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The Special Properties of the Top Quark
Taken from the PDG:

Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and 2017 update
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The only particle |
. . Mass (direct measurements) m = 173.1 & 0.6 GeV [28] (S = 1.6)
Wlth 3 dlfferent Mass from cross-section measurements) m = 160f2 GeV 2l

masses' Mass (Pole from cross-section measurements) m = 173.5 £+ 1.1 GeV
mg —myg=—-02+£05GeV (S=1.1)
Full width I = 1.41 7512 GeV (S = 1.4)
r(Wb)/T(Wq(q=b, s, d)) =0.957 £ 0.034 (S =1.5)

t-quark EW Couplings

Fo = 0.685 = 0.020
F_ =0.320 & 0.013
F. =0.002 & 0.011
Fyia < 0.29, CL = 95%
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Top Quark Mass, Why’?
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Self-consistency of the SM (global fit) and important for the stability of the EW vacuum.
 Direct measurements:

« Based on reconstruction of decay products.

« Rely on simulation to extract the mass “MC mass”.

 Interpreted as the “pole mass” (uncertainty ~0.5-1 GeV)
* Indirect measurements:

« From cross section or differential distributions.

« Mass can be extracted in the pole mass scheme or MS scheme (running mass)
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http://arxiv.org/abs/1407.3792
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Direct method: (all jets) + (I+jets)

Eur. Phys. J. C (2019) 79:313

» Top quarks reconstructed using a kinematic fit with a W mass constraint.
» 2D fit of m(top) vs. Jet Energy Scale Factor (JSF)
s Extracted via single likelihood function simultaneously fit for I+jets and all-jets

10 2
CMS 35.9 b (13 TeV) . 809MS _ _ 3591 (13 TeV)
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%! Direct method: (all jets) + (I+jets)

Eur. Phys. J. C (2019) 79:313
1.000 C. M S.

35.9 fbj1 (13 TeV)

0.999 |-
all-jets

» Dominant systematics: 8T

» Jet energy flavor: 0.34 GeV & .|

» Dominated by b jets
» Color Reconnection: 0.36 GeV ~ 0.9%;
» ME/PS matching: 0.24 GeV

0.995

combination

2AIn¥ =23

N 2.0—:

i 1.5}
q1.0

T os|

0.0 ] ] ] ] ]
172.0 172.1 172.2 172.3 172.4 172.5 172.6 172.7

m.[GeV]

" Moy = 172.26 £ 0.07 (stateisF) £ 0.61 (syst.) GeV.

Om/m, = 0.36%

A. Jung & F. Yumiceva
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Y. Direct method: tt+1 jet
.. i _ arXiv:1905.02302
Take advantage of observable sensitive to the top mass in tt + one jet
Observable considered is: ps = 2mg /M1 jet S wwbamas 1 soma
* Mo = 170 GeV constant £ T soaTev,2021" -iv‘ij'?{fs‘” -
>  2000— +jets |
® Miis1jet iNVariant mass T + I Uncentainty ]
* presence of one extra jet increases sensitivity to top-quark mass s, + L=t -
(from M. Cristinziani) u + ' ]
1 do‘ 1000_— ¢ —
tt+1-jet - ’
Then use R(mf()le, Dg) = . ) - J ]
Oti+1-jet dps o ' E
§ 3_5§_ ATLAS il I:S)';dat:isyst uncertainty _% O_ I e — == """" -
oo = Vs=8TeV,20.2 b tis1jet @ NLO+PS : 3 g s |
o ] e my " =165.0 GeV — 5 P Y SUUNY ST ST S SO JSONE TS N S SO SO ST SE S L
- = Parton level e 2*""935‘?22 g:z (best fit) 3 g 0.8kt S —— fo
fﬂ 2'55_ """ t _E 0.60 01 02 03 04 05 06 07 08 09 1
— o —.—-_' s e '.%.' s — Ps
1.5§— _§ » Leading uncertainties: shower & hadronization,
E s 2 3 color reconnection, JES, scale variations.
0.55— _:_ —i )
B 2| mP® =171.120.4 (stat) £ 0.9 (syst) ¥3-] (theo) GeV
© E L . g 3
S e ~ 3 | my(m;) =162.9 £ 0.5 (stat) + 1.0 (syst) f%% (theo) GeV
5 EEET B s DN SO =
n&_) 0 01 02 03 04 05 06 07 08 09 1 6mt/mt = 065%

e
»
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Y. Indirect: Inclusive cross-section

» Simultaneous fit of cross-section and MC top mass
» 12 categories based on b and light jet multiplicities 2btags 2add. jets (€)7) 369 b (13TeV)

n

. . . min _ % ~ CMS ¢ Data Bt I tt other
s Distributions used: m ", p; softest jet, total event ¢ 4f D LJvv - EW
yield P o “
cC -
O'tf = 815 + 2(stat) + 29(syst) + 20(lumi) pb| 2 3
= 172.33 + 0.14(stat) 1955 (syst) GeV -
Total m{'“ uncertainty: 0.73 GeV (A = 0.42%) 45100
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CMS 35.9 " (13 ToV) 8 E;-‘-)081§\\\ ‘\\\\\\\\\\\\\\&\\\\\\\\\\\\\\ \\\\\\\\\\\\
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§ 1h 1 —— 1 1| Dominant systematics:
E{ T + { I — Jet energy (0.57 GeV)
o l -------- l S B T S S S { --------- B B - MC statistics (0.36 GeV)
SR | { — Background (0.28 GeV)
1 |
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Indirect: Inclusive cross-section

m Nominal m,(m,) [GeV] Extracted m.(m,) [GeV]

Most precise MS m;(m,) result to date

Total m(m;) uncertainty: 1.9 GeV (A = 1.2%)

Linear dependence
observed between
as and my(m,)

ABMP16 160.86 161.6 + 1.6 (fit + PDF + a)*%3(scale)
CMS 35.9 fb™ (13 TeV)
NNPDF3.1 162.56 164.5 + 1.6 (fit + PDF + a)*%3(scale) To.1zs]
CT14 163.30 165.0 + 1.8 (fit + PDF + ag)*¢4(scale) B NNPDFS.1
i CT14
MMHT14 163.47 164.9 + 1.8 (fit + PDF + a5)*91(scale)
012 MMHT14
I ABMP16 |
Total mf‘)le uncertainty: 2.2 GeV (A = 1.3%) 0115~
m Nominal m?°'® [GeV] Extracted mP°'® [GeV] 7
ABMP16 170.37 169.9 + 1.8 (fit + PDF + a5)*%8(scale) |
NNPDF3.1 172.5 173.2 + 1.9 (fit + PDF + a)*93(scale) I
CT14 173.3 173.7 + 2.0 (fit + PDF + a5) *%9(scale) %1051
1 +' 7\\\\\\\\\\\\\\\\\\\\\\\\\\\\
MMHT14 174.2 173.6 £ 1.9 (fit + PDF + as) X3 i(scale) 159 "‘50 "‘51 "‘32 "‘53 "‘54 "‘55 186
my(m,) [GeV]
A. Jung & F. Yumiceva 9
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Indirect method: diff. cross-section

