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top quark

Why is it still interesting after 20 years after its discovery?

> the top quark is unique in SM:
¢ the heaviest particle
¢ decays before hadronisation “ bare quark ”
e coupling to Higgs ~1 “ a special role in EWSB? ”

> precision measurements

> probe to new physics

> LHC is a top factory!
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ttv (V=W,2)

ttV: associated production of a top quark pair with vector bosons

e background for ttH and many BSM processes
e top quark coupling with EW bosons
e extensions of SM modifies the couplings

ttZ: direct measurement of the top quark coupling to Z

ttV: limits to dimension-six operators
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ttV decay channels

ttW: 2 lepton final state best signal/background

ttZ: 3 lepton final state

the most sensitive
channels to study ttV
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the experiment and the detector
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ttV overview

8 TeV 19.7 fb1  10.1140/epjc/s10052-014-3060-7

Cut and count analysis o = 170711 fb with 1.60
o {tW: SS final states 489 .
e ttZ: 3, 4l final states 7iiz = 200775 b with 3.10

8 TeV 19.7 fb-1 10.1007/JHEP01(2016)096

MVA + event reconstruction techniques o = 3827 55 b with 4.80
e it\WW: SS, 3| final states
i . 65 .
o ttZ: OS, 3I, 4l final states vtz = 242755 fb with 6.40
Constraints on new physics: -
e Constraints on the axial and vector components of the tZ coupling o 56

e Constraints on dimension-six operators

< =
Operator | Best fit point(s) 1 standard deviation CL 2 standard deviation CL (&)T -0 325
CuB —0.07 and 0.07 [—0.11, 0.11] [—0.14, 0.14] s 20"
C3wW —0.28 and 0.28 | [—0.36, —0.18] and [0.18, 0.36] [—0.43, 0.43] L 6
CHo 0.12 [—0.07, 0.18] [—0.33, —0.24] and [—0.02, 0.23] h
CHu —0.47 and 0.13 | [-0.60, —0.23] and [—0.11, 0.26] [-0.71, 0.37] -25
CHQ —0.09 and 0.41 [—0.22, 0.08] and [0.24, 0.54] [-0.31, 0.63] 50
-8 -6 -4 -2 0 2 4 6
AC, y
i
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ttZ at 13 TeV
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13 TeV 2.7 tb-1  TOP-16-009
| | | | | I | I | | | I | I |

— . Top pair associated production in lowest order
ttZ: 3lepton, 4lepton final states 1000 |— ‘iz —
N ttH
SM cross sections 500 — e
- ttw
Process 8 TeV 13TeV 13 TeV /8 TeV i ]
ttZ(inclusive)  0.206  0.760 3.69 o —

tt W (inclusive)  0.232 0.57 2.46
tt(inclusive) 234 831 3.55 =
77 (to 41) 0.078  0.157 2.03 .
WZ (to 31) 1.058  2.165 2.05 —
Wj (to 1+j) 37509 61526.7 1.64 - .
Zj (to 214j) 3533 6025 1.71 i il
tH (inclusive) 0.120  0.509 3.94 R T . e e T
Vs[TeV]
Campbell, Ellis

>

= N

Ll
NIVERSITEIT‘
GENT

8 TeV to 13 TeV

% signal / background
favoured

% 30 sensitivity with 2.5 fb-
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ttZ 3 lepton channel

Final state: a
31 - % Y
) eptOﬂS Cr t ot Iu_|_
where a Same Flavour Opposite 0.0000000< 7 e n
Sign from Z boson & t et
» 4 jets where 2 of them b-jets 9 A= Ve, Uy
Background contributions:
| » WZ: semi-datadriven ) nonqoromptlllep‘to.nsz data-driven D X
|}‘ e 3 prompt leptons | « heavy or light jet decaying to leptons || (ttW, ttH, tZq)
| e misidentified jets as leptons (fakes) | » rare:

|| | | (zz zy, Wwzz, zz2) |
\ non-prompt lepton e 3-4 prompt leptons ‘ ;‘

/€+71UJ+
‘ & -- Ve,V
w+ et " prompt lepton | & Ve Yy
AN Ve T
et it
| ’

