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Outline
e Why top quark ?

e Top Quark at the LHC: tools of the trade

* New physics searches in top quark production
» Resonances
» tt+ETMISS
» charge asymmetry
» same sign tops

» single top summary Mostly ATLAS
results
* New physics searches in top quark decay
» FCNC in top decay some CMS
» status of top polarization results

e Conclusions
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Why TO p (q U ark) r? Masses of known fundamental particles

Most massive constituent of matter 200

Miop~ electroweak symmetry breaking scale Mree~ M Gold Atom

150
Decay and strong production rate
are tests of standard model {00
- le2011 : : : phOt
005 — LEP2 and Tevatron HQ@%W ,'
| - LEP1 and SLD ‘ %OS A 50
68% CL I’ﬂUO
>
8 80.4 0
E§
___________ Various scenarios with dlrect/mdlrect
K= / coupling to new physics:
_ 0 | |
§ / '] ' | from extra dimensions to new strong forces
155 175

m, [GeV]
Background to possible new > < >«/vv»<
physics (Higgs, SUSY)
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Top quark @ LHC: productlon

Tevat | LHC(7) | LHC(14)
probe low x in pdfs —gluon o | ~10% ~85% 00%
fusion dominated aq | ~90% | ~15% | ~10%
top pairs:
strong t g% /1

(|
S
(¢
[

Aliev et al 2011

 §
Beneke et al 2010 t O
Langefeld Moch = 1 w >
Uwer 2009
Moch,Uwer 2008
o = 165*""_4; pb
t chan
Wt chan s chan

single

q q q q
. 9 t q t
top: 44 ¢
electroweak b t g A | b v
b w7 VNG

q
o = 6433 pb O =15.7""3.14 pb O =4.6:0.3 pb

Kidonakis 2010

francesco.spano@cern.ch Top Quark production @ LHC
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Top @ LHC: in the context

proton - (anti)proton cross sections

o
.
o
:
:
.

10' E

10° £

10 -III

LHCA4 tt cross section
T A.A --?109
oy ——— w0 Rate at L=
Teveitron LEE{C 3 10 JS(TGV) Xsec (pb) 10%3cm2 5-1

? 10° 1.96 (pp) ~7

E R 7 (pp) ~165 0.2Hz
110’ g
csjet(ETjet>\/S/20) 110 mg 14 (pp) ~900 0-9HZ
] Il
Ow 3 10' ;
- : 10° E
5 (E > 100 GeV) z
10" &
5
1

O

O

O for [Ldt =5 fb™! @ 7TeV, expect 8- 10° events
0

1

N

o (E > s/ X
olSr > 8 " Tevatron (lower energy collider): [Ldt =9.4

oM, = 150 GeV) 0
fb-1 on tape, expect ~ 6.6 - 10* events
0es(M,, = 500 GeV) 10°
bl 1 b o111l ) L1 o1 181 : 10—7
0.1 1 10
Vs (TeV)
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Jop sIgnatures  ..ipion tidecays

° Hl-gh PT jets EV ~32.4% (e,IJ,T) |
° b-jets qq ~67.6% A 1.Opp:
*1to 2 high Prleptons W had 7 SEERE B

e Missing energy b gGs 13.5% ’
t b
D —0: o
t
b M single top
- W

<::> ~Jw q’/qg’b, b
//I or 2 jets
= Wt t,s

bkgs_tt: W/Z(+jets), single
top, QCD, Di-bosons bkgs single_t: tt +some bkgs_tt

francesco.spano@cern.ch Top Quark production @ LHC PIC2011
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Sizeable data set (example form ATLAS)
7 SOy

Top events are real commissioning
tool: full detector at play!!

il BREEEEEA | LI N L LA L -

o 7 ATLAS Online Luminosity \/s=7TeV —

> - LHC Delivered -

muon insjde jet - K7 — —]
.Cé : ATLAS Recorded 201 1

5 O Total Delivered: 5.61 fb" =

— - Total Recorded: 5.25 fb™’ -

© ~ 4

@ 41— =

© n .

