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Run: 266919
Event: 19982211

e Look for New Physics in ways that may A SR
elude direct searches |

® egnon-resonant production in my

® Cross-check detailed QCD calculations

e egtop quark prand its effect in Higgs physics and
New Physics searches

e Help tune MC production

e eg Powheg hgamp parameter from tt pr

Subjet 2,
C i et =49 GeV .
% Subjet 1, eta=1.64 Subjet 3,
i et =275 GeV/| phi = 1.64 et =203 GeV/|
. < & eta=208 eta=237
e Help constrain PDF 7= e
oo W W
CMSE p riment at LHC, CERN
Data recorded: Sun Jul 12 07:25:11 2015 CEST Tp’fj‘:%g‘fl' 2l
RunEvent: 251562 111132674 -
[ ) eg y(t) a nd y(tt) Lumi sec(lon. 122 phi= 174
Orbit/Crossing: 31722792 / 2253 ass =176 GeV.

® Good environment to develop new tools

or study interesting corners of phase- ;’:‘;;iigm

space

e Boosted algorithms
A boosted top quark has high pt (~>400 GeV) and its decay
products are collimated into a large R~0.8-1.0 jet




detector to parton unfolding

~ p ~ p
Theory Experiment
parton-level detector-level

kfUII phase space Ilducial phase space|

parton to particle detector to particle unfolding

. N
Monte Carlo
Fiducial measurements reduce
particle-level uncertainties due to extrapolations
L HepData

Rivet implementation:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopRivetAnalyses
CMS: TOP-16-021 (in preparation)
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Physics

Charged leptons (not from hadrons) are dressed with ”
the energy from nearby photons (not from hadrons)
No isolation

ETMiss calculated from the sum of all .
neutrinos not from hadrons .

Jets are clustered from stable MC K
particle (excl. dressed leptons and
neutrinos defined above) using anti-kt
algorithm

b-jets defined by a jet containing a b-quark hadron

LHCTopWG recommendations:

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/ParticleLevel TopDefinitions
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Outline -

® Focus on recent measurements (mainly 13 TeV)

e Compare between ATLAS and CMS for:

e Selection & Reconstruction algorithms
e Unfolding techniques
® Systematic uncertainties

® Results

e Next talk (Efe) will cover:

e MC samples and their tuning

e Status of LHCTopWG plots




Recent measurements: 7/8 TeV

ATLAS CMS
PRD 94(2016) 092003 EPJ C75(2015) 542
_ 7& 8TeV, resolved, parton 8TeV, resolved, parton, + lep+jets
dilepton / ’
JHEP 09 (2016) 074 PAS-TOP-14-013
8 TeV, resolved, particle, jet pT vs Njets (2D) 8 TeV, resolved, parton, 2D
JHEP 06 (2015) 100 EPJ C73(2013) 2339
7TeV, resolved, particle 7 TeV, resolved, parton/particle, + dil
|+J ets EPJ C76(2016) 538 PRD 94(2016) 052006
8 TeV, resolved, parton/particle 7 & 8 TeV, resolved, particle
PRD 93(2016) 032009 TOP-14-012 (arXiv:1605.00116)
8 TeV, boosted, parton/particle 8 TeV, boosted, parton/particle
TOP-14-018 (arXiv:1509.06076)
all-had 8 TeV, resolved, parton/particle



Recent measurements: 13 TeV

ATLAS

TOPQ-2016-04
resolved, particle
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Physics

CMS

PAS-TOP-16-007

- resolved, particle
dilepton ’
TOPQ-2015-017 (arXiv:1610.09978) PAS-TOP-16-011
resolved, particle, Njets, gaps resolved, parton
I ot CONF-2016-040 PAS-TOP-16-008 (arXiv:1610.04191)
TJ€Ls resolved/boosted,particle resolved, parton/particle, 2D
CONF-2016-100 PAS-TOP-16-01
all-had ;

~15 fb?, boosted, particle

resolved/boosted, parton
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Selection & Reconstruction: dilepton i

ATLAS CMS

PAS-TOP-14-013 PAS-TOP-16-007 PAS-TOP-16-011
TOPQ-2016-04 TOPQ-2015-017 ee, P, ep pr > 20 GeV

el pt > 25 GeV m(ll)> 20 GeV
> 2 jets (anti-kt 0.4) pt > 25 GeV ee, uu: MET> 40 GeV & [m(ll)-mZ| > 15 GeV
> 1 b-jets (76%) > 2 jets (anti-kt 0.5) pt>30 GeV

>1 b-jets (80-85%)
Neutrino Weighting technique

My, Mw, scan over (1), N(2) Neutrino Weighting technique
20% inefficiency from not finding a solution m¢, Mw, 100 times

also suppresses background (smearing leptons and jets momenta)

