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Recent top CMS and ATLAS results for PDF studies

@ “Measurement of the inclusive tf cross section at /s = 5.02 TeV"
[CMS-PAS-TOP-16-023]
full PDF fit

@ “Measurements of top-quark pair to Z-boson cross-section ratios at
Vs =13,8,7 TeV with the ATLAS detector”
[arXiv:1612.03636, JHEP 1702 (2017) 117]
PDF reweighting

@ “Cross section measurement of ¢-channel single top quark production in pp
collisions at /s = 13 TeV"
[arXiv:1610.00678, submitted to Phys. Lett. B]
comparison to theoretical predictions using different PDFs

@ “Measurements of top-quark pair differential cross-sections in the ep channel in
pp collisions at /s = 13 TeV using the ATLAS detector”
[arXiv:1612.05220, EPJ C77 (2017) 292]
“Measurements of top-quark pair differential cross-sections in the lepton+jets
channel in pp collisions at /s = 8 TeV using the ATLAS detector”
[arXiv:1511.04716, EPJ C76 (2016) 538]
comparison to theoretical predictions using different PDFs

@ “Measurement of double-differential cross sections for top quark pair production
in pp collisions at /s = 8 TeV and impact on parton distribution functions”
[arXiv:1703.01630, submitted to EPJ C]
full PDF fit
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Measurement of the inclusive tf cross section at y/s = 5 TeV

[CMS-PAS-TOP-16-023]
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Inclusive tf cross section [pb]
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@ measurement at 5.02 TeV is very

useful to constrain high = gluon
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Inclusive ¢t cross section at /s = 5.02 TeV [CMS-PAS-TOP-16-023]

@ Using 27.4 pb™! data
o Extension of previous

CMS-PAS-TOP-16-015
o 3 final states:

o l+jets (profile likelihood ratio fit)
o eTuT (event counting)
o prpF (event counting)

o Combination of individual results:

Tiot(pp — tt) = 68.9 £ 6.5 (stat) &+ 6.1 (syst) £ 1.6(lumi) pb

@ Total uncertainty 12%

@ In agreements with theory prediction:
oNNLO — 68919 (scale) + 2.3(PDF) '3 (as) pb
(TOP++, NNPDF3.0)
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Inclusive ¢t cross section at /s = 5.02 TeV [CMS-PAS-TOP-16-023]
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@ good agreement with theoretical predictions over all energy range
o ability to distinguish between PDFs
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Inclusive ¢t cross section at /s = 5.02 TeV [CMS-PAS-TOP-16-023]
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o QCD analysis using xFitter

(open-source QCD fit framework) ~1s0

[EPJ C75 (2015) 394] M
xfitter.org =
Input data: x 100

e HERA inclusive DIS
[EPJ C75 (2015) 580]

o CMS W asymmetry 50
[EPJ C76 (2016) 469]

e Tiot(pp — tt) @ 5.02 TeV

NNLO calculations for ¢t £ 04
using HATHOR [1007.1327] 8 02
Monte Carlo method to ; 0
obtain PDF fit uncertainties 02

0.4

inclusion of tt data requires
an additional parameter in
PDF parametrisation

O. Zenaiev

CMS NNLO  Preliminary MC Method

12= 100000 GeV?

HERA DIS + CMS W 8 TeV
[ HERADIS + CMS W 8 TeV + Top 5.02 TeV

10°

10°

107

Moderate reduction of g uncertainty at high =
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xfitter.org

Measurements of top-quark pair to Z-boson cross-section
ratios at /s = 13,8, 7 TeV with the ATLAS detector
[arXiv:1612.03636]
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tt to Z cross-section ratios at /s = 13,8,7 TeV [arXiv:1612.03636]

Previous measurements of fiducial Z and total* #¢ production x-sections and
new Z measurement at 13 TeV used to calculate ratios:
@ given process at different /s:

fid __ _fid fid
Rzi/zj = O'Z(iTev)/U'z(jTev)

tot — tot tot
Rtfi/tt_j = Oti(iTeV) /Utt‘(j'rev)
o different process at same 4/s:

tot/fid / -
Rtt_/é (:TeV) = o-:g(tiTeV)/o'gc(liTeV)

o different processes at different /s (double ratios):

R:?;éﬁd(l/ﬂ) = [az?(ti'rev)/o'gc(liTeV)] / [a:g(thev)/agc(ijTeV)]
Such ratios have reduced experimental and theoretical uncertainties:
o luminosity
@ experimental efficiency correction factors
@ theoretical scale uncertainties
@ etc.