O) -

' g Luminosit :

el - u y :

R R S © 2 u ' i

AWASSY 2 —uncertainty ~3.7 to -

— 0 :

—3 Z N\ £ 4.5%(prel) E

e+tjets candidate - i

C SN W S S —— l | W W W S — — l | SRS SR W S —— o

2010 2(8)/Oé o 30/04 I30/06

30/08 31/10

Total Recorded (Delivered) Lumi: Day in 2011
45.0 (48.1) pb™
Lumi uncertainty~3.4% Analyses use 36 pb'(2010) and 0.2
Data sample for first top paper~3 pb-" to 1.6 fb' (2011)
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Selection/Ingredients of top quark pairs/single-top
(ATLAS)

/

francesco.spano@cern.ch Top Quark production @ LHC BSM4LLHC
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Selection/Ingredients of top quark pairs/single-top

(ATLAS) Electron Muc?n

Good isolated calo object Segments in tracker

Matched to track and muon detector

E.>25 GeV Calo and track
In|€[0;1.37][1.52;2.47] isolation
/ pr>20 GeV n|<2.5
I
/

francesco.spano@cern.ch Top Quark production @ LHC BSM4LLHC
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Selection/Ingredients of top quark pairs/single-top

(ATLAS)

Electron
Good isolated calo object

E;>25 GeV
Inle[0;1.37][1.52;2.47]

Jet
Topological clusters
Anti-k; (R=0.4)
Calibration checked w/data
pr> 25 (20) GeV

In| < 2.5

Matched to track
A

francesco.spano@cern.ch

Top Quark production @ LHC

Muon
Segments in tracker
and muon detector

Calo and track
isolation
pr>20 GeVn|<2.5

BSM4LHC
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Selection/Ingredients

of top quark pairs/single-top

(ATLAS) Electron Viuon
Good isolated calo object Segments in tracker
Matched to track and muon detector
E.>25 GeV Calo and track
In|€[0;1.37][1.52;2.47] isolation
pr>20 GeV |n| < 2.5
I
7
b-Jet
Jet

Topological clusters
Anti-k; (R=0.4)
Calibration checked w/data
pr> 25 (20) GeV

In| < 2.5

francesco.spano@cern.ch Top Quark p

Displaced tracks or secondary lepton
SVo: reconstruct sec.vertex

JetProb: track/jet compatibility with primary
vertex

IP3D+5V1 and JetFitter: advanced taggers

~clii~tioan (O
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Selection/Ingredients of top quark pairs/single-top

(ATLAS) Electron M“‘?"
Good isolated calo object Segments in tracker
Matched to track and muon detector
E.>25 GeV Calo and track
In|€[0;1.37][1.52;2.47] isolation
pr>20 GeVn|<2.5
I ETmiss
_ Vector sum of calo
/ energy deposits
Corrected for
identified objects
b-Jet
Jet :
Topological clusters Displaced tracks or secondary lepton
Anti-k; (R=0.4) SVo: reconstruct sec.vertex
Calibration checked w/data JetProb: track/jet compatibility with primary
pr> 25 (20) GeV vertex
nl <2.5 IP3D+5V1 and JetFitter: advanced taggers
francesco.spano@cern.ch Top Quark predustion-@-HG S e -
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Selection/Ingredients of top quark pairs/single-top

(ATLAS) Electron Muc?n
Event cleaning Good isolated calo object Segments in tracker
Good run conditions Matched to track and muon detector
PV at least 5 tracks Er>25 GeV Calo and track
Bad jet veto Inle[0;1.37][1.52;2.47] isolation
Cosmic veto (up) pr>20GeVn[<2.5
I ETmiss
— Vector sum of calo
2 energy deposits
Corrected for
identified objects
b-Jet
Jet :
Topological clusters Displaced tracks or secondary lepton
Anti-k; (R=0.4) SVo: reconstruct sec.vertex
Calibration checked w/data JetProb: track/jet compatibility with primary
pr> 25 (20) GeV
vertex
Inf<2.5 IP3D+5V1 and JetFitter: advanced taggers
francesco.spano@cern.ch Top Quark predustion-@-HG S e -
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Backgrounds estimates (single lepton)

, ® Simulated shapeé

oy - e normalization scaling from
“ charge asymmetry of W Ny +Ny- = (
prod before b-tag or from jet

I’Mc+1

)(D+ -D)