O — 5-10% inefficiency from not finding a solution
& 10°EATLAS Preliminary + Data 2015
= F (s=13Tev, 321 (] . CMS Preliminary 2.2 fo" (13 TeV)
= r B Single top n 10 T T T T T
Bl Fake lepton z f
*g 10* Dibosor? 3 10° Dilepton # Data [ W+iets
14 E B Drell-Yan (t1) U>J Wl i signal [ Z+jets
L B Stat. 10° [tiother [Jti+z/W
Stat. @ syst. [l Singlet ] Diboson
10° 10* Uncertainty
= 10°
10°
10%
E 10
1.4
£ . 12
9 zg Zg !
° 08
o
o 0.6
20 40 60 80 100 120 140 160 180 s : : : =
ET™ [GeV]
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Selection & Reconstruction: lepton+jets

ATLAS CMS

CONF-2016-040 (resolved) PAS-TOP-16-008 (resolved)
e or U pt>25GeV
> 4 jets (anti-kt 0.4) pt > 25 GeV _ eorHET>3O GeV eV
. > -kt o. >
> 2 b-jets (77%) 4 jets (ar?tl to.4) pr>30Ge
> 2 b-jets (70% & 80%)
Pseudo-Top reco: Likelihood ki e
neutrino from mW ik I'PI1 e:j 00 .|nemat|c ttlntg ot
b-jet closest to lepton: leptonic top dife IKEInoo | cor.1ta|]rc1s mass consdraln > |
light-jets closest to W: hadronic W ifferent eva ua’Flonf or parton and particle
hadronic W+ other b-jet: hadronic top neutrino from my, Mw
3 [ ATLASPrelminary —+Daa - e T - NN .
g 200 [S-13TOV.5210" Dingenn D 09 Gmuston pariomevel @ POWHEG P D 095 Gimuaton parclevel % POWHEG P8
g L Resolve -Zgéetss ] S o8k v POWHEG H++ S o8k v POWHEG H++
2 2000/ _E\',b‘f_s°" 3 S 0.7?_ ' « MGS5_aMC@NLO P8 S o= « MG5_aMC@NLO P8
E ///-/,'\Slltgltt.lfésyst. Unc. E E 06; —_— E O.Gé
1500(— Do — 8 : E v 8 § —_—
r o 05t —— o 05F —
1000 — =04 e | | 'E 04F .
§ . 03F v 035 v
S00F E 02F 02F
) . . 0.1;— 0_1;_
§ 121 gi’/”/ ’“’“f’/»}%’W 0" (I) ; 2I é ;4 o cl) ; é :l‘a 2|4
§ 08 2 o~ e %m Additional jets Additional jets

ml,lep [G eV]



ATLAS

CONF-2016-040 (boosted)

e or upt>25GeV
> 1 jets (anti-kt 0.4) pT > 25 GeV
MET > 20 GeV, MET+mtw > 60 GeV
> 1 trimmed large jets (anti-kt 1.0) with
300 GeV < pt <1500 GeV
TopTagging (80%):
calibrated jet mass and N-subjettiness T3,

Large-jet (Rsub=0.2,
fcut =005)

AR(Large-jet, small jet) > 1.5

Either small-jet is
b-tag

AR(lepton, small jet) < 2.0

Events / GeV

Data/Pred.

Data/Pred.

L e LA e B T

E T T ]
] 60: ATLAS Preliminary E tl?ata ]
r g =
C \g =13 TeV, 3.21fb ] Single top 1
140F- Boosted W-jets =
r ] é%ets E
L Iooson —
120~ y iV =
C ? Il Multijets .
100— 77, Stat.+Syst. Unc. -
E 7 Z ]
80F =
60— =
40 -
20F -
1.4¢
1.2¢ ]
98 ' i
0 100 200 300
Large-R jet mass [GeV]
C T T T T 7]
12000 ATLAS Preliminary — — tff)ata ]
C B@ = 13dTeV, 32" om Single top ]
_ Booste jets 5
10000— ] Z+4j't]=3ts ]
L II_)\i/boson B
C . it B
8000— Z m Multijets ]
C 2, Stat.+Syst. Unc.
C 7 ]
6000 -
4000 -
2000~ -
] 4'_1i ; JE——
1 21— /
0.8; “ 7
06— i 2 3

Number of top-tagged large-R jets
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Selection & Reconstruction: all-hadronic  #*

ATLAS CMS
CONF-2016-100 (boosted) PAS-TOP-16-013 (boosted)
NO e or ppr>25GeV NO e or p pt> 10 GeV
> 2 jets (anti-kt 0.4) pr > 25 GeV > 2 jets (anti-kt 0.4) pt > 30 GeV
> 2 trimmed large jets (anti-kt 1.0) with > 2 Soft Drop large jets (anti-kt 0.8) with
350 GeV < pr <1500 GeV (leading pr >500 GeV) pt > 200 GeV (leading pt>450 GeV)
TopTagging (50%): > 2 b-jets (69%)

calibrated jet mass and N-subjettiness 13,
> 2 b-jets pt > 25 GeV (70%)
AR(b-jet, Large jet) < 1.0

Event Fisher discriminant (t3,, T31) > 0
150 < msp (leading large jet) < 200 GeV
Each large jet contains a b-jet

