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Why measure differentially?

" Precise understanding of top quark distributions is T Py
crucial: |
B S AL LTS
Precision tests of perturbative QCD for top quark T Y e
production at different phase space regions 8 [ oiepen ] logs ]
Theory predictions and models need to be tuned and o - MONNLL 1
tested with measurements: e o f
— potential to reduce signal modelling systematics o m(tt)
Extract/use for PDF fits g <t “ .
400 600 800
Enhance sensitivity to New Physics
Background for Higgs, rare processes a
and many BSM searches S~
) _ mllg:-; oy
* Large tt samples at the LHC allow measuring 11 1a==
o(tt) as a function of many kinematic observables L J ] ROl I \
L11] W
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General analysis strategy

In this talk latest selected results by CMS:
at 8 TeV — [arXiv:1505.04480] (dilepton & |+jets)
at 13 TeV —» PAS TOP-15-010 (dilepton)

= Goal: measure o(tt) as a function of top quark, tt system,

b-jet, lepton, lepton pair and event-level observables

" Main analysis ingredients
Event selection

tt kinematic reconstruction

Top quarks / 20 GeV

6
0 50 100 150 200 250 300 350 400
pi [GeV]

Al, = bin width for variable X

Bin-wise cross section measurement

Unfolding: correct for detector effects & acceptance
to parton or particle level after background subtraction

X X )

ldo_1 unfOld(Ndata,i_NBG,i
o Xm © AIXf L dt

= Differential tt cross sections

Normalize to in-situ measured o(tt):
mostly shape uncertainties contribute

0 50 100 150 200 250 300 350 400
pl [GeV]
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http://arxiv.org/abs/1505.04480
http://cds.cern.ch/record/2047866/

Event selection

Lepton+jets:

= Exactly 1 high-p; isolated lepton (e or p)
e p;>33GeV, |n|<2.1

« 24 jetsip_>30GeV,In| <24

= 22 b-tagged jets

Dileptons:

= > 2 0S8, high-p, isolated leptons (ee, puu, pe)
e p;>20GeV,|n|<24

= QCD veto: m, > 20 GeV

= 22jets:p_>30GeV,|n|<2.4

= =1 b-tagged jets

= ee, upn channels: E;Mss > 40 GeV
Z veto: |[m, — m,| > 15 GeV

v

In addition: kinematic reconstruction of tt system
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Kinematic distributions in I+jets at 8 TeV

CMS, 19.7 fb'at 1s = 8 TeV CMS, 19.7fb'at 1s =8 TeV
B 1°F ousdots | © Dam | EEZiydes 1 B Lol o ' o Data | EEZiyers |
(O] . eln + Jets Wl it Signal  [Jtt+Z/W/y () 10 3 &/p + Jets Il tt Signal [ Jti+Z/W/y 3
B o 10 Eg.Otlhetr BiDOS?n t o 107k [t Other ] Diboson -
" Very pure tt signal after 5 B e Ba e
[2] E
full event selection & 3
kinematic reconstruction
(~80%)
" Dominant backgrounds:
) y W+Jets ZS’ Zg | //yi Z§ Z%
£ //
1 06 [ . . ‘ . . .
. _ includes all non- 50 100 150 200 250 300 350 400 S : : /
I+jets decays Py [GeV] N
- Lo 3 CMS, 19.7 fb'at \s = 8 TeV 3 CMS, 19.7 fb'at \s = 8 TeV
* Reference tt prediction: - 1651'9'\""\""\""\‘“'l""l"H""l""[”” - 18X'1(')"|'H'\H'w"‘*“"'1""
. [0 F e/ + Jets d E_’a‘ia i, Z_i ¥ +dets [0) 16E e/u + Jets d D_a‘ia i, Z_+/ Yidets
MadGraph+Pythia6 S i ey o 14t g Biome o
) g Il Single t Uncertainty S [l Single t Uncertainty 3
= Softer top p_ spectrum in 2 e o e ;
) T ® + ]
data than one determined 3 o p(t) -
from simulation (same for S S
) o ]
dilepton) ° E
14 F
= . 12 [ 4
8 5 8 o
=z Z|Z Z4, %
0.8 €
[ ) . . ) ) ) ) . . 06 [ ) ) ) . ) —
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Kinematic distributions in dileptons at 8 TeV