I’Mc—l

o ] . .
Wjets multiplicity in W+jets enriched
n— . sample
%
o Matrix method: Combine isol. prob
for real and fake lep in control
e QCD g region with N(isol. lep) and N(non- ATLAS-CONF-2011-121
iso lep)~isolated fake lep £ [ T amaspeimnay | -
99 lele Jet template:shape from jet “L [ra-omow B
" e ohione: TSI e triggered events with 1 highem. S
prompt leptons (b/c- content jet. Normalize by fitting low | f
decays) | | Er™ss shape to data and extrapolat% :
q (
eSingletop Simulated shape+ 10°
b t  rate setto SM

10?

g
b N

jets

e Di-bosons ,
(WW,WZ,ZZ) simulated shape+

rate from simul.

francesco.spano@cern.ch Top Quark production @ LHC BSM4LHC 9
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Backgrounds (di-lepton)

e “Fake” leptons from data
» Get probability for loose “fake” and real leptons to ATLAS-CONF-2011-100

be in signal region (A) < control samples enriched > AR R R e e AR
with real (in Z window) or “fake” (low ET™s9) leptons $10° ATLAS  Preliminary f";jf'a e -
» Combine with N(di-lep) for all loose/tight s | f Ldt=0.70fb" =
pairs—fake tight (i.e. signal) lep g . Fake leptons
10° ' B Other EW
105—
° Z/Yy* bkg (ee, yy) : scale non-Z/y*-bkg- :
subtracted data in Z-mass window control U
region with ratio of N(Z/y*) in signal region to e P L L
control region from simul. Hy [GeV]

francesco.spano@cern.ch Top Quark production @ LHC BSM4LHC 10
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Combined top pair cross section results

ATLAS Preliminary, =7 TeV

ATL-CONF-2011-108

I I I I | I I I I | I I I I | I : I I I | I I I I | I I I I | I
------- Theory (approx. NNLO)
— . 1 i
JLat = 35 po(L+jets, 2010) m, = 172.5 GeV

|Lat = 0.70 s "(dilepton, 2011)

L+jets w/ b- tagging l—i+l—l 186+10 5, +6

1716 *1% +8

Dilepton w/o b- tagging A
Combination .._.,.,._. 176£5 ' +7
L+jets w/o b- tagging — . 171£17 29 +6
Dilepton w/ b- tagging H_H_._. 177+6 *1; *S
. (stat)x(syst)=(lumi)
o B0 foo 10 200 250 300
c-[pb]

|+jets w/0 b-tagging
(JLdt = 0.7fo T 2011)

0=179 3.9 + 9.0 +6.6 pb

NEW! arxiv.1201.1889
([Latt = 35pb- L+jets w b-tagging 0=179 +17 = 1846 +6 pb
2010) L+jets w/o b-tagging o0=187 11 + 847 +6 pb

arxiv.1108.3773

CMS,\'s=7 TeV, 36 pb'’

154:}; + 6

(val = tot. = lum.)

150+ 9«17 + 6

17 —

(val = stat. + syst. + lum)

14
168118J_r14 + 7

(val = stat. = syst. + lum)

173:14:28 + 7

(val = stat. = syst. = lum)

_._

CMS combined

ﬁ—-.——ﬂ
CMS I|+jets+btag

WS ——
CMS dilepton
arXiv:1105.5661
A

CMS l+jets
arXiv:1106.0902
Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW2008(N)NLO PDF, scale® PDF(90% C.L.) uncertainty

0 50 100 150 200 250

| o(tt) (pb)
dilepton 0=169.9 +3.9 + 16.3 +7.6 pb

(JLdt = 1.14fo"" 2011)

300

e Combined uncertainty is ~10% dominated by systematics.

Comparable to theory
» ATLAS: 176+5+13.1p0+7 pb /
» CMS : 154+10+77.4746 pb

francesco.spano@cern.ch

top mass

(GeV)

(stat+sys)
Top Quark production @ LHC

do not include NEW + out of table results

ATLAS-CONF-2011-120

CMS-PAS-TOP-10-009

175.9+0.9+2.7

173.4+1.9+2.7

BSM4LHC 11
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PTTop Muw =1 TeV & anti-kr
(R=0.4): 86% resolved
My =2 TeV & antikt
(R=0.8): 60% boosted