CMS

» Use y(tt), M(tt), N(add. jet) in dilepton events.
» Unfolded to parton level compared with NLO fixed order and 7 PDF sets in a

simultaneous fit of PDF, g , m
s Weak correlation of 0.3 between ag and m,

pole
t

pole

arXiv:1904.05237, sub. To EPJC

om/m, = 0.47%

pole

mg

as = 0.1135 +

+0.0021
—0.0017

(total)

= 170.5 + 0.7(fit) + 0.1(model) *3-9(param) + 0.3(scale) GeV = 170.5 + 0.8(total) GeV
CMS Preliminary

1/5 do/dy(t)

0.1r

0.05=--

Ratio
0O ==

35.9fb™ (13 TeV)
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" !
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T 1 '
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Njet:O

1 '
300<M(ff) T

<400GeV
Njet>0

T 1
400<M(tf) T

<500GeV
Njet>0

7 <1500GeV

r 1
500<M(f) 1

Njet>0

ooadbd

¢ Data, dof=23
NLO CT14
0=0.118, m

pole
L =

— 172.5 GeV, 32=61

---167.5 GeV, y2=87

{==177.5 GeV, y2=144
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Using BLUE:
e Latest CMS combination

Om/m, = 0.28%

Myop = 172.44 % 0.48 GeV

o Latest ATLAS combination

Oom/m, = 0.28%

Myp = 172.69 £ 0.48 GeV

— Anti-correlations of systematic uncertainties
used, provides a non-trivial improvement

Comb. according to importance ATLAS
my,, * stat. = syst (total)

Mgy " (8 TeV) i 172.99 + 0.41+ 0.74 (0.85 + 0.04)
+mgs” (8 TeV) e 172.56 + 0.28 + 0.48 (0.56 + 0.04)
+ M (7 Tev) M 172.51%0.27 +0.42 (0.50 + 0.04)
+mg (8 TeV) HMH 172,61+ 0.25 +0.42 (0.49 + 0.03)
+mp ** (7 TeV) oA 172.70 + 0.24 + 0.42 (0.48 + 0.03)
+m" " (7 TeV) FooA 172.69 + 0.25 + 0.41 (0.48 + 0.03)
----- Combination E _

stat. uncertainty | — stat. uncertainty

total uncertainty : —— total uncertainty

N B | A |
170 175 180
Myop [GEV]

Combinations / Aﬂ results

May 2019

Dilepton

JHEP 07 (2011) 049, 36 pb™

Dilepton
EPJC 72 (2012) 2202, 5.0 fb™

All-jets
EPJC 74 (2014) 2758, 3.5 fb™'

Lepton+jets
JHEP 12 (2012) 105, 5.0 fb™'

Dilepton
PRD 93 (2016) 072004, 19.7 fo™'

All-jets
PRD 93 (2016) 072004, 18.2 fb™

Lepton+jets
PRD 93 (2016) 072004, 19.7 fb™

CMS Run 1 legacy
PRD 93 (2016) 072004

Dilepton
EPJC 79 (2019) 368, 35.9 b

Lepton+jets
EPJC 78 (2018) 891, 35.9 fo"

All-jets
EPJC 79 (2019) 313, 35.9 fb™'

Lepton+jets, all-jets
EPJC 79 (2019) 313, 35.9fb™

Tevatron combination
arXiv:1608.01881 (2016)

World combination

ATLAS, CDF, CMS, DO
arXiv:1403.4427 (2014)

IIIIlIIII

@
175.50 + 4.60 + 4.60 GeV

—af@e— 172.50 £ 0.43 + 1.43 GeV

*
173.49 +0.69 + 1.21 GeV

+—e@=—173.49 £ 0.43 + 0.98 GeV
—@— 172.82+0.19 £ 1.22 GeV
172.32 £ 0.25 £ 0.59 GeV
172.35 + 0.16 + 0.48 GeV
172.44 £ 0.13 £ 0.47 GeV
172.33 +0.24 ¥0-66  _ Gev
172.25 £ 0.08 + 0.62 GeV

172.34 £0.20 = 0.70 GeV

¢ ¢ ¢ ¢ & ¢ ¥

172.26 £ 0.07 = 0.61 GeV

.
174.30 + 0.35 + 0.54 GeV

~@— 173.34 +£0.27 £ 0.71 GeV

IlIIIIIIIIII

160

165 170

175 180
m, [GeV]
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Extraction of Yukawa

CMS

s Extract y, by using |+jets differential cross
sectionsin 3,4,and 5 jet bins
s Relies on Hathor to extract scale factors for

Powheg, templates in y,
s Likelihood fit in 55 bins to extract y,:

35.8 " (13 TeV)

[} - | |
o L CMS e/u+jets, > 3 jets 4 Data [t ©single top V+jets QCD
Lﬁ 30000 — Preliminary
- 3 jets 4 jets 25 jets
— 0-0.6 0.6-1.2 >1.2 0-0.6 0.6-1.2 >1.2 0-0.6 0.6-1.2 >12
- , . | | |
20000 —
10000
)
Q
o
=
S
©
o

My [GeV/cz]

Weak corrections
Sensitive to y,

= 0 5 N : : :
s . CMS?
Q i Simulation i i Yi=0
b 4_"Prelimin'a'ry """""""""""""" o e — Y, =1
s i - V=2
EI:: 0.3 _;... .................. _... ....... Yt 4
Qg 1 : ' : W top mass uncert
o 02 .......................................................................................................................................................
o)
o
=)
01 ....................................................................................................................................................
O
_0.1_i v |

Il I ! 'illlil 1 1 | 1 1 1 | 1 I —
1000 1200 1400 1600 1800 2000
M, [GeV]

800

600

400

Extract top quark Yukawa coupling:

Channel Expected 95% CL  Observed 95% CL
3 jets Y <217 Yi<.259
4jets Y: < 1.88 Yo <5 177

5 jets Y; < 2.03 Yi<.223
| Combined Y < 1.62 Yol 167 I

Jet energy corrections dominant uncertainty

A. Jung & F. Yumiceva
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Spin correlat/ons

s Unique quark: My
— < < < T3
my Ft AQCD A
~—~— —— \ , ~~
production lifetime hadronization  SPin—flip
10727 g 1072%% g 1024 g 1072 g

» Double-differential cross section allows to access spin correlation and polarization
information in top quark events

Double diff. xsec Polarisation (0 in SM) Spin Correlation
1 do
0 dcos #9d cos 6>

4_1(1 + B cos 65 + B’ cos 6 — C(a, b) cos 6% cos 6°)

» Charged lepton is perfect spin analyzer, well reconstructed as well
» Can probe top quark spin in 3 dimensions ~ _______.
» Using the {k, r, n} basis

s Sensitive to BSM physics:
» more spin corr's = s-channel dark matter; less spin corr's = new scalars)

A. Jung 14
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Spin correlations

CMS

o ATLAS measures A¢ in 1D and as a function of my,
« Discrepancy between NLO simulations and data at the 3o level in A at particle

and parton level, also seen in differential in my bins:
o Fraction of SM-like spin corr. f,, of 1 agrees with NLO SM, observe: (stat + syst + theory)

