 correlated uncertainties
NNPDF2.3 5f FFN 171.3133 1742 +£2.4 for the theory predictions
at 7 and 8 TeV.

CT10 ATLAS: Using env. of 3 PDF sets
— CMS: Using individual PDF sets
AmP™ (GeV) Js=7TeV J5s =8TeV

T T T T T T T T T T T T T T T
« 48 Top quark pole mass from cross-section
Lata statistics 0.6 0.3 ATLAS compared to direct measurement
Analysis systematics 0.8 0.9
Integrated luminosity 0.7 1.2 DO approx NNLO: MSTW08, 1.96 TeV 2009 v 169.1 i:’
LHC beam energy 0.7 0.6 DO approx NNLO: MSTWO08, 1.96 TeV 2011 v 167.5_+i‘j
CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 —_— 176.7*-3'0
PDF+a 1.8 1, 28
¢ ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 + 2.6
QCD scale choice i 1 'y
. - ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 + 2.6
ATLAS NNLO4NNLL: PDFALHC, 7-8 TeV 2014 172.97°
Direct reconstruction LHC+Tevatron 2014 ¥ 173.3 + 0.8
1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 i 1 1 I 1 1 1 1
EPJ C74 (2014) 3109 140 150 160 170 180 190
m :""e [GeV]
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ATLAS: Using env. of 3 PDF sets
CMS: Using individual PDF sets


. [pb]

m.P°'e from tt Cross Section

CMS-PAS-TOP-13-004

= Full phase space cross-sections at parton level with full
Run-l data at 7 and 8 TeV in the most precise channel (ep).

+ The cross section fit repeated for m=169.5, 172.5 and 175.5
GeV

* Uncertainties from detector effects evaluated separately for each
mass point.

* Modelling uncertainties vary little in 169.5-175.5 GeV range = use
uncertainties for 172.5 GeV.

* Measurements represented by a Gaussian:

- .
] 19.7f7(8TeV) 4 (O'ﬁ (mt)—aﬁ)
- CMS o L(mt,(fﬁ) = CXp > >
300 Preliminary @ —2 A + A
B 08738 . m;

280}

260\ - A: total uncertainty on each measurement
I R — B +/-1 GeV from m,Me-m,pol,

oa(8TeV,m;) = exp(—0.267617 - (m:/ GeV — 176.729)) pb + 242.549 pb
Jo ox(7TeV,m;) = exp (—0.130183 - (m;/ GeV — 184.100)) pb + 169.924 pb

2201
166 168 170 172 174 176 178
mP° [GeV]
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m.P°'¢ from tt Cross Section

CMS-PAS-TOP-13-004

" g, Vvs mP° from NNLO+NNLL prediction using TOP++
with different PDF sets with a,=0.118+/-0.001.
= +beam energy uncertainty
¢ 1.79% @ 7 TeV
o 1.72% @ 8 TeV

A

300F
280}
260}

o 240+
From variations of

renorm and fact. scales 2201

166 168 170 172 174 176 178 -
poIe[GeV]

h (I
Lored(mt, o) = L (erf Ut(i '(m) - o erf a&)(m') 6
pre V) — —
C(my) V24, . V24,
Normalization to assure /
max L = 1 for each m.. /
Includes PDF, a, and beam energy uncertainties
summed in quadrature. 10




m.P°'¢ from tt Cross Section

Minimize theory x experimental likelihoods

CMS-PAS-TOP-13-004

4 5.0 b (7 TeV)

1 — 5.01b" (7 TeV) 1

2 15 CMS 5
:= 190 Preliminary o8 %E;
185 =
180 0.6 E
— 175
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165
160 0.2
L L L L L L L 1 L L L L 155 L L L L L L L 0
166 168 170 172 174 1;% 178 166 168 170 172 174 176 178 169170 171172173174 175176 177 178
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. 19.7 fb (8 TeV) P _ 19.7 b (8 TeV) 1
8 cMs = ol —~
(=3 B 280F cms 5
. 300 Preliminary o 'E'; L Preliminary @7
o 0.8 B - 6 270 0.8 8-
k 6 g 260F 06 &
— — F -
— 250F
. E 0.4
240F
. 230F 0.2
166 168 170 172 174 176 178 © TR RN R TR T 7N Y, 0 2205 IRE et e 0
166 168 170 172 174 176 178 169 170 171 172173 174 175176 177 178
pole GeV] ole ole
me | mP°® [GeV] m°® [GeV]

my (7 TeV) m;(8 TeV)