Top production as a window
on new physics

KK Gluon Mt
>
VAVAVA
¥ _  ForAR=0.8,
q/ g ‘ My ~1.7
Production t : TeV, Py
Cross Y ~600 GeV
section t
Resonant t/t charge asymmetry
production , ,
e color octect vector, color singlet Z,
Production color triplet scalars
kinematics t  Same sign top pair
Spin 4th gen, FCNC, left-right
polarization q / g AV symetric, higgs triplets,
... SUSY, UED, little higgs
tt+ET™sS
. FC >
exotic 4th gen, leptoquarks,
top partner + stable scalar (dark matter) stop —top +neutralino, UED,

little higgs,

francesco.spano@cern.ch Top Quark production @ LHC BSM4LHC 12
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Search for excess in tt production vs M - single lepton
A=ATLAS, C=CMS (2077) ILO’Z‘ 0.2 fb1 (A)1 14 fb (C)

- : > 10 T
* A: standard single lep (e p) 3t ; ATLAS Preliminary -
sel: =4 jets, =1 b-tag 2 L [ronszoops”
* C: single U, boosted top sel. o'k T, om -
» = 2 jets with pr>50 GeV, N g-oNF-2011-087
lead jet p1>250 GeV 10°F 1} e&p:
_ . — KKG500 b' é
» one non-iso U with AR>0.5 10°E nes
from closest jet OR pr rel. to jet oo :
>15 GeV 10%6""""500 1000 1500 2000 2500 3000
} high pT,lep+ETmlss >1 50 Gev L = 1.14/ib tt mass
. © - CMS preliminary ¥
* Data-driven QCD (jet template method g “h\s= 71%9;' ’ =\E\;§£tw_
normalize to low E7™sS (A),shape from ev. failing ~ g3so0-°" " mm Single-Top
mu 2D cut (C) ), W+jets normalization (A) =z o :E’Mnsnjjz;g\;z/ﬁ 1
(extrapol. from Njet in W+jets-enriched sample) — Z 2s0-

e
N
o
o

[

* Reconstruct leptonic W from E77¢, lepton &
W mass, then Mg

* sum leptonic W to (A) 4 leading pr jets or (C)
jets giving back-to-back top-jets <—minimal )

AR (lep/b-jet, leptonic top) & max AR betw. tops % “s00 1000 1500 2000 2500 3000

M, . [GeV/c?]
13

CMS-PAS-EXO-11-055

bkg scaled |to
most prob norm

francesco.spano@cern.ch Top Quark production @ LHC BSM4LLHC
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Search for excess in tt production vs M -single lepton

L=1.14 fb! CMS preliminary, vs =7 TeV
A=ATLAS, C=CMS 102 = . =P A

* No excess found —95% e e
Bayesian credible interval for 2’
& RS KKGluon 0*BR, including

systematics as integrated (CMS),
averaged(A) nuisance pars.

— - Topcolor 7', 1.2% width, Harris et al. f

limit on o(pp —Z' —tt) [pb]

eUpper observed (expected) limit at 95%

prob on Z‘ 0*BR (with 'z/mz~ 1% ) TTon 1002000 o
» C:sub-pb for mz>1.3 TeV, <0.2 pb for N
mz> 2.3 TeV SAE T S vopertim
» A: 38 (40) pb for mz=500 GeVt0 3.2 (5) 1. 17Tl co oot uperimi
pb for mz=1.3 TeV/ CRLES N E

oC: For Z*¢ with 3% width exclude 805 ° op 3

GeV <mz< 935 GeV and 960 GeV <mz< :

1060 GeV at 95% CL U3 E

- ATL-CONF-2011-087 .

o A: KK Gluons with masses < 650 GeV ]

600 800 1000 1200 1400 1600

are excluded with 95%prob g, mass [GeV]
francesco.spano@cern.ch Top Quark production @ LHC BSM4LHC 14
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Search for excess in tt production vs Ms - fully hadronic
[Lat = 0.89 fb™1 (2011)