[1/(rad/m)]

do

o dAG(I*,17)/m

1

Theory
Data

1.50

1.25

1.00

0.75}

0.50

0.25

LT T
— ATLAS
. /s=13TeV, 36.1fb-

T I T T T

1

i [1/(rad/m)]

do

Extrapolate from part
to full phase space

o dAG( -

icle -

¢ Data
— Powheg Pythia8
Powheg Herwig7
=== MG5_.aMC@NLO Pythia8
P TN I

Sherpa
Powheg Pythia6

PowPy8 rad. down ]|

| [ Stat. ] Total

----------

Data

Theory

Particle-level Ad(/*, /;)/71 [rad/m

A. Jung & F. Yumiceva

fsm = 1.25 = 0.02 = 0.06 = 0.04

1.05
1.00
0.95

0.6

I

I
. ATLAS
12 v/s=13TeV, 36.1 fo—1

¢ Data
—— Powheg Pythia8
Powheg Herwig7
=== MG5_.aMC@NLO
P

Pythia8

I

Sherpa
Powheg Pythia6
PowPy8 rad. down _|

| [ Stat. 1 Total

|Ady| = |||¢11 — ¢y, —7T| —7T|

|
0.6

1
0.8

Parton-level Ad(/*, 7))/ [rad/m]
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Y. Spin correlations

» Further insights to spin correlations:
» NLO effects in decay (modeled by MCFM) similar to Powheg+Pythia8 (no NLO
effects in decay)
» Discrepancy likely explained by missing higher order correction to top quark
kinematics relevant to fiducial phase space

CMS

ner-»

2 Intrinsic : Production : Decay % 108 TTTT | ITTT | TTTT l TTTT TTTT | ITTTT | ITTT | ITTT TTTT TTT l_
c T T . —_— . -
o ' < Inclusive ATLAS :
5 18 D Theory . T D% 1.06 4]
S Cgm et : 34424 + \s=13TeV, 36.1fb" |
Q g 205471 ' D 104 N
> {s=8TeV ' v .g -
O b Edase-203tb : : 3 I ’
v 148 fs=13TeV ' ' o 1.02 —
;' C 321fb™ E _ E 9 R— _
0 12__ 4, 4 1 o P77 /N 7/ el | ™ ' W 1 W -
=i C ' ' . = 1an-rl-i—r-— L
o : :. - © I — .
1= I —— : v o . ¢ Data —— =
- : . 0.98 — Powheg+Pythia8 —
08 : i PP8 scale up/down
06 : ' 0.96 —— NLO QCD+EW (u__=m,)
or : - i CD+EW scale up/down
0.4F : : 0.ofez == MCFM
- ATLAS  Preliminary . ; N NNLO scale uo/d
02__ Status October 2018 | ATL-PHYS-PUB:-2018-034/ 092 Nl RN |s|c|a||e|u|'?| lolwn| e b b b b 11
0: O 010203040506 0.70809 1
Q m I, '  Spin AC V| ]
‘ ‘ i o : ® Parton level A¢(I*,I)/x [rad/x]
orrelation
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Y EFT and SUSY constraints

a ATLAS employs spin correlation to constrain SUSY top quark partner, low mass
preferred by naturalness arguments
» Signature: Top quark spins more uncorrelated since stop is scalar

>r=p»

0.14[

2 0.12]
g L
2 0.10F
84| [ e
5 0.08
2 Schulze et al
té 0.04: chuize et al.
a9 [
0.02} —  Tops
0.00:,‘ TR TR SN N N ' ‘SIIIOPO‘Z‘OQ‘GIGY TS IS T T T T O T SO SO SO T |
00 05 10 15 20 25 30
AG(e* )

s CMS uses EFT approach for O = yigs(Qo"' T*)$G:, density matrix measurement

cOo e

Lo = Lsm+ Y ——o— 000000

A2
\\¥

s Stringent constrain on chromomagnetic dipole moment: -0.07 < CtG/L2 < 0.16 TeV-2

A. Jung Top quark properties: mass, spin correlations, polarization 17



Y. EFT and SUSY constraints™

NX 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
;‘ 140 _I T T | 1T 17T I 1T 17T I T 1T 17T | T T 1771 T 17T | 1T 17T | 1T 17T 1T I_ < - CMS Prelimina,y A - 1 TeV 35.9 fb—1 (1 3 Tev)—
o B SuUsY ATLAS — - -
) | — Observed limit (+1 0, ) ) -
= 120 - Y L™ =36.1 b7, {s=13TeV — B .
W " mwumes Expected limit (+1 o,,.) Limits at 95% C.L. . 8~ -
E 100} Tt = - _
L 1 1 — L -
C am(t, 2(1) )=m - i !
60 — - - — Nominal (all) |
- - a B = 1o (all) _
40 — 4 + 20 (all) —
C ] - A e /] Nominal (linear)
20 = i — +theory (all) ]
0 :I i o b b Iy lil :fl e, S D ST AN |: 2— A\ S + theory (Ilnear) —
170 180 190 200 210 220 230 240 250 260 - — - theory (all) .
CERN-EP-2019-034 m(,) [GeV] T NSy - theory (linear)
O 1 I 1 1 1 I 1 1 1
0 0.2 04
CMS-PAS-TOP-18-006 Co/ A2[TeV?

s Stringent constrain on chromomagnetic dipole
moment: -0.07 < CtG/L2 < 0.16 TeV-2

A. Jung Top quark properties: mass, spin correlations, polarization 18



<) CMS
¥ Color Flow s 2

o ATLAS uses 13 TeV |+jets data to measure color flow at detector
level and unfolded level

s Two dijet systems: j;j, from W (color singlet) and b;b, from top
quarks (color disconnected)

o Allows for MC tuning

« Color-flipped model dis- : <; ]
favored by c2/ndf = 45.3/3 \W\/<

q—l
b
—I><\1IIO|31 III|\III III\‘II\IIIIII'I\II —
Al e - EERRERERRE T IEEERARERRRERERRE T ]
S 400 FATLAS L 1 & farLas . Daa 1 =
~ - /s=13TeV,36.1fb" . : = 2 s - tatistical Unc. a0 2%
P o L IR S Sl - 1N o
- +jets, 3 C owheg+ ia - °
© 300 Il NP/Fake leptons 3 % 1o - Powheg+P¥thia6 a1 -|E 200
w = Syst. Unc. ] “‘é Q =e— — = MG5_aMC+Pythia8 - °
250 — I —— Powheg+Herwig7 ]
— ] 110 —— Sherpa B 150
200 % - s 1 -
- P == ER:
100 & Jet-pull angle = - — ] 50 |
0 - = B ==
O on B 1.05 e - 108
= 1.1 - g[8 — %E 1
(\“ 1 . . . N %’5 1 _—‘ —— ] " o — 2
oo . 8/ = 5 o/= 0.95
© 0.9 =ee— a2 A s a2 0.9
Q e - — :
0 010203 0405086 07 08 09 1 0 01 02 0.3 04 05 06 07 08 09 1
Charged particle 6p (j{¥, j3) [rad]/= Charged particle 0p (j¥, jV) [rad] /=