CMS,19.7fb"at \s= 8 TeV CMS,19.7fb"at \1s= 8 TeV
> 40X]O'f|"'|'*'|'.*'|H'“Z*/'|"'/|'—_ 2 s"‘_"‘“'”".’[’)"'”i‘z‘/'*'”,"’
G a5 Diepton misga @7y ] & 12 Dilepton WSl B2/ e
B ) S 30 \:Itfif])theer thrz;\s/:/)g E w . l:lttig)theer Dttrzo/svg/ny
= \ery pure tt signal after e Eweses ZAuneonaimy 12 A trwe
full event selection & g 20 p;(lep) .o N(bjets)
kinematic reconstruction IR 10° prd
(~80%) © ;o —b
5 ]
" Dominant backgrounds: L OF - -
, single top, Z+jets 4, |, g0 > / ///
ZD ZE 1 : e .. a Bt S 74 Zo Z§ 1 :
. includes all non- e b E l: /é
dilepton decays 20 40 60 80 100 120 ;)‘?O[GS\(}] 1 > 3 4 Nb |
T jets
- . . - _ _q _
= Reference tt prediction: e OMS, 19710 at 1s= 8TV . g OMS TeTI A e- BTEV
MadGraph+Pythia6 S A Diepon e Bz owd S pf DR i B e
. g 16 Egi?g;:;etr Elgrbzo/zgg — % 10; Eginogtreetr grk:'zo/s\ﬁ/r:{ 4
[ Lepton and Jet pT Spectra (g 14 B W+Jets P Uncertainty ol [ Bl W+Jets P Uncertainty
o < 8p 1+
feature similar behavioras & S e y+(t)
in top p_ (same for |+jets) g 4

25 5 45 1 05 0 05 1 15 2 25
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Kinematic distributions in dileptons at 13 TeV

CMS Preliminary 42 pb™ (13 TeV)

CMS Preliminary 42 pb™ (13 TeV)
[ [ [ I E

> L B B RN BRI RN I %) 3
_ _ 8 Dilepton o Data  EEWsjets : § 10° Dilepton ¢ Data [ Wsiets ]
Using first L = 42 pb™ = Brone Dowwn 1 @ Brone Dhowwn
Of 13 TeV data ; [l Singlet ] Uncertainty _ Il Singlet P Uncertainty
5 E 10° ] 4
g p-(lep) - - N(jets)
_ - E
" Very pure tt signal after 10
full event selection & 1
kinematic reconstruction 1-:
(~80%) FTR + FTR
0.8 0.8
" Dominant packgrounds:_ " 20 40 60 80 100 120 140 160 ” 2 3 4 55
, single top, Z+jets P, [GeV] Nets
. CMS Preliminary 42 pb™ (13 TeV) CMS Preliminary 42 pb™ (13 TeV)
- includes all non- e s T S A AL RN AR
. [ Dilepton ata Lets ] - Dilepton ata viets 1
dilepton decays N misoa Ezee | o 100l Wi Wi
A F [ ttother [ ]Diboson f Y] r [ ttother [ Diboson
u Reference t{ predlctlon ; 80: [l Singlet 27 Uncertainty ] ; [l Singlet P Uncertainty
. — [ ] = _
Powheg+Pythia8 S e g 8 p-(tt)
. - : 1 g _
" Dominated by statistical = 1 g :
uncertainty - e,
In general, good 00 E o0 =
data-to-MC agreement 0 50 100 150 200 250 300 350 400 ' ' 150 200 250 300
p;. [GeV] p‘Tt [GeV]
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Normalized differential cross section

