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® Jop charge
® Branching ratio: R=B(t—Wb)/B(t—Wq)
® Electroweak couplings:

® associated tt+y production

® associated tt+Z and tt+WV production
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® SM - electroweak isospin parter of b quark (of q=-1e/3) : charge = +2e/3

® Other possible decay to W and b quark: exotic particle charge -4e/3

* Key issue : to identify b—quark jet and its charge *

¢ identification of b-initiated jets (b-tagging): long lifetime of B
hadrons, jets with large impact parameter; soft (low-pt) muons from B
decays

¢ identification of b quark charge ®» more complicated! Methods:
|. from the charge of the soft muon (same sign as B-hadron in direct decays)
* smeared by flavour oscillations of neutral B mesons
* smeared by B-hadron cascades through charmed hadrons
2. from the momentum-weighted charge of all charged particles in the jet

Opjer = Z;q;'_:j '_,p"l. : K MC derived parameter 0.5/0.7 for ATLAS/CMS
2ilJ-pil* i runs over all tracks
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CMS: TOP | | 03I ATLAS CONF 20I |-141
4.6 fb-' tt— U Vtjets 0.70 fb-' tt— | v+jets

exactly | isolated muon pt>26 GeV | isolated lepton pr>20/25 GeV (e/l)

>=4 jets pr>30 GeV Er™ss + m7(W) > 60 GeV (M)
2 bags mt(W) > 30 GeV (e)

>=4 jets p7>25 GeV (I btag)
Soft lepton: + | Y within jet (pt>4 GeV)
Soft lepton: + 1 within jet (pt>4 GeV)
Charge from tracks: +| btag

CMS Preliminary \'s=7 TeV L=4.6 fb
|
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® Systematic uncertainties

CMS (soft muon) ATLAS

Category Rel. Sys. Uncertainty on F,;;,,, Rel. Sys. Uncertainty on A Gic < Qeomp > (%) < Q‘Oﬁ > (%)
Matching Threshold 5% 23% e+jets | u+jets | e+ _]C(S u + jets
b Charge MisID 2.5% 12% (’ ISR/FSR 13.8 11.0 15 24 ‘)
Top Mass 2% 8% " Other 1t modeling uncertainties 2.1 1.6 7 10
1% 7% W +jets uncertainties 1.2 19 1.8 5.5
Q? 0.5% 3% QCD uncertainties 04 1.6 40 1.0
Fragmentation Model 0.6% 3% Other SM background modeling uncertainties 20 1.0 <l 1.6
JER 0.1% 3% JeVET™ systematics 72 7.6 5 7.5
b-tagging 0.2% 2% Lepton systematics 29 4.1 2 b
Pileup 0.4% 29 b-tagging systematics 1.1 <1 1 <1
) “Total uncertainty (%) 162 | 144 [ 18 | 27
o CMS Pre[llmlnary \s=7 TeV L=4. 6 fio” CMS Prellmlnary \s=7 TeV L=4.6 fb
g +2//3e((stat)) % 10; | T x7+y;:)e . waw LN I B I N | L S ‘ - . | g ‘ol AV - T T VYT Ty
S . - -4/3e (stat : = 107 1 = ] v
>, 015+ — +2/3e (stat. + sys.) -4 9 “Type II:p U 2 t ATLAS Ldt=0700 j 8 Preliminary Ldt=0.70f0 b
5 - -4/3e (stat + sys.) LE o 4 = 2 1 1 > 10% F 1
c =] & 107§ 1 ! & 3
8 102 S 4 3 E sMiopquek/ 8 S - 3 - SM top quark( |g Exotic quark ]
2 i 1 'c - 10° 2 10°) G '
5 o1 8 < - f 2 1 g é
g | o g TS g E al 3 2 wy :
o 9 - . 10 ;
o i E % | F § } . é
0.05— 2 = — — 105 [.— ﬂ! 105 . = 4
I 2 10°- = : : i .
§ — - 10° 2 2 i : 10
- B L: _ B — — . | ) 3 | 1 | 1 3
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A 7\ I 1 1 1 1 1 1 1 1 1' | Qm> d ds >
1 Nsy — Nxyy— < Npg > Dp 2 k 0 1 2 f I( f f
A = ——= A rom tracks rom sort muon
Ds Nsy+ Nxowy— < Npg >
o

* Exotic scenario excluded by both experiments at5 o *
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* Key issues : correctly identify b/light-quark jets and its parent top *