A. Jung & F. Yumiceva

A¢:¢_¢j1

- I |
- ATLAS » Data ]
C /5 =13TeV, 36.1fb" Statistical Unc. -
C Total Unc. ]
C -+ Powheg+Pythia8 ]
— - Powheg+Pythia6  —
i) —= MG5_aMC+Pythia8 1
== —— Powheg+Herwig7 7
E -+ Sherpa B
, —— é
r e _;
3 . E
- L -
=
—ﬁ—_o_:g: —
- M= -
— — P
0 0.005 0.01 0015 002

4

L4

J2

Legend .
*$ Jet-pull vector P (j;)
Jet-connection vector
fp Jet-pull angle (j; w.r.t. ja)
e Constituent of j;
(size weighted by pr)
LN

Ay =y —yj

Jet-pull magnitude

Charged particle [P (") |
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¥ Conclusions
» Direct methods provide high precision .7, 2
Om/m, = 0.28% R
» Indirect methods are improving in e
precision and providing pole mass S vy RS SS
. Spin correlations results are higher than R _
NLO predictions. 3

» Measurements deviate by 1-3c from s
NLO simulations iy T e,

0.6~
L === MG5_.aMC@NLO Pythia8

» Likely explained by higher order e
corrections to top quark kinematics ' '
» Provide stringent EFT and BSM "

constraints by using top properties

Theory
Data

Parton-level Ad(/*, I7)/m[rad/n]

N: :CIMS] Preliminary A=1 TeV 35A9 fb'1 (13 TeV):
o ]
Only small limited selection of results :
. . 6 -
shown, more information: ; _ ommaia
S + 20 (all i
r \\\ e/ Nominal (linear)
i — + theory (all)
2 theory (li )
L — - theory (all)
R\ | /A - theory (linear) ]
0 —0 B R v e
CMS-PAS-TOP-18-006 Ce/ A2[TeV?

A. Jung Thank you! 20


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
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CMS

¥, Spin correlations

s CMS employs 13 TeV dilepton data
s Opening angle maximally sensitive to alignment of top
quark spins
s Most precise direct measurement via cos @
» Systematic: p; and BG modeling

s Indirect measurement via A shows about 1o discrepancy

to NLO simulations

cos = opening angle between the leptons, D=-(Ci«+C/+Chnn)/3

a— fsm _ 0 97+O 05

CMS 35 9 fb (13 TeV)

o 07F T ' 3

o) 8 e Unfolded data NLO SM .
Ol o [ — POWHEGV2 + PYTHIA8 - NLO, uncorrelated |
© -.- MG5_aMC@NLO + PYTHIA8 [Fxe] ]
~lo 06 S
0.5[ === e e mmmee e ]

L Stat Stat @Sys{

-1
CMS , 35.91b" (13 TeV) cms 35.9 b (13 TeV)
—<— NNLO calculation ==0 — T
_8 3 I Unfolded data
—e— Data —+— POWHEGV2 + PYTHIAS T | —POWHEGV2+PYTHIA8
—lo -- MG5_aMC@NLO + PYTHIA8 [FxFx]
—=— NLO calculation v MG5_aMC@NLO + PYTHIAS8 [FxFx] result £ (stat) & (syst) 0.4[ ._.nLo, sm - - - T
== NLO, uncorrelated — -
- [ = NNLO, SM [ |
C.« o "‘*:v 0.300 + 0.022 + 0.031 030 e .
e f = +
-D htll—ol—-H 0.237 + 0.007 + 0.009 02 fSM 1 10 0 16 ]
v 105 Stat Stat @Syst '
= |
A,A(p I " 0.103 + 0.003 + 0.007
v
1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 '
0 0.1 0.2 0.3 0.4 0.5 0 /6 w3 w2 2n3 516 =
Spin correlation lAg),
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r‘\¢ t A CMS
L
¥ Asymmetries
s Single top cross sections measured and CMS Preliminary ____ e/u+Jets, 36107 (131ev)
employed to extract spin asymmetry 2 25 I
/ o] ]
q q s oo- ] i N
7)) ]
g $ :
\N+ o) 15+ __
2 P :
b t - 10} e Data E
. . . . . POWHEG4FS
s Distributions are in agreement with Y T - == aMC@NLO4FS
e L. C aMC@NLOSFS 7
pred|Ct|0nsatNLO © O T e E B B A
s SM prediction for spin asymmetries is: 8 15; :
0.436 % 051:'"““'*.-.-.*--"#—7-—? e :
o Earlier seen deviation at 2 SD is not O gl ]
strengthened - 0.5 0 0.5 1
g . . Parton-level cos6p.
t_ o (Aly|(t, ’E) > 0) — U&(A|y|(t/’f) <0) cms e 35317(13TeV)
© og(Alyl(tt) > 0) + oz (Aly|(t, 1) <0) o |
aa _ %&(B(£,£) > 0) — og(An(£,£) <0) < poicros M ot
¢ og(An(L,£) > 0) +og(An (¢, £) <0) g S

. A particle level g
s CMS also extracted asymmetries based on / ||

dEta, dY particle+parton level cross sections K paon e

I
oo by L Ve v L e w e b b ww s
-0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-023/index.html
http://dx.doi.org/10.1007/JHEP02(2019)149

X A
T
L
A
S

Underlying event

s CMS used 13 TeV data to measure multiple jet structure 2 e s
. . . . . . . < _[F inclusive jets A —FSRup
variables: particle multiplicity, width, p;, E correlations = ° *>%¢ v -Fsnom
. - % 5 :_ : f_-- ZE)\éVRHPE/-\G;HERWIG 7
s Unfolded to stable particle level, used for MC tuning to =
further constrain systematics due to:
3 SEensitivity to Color Reconnection moael |
» Sensitivity to da(Final State Radiation)
CMS limi § % 10.2 03 04 05 0.67L 07 08 09 1
.. A relimina 1 (width) (charged)
CMS bp tre/ iminary 3 1/ GeV 35.91b™ (13 TeV) ) Egra jets ) r}//p (Il / GeV m()/)/eev '
_ Xira jets p_(l) e m(ll) / GeV = A : : ; ® Ev;/:PYB
= 200 ‘Dath | | & Pw+PYs | 8l. o ISR dn
8 180 ?ISRup . ISRdn oS oi (}"(:“C*‘{“% (; %“4“(}"}“‘%“¢“ : FSRup
— C b | FSR FSR dn e
ATOOS 4 ﬁ' Y e Slab 0 T e
ol 1405 '
120F- - ™ ] roch
100 - S o Glon move
Eo § i 3 ® ERDon
80x Qe § § _i_fj_ = \ ope
605“ i Tl &LC:’“("; = ¢“ i—’—'—m{;“ = $ goge (no CR)
40;_ _C:l_Q_t_ : . . . : | :g 41— R R ¢ Sherpa
200 0 b < 55;}% - ) ¢ .*iol'io-'io.xio-xio.lio.lio-moll ¥ aMC@NLO+PY8
/hC/US/EG() s Dl 40[/40 30[[80 ’27720 %.60, %0, 72[}202 2/00 sleo- & o 4 PW+HW++
e 4 1 b
Category ~ lnc/uslgo NS /0,30[ /2040[{4030[80727720 [06‘0[ [6‘072[/720 6;500 * PW+HW?7
Category
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-013/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-17-015/index.html