10°
> 8000 T T TT I T [RARRN AN AR RN LA = S A R AR RERR AR AARRRRARS
el 3 > 7L eu E
(05 7000 o Peua P e 8 : Nominal ]
6000 I tt Signal 4 — 6F E
S E“slinonwjee;o Bz/7 o= E Response matriX A ol = ® Pseudo-Data E
] 5000 [:|W+8ets thf+Z/W/v E 1) © % St o
S 4000 3 —lo 4r — MadGraph+Pythia 3
& a0 [ ° E 3f ] e
o 3 _ . = = + 3
S 200 Number of events 3 2 o Differential o(tt) |
1.403 3 o}m g 12;"S‘téi."l' _
E = 200 o > “E E
‘ N S , E Slg ik ;
LR E 10 § Fe 1= e
= 09 =
06 — E =
0 50 100 150 200 250 300 350 400 0 L 0 50 100 150 200 250 300 350 400
p. [GeV] ° 0, econstrugied) P} [GeV]
X X
o 1do 1 UnfOld(th — N )
Binning — == T L Phase space
o Cdx; © A Zdt
Chosen to limit migration X = Correct back to parton

or particle level in full or
fiducial phase space

effects in and out of bins:
= purity (p) & stability (s)): = 50%

Regularized unfolding
= Basic unfolding - simple

=~ flati i : . : = T rk definition:
flat in all bins inversion of response matrix A.: op quark definitio
< < _1 ) before decay and after
rec en rec en —_— . .
_ Ni ’ _ Ni ? Ni,unf — Aij Nj,measured QCD radiation
Pi—= rec Si= gen . .
N; N; = Regularization used to

= Fiducial phase space:
closely follows event
selection

remove large statistical
fluctuations (SVD)
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8 TeV results: leptons & b-jets

CMS, 19.7 fb" at 1s = 8 TeV CMS, 19.7 fo'at \s = 8 TeV
['.__| :\\III\\\l|l\\\llf\\\l|‘“\I"\“lj b:-_0.41|!||III‘!\!1‘Illllll\!‘I\I!lll!l‘!1\!|IIII|!1\:
> e/u + Jets e Data 1 ©I0 Dilepton ]
[ I MadGraph+Pythia6 | +lo 0.35 E
S Mo Py o3 N(lep) :
. . 2 -=-= POW + _ . ]
" Fiducial phase space, g5 — - Powheg:Herwigh 025 ;
particle level e — : '02
* Reference tt prediction 10°F E 0.15 ©_ NadGraph+Pythias
elerence it p _ed ctio : pT(|ep) S N M%@lilaLpOIHgter%6 ]
used for unfolding: . ] 0 - Bowheg+Pyihiat, ;
MadGraph+Pythia6 13 Fpm Stat, E O Bt bbb
glg 12 SateSyst. o pE———— T . L Stat. @ Syst. E
- 28 trE | Sl L E e
= Slightly softer p_ spectra =P 1 . Es & = Fﬂ
and less centered N 40 60 80 100 120 140 1éO| 180 200 Y T e e T
.. . . pL [(GeV] 2 15 -1 -05 0 05 1 15 2
distributions in data n
. CMS, 19.7 fb" at \s = 8 TeV CMS, 19.7fb'at \s = 8 TeV
= Good agreementW|th data = o I A A A A R A AR AR
. Ay . L e/u + Jet . | O - Dil ]
in all distributions: 3 e Vaderaphspytias | —io 035 :
i = L2 Bouneg Pyinat . - nb) 7 ]
POWheg+HerW|g6 _8|‘f8_'_ —_ Powhe8+H¥arwigG 0'35 ¥ = 1
; } — ] 0.25F .
" Consistent with 7 TeV © el | = =
results by CMS: ; ] 015 . @%%m%ﬁytma%
[EPJ C73 (2013) 2339] p(b) e | T Pownegieyinae |
104_‘||‘_ " — - Powheg+Herwig6 ;
1.6 - W Stat. E 12 [ W Stat. =
2|g 14 F StatOSyst E - Stat ® Syst. E
3= £ ——— D 1B -_ E
B e F L
08 £ , : ‘ ‘ : : = 09 rarenen ]
50 100 150 200 250 300 350 400 08 Fee e
) p$ (GeV] 2 15 1 05 0 05 1 15 2
I+jets dilepton m,