CMS:TOP | 1-029
2.2 fb! tt— | v+l vtjets

® Event selection:

€q(-)=&q(+)
(few b’s on -)

2 isolated leptons pt>20 GeV
IMiI-Mz|>15 GeV (Z bkg removal)
Exmiss > 30 GeV

(not required for el)

® b-tagging: for the analysis, crucial to know efficiency of 10

® correctly identifying b-jets using btag (&b, +~3%) 1

2

® accepting light jets passing btag (mistags: €4 ~14%,+~1 %)
IP-based tag discriminator
(significance of 2nd jet, >1.74)
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= 4501 J ’ = » y a
5 400[-CMS preliminary, {s=7 TeV, f L=2.2 b 5 140[~ CMS preliminary, {s=7 TeV, f L=22Mh" -
g 3502 ?;ncf;:xs.z:ﬁA—&mroﬂm MC moom‘o;:a? g $2 ’ correct o
® z 3 assign. ]
o Jet assignment i T | s, -
: - J subtraction
Je assighment. Lt ] g o dataafter
200f ] subtraction
® use invariant mass (lepton-jet) 180E F
100~ - -
: : L sof- - e
® model mis-assigned distribution : : i e
g ..... - o P . sess . . p-
§ e 4 h g i -
. . . . w 1 L g -1 W | =
|. swap jet forming pair (l-jet) g os T =t : "“] I
o Invariant Mzass [ge\lzlc?]_ i Invariant Mass [’(geWc’]
2. rotate randomly | momentum vectg max =~/ (me-mw?) =156
® normalize at high mass region Cagne! i uda Sl
2 jels
® remove from data & feor~0.3 data&MC , '
corr fos . 0.302+0.002 0.284 +0.002 0.364 = 0.001
f;{:’;’,'f,ﬁ 0.299 = 0.016 0.284 +0.015 0.388 £ 0.011
3 jets
fé}’#m 0.234 £0.002 0.230 = 0.002 0.277 = 0.001
§ ji i 0.235 +0.023 0.191 £0.019 0.246 = 0.013
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“ Branching ratio
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® From fcorr = get N, nr of correctly reconstructed and selected tops (thus, of bjets!)

® Given N, from &, E,= model the nr expected events for each b-tag multiplicity
Ex: "'model " for 2 jets from top, correctly

. e ———————————
reconstructed&selected, expected # btags is: % j C'Msmimy.e,?T.,'v.f_,z;,,,,
S 3500} e
UJ - —— wl b-tags ~ ~ w1 btags 1
Pk prm— RZE% + 2R(1 o R)Ebeq + (l — R)zé% 3000;— D =2 btags —-=3btags ]
2500; T Y = ; :
i
2000
m 12w 1 1 ] 1 ' ] | ] 1 1 1 1 1 1 1] | ] 1-.'w7;~ 1 ] :
E [ CMS preliminary, 5=7 TeV, [ L=2.2 b 200 T ekt o s ¥ p
Lfl 1omL+cata .ﬂd:‘emorsom.;vd DZJ“H.O!S-' Il = 1000~ ,/ g
aooi_.\V‘JolS.SX"coloo Dl):obosons j 500;_ e ;
: ee events uw events : O;__-*‘;:—i—rq-'r-l—.“,f'r'—._':g
= 2jots 3 jots - 0 0.2 04 06 08 1
- = R = B(t—Wb)/B(t—Wq)
- from a likelihood fit to
b
§ the model, extract R
d
2

b-tag multiplicity (TCHEL)
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® Systematlc uncertainties T Uncertainty

C & 0.031 )
£ 0.011
Jet energy scale 0.002
Jet energy resolution 0.004
Pile-up 0.006

(& 0.023 )
Jet-parton matching scale 0.011
DY contamination 0.012
tt contribution 0.002
Total 0.044

® Likelihood fit;

.