Y. The top quark

» Top is the heaviest fundamental particle s Production dominated by gg fusion:
discovered so far { {
> m,=173.34 £ 0.76 GeV f <

s Unique quark: 7 ‘ g i

= < 1 < ! < D h |s:
ooy T Aaon A2 » Decay channels:
~~ —~~ ——’ —~
production lifetime hadronization spin—flip
10727 107%*% s 10724 g 1072 s

— Observe bare quark properties

O
O
s Large Yukawa coupling to Higgs boson lepton+jets
BR, bg proton , . Wi Y
only m,is natural mass increase i p
Special role in EW symmetry breaking ? 7
] o _ All hadronic
a No fine-tunin quark partner exists oo e
_ S pr Y
h h \ \ / antiproton q\ t W*L’ —q
~ s g
R



http://arxiv.org/abs/1403.4427

)8 . CMS

v Challenges/Perspectives

Direct methods: “CM:'tht - ; o
s Reconstruct top candidates (kinematic fits) 0 0565 4 0.005 =

» Determine m(t) or m(t) & Jet energy SF, b-jet energy SF,

bg fraction parameters
s Likelihood based on templates (ATLAS+CMS) or
ldeogram (CMS)
s Most precise results, no single large uncertainty left
» Alternative methods: larger uncertainties but

perpendiculap|

Indirect methods:

s Relies on theoretical predictions (various choices)
s Fully corrected data, more complex

» Larger uncertainties, pole mass interpretation

do/d

10' £

2000~ [ i

1500
1000~

500

Ob 02 04 06 08 1 12 14 16 18 2
F{n T-halanre

tt, LHC13, LUXQED

QcD —
QCD<EW — |

« Employ different decay channels (different systematics, in-situ jet energy scale)
« Use direct (classical), direct (alternative), and indirect (based on o, dX/do)
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Q

s CMS measurement at 13 TeV, e/J+jets

ner-»

Direct methods: I+jets

x10° CMS Preliminary ~ 35.9 fo'' (13 TeV)

O'50 50 100 150 200 250 300

> 300F ‘mmtcorelt | mESinglet
decay channel: O 250 Blimmsores L e
s At least 4 jets, exactly 2 jets b-tagged > sooh I Diboson
» Kinematic fit to constrain the W mass and using S :
decay of 2 same mass heavy particles E 1505
» Keep all permutations = 100;
s Follow same strategy as 8 TeV result: R
» 2D fit of m(top) vs. Jet energy scale factor Lg’ 1.57%

T My = 172.25 £ 0.08 (stat+IsF)  0.62 (syst.) GeV

mee [GeV]
om/m, = 0.36% ” Lae
CMS Preliminary ~ 359fb"(13Tev) > 0.998 [ 21 109y = 4
= 80000 = Lo T e [7] 24 10g(1) =9
Dominant systematics: %0000 e EWRS
V . 868888* Iilgunmatched Eéf-%t?nultiiet 7 0997
— Flavor  (0.41GeV)  2qpp . ]
- Model (0.41 GeV) 5 40000 2 | 0.996
S 30000
n_ E
10000
Q 15~

0.994

Note: CR treatment changed % o e P —
(@]

from 8 to 13 Tev 160 - ‘2(‘)0‘ - 360 200 172 172.2 172.4
m" [GeV] m, [GeV]
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http://cds.cern.ch/record/2284594?ln=en

¥. _Direct methods: |+jets

T I T T T | 1T T 1 I T T T | T T T L

0.12- ATLAS Simulation Preliminary

- [ Correctly matched
[_] Wrongly + unmatched

s ATLAS measurement at 8 TeV, e/J+jets
decay channel:

s At least 4 jets, exactly 2 jets b-tagged

» Kinematic fit to constrain the W mass and using
decay of 2 same mass heavy particles 0.06

» BDT rejects events w worse resolution

» Template fit to three distributions to determine:
m(t), b-JSF, and JSF 0.02

0.1

0.08

Normalised events / 0.14

0.04

III|III|III|III|III|III|I

W —
o

—1 Mt0p= 172.08 + 0.39 (stat+JSF) £ 0.82 (syst.) GeV 0 e
Om/m, = 0.53%

> T T T
0 e e RS | T > B o e e L e B e o) o imi e data, l+jets —
2 = ATLAS Preliminary * data, l4jets 3 8 1800 ATLAS Preliminary * data, l+jets - I~ 1200= éTLAs Pre“mmﬁry ...... Best fit back d -
2 1800 o 17 e Best fit background O /= A7 ) 3 -~ [ Vs=8TeV, 20.2fb estit background
- E Vs=8 TeV, 20.2 fb Y 1= £ Vs=8 TeV, 20.2 fb Best fit background 7 2] C . N
£ 1600 Best fit -4 £ 1600 —— Best fit E 5 - Best m. .
L?>J) 1400F [ uncertainty L% 1400 [ Uncertainty Lﬁ 10001 [ Uncertainty -
1200F 1200 800_ 1
1000} 1000 C 7
8001 800 600 B
6001 600 C 7
C 400 —
400F 400 C ]
200¢ 200 200_ ]
Y St S SO FTVU U IS S o T SO WP SN B C ]
0.5 1 15 2 25 3 60 70 80 90 100 110 LT P U SOV B UUPIIN BT OTA TP OTOTIN o

Rgeqco mis° [GeV] 130 140 150 160 170 180 190 200

mige° [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-071/

Direct methods: alljets + |+jets

CMS

A
T
L
A
S
:Sm:’)b [GeV]
All-jets t+jets Combination
Experimental uncertainties
Method calibration 0.06 0.05 0.03
JEC (quad. sum) 0.15 0.18 0.17
Intercalibration —0.04 +0.04 +0.04
MPFInSitu +0.08 +0.07 +0.07
Uncorrelated +0.12 +0.16 +0.15
Jet energy resolution —0.04 -0.12 —0.10
b tagging 0.02 0.03 0.02
Pileup —0.04 —0.05 —0.05
All-jets background 0.07 — 0.01
All-jets trigger +0.02 - +0.01
£+jets background - +0.02 —0.01
Modeling uncertainties
JEC flavor (linear sum) —0.34 -0.39 —-0.37
light quarks (uds) +0.07 +0.06 +0.07
charm +0.02 +0.01 +0.02
bottom -0.29 -0.32 —0.31
gluon -0.13 —-0.15 -0.15
b jet modeling (quad. sum) 0.09 0.12 0.06
b frag. Bowler-Lund —0.07 —0.05 —0.05
b frag. Peterson —0.05 +0.04 —0.02
semileptonic b hadron decays —-0.03 +0.10 —~0.04
PDF 0.01 0.02 0.01
Ren. and fact. scales 0.04 0.01 0.01
ME/PS matching +0.24 —-0.07 +0.07
ME generator - +0.20 +0.21
ISR PS scale +0.14 +0.07 +0.07
FSR PS scale +0.18 +0.13 +0.12
Top quark pt +0.03 —0.01 —0.01
Underlying event +0.17 —0.07 —0.06
Early resonance decays +0.24 —0.07 —0.07
CR modeling (max. shift) —0.36 +0.31 +0.33
*gluon move” (ERD on) +0.32 +0.31 +0.33
“QCD inspired” (ERD on) —0.36 —0.13 —0.14
Total systematic 0.70 0.62 0.61
Statistical (expected) 0.20 0.08 0.07
Total (expected) 0.72 0.63 0.61

