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Top Quarks

= The top quark is the heaviest known particle
= Maximum sensitivity to Higgs (EWK loops, gg — H)
= 1~5x10%s: decay before hadronization: "bare quark"
= Direct access to spin and charge
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Top Quark Pair Production

LHC (7 7ev) Tevatron
g t g t
99 ~80% ~15%
7 o f qq ~20% ~85%
g
q t H1 and ZEUS HERA I+II PDF Fit
4 1 =
S xg (x 0.05) Q> =10000 GeV?* | §
- —— HERAPDF1.5 NNLO (prel.) ;‘
6 t 0.8 * \ B exp. uncert.

|:| model uncert.

| xS (x 0.05) - parametrization uncert.

Czakon, Fiedler, Mitov arXiv:1303.6254 061

Collider  |otot [pb]| scales [pb] | pdf [pb]

T0.110(1.5%) | 10.169(2.4%) 04
Tevatron 7164 |~ o0000.8%) | —0.122(1.7%) *

LHC 7 TeV | 172.0 +4.4(2.6%) | +4.7(2.7%)

—5.8(3.4%) | —4.8(2.8%) 02
+6.2(2.5%) | +6.2(2.5%)
LHC 8 TeV | 245.8 —8.4(3.4%) | —6.4(2.6%) |

122.7(2.4%) | +16.2(1.7%)
LHC 14 TeV| 953.6 —33.9(3.6%) | —17.8(1.9%)

HERAPDF Structure Function Working Group

LHC (gg—tt) complementary to Tevatron (qi—tt)
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Top Quark Pair Production

Czakon, Fiedler, Mitov arXiv:1303.6254

NNLO (scales) mmmmm ' LHC (7 7ev) Tevatron

NLO (scales)
300 LO (scales) 99 ~80% ~15%
CMS, 7TeV r———
ATLAS+CMS, 7TeV r—a— 7z — 900 _QE0
250 + ATLAS, 7TeV r—t— Z ’,,,/l’ i o NLO qqg 20% 85%
CMS, 8TeV —— b Y
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H1 and ZEUS HERA I+II PDF Fit
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=
100 \ Indep. Ur R variation - —— HERAPDF1.5 NNLO (prel.) é
PP — tt+X; my,,=173.3 GeV 08 (I expuncert.
50 MSTW2008(68c.l.) L5; NLO; NNLO I || model uncert. N
6.5 7 7.5 8 8.5 L xS (x0.05) [ parametrization uncert. g
3 . . \ &}
Vs [TeV] 061 \ j
Collider |otot [pb]|scales [pb] | pdf [pb] : /™ 2
+0.110(1.5%) | +0.169(2.4%) 04+ \ \ ’ g
Tevatron 7164 |~ o0000.8%) | —0.122(1.7%) ’ %
+4.4(2.6%) | +4.7(2.7%) E
LHC 7 TeV | 172.0 | [555a%) | —as(2.8%) o) g
+6.2(2.5%) | +6.2(2.5%) i 7
LHC 8 TeV | 245.8 —8.4(3.4%) | —6.4(2.6%) [ E
+22.7(2.4%) | +16.2(1.7%) i =
LHC 14 TeV| 953.6 —33.9(3.6%) | —17.8(1.9%) = |8
10 1

full NNLO available since early 2013 - scale and PDF uncertainties 2-3%
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= Pile-up subtraction based on charged

component

3 c quark
I uds quark or gluon O

CMms

Data/ MC = 0.983 = 0.004 (stat.)

. S I R R B R ]
Particle Flow § [ T ez caok (Data) .
= T . i
= Holistic view of all detector information 3™ 20 _*_ 1%+ (a1 E
g d ——tm
= Combination of tracker and calorimeter 5 | P8 3
to obtain list of identified particles S T = .
10 .
Isolated Leptons (e, p or 1) - . CMS-DP-20120012
: : : . 5 — imi =1. 1 =
= |[solation (including PU subtraction) -  NE=TTeV CMS preliminary, L=161" 18~ 8TeV
. C |b t d ﬁf' . ) f C | | | ‘(,1\-15p1-e‘11mma1'}‘| - |7]|<1-3 +Y+jet_ 1
allbrations and efrcienclies mrom T T R T T T ‘stc‘ll‘béo‘;1,o4j +§ee+j.2tt -
1 alibra it - - MM'I'] e
dilepton resonances (Z, Y, J/y) B 0o B JEC extrapolation ]
g E
. © £ |
Jet (and Er™) B30T B g ]
. . CMS Preliminary, 19.8 fb” at /s = 8 TeV QVY-YOoLr ]
= Optimal resolution and scale L T femiched — ‘ pata 5 F -
- (eu+=2jets) E b?rom gluon splittin O O 96j ]

b-tagging

= Combination of several techniques
(vertex, impact parameter, track
distributions within jets)
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CSV discriminator

+2/ NDF = 17.8/20

20
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P, (GeV)

Top quark physics: require high-precision leptons, jets and b-tagging
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Cls. |

Physics from Top Quark Production and Decay

couplings, Vi,

+ branchin [
. Z g ratios, W-
Top Quark Pairs 4 helicity, FCNC, new
. - V particles
! W_I_ mass, mass
asymmetries, \ : difference, charge,
spin correlations, b width, lifetime

color flow

p

Menu:

cross sections,
kinematics, QCD

= Production

R - :
parameters, q " Properties
resonances, = Couplings
new particles
q = Mass
= Qutlook

EWK Single-Top Production  s.t.tW channel production,
- _— properties, couplings
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Inclusive tt Cross Sections (8 Tev)

JHEP 02 (2014) 024

= dilepton channel: 1e+1p+2jets (1b-tag)
= Almost background-free, remaining backgrounds estimated from data
= Systematics: Q% matching, jet energy scale

_‘(B i I [ | —Data T ] ﬂ 800 LA S N B B I B B B B N B B |+- D-a-ta- T
S . CMS s =8TeV,L=53fb" vy il S | CMS(s=8TeV,L=531b" @ i
8000 T [ENonwzZ - [ Non W/Z
Lﬁ L eiu*' Channel - Sl‘l"l‘;le t i Lﬁ - eiu Channel = SI(:'Ingle t _
- By 1 6001~ WDy .
i = i - — 4
6000_— H [ tljnc::ert.ainty 7 - I:ltl}ncertainty .
- ] 400 —
4000 — i i
20001 . 200~
0 0
% 1.4r g_ 1.4r | ) [ |
w B Q e o 1 PR .0A0‘.o° e “. o % o o
O o6t—y ; - S O o6 ‘ s L
= 50 100 150 200 250 300
b-jet multiplicity Invariant mass [GeV]