B

ﬂo E CMS preliminary : g CMS preliminary, {5=7 TeV, f L=2.2 0"
E,; {s=7 TeV, f L=22f" . - D99-7% oL
4’ t —
3 f reose-on % e R=0.9810.04
- —combined —ee { =07t
o —h G = . s MllcecL o
3, -y =4 L t 0.6 o
& : s o
- . oM 05
F\ I
2F @ o.
1
Jes 08 oo 1 105 1.1 1.5 :

* R=B(t—Wb)/B({—Wq)
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Eleciroweak couplings: ;uugeison

® Investigate electrowealc couplings involving tops

® |mportant Standard Model test: new physics modifies the structure of the electroweak
couplings, described by see e.g. U.Baur et al, PRD7[ (2005) 054013

I PN 2 A ‘ ‘ O,v T 5 ‘ ;
T4V (K2, q, q) = —ie {"/u (FY (k%) + v FY, (k%)) + 2—1’;” (¢ +q)" (iFy, (k%) +75F2‘f4(k2))}l

oM L ~SM
FlV —_57 FlA =i -
Precision
ZSM _ _ 1 18 n2g FZSM _ 1 measurements on ttV
W == - sSIn” Ow |}, 1A — o ) aa
4 sin By cos By 3 4 sin By cos Oy final states sensitive to

anomalous couplings

vSM _ pZSM _ ~SM _ nZSM _
Fop ™ =Fyy™ =0 E =Fs =0

2A

® tt production via intermediate V very difficult
® small correction to a QCD dominated process

® Instead, measure cross-sections: tty, ttZ, ttWV production

® Tests of the electroweak sector in top physics specially interesting

® | HC measurements are crucial: ttV cross section very low to be seen at Tevatron
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ATLAS CONF 20IO I53

.04 fb-' tty— Iv+jetsty

® Event selection

Muon channel:
exactly one muon pt>20 GeV
Exmiss > 20 GeV
Er™iss + mt(W) > 60 GeV
at least 4 jets pt>25 GeV
at least | btag

| photon pt>15 GeV

Observed: 52 events

Wednesday, September 19, 2012

Electron channel:
exactly one electron pt>25 GeV
Ermiss > 35 GeV
mT(W) > 25 GeV
at least 4 jets pr>25 GeV
at least | btag
M(eY) outside Z peak

| photon pt>15 GeV

(tighter selection: rejects e
misidentified as Y and QCD)

Observed: 70 events
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®  Signal, background separation via template fits built on data: isolation (distribution of > p1(tracks) in a

cone around photon direction)

®  Prompt photons (including signal) mostly isolated

® Template from Z—ee
® pT(e)>25pT(e2)>15 GeV

® Use simulation to correct small e/y differences

® Fake photons (background: hadrons identified as Y)

— prompt y

— hadron fake

®  data sample from jet triggers

® shower shape variables: inverted select. criteria

®  Other backgrounds, featuring real photons or electrons:
®  shape from signal

° normalization from simulation or data-driven estimation

Wednesday, September 19, 2012
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* Background estimation: MC/data-driven techniques

tt pair correctly identified but

- an electron is faking a photon (e.g.
dilepton channel)
estimated by ‘fake rate’:
measure the fraction of electrons
faking photons p(pT) on Z events,
(invariant mass: electron+photon);
apply to selected sample

- the lepton emits a photon
estimated from simulation

Wednesday, September 19, 2012

Other processes identified as tt+y
(real or fake)

- WHjets+y

estimated in a control region:
sample with |,2 or 3 jets;
extrapolation factor to signal region:
from simulation

- QCD+y

estimated in a control region:
inverted Er™ss and/or mt(WV) selection
criteria

extrapolated to signal region

- single-top and diboson

estimated from simulation
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° Template Fits: f'ttlng both channels S|multaneously
® keep nr of non-tt bkg fixed (signal template shape)
® keep nr of tt bkg fixed (signal template shape)

® adjust hadron (hadron-), electron (signal-) fakes and signal
(signal- template shapes)

L R e L L T B B R . B O DAL Y [ P LT G N L EE R Fov RO P B R NE N

£ i 2 c
e B . d ‘B - —
= i = j Ldt=1.0415" ke = 2 4 _[ Ldt=1.041fb u+jets =
. ] s o— data } £ . | —e— data ]
- ATERS Frasninsy Bty 1 % B0 ATLAS Preliminary @ tty E
404 (3 non-ti bkg ] s @ ron-1f bkg -
j B3 olcutron fak . T B bkg tiy =
" electron fakes a -
30p @ hadron fakes 1 a0 =1 electron fakes

@ hadron fakes

rllll

201 hadron fakesfdominant bkg 30E .
10 . 20_; :

e ot 3
t e ———

0 2 = 6 8 10 12 14 16 18 20 0
s 0 2 . 6 8 (1 SRR | | B | R |- S )
p(;' nezo [GeV]

pi}OﬂC‘}.’O [G ev]
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® Systematic uncertainties

-section

p am—

4 )