P — - —_—_— : S = : — :
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optimisation of the analysis

baseline selections:

» exactly 3 leptons (pr> 30, 20,10 GeV )
» | MsFos) - mz| < 10 GeV

CMS Preliminary 2.7 fb' (13 TeV)
o 071177 A R E—
- - T ]
Signal extraction in 8 different bins: Q 80 e E
baseline selections and: W70 Bz -
» Njets = 2 and Nbjets = 0, > 1 60 .ﬁx =
» Njets =3 and Nbjets =0, =1, > 2 50 E
» Njets > 4 and Nbjets =0, =1, > 2 10 rare E
20 % . data-driven_g
0 +Data E

» 2 jets bin: to constraint the backgrouna 10

» 3 jets bin: to gain sensitivity
when a jet is misidentified

2j(=0Db) 2j(=1b) 3j(=0b) 3j(=1b) 3j(=2b) 4j(=0Db) 4j(=1b) 4j(=2b)
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WZ background

» semi data-driven approach:
data/MC in WZ control region
3 leptons (pt> 30,20,10 GeV)

| may -mz | <10 GeV

MET > 30 GeV and mTimet > 50 GeV

Njets < 2 and Nbjets =0

Events

NIVERSITEI
GENT
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CMS Preliminary
: T T T T | T

[ az
B tix
[rare
B wz
+ Data

2.17 fo' (13 TeV)

. data-driven

CMS Preliminary 2.17 fb' (13 TeV)

»n 180F | | .

7 E ] . data-driven -

1 o© 160 ) =
1 > C [ iz

. w 1403 | I iix .

_: 1 20 % |:|rare —

] 100 B wz g

+Data

80
60
40
V% 20
100 15C 0 0
mY [GeV]

» purity ~85%

2

» data/MC =1.1 £ 0.1

Deniz Poyraz, ttZ at 13 TeV

CMS Preliminary
(9p)] [
= 250

()

> .
LW 200

2.17 b (13 TeV)

(W)W (urp)e®
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Non-prompt background estimation

» estimate the probability of a non-prompt (fake) lepton to pass the
analysis selections —> Fake Rate (FR)

» measure FR as a function of pT and n in a QCD enriched control
region dominated by non prompt leptons

» FR In datais ~5-40%
» data and MC agrees up to 30%
» the statistical uncertainty 10-30%

CMS Simulation 2.5 fb (13 TeV) CMS Simulation 2.5 fo™ (13 TeV)
T I | | — | | 1 | |

- Closure test of the FR: using QCD MC £ ™ S g rsces
» application region: ttbar and DY ERE S 1 °
e 3 leptons where SFOS lepton pairisa Z £ :
candidate : :
e at least one of the leptons fail tight selection 5 . A
but pass loose selection U | U

“Total €€e pee ppe upm O Total €€ pee ppe pim
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predicted signal and background yields

CMS Preliminary 2.7 b (13 TeV) CMS Preliminary 2.7 o (13 TeV)
@ 8or T T T T ] L R S
c s thz . C 16¢
Q 70- B - o
- . 14
L - . LL -
°0; Wi - 12
50 [ rare - -
: - 10;
40F .data-drivng Njets = 3 83
30 +Data i 65
Y E 4
10 G B — ' 21 %
O +i7 s N ~FHAatAa Wit/ ~F -\ T %_
Total (uw)wuru)e(e’e)u*(ete)e”
o CMS Plr elimi”arly ,2'7fb_1f13TeV) CMS Preliminary 27 6" (13 TeV)
4_.1:— B —: (7)) :""I""I""I""I':
o 12' Huz e T e
> : B wz ] 2 Na Bz E
LW 145 _ & I ©f :
12 i 5- N
o B= 1 |Njets =4 and Nbjets = 2 £ 1 Wrae
N driven - S . - 7 -driven
N Meeanenl  lthe most sensitive bin : . Wcaaonven
7 -¢-Data ] 3:_ ~ #pana E
6F P - o 17 E
41 | | |
2] //ﬁ//j”/////’;/ Z”” /) : 77 4; )y,
O Total (i pp)eeeiee)e’ : % .
m, [GeV
P W
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ttZ 4 lepton channel