> e NARRIRARRIRAARIE S SARAARARSANAREY 2,53 fb” (13 TeV)
[ SOLATLAS Prellmlnary —— I?a(a2015+2‘016 = FTTT T T T T T T AL L L N B
(2 EVs=13Tev, 147 fb" — 1 alhadronic ) 1 8 e Data
g | Signal region = ;;;:2; ““““““ ic) . S [1Signal ]
e S0 W Vutiet - — DQCD E
w E : n Fit Unc. 1
40F- Stat. @ Syst. Une. 'E'
C ] o E
C Lﬁ ]
30F 3
20 3
10F \ E
JE B =
Sl o — = —— D =
IR A e = i it
a 120 140 160 180 200 220

BT N
1 12 14

Leading large-R jet mass [GeV] Fisher discriminant



Selection & Reconstruction: all-hadronic

CMS

LI L B e T T

T T e
CMS
Simulation Preliminary |:| After Kin. Fit

S 10000~ -
. s000f- — Before Kin. Fit PAS-TOP-16-013 (resolved)
6000:— —:
- : NO e or p p7> 10 GeV
2 E > 6 jets (anti-kt 0.4) pt > 30 GeV
or E Ht > 500 GeV, p(6) > 45 GeV

000720 140 160 180 200 220 240 260 280 300 > 2 b-jets (69%)
Top mass (GeV)

AR(b,b) > 2.0
2.53 b (13 TeV) 2.53 b (13 TeV)

Frrrrprrro [T oo T T LI N S B B B = kin.ﬁtprOb.>0.02

e Data

S 500 SMS sData =~ 4 3 - cms z
Z Tp Prefiminary CISignal 4 (5 80OF Préiminary | [JSignal 150 < Mt < 200 GeV
[ - \ [JQCD e - ; JQCD
S 400 [ Fit Unc. ~ 700 oM EIFit Unc.
it 5
>
LLI

1 [ 1 1 i
200 400
Reconstructed top mass (GeV)



Unfolding techniques: ATLAS vs CMS

® Most analyses use Iterative Bayes-inspired
reqularized unfolding (d’Agostini) (I1B)

do—ﬁd= 1 'l'ZM_I' i -(Nj _Nj)
. L L AN A ij " Jmatch " Jace *\Vreco = IV,
e Some use Tikhonov regularisation within Xt L-AX' € & N ¢
Single Value Decomposition (SVD) 0 AT s
_ _ 8 g ATLAS Simulation Preliminary E
e Both experiments check the unfolding by 3, 8§ Resolved ]
performing “closure” tests and “stress” tests ET]O'?; ]
e exactimplementation differs 0_6? f
e stress tests include injecting pseudo-data similar to New 0'55 7
Physics signatures 0.4- E
. - 0.35 E
e Both experiments do similar procedures for 0ok e E
bin optimisation (check resolution and ensure ot . .
migration is > 50% on diagonal) | R R BRI S
O 200 400 600 800 1000
. . . t,ha
e Both experiments do similar procedures for Py 1GeV]

Bayesian N iterations optimisation ex of efficiency plot from CONF-2016-040

® trade-off between unfolding bias (unfolding systematic)
vs larger statistical uncertainties
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Unfolding Techniques

ATLAS CMS

dilepton TOPQ-2016-04 TOPQ-2015-017 dilepton TOP-16-011

IB, Niter = 6/4, no unf. systematic _SVD' no unf. systematic
dilepton TOP-16-007

lep+jets CONF-2016-040 IB, Niter Opt. per observables, no unf. syst.
IB, Niter = 4, Nno unf. systematic all-had TOP-16-013
all-had CONFE-2016-100 IB, unfolding systematic (small)

IB, no unf. systematic

ATLAS Simulation Preliminary \s =13 TeV, 3.2 fb!
T T T T 7

—
o
o

=~ 1 %1000 T T T T T T T T T T 4714 9 —~1500 : | | , 100
500 [— i i = ) . : PN
8 ?gga 0.00 0.01 0.03 0.27 0.69 —0.9 C|>) ATLAS S|mU|a.t|On 2 5 23. 12| 90 g G>J ATLAS S|mu|at|0n 1 10 % PE-
= - 450~ Preliminary 1 424188 11 2 @ 750 |- Preliminary 15
= - = 0.8 S “°[" Resolved 8 5 o 18 10 {8880 £
= 5 L 1 323068 10 g<) G ., | Boosted IS
= igg’ 0.01 0.03 0.22 0.60 0.14 —0.7 a 1 4 20. 9 70 = = 70 =
o T 300 . 13 & 2 16 7
3 = — —0.6 ~— 265 550 -
?J ;‘ 230 [~ 1 24. = s 2 26 15 60
'(—J ;gg_ 0.04 0.21 0.56 0.16 0.03 —05 (o)) . | 1 3 21. 11 | %) 500 50
= O, e 2 22/62 13 o .
© = - —0.4 o5 1651 o = 1 27 13 |
a . g . 2 20. 12 B 450 0
150 0.18 058 0.19 0.03 0.01 —-0.3 - i—ms B 1 18. 12 "0 EQ_'_ 4 2% . 13 30
= - 0.2 1 15 12 400 |m
. 75 — =20
1 15,69 15 26 11 20
% 0.56 036 007 0.01 0.00 —0.1 50 11. 18 1 1 o 350 10
25& —
o e wme @m0 M 2 1111 0 ° | ! | ! | !
70 150 250 200 1000 0 25 50 75 105 135165 195 230 265 300 350 400 450 5001000 300300 350 400 450 500 550 650 750 1500 0