*NNLO calculations not yet available for o9 (¢f) = extrapolation to ot (I using MC pred.
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tt to Z cross-section ratios at /s = 13,8,7 TeV [arXiv:1612.03636]
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Theoretical predictions (NNLO+NNLL ¢¢, NNLO Z)

=

s [TeV] Bl s |7 |13]s] 7

Central value [pb] | 744 | 486 | 432 842 | 259 | 182

Uncertainties [%]

27 25 25 26 39 44

PDF B B e | e B (o

a +0.9 +1.0 +1.0 +1.9 +2.1 +2.2

s 11 | -08 | -07 || -1.8 | -21 | -21

0.5 0.5 0.7 24 26 2.6

Scale Yoz | To3 | o3 || 36 | 535 | s
. 0.7 0.7 0.7

Intrinsic Z or S s || NJA | NJA | N/A

n VSRV E N ETET

3.0 28 29 5 6 6

Total 57005 | 5 || % 6 s

@ Z production: dominant PDF uncertainties

e tt production: nearly equal PDF, scale, m; uncertainties

O. Zenaiev
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tt to Z cross-section ratios at /s = 13,8,7 TeV [arXiv:1612.03636]
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R;,; theoretical predictions

fid tot
RZK/Z/ 1717
i/j 13/7 13/8 8/7 13/7 13/8 8/7
Central value 1.722 | 1.531 | 1.125 || 4.634 | 3.251 | 1.425
Uncertainties [%]
+1.0 +0.8 +0.22 +1.9 +14 +0.5
PDF -09 —0.7 -021 -23 -18 —0.6
o —0.1 —0.1 —0.1 -032 | =025 | -0.08
S —04 -03 —0.1 4029 | 4022 | +0.07
4003 | +0.02 | +0.02 4019 | 4013 | +0.05
Scale 060 | -029 | -031 ~026 | -0.19 | -0.07
4029 | 4022 | +0.07
m N/A TNJATN/A 205 | 505 | Dot
+1.0 +0.8 +0.22 +1.9 +14 +0.5
Total -12 —0.8 -0.40 -24 -1.8 —0.6
@ Z production: dominant PDF uncertainties
@ tt production: dominant PDF uncertainties
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tt to Z cross-section ratios at /s = 13,8,7 TeV [arXiv:1612.03636]
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tOt fid tot/fid /., . . . e
tt/é (¢) and Rtt/é (¢/7) theoretical predictions
i fid
RH( TeV) R/ )
iorifj 13 8 7 13/7 13/8 8/7
Central value 1.132 | 0.533 | 0.421 || 2.691 | 2.124 | 1.267
Uncertainties [%]
6 7 7 L5 1.1 0.4
PDF s % % T s 05
o +0.9 +1.1 411 022 | 022 | -0.00
S -0.8 -13 -15 +0.70 +0.50 +0.20
+2.6 426 427 +0.62 | 4032 | +031
Scale 36 35 -36 027 | —020 | -0.07
. +07 +07 +0.7 +0.00 | 4000 | +0.00
Intrinsic Z -07 -07 -07 ~000 | -000 | -0.00
m +28 +3.0 +3.1 +029 | 4022 | +0.07
d -27 -29 -3.0 029 | -022 | -0.07
7 3 8 1.8 13 05
Total 5 3 3 X s 03

e tt/Z production: dominant PDF uncertainties

@ increased PDF uncertainties for R

tot/fid
tt/Z

(7): anticorrelation of g and ¢

=> such ratios especially useful to constrain PDFs

O. Zenaiev
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tt to Z cross-section ratios at /s = 13,8,7 TeV [arXiv:1612.03636]
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Experimental uncertainties

5o 8 cr:;"