NNPDF3.0 | 1734423 GeV | 1739 £ GeV
MMHT2014 | 173.7 £39 GeV | 1742 +}3 GeV
CT14 1739 +23 GeV | 1743 +32 GeV




m.P'¢ from tt Cross Section

" Weighted average sys. unc. correlations between measured cross
sections at 7 and 8 TeV and assuming 100% correlated
uncertainties for the theory predictions at 7 and 8 TeV.

M

NNPDF30 | 173.6 +1f GeV
MMHT2014 | 173.9 15 GeV
CT14 174.1 £33 GeV

CMS-PAS-TOP-13-004
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Probability density

Theory Uncertainties

Ratio to NNPDF2.1 NNLO HERA-only, a4 =0.118

T
el - HERA-only

“sen HERA-only + LHC Top Data
NN

(x, Q%) [new] / g ( x, @) [ref]

o
(o2}
T T T AT

S 0.6

v v b v v v v v v 1wy
0.4 0.1

Used LHC tt inclusive cross

section measurements as one

of the ingredients.

— Potential bias or underestimated
errors in top pole mass?

Top++ 2.0, NNPDF2.3
T T

Reduction of PDF error (%)

NNPDF2.3 NNLO + TeV,LHC Top Quark Data

Czakon et al.

Qwoev arXiv:1303.7215
1 Relative reduction of error due
1 totheinclusion of top data in
oo thePDFfit.
X e
NNPDF30 || 173.6 £{-f GeV
— :
MMHT2014| | 173.9 18 GeV
CT14 174.1 £33 GeV

0.05¢ TS AR BN
0.045_ nf°'£=1;3T.Z\/Gev [ Gauss(PDP) E

- ag(m) =0.1184 = JHER & & Rect(u_ ) :
0.033— =
0.023— —f
o.o1f— —E

£ ]

o,; (pb)

Using a Gaussian for the y; ; uncertainty
might make it easier in comparisons or
combinations with other measurements and
would slightly reduce quoted uncertainty.
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Measurement Uncertainties Source Uncertainty [/]
7 TeV 8 TeV

CMS-PAS-TOP-13-004 Trigger 1.2 1.2
Lepton ID /isolation 1.4 1.5
Source Uncertainty [7] Lepton energy scale 0.1 0.1
7 TeV | 8 TeV Jet energy scale 0.7 0.9
Total (vis) iii iii Jet energy resolution 0.1 0.1
Q? scale (extrapol.) :tg:j +0-2 g;{gle top (1)2 (l)g

q hine (extr _ 0.1 0.3 - : :
ME/PS matching (extrapol.) :Fgl ig; 7 other 01 0.1
Top pr (extrapol.) +5'5 == LV 0.0 0.1
PDF (extrapol.) 03 =S Diboson 0.2 0.6
Total 136 | 438 Wjets 0.0 0.0
QCD 0.0 0.0
P mtpole — f(;x O'ﬁ |mtpole ]pt O_ﬁ |mtpole do_t7 B-ta,g 05 05
)= J oo Ml ) | Mistag 02 | 01
G . g Pileup 0.3 0.3
aussian E QQ? scale 0.3 0.3
. ME/PS matching 0.2 0.1
Crude espmates from the. ; 7 | MGAPY — PHAPY | 0.2 0.4
convolution of two Gaussians: ** | Hadronization (JES) | 0.6 0.8
o, —o, /1 Top pr . 0.3 0.3
(S(mf"le) ~1.6 GeV Color reconnection 0.1 0.0
Ve Uy /2.0 Underlying event 0.0 0.1
™., PDF 0.2 0.7