Reconstructed pT(t) [GeV] pEI'_had [GeV] (deteCtOF Ievel) ptrhad [GeV] (detector |eve|)
T
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Unfolding Techniques

N.s.ignal unfolded C M S

1d0) 11 1N
cdxdy/;; o Ax; Ay; B-LC

dilepton TOP-14-013

5 1efoms -~ Pumy TUnfold algorithm used. Unfolding done
g F "~ Non patonevel signal using X2 minimisation including term for

08 the Tikhonov regularisation

06 e il 2D mapped to many 1D.

04

e i lep+jets TOP-16-008

00100 200 300 400 500 600 700 800 B, Niter optimized such that the 2

Particle level pT(th) [GeV]

between a model and unfolded data at

= o oMs a0 ot0 B 0455 article (parton) level same
o E Simulation 04 5 p p
< 8E 0.00 0.00 0.1 0.04 2 a5 5 between folded
E) 72— 0.00 0.01 0. 0.05 0.01 0.35 E’ x
2 6lom 000 000 oo 007 ooz oo (03 model and data at detector level
T E o
8 5;4;.00 0.00 0.01 0.08 0.02 0.01 0.01 0.25 % 2D: nXxXm: |B can be extended to a
§ 420.01 0.01 0. 0.07 0.03 0.02 0.01 0.01 2?5 % n.-m Vector Wlth a
m 3Fe02 004 0.07 0.03 0.02 0.01 0.01 0.02 ’ 8 . . .
- 01 8 n.-m xn.m migration matrix
2 Fo.06 . 0.06 0.03 0.02 0.01 0.01 0.01 0.01 =T
E 0.05 &€
1 0.03 0.01 0.01 0.01 0.01 0.0 0.0 0.01 5
sl b b b b b b By Z

—_
N
w

4 5 6 7 8 9
Bin at parton level pT(th)
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Systematic Uncertainties: lepton+jets

ATLAS CMS

TOP-16-008 lved
CONF-2016-040 (resolved) 16-008 (resolveq)

Dominant: JES & signal modelling:

Dominant: JES & signal modelling: mostly NLO generator (MC@NLO vs Powheq)
mostly NLO generator (MC@NLO vs Powheg) and Parton Shower
and Parton Shower (Powheg+Herwig++ vs Powheg+Pythia8 and scale)
(Powheg+Herwig++ vs Powheg+Pythia6) 2D: JES: 15% in bins with large Njets
—_ 60IIII|IIII|III[|]IIIIIIIIIIIIIlfIIIIIITIlIIIIlIIII and hadronisation + NLO generator reaCh Up to 300/0
S - -
: -ATLAS Preliminary Fiducial phase-space - for pa rton |eve|
k= 40 [ Vs=13TeV,3.2fb" Relative cross-section | — B
@ Resolved i Source Particle arton
o . level [%] level[%]
2 o0 _ Statistical uncertainty 1-5 1-5
2 i . Jet energy scale 5-8 6-8
g i e, i Jet energy resolution <1 <1
% Opmismeiiet s e pamiss (non jet) <1 <1
© L : b tagging 2-3 2-3
L ool B Pileup <1 <1
- . Lepton selection 3 3
| SiataSvel U S U i Luminosity 2.7 2.7
tat.+Syst. Unc. tat. Unc.
—40r Flavor Tyagging -------------- JESIER ] Background 1-3 1-3
i Backgrounds -.--- IFSR, PDF, MC Stat. | PDF <1 <1
_I -I-I--I-l--l I|_|IaId|rI0II‘“ISIa|“?|I1I | | 111 I-llzll-;-l r'\alr? Islclaln\elrllnlgl 11 | 111 I_ FaCt./ren. scale <1 <1
_600 100 200 300 400 500 600 700 800 900 1000 Parton shower scale 2-5 2-9
pthad [GeV] POWHEG+PYTHIAS8 vs. HERWIG++ 1-5 1-12
' NLO event generation 1-5 1-10
mt 1-2 1-3




Systematic Uncertainties: lepton+jets

ATLAS

CONF-2016-040 (boosted)

B T I T T T | T T T I T T T I T T T I T T T I T
LATLAS Preliminary Fiducial phase-space

- Vs =13 TeV, 3.2 fb" Relative cross-section
 Boosted

Dominant: Large R-jet & signal modelling:
mostly NLO generator (MC@NLO vs Powheg)
and Parton Shower
(Powheg+Herwig++ vs Powheg+Pythiab)
and also Initial/Final State Radiation

Fractional Uncertainty [%]
N
(@)

|III|III|IIIE!]'EIII|III|I
l: 4

—40 5

60 Stat.+Syst. Unc. Stat. Unc. -

. TR . oYL Large-Rjet o Lepton, E™®, Small-R jet -

Large R-jet uncertainties include: : Sackgrounds -~ IFOR PDE. MO Stat

e JES, Jet Mass Scale —80_—----|--- Hadronlisation o I—’ard Scatte|ring e
 JER and Jet Mass Resolution (impact from 400 600 800 1000 1200 1400

degrading resolution by 20%) p.™ [GeV]



Results! 142 unfolded plots!




