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Introduction

Overview of cross section measurements: 7 and 8 TeV

A fine crop of measurements to be selected for the LHC combination

ATLAS+CMS Preliminary  LHCIOPWG
NNLO+NNLL PRL 110 (2013) 252004, PDFALHC
g = 1725 GeV
B scale uncertainty

scale ® PDF ® a uncertainty

ATLAS, Isjots
ATLAS, dilepton (')
ATLAS, alljets (*)
ATLAS combined
cMS, Ijets (1)
CMS, dilepton (')
OMS, 50 (1)
cms, alljets (1)
CMS combined
LHC combined (Sep 2012)

o, summary, 1s = 7 TeV

————i
total stat

o, %(stat) 4(syst) (lumi)

179449+ 7pb
173£6°]1 ‘Ipb

167+ 18+ 78+ 6 pb
177433+ 7pb

16443+ 1247 pb
170+ 44 1648pb
14942442629 pb
136+ 20+ 40+ 8 pb
166+ 2411+ 8pb
173+ 24 826pb

Sep 2015

Mg, = 1725 GeV
scale uncertainty
scale 0 PDF [ a, uncertainty
078 ATLAS, lepton+jets

L PRD 91 (2015) 112013, L,,=203fb™

CMS prel., lepton+iets
CMS-PAS TOP-12-006, L;,=2.8 fb"

' CMS, lepton+,

. PLB 739 (2014) 23, L,,=19.6fb"

ATLAS, Isjets, b->Xpv.
ATLAS, dilepton ey, b-tag
ATLAS, dilepton e, N -E7**
ATLAS, 5, sjets

16542+ 17+ 3pb
182943.1442436pb
181.2£28°3143.3pb
1944 18+ 46 pb

ATLAS+CMS Preliminary LHCIOPWG o summary, {5 = 8 Tev

—tt——

Nov 2015

NNLO#NNLL PRL 110 (2013) 252004, PDFALHC

total stat

0, (stat) (syst) +(lumi)
——#—1 260+ 17%+8pb

228+9'%+10pb

——de—— 257+3+24+7pb

ATLAS, dilepton ep - 242.4+17+55+75ph
or EPJC74(2014) 3109, L,,=20.3b"

CMS, dilepton (ee, iy, ej1) o 239.0£21+11.3£6.2pb
46 JHEP 02 (2014) 024, L,,=5.3 b
o LHC combined ep (Sep 2014) | 4 241.5+14+57+62pb

ATLAS-CONF-2014-053, CMS-PAS TOP-14-016,

ATLAS, aljots 168 12° 7pb L s220am1
ATLAS, 5, 01 1834942343 pb . N
oM, jets 1958522 104 4pb ot CMS prel., dilepton eyt e 2456+13'50+6.5pb
107w

CMS, dilepton ey 174542.1°43438pb L5 CMS-PAS TOP-13:004, L, =197 fb
CMS, 1, 4 143+ 144224 3pb CMS, all jets
OS5, iots 152412528390 Lo ankiv1509.06076, L,,=18.4 1 275.6+6.1+37.8+ 7.2 pb
CMS, all jets. ——— 139+ 10+ 26+ 3pb.

Effect of LHC beam energy uncertainty: 3.3 pb Effect of LHC beam energy uncertainty: 4.2 pb
() Superseded by results shown below the fine (not included in the figure) (not included in the figure)
llllllll[llllll IJIIJIlJIIJlI\II\I\ \\\\‘\\\\‘\\\\‘\\\\\\\\‘\\\\
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Introduction

Measurements at 7 TeV

ATLAS+CMS Preliminary LHClop WG g summary, Vs = 7 TeV. Sep 2015
@ Combination at 7 TeV was e O e 110 (8019) 292004 POFALAC
. ) B scslo uncenainty total stat
performed in 2012 with up to scalo © PDF @ o uncertainty o650 (eys0) ()

1/b of data

ATLAS, I+jets, b—sXuv 165+2+17+3pb L=47"