Systematic [%] / Vs[TeV] | 13 8 7|13 8 7

Luminosity 21 19 18|23 21 20
Beam energy 07 06 06|15 17 18
Muon (lepton) trigger 0.1 06 0101 02 02
Muon reconstruction/ID 07 05 0304 04 03
Muon isolation 04 00 0203 02 04
Muon momentum scale 0.1 00 0000 00 0.1
Electron trigger 00 02 00(01 — —
Electron reconstruction/ID 04 08 03,03 04 0.1
Electron isolation 0.1 00 — |04 03 0.6
Electron energy scale 03 01 0102 05 02
Jet energy scale — — — |04 07 04
b-tagging — — — |05 04 05
Background 0.1 02 01|11 1.0 1.0
Signal modelling (incl. PDF) 0.1 01 03|30 17 18

O. Zenaiev
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@ tt production: dominated by lumi and signal modelling

@ Z production: dominated by lumi, other sources at subpercent level




ss-section

ratios at

T T
ATLAS
13 Tev, 3.2 o

N data £ total uncertainty
1] data + stat.+ exp. unceriainty
| data stat. uncertainty

T T
ATLAS
8 TeV,20.21b"
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@ luminosity uncertainties fully cancel
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@ systematic uncertainties dominated by ¢ signal modelling
@ best description by ATLAS-epWX12, HERAPDF2.0
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to Z cross-section ratios at
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ross-section ratios
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tt to Z cross-section ratios at /s

= 13,8,7 TeV [arXiv:1612.03636]

ATLAS-epWZ12 CT14 MMHTI14 NNPDF3.0 HERAPDF2.0 ABMI2
Y?/NDF | 83/6 15/6 13/6 17/6 10/6 25/6
p-value | 0.22 0.02  0.05 0.01 0.11 < 0.001
g AITLAS g ATLAS‘
%’;“500713&\/. 32" %’;‘ 8Tev,20.21f0"
/—l— ) 5001 ( +
7501 v
ATLAs-epwziz (19N 450 - ATLasepwziz  (F e B
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@ quantitative anlysis done

using xFitter

@ best agreement with
ATLAS-epWZ12,
HERAPDF2.0

@ reasonably good
agreement with other
PDFs, except ABM




tt to Z cross-section ratios at /s = 13,8, 7 TeV [arXiv:1612.03636]
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PDF profiling using
xFitter

Input PDF set:
ATLAS-epWZ12

Z and tt x-sections
are fitted accounting
for all correlations
New ATLAS data
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o light-quark sea
at ¢ < 0.02
(Z production)
e gatz~0.1
(tt production)
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New data constraint least-well-understood PDF components

O. Zenaiev
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Cross section measurement of ¢t-channel single top quark
production in pp collisions at /s = 13 TeV
[1610.00678]




t-channel single top quark production ¢t [1610.0

_ CMS 23" (13 TeV)
g F 7 ———— e
g CMS CMS
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l_-) = Phys. Rev. Lett. 115 (2015) 152003 E
% r s CMS7TeV(L=117/156f") | ABM12
= JHEP 12 (2012) 035
2 10 . — MMHT14
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s F k|
-S E JHEP 06 (2014) 090 B HERAPDF 2.0
P L e CMS13TeV(L=23 fb") N
. NLOXNNLLQCD £ (scale ® PDF) 1 NNPDF 3.0
Kedonali, Phys. Rev. D53 (2011091509 ‘ ‘ ;
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R
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Rech.=Orent/ Oront

@ good agreement with QCD predictions

o with future data, the ratio of top quark and antiquark production
x-sections is expected to be useful to constrain PDFs

see also 1403.7366, 1406.7844, 1609.03920, 1702.02859 and lan’s talk
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Measurements of top-quark pair differential cross-sections
in the I+jets channel in pp collisions at /s = 8 TeV using
the ATLAS detector [arXiv:1511.04716, EPJ C76 (2016) 538]

Measurements of top-quark pair differential cross-sections
in the ey channel in pp collisions at /s = 13 TeV using
the ATLAS detector [arXiv:1612.05220, EPJ C77 (2017) 292]
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t [arXiv:1511.0471
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1D tt [arXiv:1612.05220]
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More plots at https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-04/
See also 1207.5644, 1211.2220, 1505.04480, 1607.07281, 1610.04191
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-04/

Measurement of double-differential cross sections for top
quark pair production in pp collisions at /s = 8 TeV
and impact on parton distribution functions
[arXiv:1703.01630]
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2D tt [arXiv:1703.01630]