Many useful observables!

e The 5 canonical ones: top: pr, y; ttbar system: pt, y, m
e Extremely useful to theorists and for learning lessons
eDetector level ones: Njets, Nbjets, jet pT, lepton ones, jets
ones, Hrt, Etmiss, etc.
e Potential for precision
eRadiation ones

*Sensitive to emission of radiation with the ttbar system
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ATLAS CMS

TOPQ-2016-04 TOP-16-007 TOP-16-011

particle particle parton

. . . : . CMS Preliminar 22" (13 TeV - -1
> ATLAS Preliminary  Fiducial phase-space 3 O y ( ) P .CM.S I.Dr.ellm.’n.a{y, . |2-|2Ifb |(1|3|-I|—ev)| -
o o2l 15=13TeV, 321" o Daa ] o L Dilepton POWHEG v2+PYTHIAS — 10T ' ' ' T
osF —.— 2{3{@ Syst 3 3 E e MG5_aMC@NLO+PYTHIAS[MLM] > . Dilepton e Data ]
Sl . — Powheg-Box + Pythias 3 2 B MGS5_aMC@NLO+PYTHIAB[FXFX] 8 —— Powheg v2+Pythia8
o 10° - Egng:ggi N E;m;%” _ 5 L e POWHEG v2+HERWIG++ — 102k -.--- Powheg v2+Herwig++ -
: — o o ] S —o— oo s sy e - MGS AMCONLOsPytNaS (P
E e MG5_aMC@NLO + Pythiag ] oo Statistical uncertainty Olo St MG5_aMC@NLO+Pythia8 [MLM] ]
107 = = > I e 10°F 3
E 3 O} = i 1 F E
C —1 ° ,_0‘004%“;*“ i
n L ! " . | o 1
g 15 — O R )
g Y e i 104k |
e = | 0.002— E
i - = i e 14 F e Stat, L piini
o'5| + + + + + Py T T S S IR S S R L r — e e === |
© 1.5~ - 1.3 stat+sys uncertainty > © 12 | Stat. @ SySt J N T
S T T T TI TR T T TTITTITTIITTIT - 1.2 S|g E. o f======
= 1 [rer— | 5= 1'11 _qc) o L s
_8. e g © g: == 0.8 ;_ _;
T osi g T e 06 . . . . -
0 200 200 600 800 7000 0 100 200 800 w0 SC‘_’:’ v 0 100 200 300 400 500
p,(0 (GeV] P! [GeV] b [GeV]
° +Pv: i -
Pow+Py: ok e Pow+Py: ~tension
e Pow+H: tension (p-value = 0.01) e Pow+H: good e Pow+H: best
[ ]

MC@NLO+H: good e MC@NLO+Py MLM: ~tension
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Results: dilepton top pr: 2D

pT (t) Vs y (t) CMS TOP-14-013

CMS Preliminary 19.7 fb' (8 TeV)
S E oe Iy < 035 1 o0s5¢ vl <0.85 0.5 < |y(lt)| <145 148 < |yl(t)| <25
8 1 ® Data
- E 3 T +—— MadGraph + Pythia6
== E ] --- POWHEG + Pythia6
Eb’ 5} Mgl P S POWHEG + Herwig6
Lt ‘;’_,_ 4 e 1 - o - .- MC@NLO + Herwigé
pa rton ?\1 0 _ _ i f 3
AN % [ ] ol
-_ '..-..'..-..'.;.r..-.r..-._- L AlSO See baCk-Up/
pa per for ConStraintS
105k ] on PDF!
Ciol
g
o ! i?i __________ =
%0.8 L Y S
- 200 400 200 400 200 400 200 400
p.([GeV]  p (1) [GeV] p.(1) [GeV] p.(1) [GeV]
Distribution |dof| MADGRAPH+PYTHIA6 | POWHEG+PYTHIA6 | POWHEG+HERWIG6 | MC@NLO +HERWIGH
y(t) pT(t) 15 96 58 14 46
° POW+H6Z best M(tt) y(t) 15 53 20 13 21
M(tt) y(tf) 15 19 21 15 22
M(tt) An(t, 1) | 11 163 33 20 39
M(tt) pT (tt) |15 31 83 30 33
M(tt) Ap(t, 1) 11 21 21 10 17
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Results: lepton+jets top pt: 1D

ATLAS CMS

TOP-16- |
CONF-2016-040 (resolved) OP-16-008 (resolved)