CMS Preliminary, 490 pb ' at\'s = 7 TeV
T T T | T T T | T T T | T T T | T T T | T T T | T T

e Trigger on = 1 jet with pr>200 GeV

*“1+1”. =2 R=0.8 Cambridge-Aachen—f— 2
(CA) jets

=82.75 + 2.38 GeV
=82.00 + 2.22 GeV

» pr>350 GeV & large A >2.7 o
» top-tagged (mjec ~miop , Nsub-jets in last 2 jet- o
making steps = 3, min(mz sub-jets) > 50 GeV) v

o 1427 >3 R=0.8 CA jets )20 40 60 80 100 120 140 160380300

i ] _ Mass of W-Jet Candidate (GeV/c?)
» leading top-tagged jet with
p1>350 GeV

» 2nd(3rd) pruned (discard soft,wide-

validation in boosted-W  CMS-PAS-
semi-lep events EXO-11-006

CMS Preliminary, 490 pb ™ at\'s = 7 TeV
T T T T | T T T T | T T T T | T T T T

angle clusters) jet with pr>200 (30) 2 75 h 3
GeV, large Ad-2.1(1.7) from 1st S s CMS e

» j2 1s W-tag (mjet ~mw,2 sub-jets,max 2 °F mTop
(Msub-jet)/Mjet <0.4), M(j2,J]3)~Mtop g ;‘: %\év%ss ]

e Data-driven QCD: weight 1-top or W-tag  2- Two
control sample with mis-tag prob « anti- ;_‘ E

tag (fail top tag cuts) & probe in semi-lep evs 0 100 200 300 400 500 60
9( P49 ) &P P Mass of Top Jet Candidate (GeV/c?)

francesco.spano@cern.ch Top Quark production @ LHC BSM4LHC 15
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Search for excess in tt production vs My - fully hadronic

[Lat = ~0.89 fb™! (2077)

® Mit: sum top jets in “1+17,
sum top jet, Wjet and
closest jet in “1+2”

» QCD: sum tag(s) & probe jet,
random Mprobe @round Miop

# of Events / 100 GeV

e No excess found—95%
Bayesian credible interval

for Z’/RS KKGluon o*BR

Including systematics as
Integrated nuisance pars.

e Sub-pb limit on 2’ 0*BR

e exclude 1 TeV<mkkagiuon<1.5
TeV @ 95%CL

Upper Limit o, x BR(Z' — tt) (pb)

francesco.spano@cern.ch Top Quark production @ LHC

CMS-PAS-EXO-11-006  cs Preliminary, 886 pb™ at |s = 7 TeV

L B B B B B B L B L B ey
70; —e—— Data E
60— QCD background estimate —
50 = B 1 Madgraph + Pythia Tunez2 3
40F- =
30F =
: CMS -
20— —
- % -
10F fF =
- I B R r+-r.1 M IR EN BN, "IN BN R -
QOO 1000 1500 2000 2500 3000 3500 4000 4500 500C
Type 1+1 tt mass (GeV/c?)
5 _CMs Prellmmary 886 pb’ at\@ 7 TeV
10° g —
= Comblned type 1+1 & 1+2 =
L Observed (95% CL) _
B Expected (95% CL) ]
CM S + 1o Expected
10 & + 20 Expected

KK Gluon, Agashe et al
Topcolor Z', 3.0% width, Harris et al

CER RN RN Topcolor Z', 1.2% width, Harris et al

1% L \’| T gr
1 1.5 2 2.5 3
tt Invariant Mass (TeV/c?)

BSM4LHC 16
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Search for excess in tt production - di-lepton

ILdt — 1.04 fb-1 (207 7) ATLAS-CONF-2011-123
_ _ 2 E ' ATLASPreliminay DZr -1
* Standard: di-lepton selection & | [Lat- 108 1 B ol o
(e,u) + data-driven Z/y*+jets 10°F ’—“»'-%mv' Wocon
(Ermiss-dep Z-window) and QCD bkg : e eey ]
estimates 10° e :
* No excess found in HT+ET™sS —
95% Bayesian credible interval |
for RS KKGluon 6*BR including 200 400 600 800 1000 1200
systematics as integrated nuisance H+ET™ (GeV)
pars. r= R L L B T
— — Y400 /gs=-0.20 -+- Expected limit
m _ gqquK/g,S =-0.25 [ Expected = 10
© 102 g /g =-0.30 Expected + 20 __

909, /oS _ |
- gqquK/ 9,=-035 . Observed limit =

gKKetf
\s=7TeV

* Exclude RS KKGluon with f
Mkk below 0.84 TeV at 959% CL 10

Mass Limit (TeV) B )
Jaqoxk9s | Expected | Observed - f L dt=1.04fb

—> -0.20 0.80 0.84 — —
defaU|t 025 0.88 0.88 1 ; ATLAS Preliminary -
_0-30 0.95 0-92 T 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1

-0.35 1.02 0.96 0.4 0.6 0.8 1.0 1.2 1.4 1.6

mg_ [TeV]

francesco.spano@cern.ch Top Quark production @ LHC BSM4LHC 17
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Top Charge Asymmetry measurement

e |n pp/pp—tt t/anti-t have different differential distributions from
pQCD. NLO effect in gq /qg—tt/ttq: interference of amplitudes
that are relatively odd under t & anti-t exchange.

