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The Top Quark
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Fiducial
o (8TeV )=3.80+0.06(stat.)+0.18(syst.)+0.10 (lumi.) pb

MadGraph JES & modeling

o,.(8TeV)=228.5+3.8(stat.)+13.7 (syst.)=6.0(lumi.) pb

SM: 1.43+0.01 A similar measurement at 7 TeV: R.= 1.43 +£0.09
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Inclusive cross section ep “7+8” TeV

arXiv:1603.02303
Fiducial

o™ (7 Tev )=3.03+0.04 ( stat . ) i(())'(()f;(syst )+0.07 (lumi.) pb
Lepton, DY
oM™ (8TeV )=4.23+0.02(stat . ) +g'ég(syst. )+0.11(Iumi.) pb

MadGraph
Full phase space

o,.(8TeV)=244.9+1.4(stat.) +6-?; (syst.)=+ 6.4(lumi.) pb

Lepton, DY
o, (7Tev)=173.6+2.1(stat .) +j(5) (syst.)=*=3.8(lumi.) pb

SM: 1.43+0.01 = R.=1.41+0.06 E. Yazgan's talk for
top quark pole mass!



Differential products of the Top Quark Factory
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Theory
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The Top Quark and more Production

Differential in tf =+ jets! arXiv:1510.03072
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The Top Quark and more Production

JHEP 01 (2016) 096
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Inclusive cross section epn 43 pb™' 13 TeV

e An electron-muon trigger for online selection
» Reject heavy flavor resonances with m_ <20 GeV

Z * At least two jets and no b-tagging requirement
PRL 116 (2016) 052002
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Inclusive cross section ep 42 pb™' 13 TeV

CMS_~ | * An electron-muon trigger for online selection
1 « Reject heavy flavor resonances with m_ <20 GeV

e At least two jets and no b-tagging requirement

PRL 116 (2016) 052002
_ 4 43 pb”' (13 TeV) 43 pb' (13 TeV)
£ [ cms o7 . Data 2 | cwms e Ut +> 2 jets - | Data
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window. MC ey 1s corrected with overall Data/MC SF of (1.04+0.16)
 Non-prompt: from same-sign data, scaled by MC scale of OS/SS
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Inclusive cross section ep 42 pb™' 13 TeV

CMS 1 ° A counting experiment in the selected sample
5 Source Number of events
ei;ﬁ
PRL 116 (2016) 052002  Drell-Yan Sy
Nonprompt leptons 8.6 +4.4 2 s
tW 10.6 +3.3 22
> =
A (>(<) 660’5 OBSS O/e ) vy 27409 Cep,
R g © Total background 2881+5.7 I
\ Data 220

O, =746 +58 (stat.) =53 (syst.)*=36 (lumi.) pb
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Inclusive cross section ep 42 pb™' 13 TeV

CMS * A counting experiment in the selected sample
5 Source Number of events
et ut
PRL 116 (2016) 052002  Drell-Yan e
Nonprompt leptons 8.6 +4.4 2 s
tW 10.6 +3.3 22
AXesel.XBr(téeu) vV 57409 'SGGV
j— o : :
(O'6Oi O'O4> /0 Total background 28.8 +5.7 v
\ Data 220
e

O, =746 +58 (stat.) =53 (syst.)*=36 (lumi.) pb
 Dominant systematics are lepton trigger and 1dentification.
» Top mass dependence: small! 0.7% reduction on m=173.34 GeV !

e Cross section in the fiducial volume:
o,, =12.4+1.0(stat.)*=1.0(syst.)*=0.6(lumi.) pb
18
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Differential cross section
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Differential cross section

Top quark reconstruction
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Differential cross section (+jets 71 pb' 13 TeV

e At least four high p_ jets, at least 2 b-tagged
e QCD background from data, rest from MC TOP-15-013
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Differential cross section (+jets 71 pb’ 13 TeV

egularized unfolding

pred.
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Fair agreement between data and simulation



Differential cross section (+jets 42 pb'13 TeV
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Differential cross section (+jets 42 pb'13 TeV

Backgrounds from simulation
o, =836+27(stat.)+84(syst.)+=100 (lumi.) pb

TOP-15-005 T b-tagging ~ 5%
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Generally good agreement between data and simulation 25
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The single-Top Quark Factory