2.3 (13 TeV)
= 12T T T T T T T T T ',—> B CMS e/ll'l'iets e Data
s E ATLAS Preliminary Fiducial phase-space E [0) — : Sys @ stat
3 E s=13TeV,321b" o Dam ] 0] 1 = particle level Stat
g TR TS e 3 e Pow+Py: ok 8 S - POWHEG P8
Sa FE PWGHPYS = 3 = . POWHEG H++
o C +PY6 hy, o= radLo 7 — Elgie =
s & i e Pow+H: tension g 1o i I IGa e
3 T b M 5 . = 1L =5 . +
s & L P S 3 . © %'_ 107 E s ... MG5 P8 [FxFX]
107'E Stat.+Syst. unc. = = MG5 P8 [MLM]
: | e MC@NLO+H: good - e
102 e i
F E 1072 &
10° = § .
%m 1.2; : I ' ) l : ‘I.‘.‘ = =L | . ) IF=-===-:T====.=‘I?.=‘===-:T==‘===
= = Slg ME
08F = 2 8 1.2 }
§o 12 — =
IS ik E
& E -
0.8F =
0 200 400 600 800 1000
pir* [GeV]
% 15— T T , I' T T i T k T T T -= 2.3 fb-1 (1 3 Tev)
(o] E ATLAS  Preliminary Fiducial phase-space 3 — = CMS iet Data
3 F Vs=13TeV,3.2f0" o Daa 3 ° H S = e/u+jets °
e ' =Resolver —_ + = = .~ - Sys © stat
s e s, 1 © alli~tension 8§ [, panontewl S "
~. E e PWG+PY6 hy,q,o=m radLo m e L Powheg P8
= 0 —memem 4 @ espec. Pow+H 8 TR 7 Pouneg
= E aMC@NLO+Hi + 3 = = - » appr. NNLO
- | S . 7 e Pow+Py: ok oS g % appr. NNNLO
E at.+Syst. unc. = Tla - ;
E 3 S o1 L . * NLOSNNLL
£ . e Pow+H: ok - e
104 e . = cadgsn
- e MC@NLO: :
E I I L I L I el = - 10_2 E %
% o 1_42 ---. i E. mmar --:f-_- -_.-__.--.- -I_- :_-I_- L L= r R ama
$ ool : depends on PS M=
g = = ol 2
- 0.8E = H Q| T E
8 o - _ and matching 28 sk J[
gg 1.2 E'“.-. . - i W = 1 -3.; Fp J_fn; "&E' ’ik; J-g%: 4,9]*‘, o i Pty --T-L-- ity el ';' Pl Ty -y
ol = EETR R _E . E L L L L
o} w00 * NNLO: g ood 0 100 200 300 400 500 600 700 800

o o p.(t) [GeV]
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Results: lepton+jets top pr: 1D boosted

ATLAS

CONF-2016-040 (boosted)

= — - > [ —
>& ~ ATLAS Preliminary Fiducial phase-space 8 1§ ATLAS Preliminary Fiducial phase-space 5
3 TEVs=13Tev, 321" o Data = - - Vs=13TeV,3.21fb" e Daa 5
= — Boosted —— PWG+PY6 hy, =m, - f”o_'— 107" |__Boosted —— PWG+PY6 hy,,.=m, ]
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CMS TOP-16-008 (resolved)
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Results: lepton+jets: 2D -

p a rt on Distribution x?/dof p-value  x?/dof p-value x%/dof p-value C IVI S
POWHEG+P8 POWHEG+H++ MG5_aMC@NLO+P8 MLM
Order: NLO Order: NLO Order: LO, up to 3 add. partons
pr(ty) 120/9 0216 9.43/9 0398 |20.5/9 0.015 | TO P_16_008 (reso|ved)
ly(t,)] 5.02/7 0.657 5.59/7 0.589 5.81/7 0.562
pr(ty) 18.1/9 0.034 10.9/9 0.285 485/9  <0.01
ly(t,)] 13.2/7 0.067 15.2/7 0.034 14.0/7 0.051
M(tt) 6.08/8 0.639 11.6/8 0.172 48.1/8 <0.01
pr(tt) 1.35/5 0.930 5.53/5 0.354 18.3/5 <0.01
|y (tt))| 2.35/6 0.885 243/6 0876 5.85/6 0.440
Additional jets 9.55/5 0.089 6.47/5 0.263 5.71/5 0.335
Additional jets vs. pr(tt) | 90.6/20 <0.01 144/20 <0.01 145/20 <0.01
Additional jets vs. pr(t,) | 108/36 <0.01 49.5/36_0.067 84.2/36 <0.01
ly(t)] vs. pr(ty,) 59.4/36  <0.01 Il-57‘3/36 0.014 | I 67.2/36  <0.01 |
M(tE) vs. |y(tD)] 204724 0.674 19.6/24 0.719 51.5/24  <0.01
pr(tE) vs. M(tF) 15.8/32 0993 27.8/32 0.679 109/32  <0.01
MG5_aMC@NLO+P8 MG5_.aMC@NLO+H++ MG5_aMC@NLO+P8 FxFx
Order: NLO Order: NLO Order: NLO, up to 2 add. partons
pr(ty) 11.6/9 0.240 16.8/9 0.052 10.6/9 0.301
ly(t)] 6.91/7 0.438 6.85/7 0.444 5.23/7 0.632
pr(ty) 18.7/9  0.028 32479 <001 T46/9 0.102
ly(t,)| 19.1/7 <0.01 12.7/7 0.079 18.7/7 <0.01
M(tt) 11.3/8 0.186 6.59/8 0.582 29.8/8 <0.01
pr(tt) 40.0/5 <0.01 25.8/5 <0.01 19.7/5 <0.01
|y (tE)] 3.01/6 0.808 252/6 0.866 2.86/6 0.826
Additional jets 19.9/5 <0.01 4.37/5 0.497 6.78/5 0.237
Additional jets vs. pr(tt) | 390/20 <0.01 294/20 <0.01 127/20 <0.01
Additional jets vs. pr(t,) 1_112/36 0.01 49.0/36__0.072 56.5/36__0.016
ly(t,)] vs. pr(t,) 91.8/36 <0.01 § | 123/36 <001 § §53.1/36 0033 |
M(tE) vs. y(tF)] 29.8/24 0.192 19.2/24 0741 38.7/24  0.030
pr(tE) vs. M(tf) 275/32  <0.01 78.2/32 <0.01 104/32  <0.01
appr. NNLO appr. NNNLO NLO+NNLL
pr(ty) 25.3/9 <0.01 69.1/9 <0.01 9.68/9 0.377
ly(t,)] 8.90/7 0.260 478/7 0.686 - —
pr(ty) 23.1/9 <001 189/9 <0.01 441/9 0.882
ly(t,)] 6.40/7 0.494 7.28/7 0.400 - —
M(tE) - — - — 122/8 0.143
NNLO
pr(ty) 9.40/9 0.402
ly(t,)] 4.08/7 0.770
pr(t,) 10.8/9 0.291
ly(t,)] 10.4/7 0.168
M(tE) 11.2/8 0.190
pr(t) 461/5 0466
|y (tE)] 226/6 0.894
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Results: dilepton + lepton+jets =