Tevatrond top
anti-top

¢ At Tevatron (gg~85%) manifests as FB asymmetry in lab. ﬁ\

* Observe discrepancies with SM (i.e. Ars .
(CDF)~3.40 SM for mit> 450 GeV) Ay, — NAY >0) - N(AY <0)

. N(AY >0)+ N(AY <0)
v
Interference of SM gluon with new phys* where AY — Y — V;

e At LHC Arg = 0. Charge asymmetry < t emitted along q direction.
* As generally z(q) > z(anti-q), tis more forward than anti-t in LAB

frame z = proton momentum fraction LHC 4 top
: f / / anti-top
/ ,
S S— —_— s —
t/anti-t 1 | 9 q N g Y

figures by

K.Suruliz CM frame LAB frame AC — N(A|Y‘ > O) B N(A‘Y’ < O)

\ N(A]Y| > 0)+ N(A]Y]| < 0)
\_ tS | where A|Y| = |Y:| — |Y7]
17,7 4 SM MC@NLO prediction is 0.006
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Top Charge Asymmetry measurement [Ldt = 0.7 fb~! (20717)

_ | _ ATLAS ATLAS-CONF-2011-106
* Trigger on high pr single lepton (e, ) £ araspmiay || ovesimtong
* {1 high prsingle lepton (e,H), =4 high prjets” o /-=*"" =
* high Er™ssand large transverse leptonic W _ | unfolded, Zo e
mass (M) * to reduce QCD bkg - nobkg T
. -Subtraction i 1
o E7miss 5 35 (25) GeV for e (Y) chan 400~ } / e+jets
e MV > 25 GeV (60GeV - Er™ss) for e (u) chan ool . ]
e Data-driven QCD (matrix method), W+jets

normalization (from W asymmetry meas.)

» Reconstruct tt with kinematic Ikl fit
(Miop,mw constraint) = A|Y| distribution

e Subtract bkg and unfold dN/dA|Y| for
det effects (iterative bayesian) = derive Ac

e Combine e and p chan with weighted
average including syst and correlations

Ac —0.024 + 0.016 (stat) = 0.023 (syst)

consistent with SM, main accep syst: generator, pshower

francesco.spano@cern.ch Top Quark production @ LHC

Events

1400_IIII|IIII|II

~ ATLAS Preliminary

1200:_ J L=0.70 fb"

1000 UNfoOldEQ,
soo 110 bkg

subtraction

600

400f

200

) H+jets

7
7,
Z)

II|IIII|IIII|IIII_
L+>4jets (btag) ]

-o-data
Jtt MC
W+jets

Z+jets MC i
Diboson MC —
I Single top MC e
Il QCD A
Uncertainty

7

Ac = —0.028 £ 0.019 (stat.) + 0.022 (syst.)

BSM4LHC
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Search for same-sign tt production with pu* y* pairs
: : [Lat = 1.6 fb™1 (2017)

* Single U trigger, >2 central y |
isolated YU+ gspecr=qip, =1 (UTUT) . . NEW! arxiv:1201.1091
pair with M(ptu+) > 15 GeV

s - wrias | 4Duazon -

8 > JLet=16m = DomRBmPL

* Bkg: simulated di-boson prompt ps £ =~ Ns=7Tev E
WZNy,ZIvZly, W=W= i), Data-driven non < - ositively charced oae | —

. - - ositively charged pairs -

prompt pys (heavy/light favour decay) =, L, E

(matrix method with iso prob for prompt/non-

)]
|II
|

prompt uy from 1 W, high d/o(d) region). : R
Negligible charge mis-id from Z—pp. S — -
m 3 E
s oF —~+ ne =
2 s g MY 2
% 50 100 150 200 250 300 350
* No excess found— Bayesian 95%CL M) [GeV]
on N(u*p*) including syst and correlations — T oos(ttn) [pb]
. . . . - m(Z")
fiducial limits —upper limit on o(trtr) expected | observed
100 GeV | 4.2723 3.7
fid 150 GeV | 3.312 3.0
o1 () = Nos (1pt) o = 05 (Ht) 200 GeV | 2.9736 | 26
epia | Lat Afid > 1 TeV| 25704 | 2.2
same cuts as sel
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Search for FCNC-induced same sign top pair productior

[Lat = 35 pb™ (2070)

¢ 2 positive isolated leptons, =2

jets with pr >20 GeV, large

EMiss 520 (30) GeV. Also check with

negative lepton pair.