2D 1D Hybrid

smiP 8ISFP sm!P o‘m?'\b SISEMP

[GeV] [%] [GeV] [GeV] [%]
Experimental uncertainties
Method calibration 0.03 0.0 0.03 0.03 0.0
JEC (quad. sum) 0.12 0.2 0.82 0.17 0.3
Intercalibration —0.01 0.0 +0.16 +0.04 +0.1
MPFInSitu —0.01 0.0 +0.23 +0.07 +0.1
Uncorrelated —-0.12 -02 +0.77 +0.15 +0.3
Jet energy resolution —0.18 +0.3 +0.09 -0.10 +0.2
b tagging 0.03 0.0 0.01 0.02 0.0
Pileup —-0.07 +0.1 +0.02 —0.05 +0.1
All-jets background 0.01 0.0 0.00 0.01 0.0
All-jets trigger +0.01 0.0 0.00 +0.01 0.0
£+ jets Background -0.02 0.0 +0.01 —-0.01 0.0
£+jets Trigger 0.00 0.0 0.00 0.00 0.0
Lepton isolation 0.00 0.0 0.00 0.00 0.0
Lepton identification 0.00 0.0 0.00 0.00 0.0
Modeling uncertainties
JEC flavor (linear sum) -0.39 +0.1 -0.31 -0.37 +0.1
Light quarks (uds) +0.11 0.1 0.01 +0.07 0.1
Charm +0.03 0.0 —0.01 +0.02 0.0
Bottom -0.31 0.0 —0.31 —-0.31 0.0
Gluon -0.22 +0.3 +0.02 -0.15 +0.2
b jet modeling (quad. sum) 0.08 0.1 0.04 0.06 0.1
b frag. Bowler-Lund —0.06 +0.1 —0.01 —0.05 0.0
b frag. Peterson -0.03 0.0 0.00 —0.02 0.0
semileptonic b hadron decays —0.04 0.0 —0.04 —0.04 0.0
PDF 0.01 0.0 0.01 0.01 0.0
Ren. and fact. scales 0.01 0.0 0.02 0.01 0.0
ME/PS matching —-0.10+ 0.08 +0.1 +0.02+ 0.05 +0.07 £+ 0.07 +0.1
ME generator +0.16 + 0.21 +0.2 +0.32+ 0.13 +0.21+0.18 +0.1
ISR PS scale +0.07 £ 0.08 +0.1 +0.10 £+ 0.05 +0.07 £ 0.07 0.1
FSR PS scale +0.23+ 0.07 -04 —0.19+ 0.04 +0.12+0.06 -03
Top quark pt +0.01 -0.1 —0.06 —0.01 —0.1
Underlying event —0.06 + 0.07 +0.1 +0.00+ 0.05 —0.04 + 0.06 +0.1
Early resonance decays —0.20 + 0.08 +0.7 +0.42+ 0.05 —0.01 + 0.07 +0.5
CR modeling (max. shift) +0.37 £+ 0.09 -02 +0.22+ 0.06 +0.33 + 0.07 —0.1
“gluon move” (ERD on) +0.37+ 0.09 -02 +0.224 0.06 +0.33+ 0.07 —0.1
“QCD inspired” (ERD on) —0.11+ 0.09 -0.1 —0.21 + 0.06 —0.14 + 0.07 -0.1
Total systematic 0.71 1.0 1.07 0.61 0.7
Statistical (expected) 0.08 0.1 0.05 0.07 0.1
Total (expected) 0.72 1.0 1.08 0.61 0.7
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() CMS

¥ Direct methods: dllepton

s CMS measurement at 8 TeV, dilepton £ 35>—<1§nl\gulsm o
decay channel: Cleanest sample S %08 1+ afeeroscor

a At least 2 jets b-tagged S 2 D ﬁ”ifa.:s‘hliifeznimvny

» Reconstruct invariant mass of b-tagged jet and
lepton (terpplates)

s m,, mp, m,in 7x5 m(t) vs. JSF
2 1D, 2D, or hybrid fit

s 80% (1D) and 20% (2D) lowest uncertainty

201
15F

102

160

200

120 140 180 (GoV]
_1 Miop=172.22 £ 0.18 (stat) £ 0.91 (syst.) GeV S 197107 (8 TeV) =
B M L S
dm/m, = 0.54% T
» 300F +++ H+ [ Had. decays-
- _ 8 sor ++++ INon-tibkg 3
Dominant systematics: E 3 f
—> Model (0.64 GeV) |
- JES (0.45 GeV) b,
9 b'frag (0.40 GeV) QED 1-5: E Uncertlalnnes | + 1 H HT lH
8 0.5— . . . + + e
120 140 160 180bb 200
M, [GeV]
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rect methods: inc. s

CMS

#b-tags 0or>2
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Indirect methods: Inc. s

CMS

# b-tags
——
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Indirect methods: inc.s _ *

Linear dependence observed between
as and m (my)

N
‘J

e 35.9 fb™ (13 TeV)
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C MS Fit uncertainty
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170k - HERA E’ t t Vs M. M. =149GeV  +0.0001 0.0
| eeeas + = .
i ] t xg = xg(o) M. M. =137GeV  0.0000 0.0
i 3 1 === HERA +tt, xg =xg(m ) +0.0002 +0.1
L H _ ! Total 0.0004 0.1
S World average ' '
~ ' : ' : ; : —— : . S PDF parametrisation uncertainty
2 R -70 1o 12, =22GeV:  —0.0001 0.0
0 Y ’
S o T u2, =16GeV>  +0.0002 0.0
8 Ay setto 0 +0.0002 —0.1
T E set to 0 +0.0008 0.0
5= Total byt -0.1
< 8 Scale uncertainty
- | jiy variation e =H +0.0004 -0.2
) T iy variation i =H/4 +0.0007 +0.1
7—_ _ _ _ My variation ug=H 0.0002 +0.3
PR | PR T TR T S N SN T SR AN SO SR 1 l ! 1 ! ! 1 ! ! M
0.112 0.114 0.116 0.118 170 172 174 ji variation up=H/4 +0.0001 -03
I
as(mz) mfo ¢ [GeV] Jip g variation peg=H +0.0004 +0.1
Jyf variation weg=H/4 +0.0011 -0.2
alternative p,¢ Mg =H/2 —0.0005 +0.1
Totl g
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Indirect methods