Dominant sources:
partially ttbar
partially photons

Description Uncertainty on the cross section [pb]

Modelling +0.18
Initial and final state radiation +031 )
Electron related + 0.05
Muon related + 0.08

[ Jetenergy scale +0.24
Jet energy scale (pile-up uncertainty) + 0.28 )
b-jet energy scale + 0.06
Jet reconstruction and resolution + 0.06
E™iss related + 0.03
b-tagging performance + 0.18
Treatment of dead region in LAr calorimeter read-out | £ 0.05
Luminosity + 0.08
Photon identification efficiency +0.33 )
Photon energy scale + 0.02
Photon resolution + 0.01
iy background yield + 0.03
non-17 background yield +0.11
Electron to photon extrapolation + 0.22 )
Fraction of converted prompt photons + 0.03
Fraction of converted hadron fakes +0.16
Reweighting of the background templates (pr) +0.11
Reweighting of the background templates () + 0.06
Pile-up dependence of the signal templates + 0.01
Pile-up dependence of the background templates + 0.05
Sum + 0.7

Wednesday, September 19, 2012

- J

15



— — - — —m—— ——

.{ tty cross-section

— — - = = — —

. . fit parameter fit value with statistical uncertainty
® Ylelds' hadron fakes in the e+jets channel 21 +6 events
hadron fakes in the py+jets channel 28 +8 events
electrons faking photons from 7 in the e+jets channel 74 =17 events
electrons faking photons from 7 in the u+jets channel 109 =22 events
i1y background in the e+jets channel 0.2 events
11y background in the y+jets channel 0.4 events
non-1f background in the e+jets channel 6.7 events
non-i7 background in the u+jets channel 3.8 events
total number of background events 78 + 14 events
total number of signal events 46 +12 events
iy signal (before selection and acceptance cuts) 2100 + 500 events

O .BR = 2+0.5(st)£0.7(sys)+0.08(lumi) pb, for pt(Y)>8 GeV

NLO prediction: 2.1+£0.5 pb

au,

® Observed vs expected:

2[_ — background only

background-only

}
|
L p-value = 0.71 %
’.
4

hypothesis significance 2.7 O i

}
i» I Lot«104d
i’ ATLAS Preliminary
f
ol \ s
0 50 100 150 200 250

number of observed events
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mﬂ—_tt_Z‘_cross %

|

CMS: TOP 12-014 ATLAS CONF-2012-126

4.9 fb! ttZ— Ivtjetstll 4.7 fo' ttZ— Ivtjetstll

* Three-lepton final state: very low SM backgrounds

e Event selection:

3 leptons
2 leptons p1>20 GeV [muons p1>20 GeV, electrons
Z mass window pT>25 GeV]
pT(£) > 35 GeV Z mass window
3rd lepton pT>10 GeV Ermiss > 30 GeV
at least 3 jets pt>20 GeV at least 4 jets pt>30 GeV
| btag (loose) | btag (medium) | btag

Ht = > pr(jets)>120 GeV
(tighter selection)
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2z cross-sec

| f_,i

e — —— e = =— —=

® Background estimation:

® fake leptons (e.g. tt+jets, Z+jets), diboson

® Use control regions with looser selection criteria to measure fakes/estimate bkg:

DD normalization; shapes from MC Data-driven

CMS Preliminary Lwd 988 at Vs =7 ToV CMS Preliminary Lwd S8 a1 VG w7 ToV
= TR T 2 qagf T TR e T .
2 oz 1 3 “ror i bk estimate
2 Bld.2z 2 Eld.2 1
S Wtew $ Wdew 8
i1} j i) B Z+jets |
(B o
[ Oitoson 4
] ‘g - T T T 4
L w - M iz 1
e - 1 . _‘:
: 25} ILdt = 4.7 o' s = 7 TevIl ZZ+jets .
3 | | . P - . ,j
3 4 5 £ 8 4 B - M (16Z+1bZ)+X 1
b-Jet Multiplicity (loose) b-Jet Multiplicity (medium) 150 ] Other E
CMS Preliminary Lwd 988 at Vs w7 ToV CMS Preliminary Lwd 08 atl VG w7 ToV - 5
= 7§ T -
S S I * Data ] 10;
& 8 30 | Dﬂoz ] o
— — s ' -tf¢W :
-~ ~ 25_’_ B Z+jets -
g g I« t
3 ;% 20} Bl Oboson
: eee eeyl ey Hup
15L -
: 3 Channel
10} ®
: 5 | :
. : . -I :
0 50 100 150 200 250 300 350 400 0 100 200 300 400 500 600 700 800 9001000
n (Z2) [GeVl H_[GaWl
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ttZécross-seion
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® Systematics:

® MC statistics, bkg determination

ATLAS:
CMS:

Systematic uncertainty Background | Signal
bkg estimate: 27% Luminosity 4% 4%
lepton reconstruction, _b-tagging = 2
. . . e trigger efficiency 2% <1%
trlggen b'taggmg’ Plle'up’ e reco. and identification efficiency 5% 5%
simulation modeling, luminosity: e energy scale <1% <1%
. Y ) e energy resolution <1% <1%
typlcal |)’ <~5% u trigger efficiency 2% <1%
u reco. efficiency 2% 2%
¢ momentum scale <1% <1%
4 momentum resolution <1% <1%
Jet energy scale 5% 7%
Jet reco efficiency <1% <1%
E%“r“ unassociated cells and soft jet 1% <1%
ET"™ pileup 1% <1%
Jet vertex fraction 5% 6%
Renormalisation & factorisation scale - 10%
ISR/FSR - 6%
MC driven background normalisation 50% -
Total 51% 17%
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® Back to the signal region:

® 9 events (2.91£0.8 expected bkg) e | event (exp. |.13£0.06 SM, 0*'-1¢ fakes)
CMS Preliminary L=498f "at \s =7 TeV
%) 3 T T T T A
c
O o[ @ Data L 240° ! ' '
u>J 12: Dﬁiz 1 §10 - ATLAS Preliminary e data
1o El+w 4 w10t Wiz
C Pl Z+ets ¢ . 0%k ) Lat=47 fo'\s = 7 Tev Il ZZ+jets
s MM i Edaw
[ [ Diboson | 102 I WZ+jets
I 1 M (tb6Z+ibZ)+X
10 [ Other

0
(ee)e (ee)u (uwe (uwu Total eee eeu el MU
Channel

Otz = 0.30*014 ;1 (stat)*?%%.9 02(syst) pb

Oz <0.71 Pb

at 95% CL

significance: 3.66 O

(p-value 0.0001)
(NLO pred: 0.1387 pb)
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CMS: TOP 12-014

49 fb! tt— | vtjets

® Selecting 2 same-sign leptons Event selection

pp — tFW — (t = be*v)(t — bjj) (W — ££0)
pp — tiZ — (t = blEv) (t — bjj)(Z — £5£67)

ee ML eu Total

Background sources
Mis-reconstruction (charge id, fakes)

Rare SM:WZ, ZZ,WY,WW (++,--), VWV

Wednesday, September 19, 2012

2 leptons pt>55 (30) GeV

3 jets pt>20 GeV
| btag
Ht>100 GeV

veto over ttZ selection (3 leptons)

Orwv = 0.45*017 ¢ 5(stat) 09 o o5(syst) pb

significance: 2.99 ¢

(p-value 0.001)
(NLO pred: 0.308 pb)
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ttV CMS combination

o(ttZ) [pb] o (ttW) [pb]

o(ttV) [pb]

Trilepton Analysis 0.30 *0-17 “0-0% - Pi6h 1ozt 00
Dilepton Analysis - P28 10 004, 045 1T
. 0.15 4+0.05
Combmed 31 =2 0.51 i0.13 i0.04
NLO Calculation 0.1387 0.169 002 0.308
CMS Preliminary L=498fb "at\s =7 TeV

lllll[lllllllllllll'lllllllllll'lllll

A

A Trilepton Analysis
(scaled from o,,,)

B Dilepton Analysis
(direct measurement)
- @ - ® Combination
— NLO Calculation

Cross sections slightly
above but consistent
with the Standard
Model predictions

lllllllllllllllllllllllllllllllllllll

0 0204 0608 1 1214 16 18
tt+V Cross Section [pb]
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° Important tests of the Standard Model valldlty on 201 | LHC data

® TJop charge measured at the LHC: exotic quark with q= -4e/3 excluded

e R=B(t—Wb)/B(t—Wgq) > 0.85 at 95%CL

® Measurements of tty, ttV (V=24,W) cross sections presented

ttV in hadron colliders: unique for LHC

first steps towards understanding structure of electroweak couplings to tops

excellent ground to find new physics

very important step for searches involving tt+X final states (ttH, SUSY, ...)

® Consistency with the Standard Model in all measurements
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