[ Ox = 239 * 2stat £ 11syst £ Oumi pb J 3.3%

—

First LHC cross section measurement at 8 TeV, still room forimprovement - update CMS Run1
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Inclusive tt Cross Sections (8 Tev)

= e/p-tau channel: 1e or p + 1 1-lepton (1b-tag)
= Dominant systematics: tau-ID and tau-mis-ID

19.6 fb! (8 TeV)

arXiv:1407.6643

19.6 fb"' (8 TeV
>1800_IIII|IIII T T TT IIIIIIIIIIIIIIIIIIIIIIII_ >1200—_ llI I T 1 I I llllllll(llel!)l_
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~ 1400 B DY-+diboson — — i @ DY+diboson ]
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§2) 1200 m|S|dent|f|ed.rh ] = 800+ [ ] m|S|dent|f|ecI.rh -
qCJ C total uncertainty CIC.) - total uncertainty -
>1000F - o F ]
S { ™ eoof .
800 . - _
600F s 400/~ .
400 - I i
- ] 2001 o
200 - =
B roialoigiotoid g 111l
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Andreas B. Meyer

m(t,jet) [GeV]

Migp [GeV]

Ox = 257 + 3stat + 24systi 7|umi pb ] 950/0

Precision dominated by tau-ID
Top Quark Physics at CMS
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ATLAS+CMS Preliminary o summary, Vs=7TeV TOPLHCW
(0p++20), POFALHO m = 1725 Go — s
al — e
al o otat) (oyst) =
ATLAS, I+jets. 179242927, .
ATLAS, dilepton 1732611 Spb Lo7m
ATLAS, all jets (*) 167+18278+6pb L 101
ATLAS combined 177:3'5:7pb L 0riom
CMS, I+jets (*) 164+3+12+7pb L 08111
e CMS, dilepton (*) 170£4+16+8pb L 111
C S imi _ CMS, Tyt () 14922422629pb L1110
MS Preliminary, Oz summary, \s =8 TeV o) s
———ep, CMS combined 166 2= 1=8pb  L08110
LHC combined (Sep 2012) 1732 22 826pb  Lo711m
ATLAS, I+jets, b—=Xuv 165+2+1723pb L =471
ATLAS, 1,441 186+ 1322057pb L 21t
ATLAS, 1, Hets 194218246pb L1710
ATLAS, all jets 168212 027pb L a7
CMS, I+jets 158+2+10+4pb 1 222310
CMS dilepton (ee,uu,eun) 239+ 211+ 6pb
CMS, Tyt 14321422223pb L 221
JHEP 02 (201 4) 024 (L=53/fb) (vaI. + stat. + SySt. * |Um|.) CMS, 7, sHets 1522122324 3pb 1,591
CMS, all jets 139+ 10+26+3pb 1 =350
(*) Superseded by results shown below the line
| | | | | |
50 100 150 200 250 300 350 TOPLHCWG
o [Pb]

CMS prel. e/u+jets 228+ 92 +10pb
TOP-12-006 (L=2.8/fb) (val. = stat. = syst. + lumi.) B L AL o e o sy o =

T bination* L = 8.8 fb' . -
e somonator t2°°™  ATLAS+CMS Preliminary ~ Feb2ot4 3
CMS dilepton L =2.3 fb”

e
L | |
o
| m ATLAS lepton+jets* L= 0.7 fb” TOPLHCWG
o
*
L]
Fo
:.
e}

CMS lepton+ets L = 2.3 fo”
TOPLHCWG combination® L = 1.1 fb'

o
2
c
Q
=
(6]
(9}
2 2 ATLAS dilepton* L = 20.3 fo" |
% 10 CMS dilepton L = 5.3 fb” -]
ATLAS lepton+jets* L = 5.8 fb™ L j j .
CMS e/M+Th 257 + 3 + 24 * 7 pb e CMS lepton+jets* L =2.8 fb! F T
arXiv:1407.6643 (L=19.6/fb) (val. = stat. + syst. = lumi.) .S 250 1 7
= L i
() i
2 I
3 10 200} 1]
— NNLO+NNLL (top++ 2.0), PDF4LHC, m op = 172.5 GeV g [ 3
Czakon et al., PRL 110 (2013) 252004, arXiv:1112.5675 (2013) 150'_ 1 ]
[ scale uncertainty ESS= NNLO-NNLL (pp) L L E
[__] scale ® PDF ® o uncertainty NNLO+NNLL (pP) 7 8

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
Mo, = 17|2.5 GeV, PDIF@ ag uncer}ainties according to PDFAIlLHC
1l

| | | | /| M= 175 GeV, POF®q unceranties according o PDFALHC
0 100 200 300 400 2 3 4 5 6 7 8 9

o(tt) (pb) Ns([Tev]

ATLAS and CMS have measured the inclusive tt cross section in all decay channels (except 1)
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Differential tt Cross Sections

= Measure top quark kinematic distributions
= Scrutinize theory predictions and models
= Ensure that acceptances, efficiencies are correct
= Enhance sensitivity to new physics
= Extract/ use for PDF-fits (future)

events

= Main analysis ingredients:
= Kinematic reconstruction

e |
CMS, 5.0 fb"at\'s = 7 TeV

R SRR R AR AR R R AR AR R
Dilepton Combined ® Data El

prets) E:

[E8 tf Other. 7
[ Single Top =
[ W+Jets 3
Bl Z/y*— ee/wd]
mZ/y -t A
[ Diboson -
1 QCD Multijet 3

Jets / 10 GeV

CMS, 5.0

10 -

T
Dilepton Combined

Leptons / 10 GeV

pr(lepton)

50 100 150 200 250 300 350 400

CMS, 5.C P, GeV]

T T T T T
Dilepton Combined

Njets

10*

3
10 200 250

p, [GeV]
10?