H H N N L ATLAS, dilepton ey, b-tag 1829+3.1142+36pb L _-46m" ] ~4%
° Dllepton (e'u') comblnatlon Vlable A'I'Llidlspmneu.Nm-Eﬁ“ 1812428737 £33pb L -sem’
. ATLAS, 7, +jets 184+ 18+ 46 pb L=t 7"
@ Other measurements use a partial | s aes 12 BT Lare
data set or are only preliminary ATLAS, g wremiam o |]~14%
results (except for Thag—+l [1]) 1] oo, sy~ T
CMS, g, ¢l

o Evaluate the impact of adding | ™% TRe12es2ep  Losen!
CMS, all jets ———— 139:10£2653pb L.-a5®’
additional channels ) St et et St o o oy 3370

ONOJESSp“t,maSS ll\ll\\\‘l\\\‘l I‘JI\I‘\L\I{\I\\‘\\
50 100 150 200 250 300 350

dependence available 5. [pb]
[i

[1] Phys. Rev. D 92, 072005 (2015) Measurement of tt BR:

o = 178 + 3(stat) + 16(syst) £ 3(lum) pb (9.2%) obtained from combined
dilepton, |+jets and Thag+|
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Introduction

Measurements at 8 TeV

[~ Latest LHC Combination at 8 TeV in ATLAS+CMS Preliminary LHCIOPWG o _summary, 5 = 8 TeV Nov 2015
.. NNLOSNNLL PRL 110 (2013) 252004, PDFALHG
ep channel m TS G o o)

scale @ PDF & a, uncertainty O #5130 {550 )

ATLAS, lspton.jets N 2601 %48 pb
PRD 91 (2015 112013, L,,=203 1o H

@ Use BLUE method: Best Linear | ]
~9%

Unbiased Estimate
@ Classify uncertainties: according to ’

GMS prel.. »
prel,feptonejets |, H 22859 %1 10pb
‘GMS-PAS TOP-12008, Ly=2.8 1

CMS, leptons, s 257+ 3424+ 7pb ] ~10%

PLE 730 (2014} 23, L,,=10.6 10"

physics origin & correlation between

. ) ATLAS, dilepon e [arar 4:175627. _
experiments (detector, signal, bck. ’ a7, Ly HEaniTReETI ] 4%
. . . CMS, dilepton (ee, i1, ) YL
from data or simulation, lumi) . HOOL2ILTNIZ 6200
. . . LHC combined ey, (Sep 2014) | 4 2415414+ 57£62pb
@ Final ATLAS results in eu and |+jets ATUAS-CONF-201 403, 18 o3 176
e
channels published ! TR
@ CMS results in ey is out as L T . E— J”M%
. " . . arXiv:1509.08076, Ly =184 16" 2756+6.14378:7.2pb |
preliminary (working on publication),
flect of LHC beam energy uncenainty: 4.2 pb
H H (not included in tha figurs)
|4+7 and all hadronic are published T rseesliie
. . 100 150 200 250 300 350 400
@ No JES breakdown in the public o, Ipb]

documents (but internally)
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8 TeV: ATLAS |+jets [Phys. Rev. D 91, 112013 (2015)]

P

. . x10° x10°
@ 1 isolated high-pr /e, >3 8 25F amas _[Ld:-zoafb" S [amas _[Ldl-203'b"
jets, >1 b-ta gged jet 2 4 Data  e*23lets ) T\ gTev é 60" 4 Data  M*23Jets ) T\g_grey
E 20t V+Jets [l Multijet | @ [t V+Jets [l Multijet
MiSingle Top  Dibosons 50 M Single Top  Dibosons
, mTt cuts 3

@ Fit to likelihood function
from kinematic variables

@ Dominant uncertainties:

uncertamy |

PDF 5.9%
MC generator  3.3% §11%% i % %1-2 /
:_et/FjT"““_t zz: §o1 ////// // //% go;//////%/%/%/%/%//
uminosity .8% 7

-3 18 -06 06 1.8 0 02 04 06 038

Parton Shower  2.6% M, LHD

Mass dependence: (Ao /o)/Am; = —1.1%/GeV

o = 260 & 1(stat) 35 (syst) £ 8(/lum.) pb
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Recent 8 TeV results