CMS

s Extraction from production cross section
not (yet) competitive with direct

getting closer

measurements — but

o ATLAS: 0.9%; CMS precision at 1%

@ DO precision (best at

Tevatron): ~ 1.5%

» With ~5% theory uncertainty and ~2%

....... lh N CO0/ mna tamala tanana
exp -
p | T |
pole
ATLAS o m
Preliminary = Stat. Uncertainty
— Full Uncertainty
DO inclusive o(tt) ® 172.8 + 3.3 GeV
ATLAS inclusive of(tt) ® 172.9 + 2.6 GeV
CMS inclusive o(tt) o 173.8 £ 1.8 GeV
. . t p— v
Do differential p_, m. ® 169.1+ 2.5 GeV >
ATLAS differential o(tt+1j) o 173.7 £2.2 GeV
ATLAS leptonic (8 dist.) C )| 1732416 Gev‘>
™

| I [
170 175 180
m™*® [GeV]

Top-quark pole mass measurements

July 2017

DO o(tt), 1.96 TeV
PLB 703 (2011) 422
MSTWO08 approx. NNLO

DO o(tt), 1.96 TeV
PRD 94, 092004 (2016)
MSTWO08 NNLO

——

——— 17280 ¥340 ,  Gev

167.50 +520 , _  Gev

DO do(tt)/dx, 1.96 TeV

DO Note 6473-CONF (2016) ('—0—'

—
2.50
169.10 ¥250 , . Gev )

MSTWO08 NNLO

ATLAS o(tt), 7+8 TeV
EPJC 74 (2014) 3109

ATLAS tt+j shape, 7 TeV
JHEP 10 (2015) 121

CMS oftt), 7+8 TeV
JHEP 08 (2016) 029
NNPDF3.0

CMS oftt) 13 TeV

+2.70
arXiv:1701.06228 (2017) —— 170.60 270 GeV
CT14

CMS tt+j shape, 8 TeV P 169.90 +4.52 366GV

TOP-13-006 (2016)

World combination
ATLAS, CDF, CMS, DO
arXiv:1403.4427, standard measurements

‘ | | | | ‘ | | | |

—@— 172,90 *250 , o Gev

—@— 17370 ¥228 , . GeV

173.80 +1.70 _ _GeVv
—— 1.80

@ 173344076 Gev

l | | | | | | | | |

150 1RN 170 180

m, [GeV]

D0 9.7 fb™

S (Pb)
3

+ Measured o(pp— tt+X)
— Measured dependence of ¢

— NNLO+NNLL

160 170 1
Top quark pole mass (GeV)

| T S B
80 190
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http://arxiv.org/abs/1603.02303
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.092004
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-044/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-16-006/
https://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/TOP/T113/

A

. Combinations /

All results

CMS

Using BLUE:

e Latest CMS combination
Myop = 172.44 % 0.48 GeV

Om/m, = 0.28%

a Alternative methods: CMS combination
My = 172.58 +0.75

— Orthogonal systematic uncertainties, limited (for

GeV

om/m, = 0.43%

now) by statistical uncertainties

ATLAS Preliminary

_ -1 1
My, SUmmary - September 2017, L =4.6 fo'-20.3fb

my,, + fot. (stat +JSF +bJSF + syst)

all jets EUr- Pys. J 075 (2015) 158 | e ——— 1751 + 18 (14 s12)
L,=461M ;
i * ATLAS-CONF-2014-055 I .
single top L2203t ] 1722 + 21 (o7 £20)
— l+jets E”’_p‘“‘fmj" 75 (2015) 330 — HHI - 1723 + 1.3 (02 t02:07 +10)
e 1
dilepton Eur- Phys. J. 075 (201) 330 I s — 1738 + 14 (o5 £13 )
Ly =471 1
— dilepton 'L’"Vf;:':m (2016350 Imh_ 1730 + 0.8 (o4 07 )
. ;
all jets axiv-1702.07546 P—I—E—I—I 1737 £ 12 (os £10 )
Ly =2021b
— l+jets* :T'-fzczo'gf'm‘”" [ I— 1721 + 09 (0101203 08 )
e 1
L
[
G(ﬂ) dilepton Eur- Phys. J. C74 (2014) 3109 ! 1729 + 29
L, =46203 1" \ > 28
Differential o(ft+1-jet) =P 10 G019 121 k 1737 =33
L, =461 1
Differential o(tf) dilepton (8 dist.) ATLAS-CONF-2017-044 l—;—ﬂ—l 1732 + 16
Ly =20210 g
I
[l
: ----- ATLAS Comb. + 1o
— stat. uncertainty
ATLAS Comb. September 2017* ATLAS-CONF-2017-071 ! .
172,51 + 0.50 Loy o) stat. ® JSF @ bJSF uncertainty
1 m— total uncertainty
' *Preliminary, —Input to comb.
] ] h ] ]
My, [GeV]

b-jet energy peak

TOP-15-002 (2015)

Lepton+SecVix
PRD 93 (2016) 092006

Dilepton kinematics
TOP-16-002 (2016)

Single top enriched
TOP-15-001 (2016)

Mo/MAOS observables
TOP-15-008 (2016)

Lepton+J/¥
TOP-15-014 (2016)

Kinematic endpoints
EPJC 73 (2013) 2494

b hadron lifetime
TOP-12-030 (2013)

Dilepton M,
TOP-14-014 (2014)

52

BEST backgrounds
TOP-15-011 (2015)

CMS alternative comb.
TOP-15-012 (2016)

1

W, 6. 96 S, %

CMS Run |
PRD 93 (2016) 072004

CMS Run | + Alt. techniques
TOP-15-012 (2016)

__%_

N\
.

4

172.29 £ 1.17 + 2.66 GeV
173.68 + 0.20 +198 ) .- GeV
171.70 £ 1.10 +268 4 10 GeV
172.60 + 0.77 *097 ) o2 GeV
172.22 £ 0.16 *088 ) o, Gev
173.50 + 3.00 + 0.90 GeV
173.90 £ 0.90 *170 , . GeV
173.50 £ 1.50 £ 2.91 GeV
172.30 £ 0.32 +124 | 0 GeV
172,61+ 0.57 + 0.90 GeV
| imsseozirorzcev

172.44 £ 0.13 + 0.47 GeV

172.43 £ 0.13 £ 0.46 GeV

160 170

180

190
m, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-071/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-15-012/index.html
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Spin correlations

o ldo/d(A¢/T)

NNLO/NLO

NLO/LO

Inclusive

______ LHC 13 TeV m, = 172.5 GeV

________

Scale: Hy/4 PDF: NNPDF31nnlo

1.6
)= 10 —— NNLO
—— NLO ® ATLAS
121
1.0 1
A ! ) L A -—

08 e e mmmmm—-
0.6

1.060 + + +

1.025 1

1.000 1

0975

0.950 1

=SM)

Ratio to Powheg Pythia8 (C

\—I—I—‘

T T
Al 0.2 04

T T
0.6 0.8 1.0

A(e, D)/

1.2IlII|IIII|lIlI]TlTl[IIIIIIIIIITITINIIlIIIlIIlIIII

e Data

PP8 (C=SM)

e PP8 (C=0)

e NNLO (indirect)