1.3 [9(x.Q)/grer(x.Q)
1.2 [Q=100 GeV

11F JHEP 1704
1 =
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0.9 Global baseline J ¥10°
08 Globalso® 7 ,'_T>‘ o\\D\.lw‘\t\u‘\u\‘HH‘HH‘HH‘HH‘HH
t — £ Dilepton * Dat 3
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. _ ° ed | PPrOC NNL
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Ble CF
@ =
£6 18
@ Previous 1D measurements 0 50 100 180 200 250 300 350 400
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revealed some trends T

@ 2D measurement: especially
better PDF sensitivity
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2D tt¢: measured distributions [arXiv:1703.01630]

t system

a

o) (9
ISR FSR
Radiation

@ t production:
e [y(t), pr(t)]: most simple, aNNLO publicly available

e tt production:
[M(tt),y(tt)]: most sensitive to PDFs (at LO 1,2 = @eiy(ﬁ))

o
o [M(tt), pr(tt)]: sensitive to radiation (at LO pr(tt) = 0)

o t, tt mixed:

o [M(tt),y(t)]: sensitive to PDFs (at LO y(tt) = (y(¢) + y(?))/2)
o [M(tt), Ag(t,1)]: sensitive to radiation (at LO Ag(tt) = )
o [M(tt), An(t,t)]: correlated with pr(t) as well as sensitive to radiation
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comparison to MC [arXiv:1703.01630]

CMS 19.7 b (8 TeV)
= 107F T T —FY——T———T7 71— T—— ] T T
S 0 <y <0.75 0.75 <|y(t)] <0.85 0.85 < |y(t)] <1.45 1.45 < |y(t)| <2.5
8 ¢ Data
. — MADGRAPH+PYTHIA6
o ‘;’ B T I T---POWHEG+PYTHIAG |
=5 - 1l e POWHEG+HERWIG6
L2 e bl Lo
o[- - - -- MC@NLO+HERWIG6
S 103 1 = 1 Lot ]
- '% e

Ratio to MG+P

200 400 200 400

o Harder pp(t) distribution in all MC
@ This trend is in wide y(t) range

O. Zenaiev

200 400

| M

200 400
p.(0) [GeV]

P | PP | PH |

MH

x> ] 96 | 58 | 14 | 46

(dof = 15)
calculated

using xFitter
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comparison to fixed-order predictions [arXiv:1703.01630]

-1
o [GeV

oot

o(tD) dp, 0y

1
=
<

&

Ratio to CT14

.
Q
A

- 5
o

o

CMS

19.7 b (8 TeV)

0<ly@® <0.75

—
0.75 < |y(t)] <0.85

—
0.85 < |y(t)] <1.45

Kd

T T
1.45 < |y(t)| <2.5
Data 1

O(ad) [MNR]
CT14

CT14 p + PDF
HERAPDF2.0

Appr. O(a?) [DiffTop]]

“"CT14 NNLO

r@.» @ 1

© =

200 400

@ Substantial PDF sensitivity

200 400

@ aNNLO provide better data description

@ Moderate scale uncertainties at NLO
(normalised distribution)

O. Zenaiev

200 400 200 400
p.() [GeV]
| HERA2 | CT14 | CT14 NNLO
X2 | 46 24 13
(dof = 15)

calculated using xFitter

Extraction of PDFs from top quark events ATLAS+CMS



2D tt: comparison to fixed-order predictions [arXiv:1703.01630]

CMS 19.7 tb™ (8 TeV)
o T T T T T T T T
S 340<M(@)<400Gev | 400<M({T)<500Gev | 500<M(T)<650GeV | 650<M({T)<1500GeV
8 102k E3 E3 ¥ ¢ Data E
= O(a) [MNR
=) % 103k P Lo lmncTia u+ POF J
(\_,g = E o S 1 L HERAPDF2.0
=
2 """""" o .
= 104k 4 1 1% |
| ?510 =
105 ¥ 3 ¥ E
' ' ! ] ! + ] ! ]
T, ! ! ! ! ! !
o 12t 1
1 TS U A
.‘é R i llllllllll ¥ (3 I i i
£ os} SN N 0 O SO S
1 2 1 2 1 2 1 2
[y
| HERA2 | CT14
o PDF sensitivity exceeds scale uncertainties x> [ 20 ] 16
. (dof = 15)
@ = can use these data for PDF fits calculated using xFitter
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2D t¢: PDF fit [arXiv:1703.01630]