M. Savitskyi (DESY) Physics at the Terascale, 18.11.15



8 TeV results: top and tt

10° CMS, 19.7 fo" at 1s = 8 TeV CMS, 19.7 fb"at \s = 8 TeV
X
|‘__| ;\\1||\\\\llf\\‘!II\‘\\II[\\\lll\\\lll\\‘\lll‘\\ll_ b >:—‘ :\ III\\\\lll\\‘\IIII\\\Illll\‘\Illl\\\\‘lll\‘\\ll_
'% 8; e/u + Jets « Data ] U!g 0.35F Dilepton == E
7E MadGraph+Pythia6 § ™ F ]
* Full phase space, S ~— MO@NLOx Herwigs | 0.3; ;
arton level gg o — Powned:titmigs 025 t ‘:
£ —_ + ] e ]
P Slo 50 | e ApproC NNLO 3 y(top) E
B —o 4' (Phys.Part.Nucl. 45 (2014) 714) ] 0.2F . Data ]
L icti F ] 0.15F MadGraph+Pythia6 E
Reference tt prediction 3t _ E : _,_,_MC%NLré;thrwigs ]
H . E ] AF R thia6 .
used for unfolding: 2t ¢]__I—IOT(tOIO) E o - _.28%28;{}%{8?96 ——
- E e TE E 0.06F e pprox. .
MadGraph+Pythla6 (;E\\\Il\\\\ll\\\‘\II\‘\\II‘\\\lllr—y—r!—v—'—r ULL.AJLLE E | | | (Phyls.Part.Tucl.45‘(2014)|71) ] E
:i 3 gaileas ‘t - 12 f gat'leas ‘t T
H 4 F at. st. = E t. . ]
" Best description of databy  Fls I ' - PR N
- S () E Jor - T - = -
Powheg+Herwig6 R e 1 FP R e —
. [ ) \ \ . ) ) \ . ) - 0.9 = -
. 0 50 100 150 200 250 300 350 400 450 500 S : ‘ : . : y : Y
n pT(top): Softer In data pEr [GeV] 25 -2 15 -1 -050 05 1 15 2 5.5
t
0% CMS, 19.7 fb'at \s = 8 TeV CMS, 19.7fb"at 1s= 8 TeV
| y(top): IeSS Central In data — 20}\ L L L L BB \{ b Elz :\ T | LI L N N N N I L B B B N |7
> F e/u+ Jets e Data 1 Ol » Dilepton e Data
® 8¢ — MadGraph+Pythia6 1~ 10°F — MadGraph+Pythia6 3
_ Q 161 ---v-lé,/IC(taNLO;HherwigG = r—I._._ I\P/ICCc_rD]NL%+Hhervgi96 ]
e I = F --- Powheg+Pythia6 = i --- Powheg+Pythia 1
u pT(tt) N agreement W|th _8 _8.'_ 14; —-Powheg+H¥:rwigG 3 103k — - Powheg+Herwig6
all predictions, except —o 1o T 0 T e
] r 1 L J
. 8k E
NLO+NNLL calculations 6 R 10%e -
y: pr{t) m(t) |
= m(tt): softer in data A =y i L T T
1 6 :7 Stat é 2 } stat T‘_-.‘.."‘='."_.‘.'_T'.:'_".=K'.‘."A'.‘.'.‘:‘=%
>|g 14 b Stat.®Syst E P Stat.®Syst. = = f—————— 3
§§ 12; e e e e e Bls 15 7
= 08 [ EEERER 3 'E e v ST
06 E , o o T — e = - 1
0 50 100 150 200 250 300 400 600 800 1000 1200 1400 1600
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Results consistency: p_(top), p_(tt)