0o —> 00 /1.5 Ry

th th 5 (m :,ole) ~11GeV Luminosity 2.2 2.6

Oup > 0 /2.0

/7 Statistical 1.2 0.6

/




Projections

Current Future
A B C

PDF uncertainty on predicted oz (%) 2.5 2.5 (—) 1.3 (14GeV) | 1.3 (—)
Scale uncertainty on predicted oz (%) 3.5 35 (—) 1.8 (1.2GeV) | 1.8 (—)
Uncertainty on measured oy (%) 4.2 30 (22GeV) | 20 (1.6GeV) | 2.0 (—)
Slope of measured o (%/GeV) —0. 0.0 (2.6GeV) =0.0 (—) =—>1.6 (1.0GeV)
Uncertainty on LHC beam energy (%) 0.7 0.7 (—) 04 (1.0GeV) | 04 (—)
Uncertainty on ag(mz) (%) 0.6 0.6 (—) 0.3 (1.2GeV) | 0.3 (—)
Uncertainty on m}'“ = mf°le (GeV) 1.0 0.5 (1.9GeV) | 025 (1.0GeV) | 0.25 (—)
Uncertainty on extracted mass 3.1GeV 1.9 GeV 1.0GeV 0.7 GeV

13 TeV

PDF uncertainties will decrease at

+ With improved fits (adding more

LHC data + technical

improvements in PDF fits,
+ And we are probing lower x values

w.r.t. 8 TeV.

).

+ Need to have PDF sets/versions
without top quark data included

\/

Scale uncertainties
¢ Expect mild improvements.

o, uncertainties

¢ Expect small improvements?
+ World average uncertainty -2

determined by the lattice
determination.

Hypothetical analysis in which experimental
acceptance decreases with top quark mass.

15



Other Mass Measurement Methods

* Pole mass (or MS mass) from Differential
distribution from tt + 1 jet events (@NLO)

" |epton-bjet Invariant Mass

16



Top Quark Pole Mass Determination from tt+1 Jet Events

= ft+1 jet system = gluon radiation depends on the quark mass [S. Alioli et
al. EPJ C 73 (2013) 2438].

= Pole mass at NLO from normalized cross section vs the inverse of the
invariant mass of the tt + 1-jet system.

= Using lepton+jets channel. | 1 dogiret 1
Ry, ps) = —=(m{*", py),

’-\w 5 F T T T I T T T T T T T T T T I T T T ] (Tti.*.l-jet dps
§°_~ 4_52_ ATLAS tt+1 :j_et1§t0 %&LPS for m:m'e: _i
% A \s=7 TeV, 4.6 fb’' "7 160 e E 2my
= 173.7 GeV (best fit) 7 . =
3.5 . Ps —
sE- ¢ Data 3 Vst J
2 5 i_ o '.*.' e —i
== s RSy ] = .
2 ] m, :arbitrary constant of O(m,)
15E _ E my = 170 GeV
= T =
o5 e _
N S, s S L TR Extra jet: Pr > 50 GeV, | N |<2.5.
_ 13 7
8@ 1;_'_"_'_'_'_"_'f_"_'_'_'_"_'_'_'_'.".*."_:.'.7:;:7_'}---1‘-----'--'---'1'--'---- ,,,,,,,,,,,,,,, i_,__,_,__,—
w 075 0.2 0.4 06 08 1

p, (partonlevel) [ JHEP 10 (2015) 121
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Top Quark Pole Mass Determination from tt+1 Jet Events

= Fitis done at parton level: Top pole mass with acceptance
corrections, color reconnection, ...

+ but unbiased unfolding to parton level: good closure of the final fit.

S I B L L B BN B NLNARA B
& 150 ATLAS Simulation E
S =
E 0.55— l —f
ol — \ -
0.5F =
{£ Mean = -0.08 + 0.08 GeV =
150 x2/NDF = 0.4 =
b v L e 1]
166 168 170 172 174 176 178 180 182

m, [GeV]

JHEP 10 (2015) 121




Top Quark Pole Mass Determination from tt+1 Jet Events

JHEP 10 (2015) 121

+1.0
m, =173.7+1.5(stat.)+1.4(syst.) (theo.) GeV

Description Value

[GeV]
mPo 173.71
Statistical uncertainty 150 | € will improve with 8 and 13 TeV data.
Monte Carlo statistics 0.13
Signal MC Generator 0.28
Hadronization 0.33
Proton PDF 0.54
ISR/FSR 0.72
Color reconnection 0.14
Underlying Event 0.25 . .
b-tagging efficiency and mistag rate 0.17 Domi na_nt :s,yste matic
Jet reconstruction efficiency 0.05 uncertainties
Jet energy resolution 0.02
Jet energy scale (including b—jet energy scale) 094
Missing Transverse Momentum 0.02 - . . I | | d h
Lepton uncertainties 0.07 Statistica Yy uncorrelate tg the
Background 016 pole mass extracted from tt
:°a“l"°"l"‘"‘_“°““"s’“- uncertainty 5 0‘4’:3) inclusive cross section in the

cale uncertainty 93, -0. .
Theory PDF uncertainty 0.21 dl|ept0n Channel'
Total theory syst. uncertainty (+095,-049)
| Total uncertainty | (+2.27,-2.12) | €
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<mBl>NLO [ GeV ]