QCD factorisation: .
0x = Za,b fdx1dx2fa(x1,u?)fb(z2, H?@)&ab%X(whl’% /J?‘: ) ? Qooop—— e
By~ My

2131,2 = %ﬁ)e:ﬁy(tf) = 0.01 5 131,2

<0.25

~

= 2D measurement able to resolve =, >

CMS

T T
[ xg(x) ”.Z =30000 GeV? NLO

QCD analysis done using xFitter

)ref

H04

% [ HERA + CMS W* 8 Tev @ Input data:

5 £ + b, (0, YT 8 Tev . .

2 ool T3+, mensTev e HERA inclusive DIS data [EPJ C75 (2015) 580]

2
f

[0 + [y, M) 8 Tev o CMS W asymmetry [EPJ C76 (2016) 469]

e these 2D t{

3xg(x, 1
=)

NLO calculations for ¢ [NPB373 (1992) 295]
using MCFM @ ApplGrid

Significant improvement of g at high «

Best improvement comes from [M (¢t),y(tt) ]

30/33 O. Zenaiev Extraction of PDFs from top quark events ATLAS+CMS



2D tt: PDF fit: 2D vs 1D [arXiv:1703.01630]

@ Repeated analysis for 1D distribution pr(t), y(t), M (t?), y(¢)
o Checked their impact on PDFs

CMS
B L N ah000 Gev? NI b ]
S04 _xg(x) uf = 30000 GeV? NLO N
X [ [JHERA+CMS W* 8 TeV ]
R b [+yh8Tev 1 .
< o2k - yty e Tel _ @ 2D impact exceeds 1D
e L + [y(tt), M(tt)] 8 TeV R . .
= | Ly(t), M(tt)] j @ First study of such kind
X L a
;i:’ 0 @ Strongly suggests to use
i [ these data in global PDF fits
-0 oL o For consistent inclusion,
“t would require NNLO calc.*
0.4
[ cl T I
10° 107 10" 1
X

*Thanks for fastNLO tables with NNLO calc. for single-differential ¢t data 1704.08551!
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2D tt vs 2D inclusive jets

CMS

F xg(x) uz = 30000 GeV? NLO
[_JHERA + CMS W* 8 TeV
[Z7]) HERA + CMS jets 8 Tev

[ JHERA + CMS W* 8 TeV +
[y(th), M(tt)] 8 TeV

2
f)ref

I
.[;

Xg(c, 1)/ xg(x, b
8

=

0.8

0.6

1072 107 1

[
O,
@

o Consistent and competitive PDF constraints using different CMS data!

o Complementary sensitivity to as and my

e = one should use all the data sets to better test/constrain different
QCD aspects
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Many new results from ATLAS and CMS for PDF constraints:
o CMS total tZ x-section at 5.02 TeV [CMS-PAS-TOP-16-023]:

o useful to constrain high x gluon, but limited data precision

o ATLAS tt/Z ratios at 7, 8 and 13 TeV [1612.03636]:

e many uncertainties cancel in the ratios
e provide strong constraints on sea quark at z < 0.02 and gluon at x ~ 0.1

@ CMS ¢-channel single top quark production at 13 TeV [1610.00678]

e ability to constrain PDFs so far limited by data precision

o single-differential ¢ measurements from ATLAS and CMS
[1505.04480,1511.04716,1610.04191,1612.05220]
e certain distributions (e.g. y(tt)) provide constraints on high x gluon
o started to be used by global PDF fitters

CMS double-differential ¢ [arXiv:1703.01630]:

o first PDF fit of 2D tt: demonstrated better impact on PDFs w.r.t 1D

o PDF constraints competitive to those from jets

o fully-differential NNLO is needed for consistent usage in modern PDF fits
and further studies
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BACKUP
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BACKUP. 2D ¢t: analysis overview [arXiv:1703.01630]

Measurement in ey channel:

o Leptons:
e at least 2 oppositely
signed e, p
e pr > 20 GeV
e || <24

o Jets:
o at least 2
e pr > 30 GeV
o || <24
o at least 1 b-tagged

(similar to previous 1D
measurement)

Kinematic reconstructions, 2D
unfolding = cross sections
measured at parton level