EPJC 73(2013)2339

10? CMS, 5.0 fo'at\s =7 TeV 0 CMS, 5.0 fb™' at\'s = 7 TeV
- 2.5x\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\ > LN UL UL UL LU LU UL L
o - e/u + Jets Combined * Data 3 Dilepton Combined -aa
o | = o = = ot
5 2 e S A
. . ' . =) r res o _{/C’ Z/y* — eel
= Bin-wise cross section analysis g | mSngeTop | & —faitmes
; ; SRR - Diboson 3 % glct:)gshollr:ntijet
= Regularized unfolding g
|_
pritop)
0.5}
CMS results for 7 and 8 TeV for *
bOth I+jets and dlleptons -2 1 0 1 2 50 100 150 200 250 300 350 400
—_— —— yt p. [GeV]
Andreas B. Meyer Top Quark Physics at CMS HQL2014, Mainz, 28 August 2014 11



l/‘l -

. . n . TOP-12-027,TOP-12-028
Ifrerential tt Cross Sections 2 OMS Preliminary, 12.1 f5'at (s =8 TeV [
10
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bl__g'0.6"”"‘H‘“HH“‘H‘HH‘HH‘HH‘HH" [y 18,‘\‘/‘“J\‘t“C‘\‘|‘:’l"\d““\“b‘\t““\““, (D C _MadGraph ]
r e/u + Jets Combined e Dat b > [ e/u + Jets Combine: e Data ] - .
Elb 05: e/u + Jets Combine 7MZ§Graph 1 8 15; — MadGraph [t _ 8k - MC@NLO —
) mm MC@NLO 1 MC@NLO b‘ wol C o 3
r ---POWHEG 1 ---POWHEG ] O| o 7E POWHEG i
0.4} _ ] E ~|b S~ SR Approx. NNLO 3
L 3 1 3 6F (arXivi1205.3453) 7
0.3] b E - ]
02E pT e S [ K E
o . At .
0114 ] = t ]
i | | o pr(top)
P S N Y B B B B oClialiiinliiyy \ \ C B
2 45 4 05 0 05 1 15 2 50 100 150 200 250 300 350 400 - ]
n P> [GeV] oF 3
. . _1 1_ _:
CMS Preliminary, 12.1 6" at s = 8 TeV CMS Preliminary, 12.1 fo' at /s = 8 TeV _ ]
o 2B T e o L o S B 0||||I||||I||||I|||.I....I....I. :
> L e/u+ Jets Combined ~ ® Data S - e/ + Jets Combined e Data ] 0 50 100 150 200 250 300 350 400
0] [ — MadGraph ] T - i t I:G V:l
| MC@NLO - (5 102k — MadGraph | T e
3g | - POWHEG | —_ B Lo MC@NLO 3
- I o] .
° sl 13| POWHEG
1710 10%E = CMS, 19.7 fb”, {5 = 8 TeV PRL111(2013) 211804
] B g 7 10°F
10 ] C B 2 o e Expected (95% CL)
T (tf) . 5 1 "f q 0;7 \\ : — Observed (95% CL)
5| 5 10 3 3 N F \\ — - Z'1.2% width
r - . @ ;, : [ =0 Expected
R BT L R TR T S| N_.“u,.._: :N g Dﬁ"m(ett_)
e o om(tt) TR e
; 1 E |
’67 I Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il ‘ Il Il Il | g 10-2? \
197400 600 800 1000 1200 1400 1600 & f S
= -3 | 1 L 1 1 L L
mt [GeV] 10755 1 15 2 25 3
M, [TeV]

pt(top): Approx. NNLO better than MC - Narrow Z' resonance excluded up to 2 TeV
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tt + ' t tt+ b b tt+tt TOP-12-024, TOP-13-010 R
Je S ) ) - ey g L
% 10! ?:es f:‘r‘e::n\lsgsa;y 8TeV ;?’;‘L " “ .
L g j rd
q g t q t :é_’ o’ Dggﬁf
3 e HELAC-NLO NLO
>§“< + >'§"€’ E " i%'é 0.03 ml;"'};?gég’ev CMSsrev
q { q { § ﬁ G.Bevilacqua et al.,
~ arXiv:1403.2046
arXiv:1404.3171 002
- y TOP-12-041 o 2
CMS Preliminary, 19.6 fb"at Vs — _ ... 2 s |
8 e = /
i} E I T I I S osf ! —:—_\_ 0.01
8% - Dilepton Combined P]$t> 30 GeV ] ° % 07 02 03 04 05 06 07 08 09
~Ib - e Data ] B h-.lat NDierriminatni 7 8 9 10 11 12 13
3 VYT A Fit to b-tag discriminator distribution Vs [TeV]
i ---- POWHEG+Pythia ]
1 E o
e N | [ o(ttbb)o(t) = 2.2 + 0.4 st +0.5 5% ]
10" 3 e T Jets 3
- i TOP-13012
102k 5 t CMS Preliminary, 19.6 o at Vs = 8 TeV
E g 27F ko =6dets = 2brage EEEE@
............. 4 H, = 400 GeV/c, E™ = 30 GeV =B
10° | I t =5
o 15 E
R S S f e
8 : B t
05 & 2 3 4 5 = J— )
Jets 9000000000 b
g t
Probing radiation and parton shower modelling Fh——————————
S Boosted decision free multitopness
ftbb: important background to ttH [ o(ttt) < 63 fb at 95% CL (obs), 42+18-13 b (exp)J
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arXiv:1406.7830
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30 4% BG uncertainty . 10 ;
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] 4 E .
10 /////////// i
,,,,,,,,,, ] 2
0 0
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arXiv:1406.7830
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3 7\\\IIIII% III‘ ‘ \\‘ 8Tev CMS
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2 04
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ANQreas b. vieyer
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[ Non-top-quark
[ Misidentified lepton
— Backgrounds
%% BG uncertainty
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,,,,,,,,,,,,,,,,

r iV (dilepton analysis)
: 043771 (stat) 00" (syst) pb

[ NLO Calculations
[ Cambell and Ellis, JHEP 07 (2012) 052
r Garzelli et al., JHEP 11 (2012) 056

()  (uw)e  (ee)u  (ee)e
PRL 110 (2013) 172002
L=sof'a 116V

tiZ (trilepton analysis)

0287371 (stat) "0e° (syst.) pb
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TOP-13-011

-

CMS preliminary L=19.7 fb™' at Vs=8 TeV
L L L B |

8TeV

® Data
Stat. uncert.

3 n—
10 1 | + 1 I tf inclusive

COW + Jets
DY + Jets

%) [ Single top

5 107 B 1y (Signal)

[e]

<

o
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g

[0]

Ke]

£

S

p=d

107

Data/MC

Loy e |
8 10
Neutral hadron isolation / GeV

S
N
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Consistent with SM
Uncertainties statistically limited

—> CMS Run 2
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Charge/FB-Asymmetry

= LO: No charge asymmetry expected

= NLO: Interferences between qq diagrams

= (diluted at LHC due to large gg and unknown
quark direction

Available asymmetry calculations are
effectively leading order

Tevatron4 top

anti-top
Ars _
n
i = NAy>0)-N(Ay<0)
B N(Ay>0)+N(Ay<0)

Andreas B. Meyer

Top Quark Physics at CMS

CMS
tree-level and box diagrams: positive asymmetry |~

......... —
t q T
Y /-\t
p * + B . )
t g ——vveees {
ISR/IFSR: negative asymmetry
t q t
; +
Z SRS
t q t
LHC A top
anti-top
Y|
Ac
P