84
82
80

78 |
76

74
72

Top quark mass from lepton-bjet Invariant Mass

_ Biswas et al. ]
- JHEP 1008 (2010) 048 .

] 1 | 1 l 1 ]

170 172 174 176 178 180

my [ GeV ]

m,, generated by MCFM
= atLoOQCD

= at NLO QCD for production but LO for decay
Predictions at parton level folded to the 300

detector level.

CMS-PAS-TOP-14-014

my,
+ sensitive to top mt

+ Not so sensitive to the details of the

production or the choice of PDF set.

2 2

At LO: m% = 5

Endpoint at max(my,) ~ {/m? — m3,

modified by higher order corrections and
experimental effects.

(1 —cosOy)

19.7 6" (8 TeV)

e data
CMS C ]ty

Preliminary ] non-W/Z
[ Wijets

N../GeV
a
S

B twAW—II
[ py/wvv

B ti signal

MC syst+stat

= Response matrix to correct: acceptance, bin- 100
to-bin migrations, detector efficiencies, .. 0= — —
e channel for high precision. e
Select the permutation that minimizes 0 50 100 150 200 250 mPSS‘[’Ge\‘jfo

the m in each event.
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Top quark mass from lepton-bjet Invariant Mass

Fitted m; [GeV]

Using MCFM including real and virtual corrections to NLO also in the

decay, a shift of +0.9 GeV is observed = Next step: use NLO b-jet (instead

of LO b-quark) in the decay in MCFM to have a proper folding matrix.

’g 350 Prediction Fit method frommP™  NMain uncertainties:
o MADGRAPH+PYTHIA shape+rate 173.1 112
= P 2 renorm. x factor. scales
S MADGRAPH+PYTHIA rate 173.7 733
> . ) .
S, MADGRAPH+PYTHIA shape 172313 AN d b-fragmentation.
-EEQ MCEM (LO) shape 1715 711
MCFM (NLO) shape 171.4 119
50 ’
CMS-PAS-TOP-14-014
00 20 40 60 80 100 120 140 160 180 200 0
mp'" [GeV] (gen)
19.7 fb™' (8 TeV) 19.7 fb™' (8 TeV)
016 > 0.016[
3 “91°F cms 3 ""°F cms K a0
% 0.01 4;— Preliminary \5 0.014 - Preliminary ggg
Z 0.012F Z o0.012F 390
S - i) - 200
£ o001 N Z ool 100
~— o 0 165 170 175 180 ~ o 0 165 170 175 G}S{J/
0.008f . dato m [GeV] 0.008 [ o data mGe
0.006 . Madgraph+Pythia + BG 0.006F MCEM + BG
C // T mz=178.5 GeV C T mgz178.5 GeV
0.004F /‘ *\ Madgraph+Pythia + BG 0.004F MCEM + BG
- '/ ‘e m=172.5 GeV C ) T m=172.5 GeV
0.002F # Yo Madgraph-+Pythia + BG 0.002f N MCEM + BG
. \8. ~ m=1665 GeV C " m=166.5 GeV
C PERTEN B S ST S S S S B, = SSS . L L M TS SRR S S S N TR i . | .- L
%" 750 700 150 200 250 300 850 %" 750 100 150 200 250 300 350
mp" [GeV] mp" [GeV]
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Summary

Top pole mass measurement using inclusive cross section and
NNLO+NNLL calculation reached a precision of 1.8 GeV.

+ Will be hard to have a significantly improved precision - ultimately
limited by uncertainty in luminosity.

¢ Focus on improving uncertainties on the experimental side: JES,
background, lepton-id...

+ And on improving Scale+PDF uncertainty on the theory calculations.