Final state:
e cxactly 4 leptons
with (pr> 20,10,10, 10 GeV )
e |epton charge sum =0
e Mmuy > 12 GeV
e > 1 SFOS pair, |[mqy - mz| < 20 GeV
e second Z veto for the 2nd SFOS

> 2 |ets
> 1 loose b tag-jets

% I —e— Data, 2.7 fb™
> - I tZ .
L 100 |mim—— [ ttw - : : .
t—1— 1tZg : Event selection in two categories:
1wz J . .
80 = Hzz - » Njets > 2 and Nbjets =0
] WW2Z : » Njets > 2 and Nbjets > 1
60 1WzZ N
B ZZZ .
[ TT
40 [ 1DY
» Backgrounds:
20 ZZ(main), H—>ZZ, ttH, WWZ(small):
estimated from MC
0 “oto gy, i 7055 7 Osg , s Csy,
9 Sum <o S Chogy m A72@@/; thpk s, k 1
P -
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ZZ background

e 4 |eptons

e |epton charge sum =0

e My > 12 GeV

e > 2 SFOS pair, |mauy - mz| < 20 GeV

very pure ZZ selection!

CMS Preliminary 2.7 fo™ (13 TeV) CMS Preliminary 2.7 b7 (13 TeV)
_si') : ! ! ! | ! I ! | ! ! I | : ﬂ _l I T I T | T T T | T I T I | | T I T |_
§ 35F +Data o 50; +Data -
IS | v E o & WZZ
” [Hrare - 40— ) Mrare
7 I tiX ] i X :
25 1Z/WZ+X ] : ¥ [Z/WZ+X -
30+ .
20 - : |
15 =
10 =
5 |
A ! ! | - o Il e
0 5 4 6 70 80 90 100 110
jet multiplicity m, [GeV]
P W
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summary of systematics

Source Syst. uncertainties ttZ in 3L | Syst. uncertainties ttZ in 4L
Luminosity 2.7% 2.7%
Jet Energy Scale 2-8% 1-7%
Jet Energy Resolution 1-6% 1%
Trigger 3% 1%
BTagging 1-8% 1-5%
PU modeling 3% 1%
Lepton Id., Eff. 4.5% 5-7%
uRr /ur scale choice 3-4% 4%
PDF choice 3% 3%
Non-prompt background 30% -
WZ background cross section 20% -
Z7 background cross section 20% 20%
Rare SM bkg 50% 50%
ttW/ttH/tZq bkg 25% 25%
ttZ MC stat. uncertainty 5-17% 13-20%
—
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results 3 lepton + 4 lepton

2.7 b7 (13 TeV)

. Q%MS:‘Tre/if77|/'l‘lafy| 271 (13 CMS Preliminary 2.7 o™ (13 TeV)
9 - ] 8 AP | 7
g &0 |3 lepton | i s 4lepton] iz
epion . - epton| [t _
G [seporl g, o Sy o 2, -
_ E . I tEX ]
60 B ix : 4 Wz
50 Drare E - :
40 - 3t E
. data-driven 1 i
30 = i
o : .
20 : y 4
__________ 1% 7 ®
10
2j(=0b) 2j(>1b) 3j(=0b) 3j(=1b) 3j(>2b) 4(=0b) 4j(=1b) 4j(>2b) 2j(=0b) 2j(>1b)

binned likelihood fit to all categories

Channel Expected significance | Observed significance
3¢ analysis 2.9 3.5
4/ analysis 1.2 0.9
3¢ and 4¢ combined 3.1 3.6