CMS, 19.7fb"at \s = 8 TeV CMS, 5.0/19.7 fb™ at 1s = 7/8 TeV
-9 1.8k!!!![!!!![!!!![!!!![!!!![!T!T‘T\l\‘l\l\‘l\l\‘l\llA -9 1.5:[!!![!!!![!!!![!!!![!!!![!!!!{!!T!{TTTT{T\TT{TTWW:
© L Data or theory / MadGraph+Pythia6 i < = Data or theory / MadGraph+Pythia6 b
L O el + Jets 1 o 14F ® e/ +Jets (8TeV) E
- oL A Dilepton 7 N A e/u+Jets (7 Tev) E
-8 .8- L P E '8 -8' 1'35 m Dilepton (8 TeV) ]
Amle) 1.4 - E —lo 402 ;_7 v Dilepton (7 TeV) _;
i ] 14F 4
125 p-(top) N p,(top) ]
C @\\ ] 1.5.. ........ F # ................................................. .E
T 0.9F # 3
" Left plots: data vs theory i 08 T $ ﬂ* $ ;
H H 0.8 s C ]
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06k Powheg+Herwig6 1 0.6 M E
i . 6" -.-- MC@NLO+Herwigé 7 g ]
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- .
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. ReSUItS CO”S'Stent among @) '=Q_" s A Dilepton i o 'zo_»— F A e/_u + Jets (7 TeV) ]
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all decay channels —lo 440 ) 1 T | T ™ E
i pT( ) i T :
1_2} - 11E i E
- -7 r ]
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qpee ; --—#L‘-—» = -M_i___»-« - - ]
= =T | . r — i
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[ --- Powheg+Pythia6 ] F ]
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The p_(top) distribution at 8TeV

3 CMS, 19.7 fb'at \s = 8 TeV . . . .
- XA e = p_(top) spectrum softer in data (in particular at the tail):
> F e/ + Jet . ] A -
TR MadGraph-+Pythia6 - —~ potential impact on searches and tt+H
S P oem L MC@NLO+Herwig6
L P s = CMS: observed consistently in all channels at 7 & 8 TeV

----- Approx. NNLO
(Phys.Part.Nucl. 45 (2014) 714) _:

" ATLAS and CMS data appear in good agreement at 8 TeV

1do
O At
de
_ DN W~ OO O N

[Full NNLO calculation available!]

|

ord3 Aq pardaooe (o8 S0ST:AIXIE]

Qb i 3
18 E Stat. E i
> 1.4 = Stat. @ Syst. 7 Czakon, Heymes, Mitov (2G15) — |
SIE 12 F =
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T S TTTITE o | —_ 6 -
08 :_ ( I I ‘ I ‘ I ‘ I _: ‘-To LO -------
0 50 100 150 200 250 300 350 400 450 500 — o CMS{1+75) H—e—i
pl [GeV] s f
o 11 H 1]
> Ty 80 L g Full NNLO “confirms
o E ATLAS Preliminary Full phase-spacexs fz (o) pt = .
.;b— r Vs=8TeV, 203"’ ¢ Data 2: B 2 PP— tL4X Observed Slope, In
= m.-=173 e T o
o ) — PWG+PY6 h,, = i B 3 [ mg=173.3GeV : :
S ooy T PWGPYBRTm 8 & EEEE coos direction closer to data
g F MC@NLO+HWAUET2 15 -] : M R/meE{0.5,1,2}
- L —— MadGraph+PY6 P2011C _| S ™ 2
oF Al .. PWG+HW8 AUET2 | e <
= 10 E Stat. unc. 3 2 | i i husseseades
- Stat.+Syst. unc. 3 1
ol 7 [SESEFO LR
10°F 3 0
F H 3 3 ] S e e S E ey S ey ppm—
- |+jets i
Q1.2 e
10 — =
E E RN TR 1) SRS N WU S —— . N
= . £
- Lol | | | |\|||7 %: 1 )
gg 12F — — 2 o [arXiv:1511.00549]
‘g‘f-ﬂ' TLLLELT | —— - : : i i
I AR A ; ; ; ; ; . ; M. Czakon, D. Heymes, A. Mitov
ol o8t - o 50 100 150 200 250 300 350 400