O fﬁ 1 [J] i IZE}
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CMS-PAS-TOP-15-004 (42 pb™") : CMS, \s=8TeV.L=19.7 fb
3 - 3 - -
Wt: T T T T T T T T T T T T
ATLAS 7 TeV [ ol i 103915+ 0.03 CMS
PLB 716 (2012) 142-159 (2.05fb™") 1.95 £ 0.10 (stat.) £ 0.19 (syst.
CMS 7 TeV ——o———— 1.0170-18 +003 ( ) (syst)
PRL 110 (2013) 022003 (4.9 fb™") ABM1 1
ATLAS 8 TeV (*) e 1.10+0.12 £ 0.03
ATLAS-CONF-2013-100 (20.3 fo™')
CMS 8 TeV' ——to—t—— 1.03%0.12+0.04 CT10
PRL 112 (2014) 231802 (12.21b™")
LHC combined 8 TeV'* ————— 1.06 +0.11 + 0.03 CT10w
ATLAS-CONF-2014-052, :
CMS-PAS-TOP-14-009
HERAPDF
s-channel: i
ATLAS 8 TeV? : —.—— 0937918 +0.04
arXiv:1511.05980 (20.3 fb™") MSTW2008
Wt: NNPDF 2.3
ATLAS 8 TeV — 1.01+0.10 +0.03
arXiv:1510.03752 (203 fb™") " including top-quark mass uncertainty
(*) Superseeded by results shown below the line : 2 including beam energy uncertainty
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The single-Top Quark Factory

arXiv:1511.02138 || Spin asymmetry

CMS w+jets, t+1, 19.7 7" (8 TeV)

AL L L L L B BB RN I AR B

- — POWHEG (5FS) + Pythia6
aMC@NLO (4FS) + Pythia 8
CompHEP + Pythia6

e Unfolded data
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—
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0p)
<
O

0.26 = 0.03 (stat) = 0.10 (syst)
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Detailed W f-channel
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h f

‘ Fiducial

TOP-15-007

1 I 1 T L L I 1
I aMC@NLO 4FS prediction, (scale © pdf)
[ POWHEG 4FS prediction, (scale ® pdf) Preliminary
[ | POWHEG 5F5 prediction, (scale € pdf)

aMC@NLO 4F5
3.38 £ 025 (exp.) £ 010 (scale © pdf) pb

POWHEG 4FS
364 £027 (exp.) £ 010 (scale © pdf) pb

POWHEG &5FS
345+ 025 (exp.) £ 010 (scale © pdf) pb




s-channel cross section 7+8 TeV

e Maximum likelihood fit to BDT discriminant
 QCD from data

» Other background rates as nuisance

Events / 0.04

arXiv:1603.02555
Muon, 5.1 fb" (7 TeV), 2-jets 1-tag Muon, 5.1 fo" (7 TeV), 2-jets 2-tags Muon, 5.1 o (7 TeV), 3-ets 2-tags
4000 " Trrrrrrrrrrrrr T T T ey ™ B EAED REREE pRmEY LR RALEY R RN LR RAY
= ) et 1o . 000__3-,[ — o Data
oo | 138 [ & F : | 15 eool 2 tag 1 Wt channe
M 400F 2 jets Ja [ ZDT}EN
. . - 10t
2500 L 2 tag 1 600 ...y
300 & ka ’ { W Z+jets
2000 C N _ i ,
C i e T WW+jets
1500 F 000 = e 4 400~ —] WDiboson
C C : 4 [JMultijet
1000 F - - T _|[1Syst. unc
500 F & 5 i . i 1NRate sys
oL ] 0:- .....I.....I - -l P
05 -04 03 -02 -01 0 -0.8-0.7-06-05-04-03-02-0.1 0 0.1 0. %.1 0.150.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6
BDT Discriminant BDT Discriminant BDT Discriminant
t-channel, W+ HF jets s-channel top-pair

Simultaneous fit to all regions & categories
Andto 7 & 8 TeV



s-channel cross section 7+8 TeV

SM
—

o, (7TeV)=4.56+0.18 pb
o, (8TeV)=5.55+0.22 pb

arXiv:1603.02555
Muon, 5.1 fb" (7 TeV), 2-jets 1-tag Muon, 5.1 fo" (7 TeV), 2-jets 2-tags Muon, 5.1 o (7 TeV), 3-ets 2-tags
S 4000F T Tyt ™ B EAED REREE pRmEY LR RALEY R RN LR RAY
S 5 ot 1o - 000__3-,[ 7 *Data
= as00F < JC1 _ CMS 14 s CMS | i IS CMS  1[s channe
= 3000 & I tag ‘ :§ - : : 15 800 - 2 tag ¢ —{ Bt channel
i 1% 400F 2 Jets a0 th¥\/
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. - 2tag ] 6001 B EZ+jets
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C ] T e P W+jets
1500 E 200 = q 400 —| lDiboson
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1000 F - - T _|[1Syst. unc
500 F - L . i 1NRate sys
0_ 7 O:‘ I : B P e e e W & u—
05 -04 03 -02 -01 0 -08-0.7-06-05-04-03-02-01 0 0.1 0. %.1 0.150.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6
BDT Discriminant BDT Discriminant BDT Discriminant
T —71+81 e Significance: 2.1 ¢
igs O, (7TeV)=T7.1+8.1pb (utjets)