=N(A|y|>0)—N(A|yI|n<0)
N(Aly|>0)+N(Aly|<0)
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Charge Asymmetry

TOP-12-033

EAG: effective axial-vector coupling gluons

G,

0 C \ i 0.15F
c CMS Prellmlnary . Data i < - CMS Prellmlnary L baa ]
> ;197fb at Vs =8 TeV B ] [ 19.7fb"at Vs=8TeV EAG 1.0 TeV i
® 40000~ A  =0.003 = 0.002 t ] [ +iets . ]
- |4 Single top | - EAG15TeV
- I+ets B . ] 0.1 —— NLO prediction 1
B O w+ets ] i — NLO prediction2 |
30000[~ Blz+ets - §
B DMUItijet ] 0.05 L |
20000 . - } Y
5 1 of .
10000 — i - (ta .
B 7 ) L \ |
ol . 095200 600 800
-4 -2 0 2 4 My [GeV/c?
Alyl
o 12F ]
- E 0.15————————
= 11 E < - CMS Preliminary —— Data I .
£ L & - - 19.7fb"at Vs=8TeV EAG10TeV |
O 09F = - l+jets —— EAG 1.5 TeV .
0.8 E ‘ 3 0.1 B —— NLO prediction 1 7|
=4 0 4 B —— NLO prediction2 |
0.05- .
Ve \ -
‘ Acitop=0.4 £ 1.0stat £ 1.15yst % PLB 717 (2012) 129 - ! .
. Aciop= 0.5 £ 0.7stat £ 0.6syst % TOP-12033 oF tt) -
. J - y A
e N i i
QCD: Ac top = 1.23+0.05 % Bemreuther, Si arXiv:1205.6580 0.08——————5 T
L ) Iyﬂl
NNLO prediction underway
Differential distributions give additional sensitivity
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Spin Correlations  #~
g
A_NTT+NLL_NTl_NlT ’(

N.;+N,+N; +N,; v

PRL 112 (2014) 182001

CMS, 5.0 fb" at Vs =7 TeV
FTr 1T
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< 0.5 (@sMu=m) _ -
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S~ . L
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0 05 1 15 2 25 3
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ASM = 0115 + 0015 Auncorr= 0210
=>feoms ~ 1.02
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oS,

Top quarks decay before spins can flip = measure
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0.4
0.38
0.36
0.34

0.32

0.3

0.28

Data
0.26
— Result of the fit
0.24

0.22 — — SM NLOW

ALARRERRRIR

coe b b b b e Ly
0.2 . . 3

AG|

o
o
(4]
-
—
(4]
N
N
(4]

—~

Lofs = —E'fa""'T“thﬂ, — %icf"""rsT“tG,‘iw

Search for chromomagnetic dipole-moments

[ 0,043 < Re(y) < 0117 at 95% CL]

Limited by scale uncertainties
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W Polarization Sy A LS L.

1 dI 3
— . ——(1 cosf ) F+- (1+c050) (smH )
I' dcosf 8
TOP-11-020 JHEP 10 (2013) 167 TOP-13-008
Iets 7TeV (2. 2 for 1) B ets 7TeV (50 1) Hets8TeV(196f") g
Sy T e e e N
jets 2, r Singfe Top
— s000]- Mo
200 c r
2 ) 23000
-E- 150 s - tf muon+ets %‘t E
“ 100 > = Uvirjts & DY+jets LLIZOOO ;_
50 i ® Muon+jets 1000;_
gllii_.y-"""-v-"' Y-y, -V-_.. vy Yoy YYe oY 'vé § ‘H_H‘.H‘.l‘“ % 1‘1\ URZ UL \\\‘\\\‘\\\T\\\‘\\\‘\\\ UL
g T\\‘\\.\‘\\\\\-\‘\\\‘\\\0‘2\\\0‘\\\0-‘6\\\0‘8\\47 g 08(\\06\\\04\.-\,0.2\\\\ 2091\\‘\\\0.6\\\0‘4\\\0‘2\\\‘\\\‘\\\T4\\b‘6\\b.8\1
¢ cos(9) cos(6%)
. TOP-12025
CMS-ATLAS combination
LN L B Lt IR LA B (L
ATLAS and CMS preliminary . . .
\s=7TeV, L 35p0"- 22107 Fy | R | R = Also available from CMS: dileptons (7 TeV) and single-top
EEE NNLO QCD .
Combination topolog|es (7 and 8 TeV) TOP-12-020 TOP-12:015
=+ Data (F_/F /F))
ATLAS 2010 (single lepton) e . .
usanGndeeen T I T All measurements consistent with left-handed charged currents
CMS 2011 (singl ) . e mi 1
cusatt ngemuon) - i Used to set limits on anomalous couplings
L Lo P I T |
0 0.5 1
TOPLHCWG W boson helicity fractions

Andreas B. Meyer Top Quark Physics at CMS HQL2014, Mainz, 28 August 2014 18



Single Top Production
’ ha W t-channel . :g

O, tw, s-channel ]|
[ W/Z+jets, dibosons—|

Events/10 GeV

08

[CJQcD multijet
Syst. uncertainty |

= Test of EW interactions
= Vi / 4th generation / FCNC

0.6

04

0.2: ]

u SGﬂSlthlty tO b'PDF and U/d'PDF 0.2 0.4 0.6 0.8 1 0 150 200 250 300 350 40(;
uper Discriminan m,, (GeV)
complex muIti\?aFr)iatg analysist simple kinematic analysis
q q
b W q t
w w*
g
b t
g b g t q' b
| | tch. | tWch | sch. | t€
Tevatron (pp) 2TeV 2.08pb 0.25pb 1.05pb 7.08pb
7 TeV 64.6pb 15.6pb 4.59pb | 72pb
LHC (pp) 8TeV 87.6pb 22.2pb 5.55pb 249pb
14 TeV 248pb 84.8pb I 1.9pb 954pb
(%3.2) (%3.8) (%2.1) (%3.9)

LHC: much more gluons, leading to very different relative contributions
Andreas B. Meyer Top Quark Physics at CMS - HQL2014, Mainz, 28 August 2014 19




' |
q q HEPOB (20140000 £ ANAS

t-‘ :han nel «10? CMS, Vs =8 TeV, L = 19.7 fb™!, muon, 2-jet 1-tag /,-_"_’i..--"‘:,
w UL I UL UL IS LU UL RS LN I Pt -

§ ¢ Data ] | —
2 [l t-channel 3 | |
b t ] Ott, tw, s-channel ]
& B W/z+jets, dibosons -
1 [C]QCD multijet
= Cut-based analySIS g 5 [1Syst. uncertainty