Extraction of PDFs from top quark events ATLAS4+CMS

O. Zenaiev

35/33



BACKUP. 2D Kinematic reconstruction

"I';\ _ m‘s‘ @ Measured input:
\~~ W lv" leptons, jets, MET
"':.""+ e Unknowns: p,, ps (6)
b :: | o Constraints:
1 " e m¢, mz (2)
y o Myy+, myy— (2)
P t w* o (pv +pp)r = MET (2)
@ Take weighted average of
y 100 reconstructions with
W’/— N inputs smeared by their
' t ‘:‘ P resolution
I" _ \‘\‘ @ This helps to recover
I e b LT T TN events with no solution
_:n_ 4 mt = mi ) because of detector effects
n"—- = -.~~\~.."'-"'
* ~ _V‘i e _'l’" [Phys. Rev. D73 (2006) 054015]
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BACKUP. 2D Kinematic distributions

CMS Preliminary 19.7 fb™ (8 TeV) CMS Preliminary 19.7 tb™ (8 TeV) CMS Preliminary 19.7 fb™ (8 TeV)
1 e ] w . ] 14 | — |
= 8000 = =
g - g 00p - g s e“
< 7000F e Data < <
E 00k 1t Signal 5 El
3 500 [ (f Other ES 2 2000
a I single Top a a
IS] 1 Diboson S © 1500
EmZ/y -1
I Z/y* ~ eelup
[ w+Jets 1000,
[C—J QCD Multijet
3 tt+ziwly 500
49
g B o BT 1
FQ et tie e + 3 = e
8= ML RS R 8 8=
L
FLT I .

- CMS preliminary 19.7 b (8 Tev) ” CMS Preliminary 19.7 fb™ (8 Tev)
= 1 = . .
g i g o MadGraph + Pythia6
£ = ;
g ] provides overall good
s s . .
g g description, but:
e pr(t) harder
@ y(t) more central
3
g T g P @ y(tt) less central
al= stea et T 8= (] ST
e oo R R T E e e
p,(1D, Gev M(t), Gev
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BACKUP. 2D Unfolding

bl A

TUnfold [JINST 7 (2012) T10003]

x> minimisation with regularisation (~ 1%)

C s |§

* statistical fluctuations

e ?: ] y

2d distributions are mapped to 1d arrays

reco. data unfolded distribution regularization strength

A * detector resolution
' -

!

|

1

1

1

regularization conditions
(second derivative)

kN » 4 »
v =(Y=AX)'V,(Y-AX)+o*(X-X,) L' L(X-X,)
v - v
gen. distribution
ido)ij_ 1 X"

C'db’ "% BR-L-AY

migration probability matrix ~ stat. errors of reco.

Y=N NBackgmund For each Aa": | (

measured
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BACKUP. 2D Comparison to MC

CMS 19.7 b (8 TeV)
e 3 T T — T T L T 1
2 340 <M(t))<400Gev} 400<M(t)<500GeV } 500<M(t)<650GeV } 650<M(tf)<1500GeV
b Dat
O, =W e ¢ Data
= = . ~—e— — MADGRAPH+PYTHIA6
= § 4 v - -~ POWHEG+PYTHIA6
5|5 107F 3 T g ¥+ POWHEG+HERWIG6 7
Y ) E ramagasal v - - MC@NLO+HERWIG6
Y
© 3w nerrvnd
i e
B
10-4:_ 4 + + 4
F 1 -8 ..
. S,
o
+
V]
=
=
o)
©
h g

ly(®)
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BACKUP. 2D Comparison to MC

CMS 19.7 b (8 TeV)
— T r —— —_— —_—
> 5 [ 340<M(tf)<400GeV | 400<M(tf)<500GeV | 500<M(tf)<650GeV [ 650<M(tf)<1500GeV
§ 0% £ i T o ou ;
= 3 — MADGRAPH+PYTHIAG
o = [ e o POWHEG+PYTHIAG
5l s 103F s P : . 4" POWHEG+HERWIG6
o5 = v 1 - - MC@NLO +HERWIG6
= L
B [ [p————
E 104 4+ L e |
T F =
o
+
V]
=
o]
kel
©
h g

ly(
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BACKUP. 2D Comparison to MC