8 TeV: CMS 7p,+lepton [phys. Lett. B 730 (2014) 23]

Selection:

@ 1 isolated high-pr p/e, >3 jets, >1
b-tagged jet

1 7, candidate
MET cut

@ Reconstruction of m; for additional
separation

Main uncertainties:

15, Identification 6%
1, Mis-Identifcation 4.3%
Factorization Scale 2.9%
Total systematic 9.5%
Total statistical 1%
Luminosity 2.6%

@ Dependence on m; described by a
linear variation

C. Diez Pardos (DESY)

196 " (8 TeV)
T T

—+ data

(B  dileptons.
B DY-diboson
150 single top

I misidentified 7,
154X 3
{77] total uncertainty

Events / 10 GeV

50 100 150 200 éSO
P [GeV]

18 Te
< 1200 . 196! G TeY)
2 cms —— data

=4 11X

© 1000~ Bt dileptons

Ay W DY-diboson

@ £ single top

£ 800 W misidentified 7, |
S [ total uncertainty
>

i1}

600

400

200

100 150 200 250 300 350 400 450
Moy [GeV.

oy = 257 &+ 3(stat) + 24(syst) £ 7(lum.) pb
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Recent 8 TeV results

8 TeV: CMS full hadronic [arxiv:1509.06076]

Signature: >6 jets, >2 b-tagged jet
Reconstruction of tt system

Unbinned maximum likelihood fit to
m; extract signal and background
normalizations

@ Uncertainties:
Source
Background modeling +4.9%
JES 7.0, +6.8%
JER +3.5%
b tagging +7.3%
Trigger efficiency -2.2,4+2.0%
Underlying event +4.4%
Matching partons to showers —4.2, +2.4%
Factorization and renormalization scales ——0.5, +3.8%
Color reconnection +1.4%
Parton distribution function +1.5%
Hadronization +2.0%
og(m)

og(me = 172.5)

o = 275.6 + 6.1(stat) & 37.8(syst) = 7.2(/lum.) pb

C. Diez Pardos (DESY)

=1.0-24x 102 (my — 172.5) + 83 x 104 (i, — 172.5)° .

Events / 2 GeV

Events / 2 GeV

500

400

300;

200

CMs 18.4 b (8 TeV)
T T T
* Data
[Signal
acp
EIMC unc.
D
A G S e e

4

) SRR )
0 50 60 70 80 90 100 110 120

Fifth jet P, (GeV)
CMs 184 1o (8 TeV)
e A
! *Data
[ISignal
)QCD
[FIMC unc.

7/19



ATLAS: eu 7 and 8 TeV [epic 74 (2014) 3109]

@ Reference signal tt:

T T T T T

T T T T
® Data 2011 ® Data2012

POWheg+ Pythla E saaoi—_'— \‘:::iev,d.eib' EW 'inneng —zg 30000 \‘Jj‘;iev‘ 203" EVV rowneg.Pv %
H H E = Zijets 4 B Zijets E
@ Use single lepton triggers =t S 1 o
(pr > 24GeV) it ramiE B e,
3000} AlpgemH\;\l = 15000] Angsn»H\;\l 3
@ One isolated opposite o R — E
Charge € pair 1000) —E 5000 —f
(p1 > 25GeV) L =R J
. g ) 8 !
@ 1 or 2 b-tagged jets ] =9 e
05k e 05E E|
. . 0 1 2 23 0 1 2 23
@ Main BGs estimated Mooy Ny
from data
= Simultaneous determination of 6, and g,
in events with 1 (N,) and 2 (N,) b-tags * &y product of b-tagging efficiency &
bkg jet kinematic acceptance for tt events
Ny = ﬁg&ee,uzeb“ — Cuep) — N1 + g . leptonic acceptance
ki ) )
N = £Uﬁ€e'u Cb(-:g + Ng 9 +  C, tagging correlation

o = 182.9 + 3.1(stat) & 4.2(syst) + 3.6(/lum.) pb (7TeV)

o = 242.4 + 1.7(stat) £ 5.5(syst) = 7.5(/lum.) pb (8TeV)
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CMS: en 7 and 8 TeV [pas-Top-13-004]