2.2-2.3fb" (13 TeV) . 1
(D 1'5:I]”I”"I"'[]']”]”"I""]""l': O 1,5L_IIIIIIIIIIIIIIIIIIIIIIIII121'212I.3IfIbI(I13I.II'eY_)'
O - CMS 19 - CMS .
£ 14F Preliminary  Parton level 1 Z 1.4 preliminary ~ Parton level E
ﬂ>.‘ 1.3F 4 dilepton (CMS-PAS-TOP-16-011) = Z 1 3:_ A dilepton (CMS-PAS-TOP-16-011) e
+ [~ Y lepton + jets (arXiv:1610.04191, sub. to PRD) ] S ) E Y lepton + jets (arXiv:1610.04191, sub. to PRD) E
o> 1.2F] 18 12F E
2 11} 1 11 :
o If E l: E
3 oof 1 0.9f
© f . F
O o.8fF 0.8
0.7F | 0.7F
= 0.0615 - 0.0005 61 . 0.0416 - 0.0003 x p
0'65 ratio = e P 0 65 ratio=e '
05—1lllllllllllllllIlllllllllllllllllll 0.5r_llllllllllllllllllllllllllllllllllll
0 100 200 300 400 500 600 700 O 100 200 300 400 500 600 700

Top o [GeV] Top o [GeV



ROYAL
HOLLOWAY

Results: all-hadronic
ATLAS CMS
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Conclusions

e Huge amount of detailed results from ATLAS
and CMS already at 13 TeV

e Should help constrain PDF, tune MC, input
into EFT, etc.

e In general, although ATLAS and CMS take

different approaches in terms of selection/
reconstruction, the uncertainties are similar

® asexpected the particle uncertainties are smaller than
the parton ones

e CMS has started producing results unfolded
over two variables (2D) among the top and
ttbar observables

e Top quark pr:

e MC simulations still have slope at particle level/parton
level

® Parton level results seem to indicate that NNLO fixes this
like at 8 TeV
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Systematic Uncertainties: dilepton

ATLAS CMS

TOP-14-013 TOP-16-007 TOP-16-011
TOPQ-2016-04 TOPQ-2015-017

Dominant: signal modelling:
mostly Parton Shower & Hadronisation
(Powheg+Herwig++ vs Powheg+Pythiab)
also NLO generator (MC@NLO vs Powheg)

Dominant: signal modelling:
NLO generator (MC@NLO vs Powheg)
and Hadronisation
(Powheg+Herwig++ vs Powheg+Pythia8)

and PDF U, Ur: factorization and renomarlization scale in Powheg and PS scale in Pythia8
changed by 2 and 1/2
o S Systematic Median of Median of Median of | Maximum of
C : t r0 tt 1o, tt 1o : o
g 1.3 ATLAS Preliminary normalised cross-section unce‘rtalnty Pt [/O] Pt [/O] A('b [/0] median [/O]
3 F Vs=13TeV,3.2fb" Trigger 1 1 1 1
= 100 Stat. Pileup 1 1 1 1
= F o S oSyt Lepton SF 1 1 1 1
2R gy JES 1 1 1 2
@ e _ JER 2 1 1 2
el ————— .
© 1 E— o b jet SF 1 2 1 2
'% 09 f_ B Background 3 3 4 6
L‘LE 5 pur and pg 1 4 5 5
0.8|— -~ Modeling MC modelling 3 7 12 12
F— S-tagging Top quark mass 1 4 5 5
0.7 =~ Leetpton Hadronisation 6 4 2 6
—I 111 | L1 1 | | L1 11 | 11 1 | ‘
0 100 200 300 400 500 600 700 800 900 1000 PDF 1 1 1 2

p, (1) [GeV] Last bin in top pT: 400-550GeV: total uncertainty: 30%
TOP-16-007
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Systematic Uncertainties: all-hadronic
ATLAS LG