== ATLAS p_(1), Particle, en 2015
ATLAS pT(t), Reco, eu 2015-2016

=+ ATLAS p_ (0, Parton, ljets, 2015-2017

.
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o
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—
o
(M)
o
w
o
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o
)]
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-
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o ldo/d(A¢/m)

NNLO/NLO

/

NLO/LO

1ag " L0 == NNLO Fiducial
— NLO ® ATLAS
2+ —
L e
P N A - LHC 13 TeV my = 172.5 GeV
. . . - Scale: Hy/4 PDE: NNPDEF31nnlo
6 .
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A 8 CMS
Y.  Asymmetlries
: 4
_ , S < 1Ll (1.2
» Dilepton cross section measurement used to B, e pancielor |
extract asymmetries based on unfolded particle 8E ¢ +
and parton level distributions T +
s Employed asymmetries in dEta, dY b e,
A — Ta(Blyl( ) > 0) — o(Aly|(t,F) <0) i i
C Uﬁ(Alyl(tIt) = 0) +0&(A|y|(t’t) B 0) 1_2_15 -1 jos 0 0:1 15 2 :
a _ %a(By(£,8) > 0) — ow(An (£, ) <0) i
¢ og(An(L,0) > 0) + ox(An(4,£) < 0) . 5 CMS T 35.9 fb™' (13 TeV)
b "\
cMS 35.9 o' (13 TeV) L \ /
| Data \\\
P e8% ClI \\
95% Cl 3 — nominalfit |
+ POWHEGV2+ PYTHIAB 1 best-fit value
A particle level . : MGS5_aMC@NLO + PYTHIA8 [FxFx] — 4+ theory syst |
i NLO+EW 21 — -theory syst \
[ 68% CI \
A! particle level - 95% ClI
1._ .....................................
A{ parton level oL | | |

v b v by vy e b s by o b s e e by by s
-0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04

X
AC

-0.4 -0.2 0 0.2 0.4
C, /A% [TeV?
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CMS

tt+1jets, mtpole, MSbar

Mass scheme mfdc [GeV] () |GeV]
Value 17L1 1629
Statistical uncertainty 0.4 0.5
Simulation uncertainties

Shower and hadronisation 0.4 0.3
Colour reconnection 0.4 0.4
Underlying event 0.3 0.2
Signal Monte Carlo generator 0.2 0.2
Proton PDF 0.2 0.2
[nitial- and final-state radiation 0.2 0.2
Maonte Carlo statistics 0.2 0.2
Background <(.1 <().1
Detector response uncertainies

Jet encrgy scale (including b-jets) 0.4 0.4

Jet energy resolution 0.2 0.2
Missing trmnsverse momentum 0.1 0.1
b-tagging cthiciency and mistag 0.1 0.1

Jet reconstruction efficiency <01 <().1
Lepton <0.1 <(.1
Method wncertainties

Untolding modelling 0.2 0.2

Fit parameterisation 0.2 0.2
Total experimental systematic 0.9 L0
Scale variations (+0.6,-0.2) (+2.1,-1.2)
Theory PDF&a, 0.2 0.4
Total theory uncertainty (+0.7,<0.3) (+2.1,-12)
Total uncertainty (#12,<L1) (#2.3,-L6)
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Even More Backup...
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@¢ P " CMS
¥ article flow
S
o .: p
Partlcl_e flow ‘ in A 5
» Combines detector — : Clusters
information to ID particles hadron : ., |l detector
: ; S
: : &
Jets and missing E. — =éaL
s Gamma & Z-jet balance e Clustérs
o Pile-up subtraction
charged W\t /4 .
Isolated Leptons sl Qamde_ﬂow |
s Dilepton resonances (Z, CMS proimnary 19710 @TeV)
. . §3000j Relati i -o- Data ] A25~.\.1 LI O B B ]
UpSlIOn, J/pS') 5 E Coerraet;ieort::Jet E%zg E';, C —+—|type2 LaloET (‘Data) | 1
2500 ) 998 + 0.005  gmzd =l ::y;ez(ga{% (MC) -
L ers [+~ — C T ata —
“b-tagging” of jets 2000 = R ==
: £ [t piE(Data .
s Several techniques, 1500 : I S ]
dominated by silicon tracker 1oeo- | o ]
information 500 E i -
O'c; 02 04 06 08 1 12 14 16 18 ; 5:_ \s=7TeV —:
Rpj-balance = CMS preliminary 2010 ]
TR B

« Top quark physics requires precise b- and c-ph' % s a o )
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsJME13001

. World combinati
: INnNation
A
S
Tevatron+LHC m,  combination - March 2014, L =35 fo'-8.7fb
_ ATLAS + CDF + CMS + DO Preliminary
CDF Runll, l+jets PP 172.85+ 1.12(0.52 + 0.49+ 0.86)
CDF Runll, diiepton - o 170.28 £ 3.69(1.95  +3.13)
CDF Runll, all jets b ——————tt 172.47 £ 2.01(1.43+0.95 + 1.04)
COF Runll, E™%4]
L,:gji,r\] By et P — i 173.93 + 1.85(1.26 + 1.05 + 0.86)
DLO i‘ﬂ': +jets ittt 174.94 + 1.50 (0.83+0.47 +1.16)
DLO :R:;:!': di-lepton - o o=t 174.00 £ 2.79 (2.36 + 0.55 + 1.38)
ALTL:/fff‘O”’ Hjets — W — 172.31+1.55(0.23+0.72+1.35)
ATLAS 2011, di-lepton ——t——i 173.09 + 1.63 (0.64 +1.50)
CMS 2011, l+jets — e — 173.49 + 1.06 (0.27 £ 0.33 + 0.97)
CLMif?J“ di-lepton C — 172.50 + 1.52 (0.43 +1.46)
CMS 2011, all jets ——i 173.49 + 1.41(0.69 +1.23)
World comb. 2014 %/ =510 01— 173.34 £ 0.76 (0.27+£0.24+0.67)
2 £ Tevatron March 2013 (Run I-+ll) - ——i = 173.20 £ 0.87 (0.51+ 0.36 + 0.61)
36 Lne September 2013 ol 173.29 £ 0.95 (0.23+0.26 + 0.88)
- | | | tota}l (stat. syst.)
165 170 175 180 185
M, [GEV]
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LHC operations

CMS Integrated Luminosit P AR A A LA AR AR AR RS
9 y: PP S 180E ATLAS Online Luminosity =
Data included from 2010-03-30 11:22 to 2017-11-10 14:09 UTC 8 160F B 5=8Tov.[Lat=217 1", 9> =207
. . . : : . 20 %-140; | E=7mmﬁm:52m,¢>:91?
HT" 2010, 7 TeV, 45.0 pb~! 2 120F db. Phys. J. C (2016) 76:581
£ C D 7
g 2011, 7 TeV, 6.1 ! 180 5 100 : =
> 2012, 8 TeV, 23.3 ™" o g 8- E
£ =) n __ ]
B 2015, 13 TeV, 4.2 ! § ig; E
2 2016, 13 TeV, 40.8 b’ 160 soF- E
£ w2017, 13 TeV, 51.0 b~ AR S T
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Q 140
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= 130 140 . 140
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= o o g 80} 180
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