19.7 o™ (8 TeV)
*g * data
g [T
w I wiw
Doy
@ Reference signal tt: e w2
Madgraph-+Pythia O ystestat
@ Dilepton triggers (Mu8*Mul7*,
Ele8*Elel7*) @[S 15 3
gE s SRS
@ One isolated opposite charge ep pair 055——4 4 3 3
b jet multiplicity
(p1 > 20GeV) . 501" (7 TeV)
@ Jets H -
. . e . & W wiiw
b-tagged jets identified with low oy
1 0, [Jvv
mistag rate (0.1%) B non Wiz
. . . Civ
@ No minimun requirement on jets, IMC systastat
b-jets!
4 15% s
olg 1 DN
O_R L Il 1

2 =3
b jet multiplicity
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CMS: en 7 and 8 TeV

@ Simultaneous 7 & 8 TeV binned likelihood fit with systematics as nuisance
parameters:

@ N b-tagged jet and additional non-tagged Njets categories
@ Fit to the softest non-tagged jet pt distribution in each category
@ Large constraints on JES, extra radiation, b-tagging, etc.

@ Main uncertainties: luminosity, trigger and lepton Id. eff, DY
@ Uncertainties correlated between 7 and 8 TeV data (details sl.14)
Figure: 8TeV post-fit distribution, 2 b-tagged jets category

7]
‘0::4000 s
23500 .|
| B2
[ ]backgroun

2b-tagged jets 197 b (8 TeV)
1 add. jet 2 add. jet >3 add. jet cmMs

Events/GeV

1
2 e 2B A MO
I A RN I A T Y
50 100 150 200 250 40 60 80 100 120 140 160 180 200
V] p, [GeV] p, [GeV]

@ o = 173.6 + 2.1(stat) £33 (syst) + 3.8(lum) pb at /s =7 TeV
@ o = 244.9 4 1.4(stat) £22 (syst) & 6.4(lum) pb at /s = 8 TeV
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Uncertainties: experimental sources

CMS-PAS-TOP-14-016/
ATLAS-CONF-2014-054 ATLAS

Cross section [pb] 242 4
Uncertainty [pb]
Statistical 1.7 CMS: PAS-TOP-13-004
Detector model - =
Trigger 0.4 Source Uncertainty [%]
. 7TeV | 8TeV

Lepton scale and resolution 12 =
Lepton identification 1.7 Trigger . . 12 12
Jet resolution 12 Lepton ID/isolation 14 15

+ identificati 01 Lepton energy scale 0.1 0.1
{)e_t;gg?n;;ma on 1.0 Jet energy scale 0.7 ::OD
Pileup (Included in JES/Leptld.) — ]f_" energy resolution | 0.1 0.1
Non-JES subtotal 2.6 Single top 0.9 0.6
UncortJES 06 DY 12 12
InsituJES 0.6 tE other 0.1 0.1
IntercalibJES 03 H+V 0.0 01
Flavour]ES 09 lepson 02 0.6
bJES 0.1 Wijets 0.0 0.0
Background from data QCD —=0a_ 0.0

X8 B-tag 05 E
Z+jets <0.1 -
.. R Mistag —o0Z [ 01

Lepton misidentification 0.8 Pileu 03 03
Class subtotal 0.8 cup : :
BD?EIS‘ESOH‘;M from simulation 0.3 (JES, B-tag: divided in
Single top quark 2‘0 individual components )
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Uncertainties: modelling sources