Top pole mass from differential distributions in tt+jet, precision
~2.2 GeV.

o Statistics =2 Including 8 TeV measurement the precision will be ~1.8 GeV
(if no improvement on JES, ISR/FSR, scales, PDF uncertainties)

Measurements with m,, very promising, precision ~1.2 GeV
+ Ability to bring calculations/simulations to detector level

+ Work to be done to measure top pole mass from m,
* NLO corrections in the decay being studied in more detail

* Main challenge: Definition of the b-quark / jet in the interface with a QCD
prediction.
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We should be able to reach ~<1.4 GeV uncertainty by the end of LHC run Il
Using top quark pole mass from inclusive cross section + NNLO predictions.
= Using combined inclusive cross section measurement.

D0 5.3/fb

PLB 703 (2011) 422

CMS 7 TeV
PLB 738 (2014) 526

ATLAS 7+8 TeV
EPJ C74 (2014) 3109

ATLAS 7 TeV tt+1jet
arXiv:1507.01769

DO 9.7/fb Preliminary

Summary

167.5 + 5.0 GeV

2176.7 = 2.9 GeV

DO 6453-CONF

CMS 7+8 TeV Preliminary
CMS TOP-13-004

CMS combination
arXiv:1509.04044

%.%%

172.9 = 2.5 GeV

173.7 = 2.2 GeV

169.5 + 3.3 GeV

173.6 = 1.8 GeV

172.44 = 0.48 GeV

! ! | ! ! !
165

180
m, [GeV]

Using the measurements using tt+1jet events.
Combining inclusive cross section (ep) and tt+1 jet (lepton+jet) top pole mass

results.

= Statistically independent samples.
=  Detailed studies needed to understand correlations of the uncertainties.
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Additional Slides
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o) N ]
2 - —— CMS, L=23fb" ]
= 220[~ _. g0 Top++ 2.0, ABM11 ]
_ --@- Top++2.0,CT10 ]
200[~ .. Top++ 2.0, HERAPDF1.5 @ =
- ---m-- Top++ 2.0, MSTW2008 SRS
180~ == Top++ 2.0, NNPDF2.3 Tl
4.1% 80 P++20,NNPDF23 | gelsim™ -
(including e e e E
acceptance - P = -
effects) 140 frsi 1.7 i —
e ! g i
L e ) D'i S 4
120-_‘1\—;— 1 I 1 1 1 é’l 1 1 I 1 1 1 I 1 1 1 I :I 1 1 I 1 1 I_
0.108 0.11 €112 0.114 0.116 0.118 0.12 0.1
e aS(m )
/’ 4
,/

Determination of a.

" 0z (CMS; 7 TeV; dilepton) [JHEP, 11 (2012) 067]
" TOP++ 2.0 calculation (@ NNLO+NNLL) with o (M,) scan.

Vs =7 TeV; mP®® = 173.2 GeV
T T T I T T T I T T T I T T T

Lk
ABM: smaller gluon density.

assumed difference  _.-*
between mole & mMC

PLB 728, 496 (2014)
(arXiv:1307.1907v3)

}scale & PDF uncertainties
(L =p=mP® > 0.5 -2 x )

22

pole _ _ Tevatron
t —

173.18+0.94 GeV @1 GeV

m
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Determination of a,

CMS, (s =7 TeV, L = 2.3 ft5"; NNLO+NNLL for o; m®® = 173.2 = 1.4 GeV

T T T | T T T | T T T | T T T | T T T |(D il NI T | T T T PLB 728’ 496 (2014)
Default aS(mZ) of respective PDF set E é (arXiv:1307.1907v3)
ABM11 | ¥ H 8(a,)=2.4%
cT10 L v == - §(scale): 0.8%
= -2 6(m,): 1.1%
HERAPDF1.5 H v H - LHC beam energy:
; 6(Vs)=46 GeV =2 0.7%
MSTW2008  H v .
NNPDF2.3 = ¥ == using NNPDF2.3:
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | EI | 1 | 1 1 1 0,0028
0.108 0.11  0.112 0.114 0.116 0.118  0.12 ( 0.322 O (mz) =0.1 151i0,0027
ag(m,

= The first determination of a(m,) from top quark production.
* The first a,(m,) result at a hadron collider at full NNLO QCD.
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