= One e or u, 2jets-1b-tag events in reco’d top mass window

= Backgrounds determined from fit to njet distribution
= Total cross-section et )

<102 CMS, /s =8 TeV, L = 19.7 fb™, muon, 2-jet 1-tag
A I B I L I

E ¢ Data
=) Uny [l t-channel m
Ct (8 TeV): 83.6 i 2-33tat i 7-4syst pb % 0.8:— Etvi\;ltzvge’;s‘?:;:z:ms_:
I Dovst wncorainy
Vig,Vis<< Vi, unconstrained: ~ 0.979 £ 0.045 (exp.) + 0.016 (theo) ]
04 o , E
constrained < 1 @ 95% CL: >0.92 vohe L for e > 2'5_5
0 250 300 350 40C-)
m,, (GeV)
o S Prelminary 50108 28 TRV, .y OMS Preliminary, SO, 5 -8TeV
600? lepton charge E 160; *[1] : ' -
7 | =E cos¥, 3 Slngle tgp P 13001
Top/Antiop =t | Ppolarization
cross-section ratio o ] w-—
— — wb W—helicity TOP-12-020

0-1 -08 -06 -04 02 0 02 04 06 08 m1

Large program of detailed studies (diff. distributions, properties, couplings, QCD studies) - cMS Runs 1 and 2

Andreas B. Meyer Top Quark Physics at CMS HQL2014, Mainz, 28 August 2014 20



t-Channel: PDF from ov/o

= |n pp collisions expect: u-density ~2 x d-density

= Simultaneous fit to n'-distributions of positive and
negative leptons

CMS, V\s=8TeV, L =19.7 fb"’
1 1 1 | 1 1 1 | 1 1 1 | 1

CMS
1.95 + 0.10 (stat.) = 0.19 (syst.)

ABM11

CT10
CT10w
HERAPDF
MSTW2008

NNPDF 2.3

I I I | I I I | I I I | I
1 1.2 1.4 1.6

Events/0.25

Events/0.25

Inl_, | ,
Njet

«10° CMS, s =8 TeV, L = 19.7 fb™, muon -, 2-jet 1-tag

In,I
M

Consistent with expectation - errors still large e

Andreas B. Meyer Top Quark Physics at CMS
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{W-Channel

p

= Event Signature

= 2eory, 1jet (b-tagged)
= Analysis Y

= Binned likelihood fit to BDT
= Dominant uncertainties:

= statistics, b-tagging, tt bg-model

6.10 obs. (5.40 exp.)
Oow (8 TeV): 234 + 5.5'5.4stat+syst pb

Vig,Vis«< Vi, unconstrained:  1.03 £ 0.12 (exp.) £ 0.04 (theo)
constrained < 1 @ 95% CL.: >0.78

Observation! Agrees with SM

Andreas B. Meyer

Top Quark Physics at CMS

Events

CMS, Vs =8 TeV, L=12.2 fb'!, 1j1t
UALEL L B L B L

PRL 112 (2014) 231802

B

Bl Z/y *+jets
Bl Other i
Uncertainty ]

-%.4 03 -02 -0.1 0 01 02 03
BDT discriminant
CMS, Vs = 8TeV, L=12.2 fb’
14000: | [ & D
— P Cw
B % B it
12000 Bl Z/y *+jets
C &Other. i
10000:_ 072 Uncertainty :
8000}, 2
7 /
6000_/

1j1t

2j1t 2j2t
Region

HQL2014, Mainz, 28 August 2014
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Rs = BR (tWb) / BR (tWa)

= 2leptons, 2 jets, MET
= Rg from fit to b-tag multiplicity

= data-driven determination of correct jet-
assignment fraction, b-tag efficiency and
misidentification

= Dominant systematics: b-tag and myop
= |Vi| from Rs assuming unitary CKM

= Total width 'op from Re and t-channel
single top cross section

Events

Obs./Exp.

12000

10000

8000

6000

4000

2000

1.2

CMS

PLB 736 (2014)33 2
e ——
CMS, (s=8TeV, [Ldt=19.7 fb" —_—
:_ ee events : uu events : 2jets eu events
- e Data | |
- O ! !
— I I
—_ [JSingle top quark | |
- . 1 1
- [JZ— i (data) | |
- @w | | 3jets
C I W, multijets, other f : :
—_ZJets | 2]ets ,
__ 3jets 3 Je‘S 4 jets
C é:]" 4jets 4Jets
- | 1
o1234012340123401234012340 1234012340123401234
b-tagged jet multiplicity
~ I\\ - |
oo s e + ey f ........................................... *
fovey-+ -8 et +"\<.;.\| ST + ‘_.b.\*.* ..... S INSEEREENTY S I SRR
M NP € P DO U N e et ae e et aan
|||||||||||||||k|||||||||||||||||||||||||||||

012340123401234012340123401234012340123401234
b-tagged jet multiplicity

measured t-channel 4CMS, Vs =8TeV, [Ldt=19.7 fb"

(77eV) S F\ w3 /]
~ g I\ ] | /-

_ Ut-ch. . r(t — Wb) to2sp w ook ] // —

t B(t — Wb) 0';[_15101" \ g\ 15000f E / :

" A theory 2\\ oo s

measure AN 3 1/ /1
15 \ 0 1 2 '_;_| : / _]

R unconstrained 1.014 £ 0.003 £ 0.032 TN amedieiupiety /1 [
B \ ' — combined i

V| | constrained < 1 @ 95% CL >(0.972 T % B
B X, i

iop 1.36 2 0.025tat + 0.14syst - 0.115yst GeV oL g
i W N\ ]

0\ | I L1 | ‘ |- ‘ M’u—l—J A L1 | ‘ L1 | ‘ |- I
94 096 0.98 1 1.02 1.04 1.06 1.08

Most precise direct measurement of V|

AndreasB.
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Wtb-Couplings: [Vib| Summary

CMs -

uﬂ‘ dy W_

_ _ & pon (4L R —
8= —5by (fVPL+fVPR) W, —

f My

vector operators

= ,eﬁ‘vaVﬂa =

Gt—ch.
theo.

v,

t—ch.

|
CMS Preliminary IthI Summary

August 2014

CMS tW, 7 TeV, 4.9 fo', PRL110 (2013) 02203

1.010 *2-1%(exp) * ggig(th)

CMS tW, 8 TeV, 12.2 b, PRL 112 (2014) 231802 ) °
1.030 = 0.120(exp) = 0.040(th)

CMS t-ch., 7 TeV, 1.17/1.56 fb”", JHEP12 (2012) 035
1.029 + 0.046(exp) = 0.017(th)

CMS t-ch., 8 TeV, 19.7 tb™!, JHEPO6 (2014) 090
0.979 = 0.045(exp) = 0.016(th)

CMS t-ch., 7 and 8 TeV combined, JHEP06 (2014) 090
0.998 + 0.038(exp) = 0.016(th)

CMStiR,, 8 TeV, 19.7 fo™!, PLB 736 (2014) 33
1.007 = 0.016(stat+syst)

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2

A
th

Andreas B. Meyer Top Quark Physics at CMS

SM: f;

=V v =fr=f

(fTPL—|—fTPR>t+hc

tensor operators

=() (at tree level)

tW (7 TeV) | 1.01+0.16-0.13exp+0.03-0.04theo
tW (8 TeV) 1.03£0.12¢xp20.04heo
t (7 TeV) 1.020+0.046exp£0.017theo
t(8 TeV) 0.97940.045¢xp20.016theo
t (7+8 TeV) 0.99840.038exp=0.016theo
R 1.007£0.016 (stat+syst.)