A

— 1065f§‘i’§(stat.)iig(Sys.) fb

aMCatNLO = 839.378 (scale) 22 (pdf) 722 (o) fb

25 —25
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evidence of ttZ at 13 TeV
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event display 2015 data

» 3 lepton channel

ttZ — (t — be*v)(t — bjji)(Z — putu™)

CMS Experiment at LHC, CERN
CM\S Data recorded: Tue Sep 29 09:12:59 2015 CEST
) Run/Event: 257751 /537567601
Lumi section: 358

: C M\S gl:\:l/ltsa E)e(fc?rré?jn i EZS,Z%ESQ:IZ:W 2015 CEST
. Run/Event: 257751 /537567601
j\\ S Eymiss Lumi section: 358 Jet
AT Electron pT = 68.20 GeV iy \ Emiss pr = 91.94 GeV
Jet pT = 22.89 GeV d = 2.382 A\ \ pT = 68.20 GeV n =-1.822
pr=91.94GeV " _ ¢ Jet ® =2382 ¢ =1.706
n=-1.822 pt = 37.26 GeV Jet
® = 2.663 _ Electron _
® = 1.706 n= 0.354 y pt = 37.26 GeV
AU, W Y SO pT = 22.89 GeV — 0.354
Muon \g‘\ \ -+ =0.483 n = -0.626 i y g - 0.483
pT = 79.60 GeV . o — ® = 2.663 ] \) '
g : :;23‘31 N \E" Muon D‘*"ﬁ j:\ N N Jet
[Ty | Bildad \ Jet pr = 79.60 GeV )) PT = :'I23;| GeV
= " 'Muon Jet i n=-1.893 ‘r-n ‘1 A sa
pr = 112.71 GeV & = -2.974 Jet
— pt = 59.51 GeV pT = 30.22 GeV = 1132 = 30.22 GeV
n=-2217 n = 1.036 N M”O" 15 4
_ ¢ = -0.345 pr=5951 Gev N~
y 4 ¢ = -1.487 ¢ = -0.805 . n=-2217 ® = -0.805
M = 9583 GeV M = 95.83 GeV ¢ = -1.487
P -
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event display 2015 data

» 4 lepton channel

ttZ — (t — be™

v)(t — bu™

CMS Experiment at LHC, CERN
Data recorded: Sun Nov 1 23:42:02 2015 CET

v)(Z — eTe

CMS Experiment at LHC, CERN
Run/Event: 260576 / 281864880 N ata recorded: Sun Nov 42:
Cimisemon: 137 CMS R s st aaaeas =
Lumi section: 137
2 r 7 ‘\\
o N Electron M 2 10366y
i I\VI \\ Ermiss — ' £ g Electron
uon Jet
_ n 0.98 "~
pr=1605GeV 'g 3'2? GV =2 78 . AV 4hchald pr = 46.8 GeV
=-0.99 n-== n =237 “
" 1l = 103.6 GeV =278 _
® = 0.27 pT = 46 8 Gey, e 0208 Q!
i / =237 \’ AN J b T Muon
n o . CD = 0.69 Jet )\J‘/, / .----.--ETmlss pt = 160.5 GeV
TS = -0.99
e ;\ pT = 139.8 GeV Electron S /§ A *:; ~ (9)'2? Gel ;‘, 0.27
Electron Electron n=197 pT = :07‘:-3 GeV == Electron
pr=212GeV  pr=1093Gev @7 -207 o B 8 or = 212 GeV
n = -0.66 n=179 n = -0.66
¢ =-0.57 ¢ = -3.08 Jet ¢ =-0.57
pr = 139.8 GeV
n=197
¢ =-2.07
P -
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summary

» ttZ cross section measurement with 2015 Data
corresponding to 2.7 fb-1at 13 TeV in 3 lepton
and 4 lepton channels are presented

» looking forward to 2016 Data for more precise results!!
» with more statistics new physics interpretation!

Thanks for your attention!
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