CMS 19.7 b (8 TeV)
& F T T i T i T T T T T T T T T
S [ 340<M(th)<400GeV] 400<M(t)<500GeV | 500<M(tT)<650GeV ] 650<M(tf)<1500GeV
8 104k 4 1 1 ¢ Data ]
T - > — MADGRAPH+PYTHIA6
E St - o - - - POWHEG+PYTHIAG
== st o 4 - le L POWHEG+HERWIG6
=B 107F - R i k3 3
ole - -- MC@NLO+HERWIG6
o= -
o
1o 1 — 4+ P 5 EV Y E
—|'E ¥
[s] 0 s
10'75' E3 T T E
o
b 12
= !
e
o 0.8F
©
h g

200 400 200 400 200 400 200 400
p, (1) [GeV]
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BACKUP. 2D Comparison to MC

CMS 19.7 b (8 Tev)
o 3 T T — T T T — T T T " — T T T "
> F340<M(tf)<400GeV} 400<M(tf)<500GeV } 500<M(t)<650GeV } 650<M(tf)<1500GeV
8 4 ¢ Data
& - *
= L O MADGRAPH+PYTHIAG
< 10% 1 1 | --- POWHEG+PYTHIAG |
@ % E F ¥ 3 POWHEG+HERWIG6
L= -+ MC@NLO+HERWIG6
°3
-4l 1 1 1 |
Sl
©
10
o
b 12
= .
s g = - —
o 0.8F » b }1—
g N B A
& 2 4 54 R 4
At
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BACKUP. 2D Comparison to MC

CMS 19.7 b (8 TeV)
o E T T T T T T T T T T
'(-c‘s F 340<M(t))<400GeV} 400<M(t))<500GeV } 500<M(tf)<650GeV } 650<M(t))<1500GeV
4 [ ¢ Data
% 10’25- 3 L 3 +— MADGRAPH+PYTHIA6
0) E o - -- POWHEG+PYTHIA6
= P —e—r  fee POWHEG+HERWIG6
=103 E3 ¥ g T -+ MC@NLO+HERWIG6 3
G2 T e o
R =] 3
Bla TP
ol & 4L 1 1 1 ]
g 10 Jansnangnannne:
f=
o
+
V]
=
o]
8
IS
h g
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BACKUP. 2D Comparison to NLO

CMS 19.7 b (8 TeV)
a0 E T T T T T T T T T T T T T T
> F340<M(tf)<400GeV} 400<M(tf)<500GeV { 500<M(tf)<650GeV } 650<M(tf)<1500GeV
8 [ ¢ Data
~, Le: 9. e 3
= . ¢ O(as) [MNR]
P e CT14
3 10% + Fooe HWCTI4p+PDF 1
ol | =1 o LR S HERAPDF2.0
>
e T S o
i ':‘:?
©
104k E3 k3 “* . 3
E & SR e
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BACKUP. 2D Comparison to NLO
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BACKUP. 2D Comparison to NLO

46/33

d’o(th)
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BACKUP. 2D Comparison to fixed-order predictions

CMS 19.7 b (8 TeV)
Y o T T T T T T T T T T T T T T
B [ 340 <M(th)<400GeV] 400<M(tf)<500GeV | 500<M(tf)<650GeV ] 650<M(tf)<1500GeV
[]
o 10»4; 4+ 1 1 ¢ Data J
ToF . () [MNR]
E [ . o CT14p
ElZ .45 CT14 y + PDF
= E e + Le i u
b r;% S SR S S e HERAPDF2.0
BlS .
o 11
S 100 1 . Le ]
‘—|| = 3 v End ]
5 F 1 LI S :
107k ¥ ¥ ¥ 1
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i ' $ ] 4 § §
O 15¢ 1 # i
e 1 . . $ $
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BACKUP. 2D Systematics

Following 1D cross section measurement (TOP-12-028):
pile-up
lepton selection

48/33

trigger efficiency

jet energy scale and resolution (< 2%)

b-tagging efficiency

kinematic reconstruction efficiency
background variation:

DY varied separately by +30%
other backgrounds varied simultaneously by +30%

model uncertainties (< 10%):

perturbative scale variation

matching scale variation

my variation

PDFs

Hadronization (PowhegHerwig - PowhegPythia)
Hard scattering (PowhegPythia - MadgraphPythia)
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BACKUP. 2D 2 comparison w.r.t NLO

T MC NLO nominal (including PDF unc.)