HQL2014, Mainz, 28 August 2014 24



Anomalous Wtb-Couplings

£ = _il;,.yy (fLPL —|—fRPR) tW.—~— — 10’” % W_ (f Pr —I—f PR) t+ h.c.
\/E v V U \/’ M T T

vector operators tensor operators

Co TOP-14-007
CMS preliminary, Vs=7TeV, L=5.0 fb" CMS preliminary, Vs=7TeV, L=5. fb"
z
g g
ol 04
oo g
% E 'D’Z é
= 04 é
CMS preliminary,\/s = 7 T CMS preliminary,\/s fLeL aWb BNN
4> 14 4> l4rc
L E [_]95% CL observed N = [_] 95% CL observed
C [ 68% CL observed - [ 68% CL observed
13— 13—
= _ﬂ____—"“-.___~ ....... 95% CL expected - ~~~~ 95% CL expected
12— _..----"""'_"--—“ \_ —— 68% CL expected 126 —— 68% CL expected
= ; - .
113 // 11
1 "// ...........
~ L. non({n ool e  — T L
Nl 0.90(0 .88 o 0.92(0.88
E ———————— ‘ fV ‘ > . . E ______________________ V > . .
08— 08="
- =
T |#f]<034(039) T 1<0.09(0.16
:‘ | Ll V 0.6 w\lwlw\wwlw\wwlw\wwlfT . .
0.6, el o5 3" o 0.05 01 0.15 0.2

Update using full Run- statistics underway
Andreas B. Meyer Top Quark Physics at CMS HQL2014, Mainz, 28 August 2014~ 25




Rare Top decays: FCNC

C,u

b,s,d
vlZ

ACTA Phys. Pol. B 35 (2004)

Process SM 2HDM(FV) 2HDM(FC) MSSM

PRL 112(2014) 171802 _ _
PLB 718 (2013) 1252 < 005% (U) t — Zu 7 X 10 1 . o S 10 ¢
opizagt <% © | t— Ze |1x1071 <10°° <107 <1077

T0P-14007 < 0.035% (1) t—gu | 4x107 — — <1077
PLB712(2012)351 < 0.34% (c) t—gc | 5x10712 <1074 <1078 <10~7

—16 -8
OPA.003 < 001% (U) t —> ’Yu 4 X 10 o o S 10
<013%(c) |t—=ve |5x1074 <1077 <107 <108

S hu 12x107Y7  6x10°° - <10°°
t >he | 3x10°1° 2x 103 < 10-° < 10°°

FCNC couplings can be probed in production (single top) and decay of top quarks

Andreas B. Meyer Top Quark Physics at CMS HQL2014, Mainz, 28 August 2014 26



Rare Top decays: FCNC

9 mRsD) :
PRL 112 (2014) 171802

9 e
3
s 350k T T T T {. T T 1 7T N T T T T N T T T T N T T T T ]
o - CMS, (s=8TeV,. .
S [L,=19.71bl ]
23001 -
=T . 1
g€ I . o]
250 ., . 1
200; g ...... FULLIEIEN . ;
- H S 1
i ) ]
150+ < . -
kl i — l N l ) — l ) — l i — la

! 0‘POO 150 200 250 300 350
my; (GeV)

= {gZ: select 3-lepton events and look for
ZJ-resonance in top-mass window

= tqy: Use BDT to separate ty from Wy

(and other backgrounds)

Andreas B. Meyer

Wt

oS,

v ﬁ 1I T T ||||||| T T T TTTTT T T T TTITTT T T ||||||| T T IIIII%
o C ZEUS (q=u) 95% C.L -
b 1\ B EXCLUDED REGION ]
_ L p—
cu 10" e=DELPHI -
+ o  [E-CDF =
. m " DO J
' 1072 = ATLAS =
-3 —
107 E" cus =
10% = cMs =
- Preliminary H1 =
C (q=u) (9=c) (g=u) ]
- | 1 1 ||||||| 1 1 ||||||| 1 1 11 |||| 1 1 ||||||| 1 1 L1 1111
10°
10° 10 10° 102 10 1
BR(t — qy)
b
CMS Preliminary, 19.1 fb™, {s =8 TeV
- E T T T T T =
S soof- — -
E ther =
g 800E = W =
S 700F- B Wjets =
= E_ = Signal(tuy) 1 pb =
600: [77] Uncertainties (Syst® Stat) =
500~ =
400F- =
300F-
200~
100E-
oE
v 2 " ] TOP-14-003
= -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
5 BDT output for tuy
Top Quark Physics at CMS HQL2014, Mainz, 28 August 2014 27



CMs -

arXiv:1407.3792

Top-Quark Mass

oy C L L U ]

E - 68% and 95% CL contours | m‘"r‘l'f’:'i;’;"::’c;e\;" .