CMS: PAS-TOP-13-004

; Uncertainty [%]
Source VIS PS o —er
(Q° scale 0.3 0.3
CMS-PAS-TOP-14-016/ ME/PS matching 0.2 0.1
ATLAS-CONF-2014-054 MG+PY — PH4PY | 0.2 0.4
ATLAS Hadronization (JES) 0.6 0.8
Cross section [pb] 2424 Top pr | 03 | 03
Uncertainty [pb] _Color reconnection | 0.1 ——7}_0"\)
Si T model w 0.0 | 01—
1gnal mode PDF 0.2 0.7
Scale 0.7
Radiation — Extrapolation to full PS
Generator and parton shower 3.0 Source Uncertainty [%]
PDF 2.7 7TeV | 8TeV
= ) Total (vis) +33 +37
(Q? scale (extrapol.) +84 +02
ME/PS matching (extrapol.) ngl i’g:g
Top pr (extrapol.) +04 +08
PDF (extrapol.) 32 ¥33
Total =5 | =1

@ ATLAS: radiation included in lepton identification
@ CMS: considers also CR, UE, hadronization treatment: consistent with mass

measurements
C. Diez Pardos (DESY)
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ATLAS/CMS: Mapping signal model systematics

Generaror and

parton shower

Radiation

Scale

PDF

**Updates wrt treatment
in previous result

e
t modelling: Kﬁ tt modelling:
* Powheg-PY vs. Madgraph-PY**
* Powheg-PY vs. MC@NLO-HW . Toppr~

[] Varies both generator & frag/had model

L top guark mass measurements)™

* CR/UE tunes*

[1 Had: considered to be partially covered by the JES
uncertainty and the b-JES uncertainties (same split a i

Radiation: included in lepton ID uncertainty

* Compare Alpgen+PY vs. AcerMC+PY with
different tunes, constrained to bracket data

Largest effect on lepton isolation
efficiencies (determined from data)

ME-PS matching:
+ Difference between MadGraph+PY
samples with different parameter

QCD scale: (Q? = m,, 7+p;,,,%)

* Difference between 2 Powheg-PY samples

with varied (separately) u. and p,
+ Variation only in ME
* Evaluated at generator level

sum over
- 2 = 2 2
QCD scale: (Q* = M, *+Xp:2 144 pariohs

* Difference between 2 MadGraph-PY
with varied (simultaneously) . and .

* Variation in ME and PS

* PDF: Envelope of CT10, MSTW2008,
NNPDF2.3

= PDF: CT10 envelope

— Table modified from Maria’s talk, LHCTopWG Jan. 2015
C. Diez Pardos (DESY)
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https://indico.cern.ch/event/340357/session/0/contribution/1

CMS: 7 and 8 TeV correlations

Uncertainty source 14
Trigger 0.8
Electron ID 0.9
Electron energy scale 0.9 . . :

) o : -

Moo 0o Table. assumed (pre-fit) correlajclons for
Muon energy scale 09 the simultaneous 7 and 8 TeV fit
JES: Flavor 1
JES: Pileup 0 @ depend on method used to extract
JES: Absolute extrapolation 1 th imulati tat t
JES: Other 0 em, same simulation, stat. componen
Jet energy resolution 0.9
Ea;h bag;x)zmund gz @ Full correlation matrix covering 7 and 8
-Tag . . . . .
B-Tag (stat) 0 TeV uncertainty sources will be provided in
B-Tag (syst) 1 the paper
Mistag 0.8 di . f bi . I
Pile-up 05 — direct Input tor combination tools

2 scale 1 . .
ﬁE/PSmatchmg 1 @ Need to assign the correlations between
MG+PY — PH+PY 1 individual sources and the corresponding
b-fragmentation tune 1
Semileptonic branching fraction B hadron 1 groups (Eg JES gI’OUpS) -
Top quark pr modelling 1 .
Color reconnection 1 o eg. JES (27 sources), b-tagging, DY
gg‘;”lymg event i split in different b-tagged jet categories.
Luminosity 0

C. Diez Pardos (DESY) 14/19



Uncertainties

ATLAS & CMS: top quark pole mass extraction

@ Mass dependence of predicted o allows determining m; from measured o(tt)