Distribution NDoF
MP|PP|PH|MHHERAPDF2|MMHT14| CT14 |[NNPDF30/ABM11nf5| JR14 CJ12

(1) — pr(t) 15 |96 |58|14]46| 46 (40) | 26 (24) | 24 (21) | 28 (25) | 62 (51) | 47 (47) | 24 (23)
M (tE) — y(t) 15 [53(20[13]21| 52 (44) | 22 (20) | 19 (18) | 14 (14) | 71 (55) | 44 (44) | 20 (20)
M(tE) —y(tt) | 15 |19]21]15]|22| 29 (25) | 15 (15) | 16 (15) | 10 (10) | 42 (31) | 25 (25) | 15 (15)
M (%) — An(tD)| 11 [163]33[20(39| 46 (43) | 31 (31) | 32 (31) | 45 (42) | 48 (44) | 39 (39) | 32 (32)
M(tt) — pp(tt)| 15 |31[83|30|33 | 485 (429) (377 (310)[379 (264)|251 (212)|553 (426)|428 (415)|382 (378)
M(tE) — Ag(tF)| 11 |21 [21]10] 17| 354 (336) [293 (272)|296 (259)[148 (143)|386 (335) 329 (324)[297 (295)
Monte Carlo NLO

@ MP: MadGraph(CTEQ6) +

Pythia6

@ PP: Powheg(CT10) + Pythia6
@ PH: Powheg(CT10) + Herwig6
o MH: MCONLO(CTEQS6) +

Herwigb

Overall description by MCs:

@ best: Powheg + Herwig

o worst: MadGraph + Pythia

49/33

Some comments on PDFs:
@ MMHT14, CT14 and NNPDF30: use LHC data

@ other PDFs: no LHC data
Overall description by different PDFs:

@ best: MMHT14, CT14, NNPDF30, CJ12
@ worse: HERAPDF2.0, JR14, ABM11nf5
Particular distributions described by “best” PDFs:
@ bad description of A¢(tt) and pr(tt)

o also bad description of An(tt)

@ reasonable description of the rest

O. Zenaiev
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BACKUP. 2D Framework of QCD analysis

In short: similar to HERAPDF2.0 fit with tt data included
(any publicly reproducable PDF fit would serve the purpose)

-
o Platform: xFitter (former HERAFitter) XFitter
[www.xfitter.org] 7

o Input data: HERA e*p inclusive data [1506.06042], Q2 > 3.5 GeV? +
CMS W asym. 8TeV [1603.01803] + tt normalised 2D data

@ RT optimal variable-flavour-number scheme with ny = 5,
at? = (Mz) = 0.118, M, = 1.47 GeV, M, = 4.50 GeV
@ Predictions for tt:
o MNR calculations [NPB373 (1992) 295] via MCFM ® ApplGrid ® xFitter
e pole top mass m¢ = 172.5 GeV
o scales 2 = 2 = m? + (p3.(t) + p2.(D) /2
o PDF parametrisation: 18 free parameters HERAPDF style
o Uncertainties:

o Experimental: from Ax? =1
o Model: from theoretical and model parameter variations
o Parametrisation: from :“’?‘0 and parameterisation form variation
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www.xfitter.org

BACKUP. 2 (ORVERN\

(pictures taken from arXiv:1511.00549)

A T 0.35 [T T

R =1

Is it OK to use NLO calculations?

Pps FE4X
] vsTHZ008

Be,a/Me€10.3,1,2) 015

(1/0)do/dy,

Yes, for normalised distributions
pr(t), y(t), M(tE), y(tt) with ‘
current data precision, because:

@ These are the only publicly
available calculations

Data/miLo
Data/mLO

0 S50 100 150 200 250 300 350 400

@ Missing higher order corrections or taew)
(estimated by scale variation) for s
NLO are small w.r.t to data:

o ~ 10% fot total x-section

o < 3% for pr(t), y(t),
M (tt), y(tt) shapes

o Confirmed by exact NNLO
calculations [Czakon et al.
arXiv:1511.00549] (slightly B :
larger effect on pr(t)). [

do/ay,; (ob)

2 R

a0 500 00 700 800 500 1000 o 0.5 1 15 2 2.5
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