100 200 300 400 500
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13 TeV results: p_(top), |y(top)|, p,(tt), |y(tt)|

@ 8X10-3 CMS Preliminary 42 pb™ (13 TeV) 12 CMS Preliminary 42 pb™ (13 TeV)
r‘l_—| :| TTT ‘ LU | UL | TTTT | TTTT ‘ TTTT ‘ LI | TTT I: b ;_._, - [ T T T T ‘ T T T T | T T T T | T T T T ‘ T T T T ]
> F Dilepton i Ol [ Dilepton 1

(| . . ) l: e Data 3 o 1+ e Data B

@ US|ng fII‘St L=42 pb-l S 6F E Powheg+Pythia8 L= Powheg+Pythia8 |
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of 13 TeV data 8 g 5t I --- aMC@NLO+Pythia8 | [ -- aMC@NLO+Pythia8 ]
—lo b MadGraph+Pythia8 0.6 ----- MadGraph+Pythia8 _
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2F 3 = i 1
J ] p-(top) ; 0.2F IY(tOP)l 5
F B Stat. ] E Stat """ =
> 1.5 E Stat. ® Syst. E > 2 E Stat. @ Syst. ]
* Full phase space BIE 1 | S|E o F £
) ﬁ (@] Fromr s ] ﬁ ()] 1 C
£ 3 —— 1
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_ 0 50 100 150 200 250 300t 350 400 0 0.5 1 1.5 2 2.5
= Reference tt prediction P, [GeV] ) e
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used for unfoldlng: [ 24 - L L L L B \: b_lz 12_ LA L L L L Y I L B |
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108" 3 :
L - E - ]
predictions T ] : T ]
. . s 4 ? Erocmsoors pT(tt) 7 0-2 _ Iy(tt) I .
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uncertainty . Sty I 3 2{2{ ® Syst.
|8 Sl 15 F =
i o e———
3 ] 05 | . | ‘ =
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13 TeV results: m(tt), N(jets)

CMS Preliminary 42 pb™ (13 TeV) CMS Preliminary 42 pb™ (13 TeV)

|‘_—| Il | T T T | T T T | T T T | T T T | T T T | T T ] ﬂ E | | | | 3

1 | . | [ C . . i
% 102k Dilepton 5 i .8 = Dilepton pth> 30 GeV, | < 2.4 .

i e Data E go; o Data
9 : — Powheg+Pythia8 3 +—jo 10F Eowﬂeg+ﬁythig8 E
= C i ] & --- Powheg+Herwig++ 3
e ol ‘ P&Vgg?\ﬁ_%erg'?;:s ) ; -~ aMC@NLO+Pythia8
- 107 -4 +rythias 5 TR MadGraph+Pythia8  _
—|o e MadGraph+Pythia8 1 F o 3
m(tt
10-4_ ---—x-—-a----—;—:-—-:—c—_l_'-;-:'.—g:-c;)'-—;-:'—':-c-_:
full phase space . = fiducial phase space
5 parton level i ol particle level i
10 1 ! | | | ! | | | ! | | | 1 | | | 1 | | | t | ] | E 10 g ! ! 1 1 3
15 [ Stat. E 15 [ Stat. NI
> © p 1 Stat. @ Syst. 4 - “ FroStatesyst,. 00000000 3
B "(E Eop = - B "(E :'.‘.'..T.'.'.':..':.'..'.'..'.'.’.' M Ermtmiesaieis ey :
.GC) 8 1 :-J'_J_———-!“""M“""'r.:.-..-..-.-..-.:.-..-..-.-..-.:.-..-..-.-..-.:.-..-..-.-..-.:..: .GC) 8 1 C 7
= - 1 C 1
05 | N 05 | —
400 600 800 1000 1200 1400 160 2 3 4 25

mﬁ [GeV] Njets

= Reference tt prediction used for unfolding: Powheg+Pythia8

" Reasonable agreement between data and predictions

" Dominated by statistical uncertainty
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Summary