° meIe extracted by comparing the most precise predicted and measured o

@ ATLAS/CMS Final result: combination of 7 and 8 TeV

. 501" (7 TeV) 19.7 fo" (8 TeV) 1
g & o5 iy i
< 6= 190 . "~ Bos &
2 185 £
§ \ \rm 7.z~mmv | 160 os Ji
2 S o Verarevmmamt"™ 175,
S NN 1 1705 0.4
1651
160F 0.2
— ~ 185 . Jo 220 b
169170 171172173174 175176 177 178 169170 171172173174 175176 177 178
mP* [GeV] mP* [GeV]
T | m(7Tev) mi(8TeV)
164 166 168 170 172 174 176 178 180 182
™ [GeV] NNPDF3.0 | 173.4 420 GeV | 173.9 1§ GeV
: MMHT2014 | 173.7 £3) GeV | 1742 +}3 GeV
mP(GeV) from oz CT14 173.9 433 GeV | 174.3 £33 GeV
PDF VE=TTeV /3 =8TeV i
CT10 NNLO 1714426 1741426 Combined:
MSTW 68% NNLO  171.2+2.4 174.0 £ 2.5 ‘ N
NNPDF2.3 5f FFN 1713422 1742424
NNPDF3.0 | 173.6 £17 GeV
. ole .
Combined: m{”® = 172.9753GeV MMHT2014 | 173.9 £18 GeV
(Uncert. from all three PDF sets CT14 174.1 431 GeV

combined)
— More details: Efe's talk
C. Diez Pardos (DESY) 15/19



13 TeV data

Overview of cross section measurements: 13 TeV

ATLAS+CMS Preliminary LHCtOp WG Oz summary, Vs=13Tev Nov 2015
. NNLO+NNLL PRL 110 (2013) 252004, PDFALHC
My, = 1725 GeV total stat
Y
. . . ATLAS, dilepton ey * b—f—=—— 820+50+56+83pb
@ Measurements available in dilepton ATLAS CONF2015089 L, =Tapb™ P
and |+4jets channel
.« . ATLAS, dilepton ee/up *|
@ Precision around 14-16% ATLAS CONE 20150 L a5 W 749 ST TOxTARD
@ Dominated by lumi
L. . ATLAS, I+jets * b———fsb——— 817+ 13+103x88pb
@ Large statistical uncertainty ATLAS CONF2015049 L35 p"
@ Plan: combination only after the next
: CMS, dilepton ep —t—e—— 769+ 60+ 55 92 pb
round of (more precise) measurements wvisioose2 Lotz
CMS, I+jets * f———#+——— 836+ 27+ 84+ 100 pb
CMS-PAS TOP-15-005  L,,=42 pb”
* Preliminary
1 ‘ 1 1 1 ‘ 1 1 1 ‘ | 1 1 ‘ 1 1 1 ‘ 1 1
400 600 800 1000 1200

0, [pb]

C. Diez Pardos (DESY) 16/19



Outlook

@ ey measurements at 7 and 8 TeV lead in precision ( ~4%)

e Expect to dominate final result
e Main effort put in mapping uncertainties and assigning correlations

@ Other channels in agreement with overall picture (~9-14%)

e Not much gain expected in a combination
e To be assessed if uncertainties are complementary to ey

Could provide also the top quark pole mass extraction from the combined
result

13 TeV results: wait until the next round of results (much higher precision)

C. Diez Pardos (DESY) 17/19
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Parameterization of Signal Contribution

_ vis x10° 501" (7 TeV)
81 =L €01 - 265(1 — Chep) 2 b oms T
_ vis | 9.2 3 14 .
89 =L €y 0 - 26,Cy a -
Doy
neither in s1 nor in s2 12 Evv v
non

— 2 - n
so =L €cp 03 - (1— 2650, — 264(1 — 6,Ch)) 35_ ":I‘ésyms‘a‘
E S2
Implement this information in the fit %
as follows: B -
Oola B ) : LSS N
* Express signal contribution with s; for o 0 [ 2 = :
b jet multiplicity

each b-tagged jet category i.
* Derive all parameters from simulation (&b, Cb, €ey)

+ Parameterize them as function
of all systematic uncertainties (&)

= With these Egs: Introduced explicitly non-linear terms in the likelihood
» Accurate modelling of expected signal rates O(A%)
» Avoids mismodelling effects from linear approximations

C. Diez Pardos (DESY) 19/19
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