= 80.5 — [ fit w/o M,, and m, measurements Ll -- 0=0.76 GeV ) —

E; - fit w/o M,;, m and M, measurements L | —0=076 ©0.50,,,GeV d

C direct M,, and m, measurements - ]

80.45 — i -]

= Not an observable, i.e. scheme-dependent - ay i

L 80.4 |- e |

= Pole-mass: viewing top quark as a free parton T e 3

= MS scheme (running mass'): 80.35 [ - 50365 - 0015 Gov : -

. 4 2 - 3 .

mPOIe:m(u){l—Fa—W(——l—ln( a 2)>+] 80.3 — | -

am 3 m(/“‘) J C o o . e\*“ ]

Y ' . —— 80.25 — //6?/// //\cfo- /,'5??"/ //6)‘:’3 ’ —

= 'MC mass" (N)LO+PS yet different from pole or MS mass S AR
140 150 160 170 180 190

m, [GeV]

= MC mass believed to be close to pole mass within 0.5 GeV

= Experimental uncertainties due to final state modeling
= Hadronization
= Fragmentation
= Colour Reconnection
= Flavour-dependent jet energy response

q t
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Top-Quark Mass in |+jets channe e 1
o oo SYpEren DTS IS g sty 197 b s 0 eV, et
= Signature g 20l = % o e -
= e/u+4jets, 2 b-tags (high purity selection) 2 1sooo§ H’I rec § 8°°°;
* o My 3¢ z
= Analysis ('2D-ldeogram’) so00f :: :
= Reconstruct top mass from ki fit (Pgor>0.2) _ b ) RV S E
= 2D-fit of mass and jet energy scale (JES) § 1 = s ﬁ#}‘.—,«.ﬂ%ﬁ%*jtﬁ%#{%+ﬂj
using W-mass constraint 055 i v o mcs  osh—to ol ol U
= Weight each fit solution by Pgof 5 Prolminarg 197 10, 13- T, fts e
= Measurement from max.likelihood in mass-JES plane L@" o1
| o .
= Dominant Uncertainties o '
= Jet energy resolution: 0.26 GeV 1.008 v
= Pile-up: 0.27 GeV 1.006
= Flavour-dependent jet energy scale, 004
includes hadronization (PYTHIA vs HERWIG) 0.41 GeV
= ME-generator; 0.23 GeV 1.002
171.5 172 172.5
m, [GeV]

As precise as World Average

Andreas B. Meyer Top Quark Physics at CMS

[ mtop = 17204 + O.1gstat+JES + O.75syst GeV J
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Top-Quark Mass in fully hadronic channel = =
CMS Prellmlnary 182fb1 Vs =8 TeV CMS Prellmlnary 182fb1 \E:BTeV
%350 ~ T3 > 700¢ T
. 0] 3005 . tf correct D Background E 0] 60 0 . tt correct D Background
. Slgnature Ay o50 ]t other * Data ] © 500k [ other * Data
= 6 jets, 2 b-tags (high purity selection) ‘g 200} 5 ‘g
H 1500 w
= Analysis ("2D-ldeogram’) i
= Reconstruct top mass from kin.fit (Pgor> 0.1)(2) s ‘ Q 15 TR AR
= 2D-it of mass and jet energy scale (JES) g 1 J‘ o Gy i ! R ++w-fﬁ¢ +++$++++$ﬁ+:+ﬁ$+fr+ﬂ+
using W-mass constraint O 05886 100 110 cj]|2(\)/ QO 05300200 a0, 600
= Weight each fit solution by Pgor W [ e_1] i [GeV]
: ' ' 1018 CMS Preliminary, 18.2 fb™, (s =8 TeV
= Measurement from max.likelihood in mass-JES plane § < ot6 Bl 21 o) -
sper
. T 1.012
= Dominant Uncertainties _
= prand n-dependent JES: 0.28 GeV 1282
= Pile-up: 0.31 GeV 1.004

= Flavour-dependent jet energy scale,
includes hadronization (PYTHIA vs HERWIG) 0.36 GeV ;oo

= ME-generator: 0.21 GeV 095 . .- e
m, [GeV]
As precise as World Average [ Miop = 172.08 % 0.36stat+ses % 0.83syst GeV J
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(TS,

CMS Preliminary, 19 TOP-14-001 J, l+jets
\\\\\\\\\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\

Top Mass: Kinematic Dependence

% E e Data = --- MG, Pythia P11 E

(2. 3 [ —— MG, Pythia Z2* --- MG, Pythia P11noCR]|

. . . . DA | — - Powheg, Pythia Z2* ----- MC@NLO, Herwig 6 _|

= |nvestigate modelling issues: various (non-)perturbative T L E

u L] L] L] [ " V - . S

corrections are different in their kinematic dependence o S

o S E

L] L] Ll L] Ll L) L] L) Al 1 [ ]

= Investigate distributions with sensitivity to £ == ]

= Color reconnection - O B

() L _

= ISR/FSR q\y"’ | F - .

. . q 1 E

= b-quark kinematics ' ¢ o R $ |

] F. [} < > —_ (l‘s -1 ;7\ v b b b é

Igures: Mip — <Miop q < E 0 100 200 300 _ 400
p [GeV]
Tt,had
10 CMS Preliminary, 19.7 fb 1, Vs=8TeV, I+jets CMS Preliminary, 19.7 fb 71 Vs =8 TeV, I+jets

— =T T T L T ' T T T T T L ‘ \\\\\\\\ ] — 1 TTTrrTrrTT ‘ rrrrrr 1T T ‘ rrrrrr 1T ‘ T T \:

Ogservable mélD ;(2 JSEx*  miD x* | Ndf % - e pata 0 --- MG, Pythia P11 . % 2.5 r e Data = - MG, Pythia P11 ]

?T,tfad 0:29 13ié063 ggg i 9 8? — MG, Pythia z2* -~ MG, Pythia P11noCE: (2. 2; — MG, Pythia z2* -~ MG, Pythia P11noCE:

%t hadl| 5.56 1.22 1.14 3 D/\ 6 [ —- Powheg, PythiaZ2* ----- MC@NLO, Herwig 6 D/\ F  — - Powheg, Pythia Z2*  ---- MC@NLO, Herwig 6

H} 619 918 754 | 4 = 4 4 =+ 150 =

Mg 2.16 4.69 4.22 5 v =E B ] % C L Vi 3

Pra 102 122 133 | 4 , 2 3 1 NN

Jet multiplicity | 424 010 116 | 2 o o TV 4 a . ]

PTbhad 257 580 217 4 =3 E 1 & osEp= | 7T 3

|17 had | 115 008 072 | 2 -2 E el .

AR 037 163 177 | 3 s ¥ = o B

p"l[‘qhad 4.04 8'39 1.28 4 %‘ E e e '.'.T'.»'.".—?'.—',—?—".—',:.—'f'.?,-f ; - 1

q aE 4 3 - ]

‘Wé,had 336379 627 | 2 g 63 —+ | A :ii e 2 0.8 k=

PTWhad 159 806 160 | 4 N 2 N 2F E
[7Whad| 141 109 135 3 o oFH— " o o+—*% .