( Top quark pair differential cross section measurements: W

» Essential for constraining the SM
» Ideal probe for looking for new physics beyond the SM

4 Latest dilepton and I+jets 8 TeV results from CMS (L = 19.7 fb™): )

 Measurement dominated by systematical uncertainty: 3-10% precision
« (Good agreement between data and predictions

. p.(top): NNLO corrections bring SM predictions closer to data
NS /
4 Latest dilepton 13 TeV results from CMS (L = 42 pb™): h
« Measurement dominated by statistical uncertainty
* In general, data described reasonably well by all MC predictions
- J

Other recent differential cross section results by CMS:
8 TeV — PAS TOP-14-012 (l+jets: boosted topologies), [arXiv:1509.06076] (all-jets)
13 TeV — PAS TOP-15-005 (l+jets), PAS TOP-15-013 (I+jets: global event variables)

M. Savitskyi (DESY) Physics at the Terascale, 18.11.15


http://cds.cern.ch/record/2045404?ln=en
http://arxiv.org/abs/1509.06076
http://cds.cern.ch/record/2048622?ln=en
http://cds.cern.ch/record/2064420?ln=en

Backup
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Kinematic reconstruction of tt in |+jets

« Vary 4-momenta of leptons,
jets & neutrino within resolutions

» Constraints:
* mtop = mantitop

* Myq = M, = my, = 80.4 GeV

« Limit permutations: consider 4/5 leading jets,
use b-tag information

« Take 4-jet permutation with minimum y2
« “Trick™
- first fit with my,, = 172.5 GeV > select best permutation

- my,, free + fixed jet permutation = obtain kinematics for
differential measurements

« Cut on 2 probability > 2% - increase correct jet
permutations and signal purity

M. Savitskyi (DESY) -17- Physics at the Terascale, 18.11.15



Kinematic reconstruction of tt in dileptons

= Measured input: 2 jets, 2 leptons, et )
= Unknowns: BV,BV - 6
= Constraints:

m,m. - 2

m - 2
mw<+)’ W()

(p+p.), = MET - 2
= Reconstructing each event 100 times and smearing inputs by their resolution:

top mass fixed to 172.5 GeV

W mass at RECO level smeared accordingly to W mass distribution

Jet and lepton energies are corrected for detector effects

= Consider weighted average of solutions for all smeared points:
100

top _lz [ top
px,y,z_ Wi (px,y,z)i
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Phase space definitions

= Top quarks and tt observables: presented at parton level, extrapolated
to full phase space

Allows for comparison with available highest order QCD calculations

Consistent top quark definition in ATLAS & CMS: before decay and after QCD radiation

" Leptons, jets and b-jets: presented at particle level, fiducial phase space

* Object definition at generator level: based on stable particles after radiation and hadronization

Leptons: from W decay
Jets: anti-kT algorithm (as for reco jets), cluster all but prompt particles

b-jets: matched to the original b quark from top

* Phase space definition closely follows the (detector level) event selection. In example, for
dilepton channel:

2 leptons, p; > 20 GeV, In| <2.4
2 b-jets from top, p; > 30 GeV, |n| < 2.4
(if any) additional jets, p, > 30 GeV, [n| < 2.4
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= Unfolding techniques correct migrations between bins

= Response matrix (A): represents bin-by-bin correlations

2 .
= Unfolding problem is transformed to " - minimization problem:

unfolding regularization N: BG corrected data
(w N 1w N -\
x'=(N—A-X) COVy (N-A-X)=t"K(X)  + x:unfolded result

= Non-physical fluctuations removed by means of the regularization:

T — continuous regularization parameter

selected at minimum of average global correlation

L) S L B R B T T

[ ep channel ]
100~ r N

90

400F

p. (Generated)

T

300}

- Signal tt reference sample  *°;