CONF-2016-100 (boosted) TOP-16-013 (resolved & boosted)
signal modelling: Parton Shower:
mostly NLO generator (MC@NLO vs Powheg) part not included in JES/b-tagging:
5-10% up to 20-30% at large values of observables resolved: effect of fit prob. and DRbb in different
and Initial/Final State Radiation (IFSR) models of PS
10-20% boosted: efficiency of Fisher cut using those
and Parton Shower models
(Powheg+Herwig++ vs Powheg+Pythiab)
-100 .
5710 /0 Analysis Inclusive Resolved Boosted
IFSR uncertainty: Source _ (%) (%)
radHi: fact. & had. scales down by 0.5, hgamp Up to 2mt, radHi tune of P2012 QCD bac.kground modeling  —1.0,+6.6 —27,+2.4
radLo: fact. & had. scales up by 2.0, hdamp unchanged, radLo tune of P2012 Subdominant backgrounds +4.0 +4.0
Jet energy scale —-8.2,+9.0 —1.8,+1.6
i Jet energy resolution -0.7,+0.8 <1
Large-R jets +18 / -15 b tagging —55,462  —10.5,+12.9
Monte Carlo signal modelling +17 Trigger efficiency —29,+32 —1.1,+09
b-tagging +13 / -12 Scale (ur and pg) —1.5,400  —1.5,40.0
Pileu 199 PDF +1.0 +1.0
.p ) ) Parton shower —-5.0,+25 -7.0,+3.0
Luminosity +2.9 NLO generator £2.0 +7.0
Small-R jets +1.0 Total systematic —12.4,+141 —154,4+15.8
Total Systematic Uncertainty 429 / -24 Statistical +3.0 +6.3

Integrated luminosity +2.7 +2.7
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Radiation Observables

e The absolute value of the azimuthal angle between the two top quarks (A¢");

e the absolute value of the out-of-plane momentum (| pgut|), i.e. the projection of top-quark three-

momentum onto the direction perpendicular to a plane defined by the other top quark and the beam
axis (z) in the laboratory frame [8]:

=11 2
|ptt_ — ﬁt,had ) p ep_ X<, (2)
o |7 ep x 2|

e the longitudinal boost of the ¢ system in the laboratory frame (ygoost) [7];

e the production angle between the two top quarks (y) [7];

e the scalar sum of the transverse momenta of the two top quarks (Hflf_) [10, 11]

e and the ratio of the transverse momenta of the hadronic W boson and the top quark from which it

originates (Rw;) [10, 11]

Ry, = pihd pthad. 3)
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CMS TOP-14-013

CMS Prellmmary 19 7 fb (8 TeV)
— — T
S P o<yt < o 35 1 o 35 ]y(t)l o 85 0.85 < |y(t)| < 1.45 1 45 |y(t)| 2 5
8 1 e Data
= 1071 T T T NLOQCD[MNR] ]
== r 1 CTi4pn
== B CT14p + PDF
gg = - —+ + +.... HERAPDF2.0
ke (o ® Teuw appr. NNLO [DiffTop]
iy a.® === CT14nnlo
'_| %10-3_ e T Te T o Tor®:
I —d v | | parton
L i 1 eeees @
10°F
<
|_ L -+
5 1.1 T 3.
2 1E 2
o Tg
©0.9
m 1 1 1 1 1 1
200 400 200 400 200 400 200 400

p.(t) [GeV] p,(t) [GeV] p(t) [GeV] p,(t) [GeV]

X% NLO O(a2) nominal (including PDF uncertainties)
HERAPDF2.0\MMHT2014| CT14 |NNPDF3.0; ABM11 JR14 CJ15
y(t) pr(t) 15| 46(40) | 26(24) | 24(21) | 28(25) | 62(51) | 47 (47) | 27 (24)
M(H) y(t 15 | 52 (44) 2200) | 19(18) | 14(14) | 71 (55) | 44 (44) | 26 (24)
M(tt) y(tt) 15| 29 (25) 15(15) | 16(15) | 10(10) | 42(31) | 25(25) | 16 (16)
M(#) An(t,F)| 11| 46 (43) 31(31) | 32(31) | 45(42) | 48 (44) | 39 (39) | 33 (33)
M(tt) pr(tt) | 15| 485(429) | 377 (310) |379 (264)| 251 (212) 553 (426)|428 (415)|413 (398)
M(#) Ag(t,F)| 11 | 354 (336) | 293 (272) |296 (259)| 148 (143) [386 (335)[329 (324)|312 (308)

Distribution |dof
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