Total 3743 6094 3715 | 47 R | | t 1 % o | | ¢ ]

(“ L J—— I S S — - Il L1l L1l
s 2 4 -0 § 0 1 2 3
A qq " had

No significant deviations between data and various models w.r.t their kinematic dependence
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Top Quark Mass Summary

CMS Preliminary

CMS 2010, dilepton ® 175.5 + 4.6 = 4.6 GeV
JHEP 07 (2011) 049, 36 pb'1 (value = stat + syst)
CMS 2010, lepton+jets ® 173.1+ 2.1+ 2.6 GeV
PAS TOP-10-009, 36 pb'1 (value = stat + syst)
CMS 2011, dilepton . 172.5+ 0.4 = 1.4 GeV
EPJC 72 (2012) 2202, 5.0 fb™ (value = stat = syst)
CMS 2011, lepton+jets . 173.5+ 0.4 + 1.0 GeV
JHEP 12 (2012) 105, 5.0 fb" (value = stat =+ syst)
CMS 2011, all-hadronic o 1735+ 0.7 = 1.2 GeV
arXiv:1307.4617, 3.5 fb™ (value = stat = syst)
CMS 2012, lepton+jets . 172.0+ 0.2 = 0.8 GeV
PAS TOP-14-001, 19.7 fb™ (value = stat = syst)
CMS combination : 172.2+ 0.1+ 0.7 GeV
March 2014 (value =+ stat + syst)
CMS 2012, all-hadronic 172.1= 0.4 + 0.8 GeV
PAS TOP-14-002, 19.7 b’ (value = stat + syst)
Tevatron combination (2014) . 174.3+ 0.4 = 0.5 GeV
arXiv:1407.2682 (value =+ stat + syst)
World combination 2014 173.3+ 0.3 = 0.7 GeV
ATLAS, CDF, CMS, DO (value = stat + syst)
| | | | | | | | | | | | | | |
Top Quark Physics at CMS

Andreas B. Meyer

CMS

Results using alternative methods
not included in this summary
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« (PD)

Vs = 7 TeV; ag(my) = 0.1184
' TTTTTE ‘1 ‘:;I L
= —— cMs,L=23fb"
G S e = | = [ Top++ 2.0, ABM11

) C N, s Top++ 2.0, CT10
. 2000 N, E oo e Top++ 2.0, HERAPDF1.5 ]
o ONE, o e Top++ 2.0, MSTW2008
ro S S e C I O n 180[- Top++ 2.0, NNPDF2.3 |
160} SN ]

140

= NNLO calculation: precise relation between cross

120

SECtiOn, p0|e mass, as and PDF N 155 B T I
m{)ole (GeV)
~  (BETeVimPiot7a2Gev : :
= Compare to most precise CMS-cross section S af S E
measurement: dilepton at 7 TeV 200{= % Topes 2.0, HERAPDF1S = E
- --m-- Top++ 2.0, MSTW2008 =

............
‘‘‘‘‘‘‘‘‘

_—+ Top++ 2.0, NNPDF2.3 S

= Blue band: mMC(tOP) = mpole(top) +1GeV 1602

o

eeee
-----
(3
ot

- -
......
_______
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a[fb]

Outlook: Top at 13 TeV

Campbell, Eliis, Roentsch arXiv:1302.3856
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300 fb': 30-evidence if B(t—2q)>0.03%

Top Quark Physics at CMS

«— 001Hz(at10%)

Mangano, Rojo arXiv:1206.3557

14/8 Rat'o ‘ Rnnpdf | 5PDF(%) |
tt/Z 2.12 1.3
tt 3.90 1.1
Z 1.84 0.7
W 1.75 0.7
W— 1.86 0.6
W+ /W= 0.94 0.3
W/Z 0.98 0.1
ggH 2.56 0.6
tt(Met > 1 TeV) 8.18 2.5
tt_(Mtt > 2 TeV) 24.9 6.3
Tiet (pr > 1 TeV) 15.1 2.1
Tiet(pT > 2 TeV) | 181.6 77
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CMms

Conclusions

= Top quark physics: Key to QCD, electro-weak and New Physics

= Precision regime: ot < 5%, m(top) < 1 GeV, ...
= Inclusive cross section prediction available up to full NNLO, same precision as data

= Top Top-Topics:
= tt and single-top production including differential distributions, tt+jets, ttbb, ttit
= {t+W,Z)y, charge-asymmetry, spin-correlations, W-helicity, Vio, FCNC
= mass, as, PDF

= Allresults so far in agreement with SM predictions

= Run-1: CMS working on Run-1 Legacy measurements
= Run-2: A new regime of precision measurements and searches with top quarks
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CMS

Systematics Top-Quark Mass

Channel Ljets All jets = Similar treatment as for 7 TeV
dmy, (GeV) 46JSF dm, (GeV) dJSF but larger statistics (data + MC)
T — E"Pa‘"m‘“;}t;’; uncartagE?s o e help refining syst. assessments
pr- and 7-dependent JES 0.8 0.007 0.28 0006 -~ JES uncertainty component due
Lepton energy scale 0.03 <0.001 to pileup + Ao
Migsing fransverse energy 0.09 0.001 . . .
Jet energy resolution 0.26 0.004 0.10 <0001 ~ Signal modelling is added
b-tagging 0.02 <0.001 0.02 <0.001 Madgraph vs Powheg +
Pileup 0.27 0.005 0.31 0.001 . .
Trigger 0.18 0.003 modeling of top p_ estimated
un 0.11 0.001 0.22 0.002 after re-weigthing simulation to
d fe igthing simulati
Hadronization model observed top P;
Flavor-dependent JSF 0.41 0.004 0.3 0.004 o
b-fragmentation 0.06 0.001 0.07 0.001 - Hadronization is the
Semi-leptomic B hadron decays 0.16 <0.001 0.12 <0.001 dominant uncertainty
Hard scattering process model Pythi .
a-based JES extrapolation:
PDF 0.09 0.001 0.02 «<0.001 . .
Renormalization/factorization scales | 0.12+0.13  0.004:0.001 | 0.19+0.19  0.004::0.002 from calibrated jet flavour to
ME-PS matching threshold 0.15+0.13  0.003£0.001 | 0.20+£0.19 0.002+0.002 other flavours
ME generator 0.23:[:[!.14 0.003+0.001 | 0.09+0.21  0.003+0.002 Pythia vs Herwig differences are
Non-perturbative QCD model evaluated separately for light,
Underlying event 0.144+0.17 0.00240.002 | 0.130.28 0.00020.002 luon and b-iets
Colour reconnection 0.08+0.15 0.0024+0.001 | 0.00+0.25 0.000+0.002  © ’
Total 0.75 0.012 0.83 0.011 b-fragmentation: default vs LEP

Semi-leptonic B rates: from PDG
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Systematics Top-Quark Mass

g Radiation effects b-quark kinematics (Colour reconnection \
Hy myg prg PTbhad |7b,had| ARy Agyg
Jet multiplicity ARy Adyg PT,t,had |7}‘t,had| y
. \
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R = BR (tWhb) / BR (tWg)
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95% CL

Chronological summary of measurements of R performed so far
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