Gs—ch. (8 TeV) =13.4+7.3 pb (e/ﬂ"‘]efS) O eas. <47@95 %CI.
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CMS

E E T ) T T T T T ) | |
2 £ Single top-quark production
o — . .
_Inclusive cross sections
10° = -
10 = —
1= —
- NLO+NNLL, PRD 82, 054018 (2010) 5
- NLO+NNLL, PRD 83, 091503 (2011) +  CMS, PRL 110, 022003 (2013) -
B Tevatron, arXiv:1503.05027 [hep-ex] u CMS, PRL 112, 231802 (2014) } t h l
1| - -
10 = CMS, JHEP 12, 035 (2012) NLO+NNLL, PRD 81, 054028 (2010) 5 c anne
- CMS, JHEP 06, 090 (2014) Tevatron, PRL 112, 231803 (2014) :
— CMS, TOP-15-004 (prel.) CMS, arXiv:1603.02555 [hep-ex] .
102 L | | | | | | | | | | I 7 TeV (pb) 63.9+2.7
L

|
2 3 4 5 6 7 8 9 10 11 12 13 14

s [TeV]

8 TeV (pb)  84.7+3.5
13 TeV (pb) 217+84

SINGLE PRODUCTION




Single top cross section ptjets 42 pb! 13 TeV

N 2-jet 1 tag (SR) 42 pb” (13 TeV)
| r T T T TT | 1T | T r T 1 T T | T 1]

5 CMS -+ Data .
L Preliminary -

60: — Fit E

NonQCD

50 + -
N ’-L —QCD ]
40F ] -

30#‘?‘.—1 H, x/ndf = 0.58 _
| L _
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i _._1 rh .'-&1
100 150 200

my (GeV)

Evenis /10 GeV

QCD:
e Shape from control region
 Yield from fit to data

CMS_ !+ Events with one muon
| Exactly 2 jets with 1 b-tagged jet
e Require m_>45 GeV

TOP-15-004

Signal region

:CLOIS nl>2

eliminary

D t-channel
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B w/z+jets

+

TU300 350 40
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W+jets validation
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Single top cross section ptjets 42 pb' 13 TeV

Y

Simultaneous fit to signal region

r ' .
w+ ¢ | Tends to be forward! and tt control region
il T TOP-15-004
2-jet 1-tag (SR) 42 pb' (13 TeV) 3-jet 2-tag 42 pb’ (13 TeV)

To) Qo T T T T T L0 SRR A LN N R R R R L
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0 55 755
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e The Run I has been full of achievements for CMS
in top quark physics
e Precise measurements and observations

'« The CMS experiment studied the very first top
quarks from pp collisions at 13 TeV

L + jet: mbined
——'0.004 '
.g|rE ¢ data . ]
-8 —— Powheg Pythia8
0.003 —=- Powheg Herwig++|

1ok

Vs [TeV]

—== aMC@NLO
- Madgraph

.

* More fun and excitement are underway
e Stay tuned ...

t-channel total cross

* The production rate of tt is measured inclusively | | .2, 0.% =860
and 1n bins of top quark properties together with TR T s
lepton and jets ]

e The first measurement of single-top production 1s : >
performed g

\. 2;1 - -0.5T —04— 0.5 L

r g | — _ ‘tt‘Z‘B‘D‘T

e [t's only the beginning with the 13 TeV data

JHEP 06 (2014) 090 ]
® CMS13TeV(L=42pb") 7
- liminat

12 — 14
{s [TeV]
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Events/12.5 GeV

Events / 22 GeV
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QCD BDT Discriminant

7+8 TeV
ﬁsignﬂl = 20=x09

Channel Observed UL Expected UL—SM signal Expected UL—no signal
u, 7 TeV 31.4 pb 25.4[19.0,36.6] pb 20.2 pb

u—+e, 8TeV 28.8 pb 20.5[13.4,26.7]pb 156 pb
7+8TeV 4.7 3.1[2.1,4.0] 22
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