Transition Probabilities in %

Averaged Global Correlation p in %

used for unfolding: 100f 70- .
MadGraph+Pythia6 S sok . _

- O ] r .
(Powheg+Pythla8) ; ep channel ot ; )} 1
at 8 (13) TeV 000 200 300 00 P e e e
p, (Reconstructed) Parameter t
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Full NNLO vs 8TeV CMS Data: p_(top), y(top)

ak. ymes,; Mitov (2015) 1 Czakonl Heymes, Mitov 1(2015) T
. e = 0.35 S ; NNLO F——
NLO = = = ; NLO = = =
o 6 N T 0.3 _ - o
< H
- R CMS{L+5) —e—s ' MS (147) —o
X 5 : [
= g 0.25
5{1 1 T
=4 R
= el _ T4, i B .
2 PP— LT+X ) ) —F
CLH S mt_l'?':_": Calsl ": ’E# [ E=LFY
z e MSTWZ008
5 , W, o /m.€(0.5,1,2) 0.15
)
~ —_
L . 0.1 T T ST A N S A
1 : ; : ) m =173.3 |GeV
; ; i 3 : MSTW2008 i ¥
pT(top) : : : : : R P : g, g/me{0.5,1,2} y top
0 i i i i I 1 0.05 1 ! L L
1.3 ' ! -.-.-I----'-'.--'-‘ 1.15 !
[ T R B e Q
........... 9
| g 1.1
2 1l R N S S ] Z I
< } e N 5 1.05 gy 1
3 1 ‘I o s T G " 2 pesssssdmEessss i |8 b bl paassssssasan
o I I B I I | 3 1 e — = ~
0.9 ] N ; =~ ¥ 1 f F —
0.95 i i i
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Pr, ¢ [GeV] Ye

" First full NNLO calculations for top-quark pair production at 8 TeV LHC are available!
[arXiv:1511.00549, by M. Czakon, D. Heymes, A. Mitov]

= Normalized top/antitop p_ and y theory distributions vs CMS data [arXiv:1505.04480]

" NNLO error band from scale variations only
= NNLO QCD corrections bring SM predictions closer to CMS data in all bins of p_(top)

" NLO and NNLO looks almost identical for y(top) — looking forward for new measurements!
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Overview of uncertainties at 8 TeV

Each uncertainty propagated through analysis chain individually

" For each source, the corresponding efficiency, resolution or scale is changed
by its uncertainty or similar

" Systematic unc. per bin: difference of the changed result wrt nominal value

Normalization: only shape uncertainties contribute

Relative systematic uncertainty (%)

Source Lepton and b jet observables | Top quark and tt observables
(+jets dileptons (+jets dileptons
Trigger eff. & lepton selec. | 0.1 0.1 0.1 0.1
Jet energy scale 2.3 0.4 1.6 0.8
Jet energy resolution 0.4 0.2 0.5 0.3
Background (Z+jets) — 0.2 — 0.1
Background (all other) 0.9 0.4 0.7 0.4
b tagging 0.7 0.1 0.6 0.2
Kinematic reconstruction — <0.1 — <0.1

Pileup 0.2 0.1 0.3 0.1
Fact./renorm. scale 1.1 0.7 1.8 1.2
ME-PS threshold 0.8 0.5 1.3 0.8
Hadronization 27 14 1.9 1.1
Top quark mass 1.5 0.6 1.0 0.7
PDF choice 0.1 0.2 0.1 0.5
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Overview of uncertainties at 13 TeV (dilepton)

" Measurement dominated by " Typical dominant uncertainties:
statistical uncertainty in all bins of medians of the distribution of
each observable uncertainties over all bins for

T T T T T rapidity (all other) observables

I S
I at.
20f — Model | - Source Uncertainty (%)
i — Total
e ] Generator 3.4 (1.6)
mi_ p(tt) ] Hadronization 2.3 (2.9)
: PDF 1.5 (0.5)
| ; JES 1.2 (1.2)
pt [GeV] )
! b-tagging 0.6 (0.9)

" Hadronization: PowhegV2+Pythia8
vs PowhegV2+Herwig++

" Generator: PowhegV2+Pythia8 vs
aMC@NLO(FxFx)+Pythia8
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