* Data driven dominant single
lepton ttbar bkg with one fake
lep from control sample with loose

lepton isolation & ID

* No excess over bkg — 95%CL

Bayesian limits systematics as log-
normal nuisance pars, cross check with CLs,

on o(tt+tt)) as function of r.h.
coupling fr and Mz — Disfavour
preferred region from Tevatron

AFB measurement

francesco.spano@cern.ch

Top Quark production @ LHC

arxiv:1106.21421

CMS L, =35pb’,Ns=7TeV

LN VNV
(2

OSSP IIIIIIIIIY

vz

PIP IS IIIIIIIY S
I IIIIIIIIIIY P
e //////

s 7 - - 1o consistent with A_, Berger et al.

i S 20 consistent with A

X
N
N
N
N
N
AN
AN
N
\
|IIII|IIII|IIII|IIII|IIII|IIII

- 22 Combined Observed Limit tt + tt]

AR

ARRRRRRRRNRN

ARNN RN NN RN RN
NRARRRRARRRRRRRRARRRN
ARRRRRR RN RN R R e
ARRNRNN RN RRRAAES

AR R R A A R TR A
NN NN RRRRR RN
AN RN NN NN
L OSSOSSGaGGGKg
AN NN NN
NN NN NN NN AR RS
A NN
AN NN AR RN
A R R
RARRRN RN RN RN R RN
A
NRRRRR RN RN

S
S S S S

S S //////////////é??//

Berger et al.

FB?

\,
\
N\
\
\
[ 111

200 400 o600 800 1000 1200 1400 1600 1800 200
m,. (GeV)

For Mz =2 TeV
get limit on
contact interactions

PR < 2.7 Tev2
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| [Lat = 0.7 fb1 (2011)
Single top status t-chan: q(vb(b)

¢ Observed in t-chan
with 7.6 sigma

o, = 9O+9(stat) +31 o(Syst)

00/0~36%

e Have 95% CL obs

(exp) upper limit A\t
o(pp —» Wt+X) <39 4l)pb /17v
* Have 95% CL obs s-chan: (vbb |
L

(exp) upper limit i\‘

o (s-channel) < 26.5 (20.5) pb b

No deviation from
SM observed

francesco.spano@cern.ch Top Quark production @ LHC

Candidate Events
@)
? 1 1 1

oo | | | |

100—ATLAS Prellmlnary o I(.).%Olft;'%@.?'ll'e\./ -
ATL-CONF-2011-1017

3 jets 1 tag

Oolll II|IIII|IIII|IIII| | | |_

100 200 300 400 500

top(lvb) [GeV/cZ]

ATLAS Prehmmary Dilepton Combined

L ® Data ]
0_ JLdt 0.70 fb” B Wi .
N I Fake leptons i

+ Z(— ee/up)+jets
| Z(— tt)+jets
Diboson

B N

ATLAS-
CONF-2011-
014 g

00 1 2 3 4 5 6 7 8 9
Number of Jets

Candidate Events

—— 17—
| ATLAS Preliminary 0.70fb'@ 7 TeV]
L 2 jets 2-tag

ATLAS data

B single-top s-channel
I single-top Wt
I single-top t-channel
B top pairs

B W-+heavy flavour

Wilight jets

Diboson
P Z+jets
B Multijets

200 400 60!
m ton b—ietd [GGV/CZ]
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Top decay as a window on new physics

inspired by figure
by D Chakraborty

Production
Cross
section

Resonant
production
Production

kinematics

Spin
polarization

francesco.spano@cern.ch

Quark Singlet, Two Higgs Doublet,
FCNC RP SUSY, TopColour assisted

SM doomre Technicolour, Warped (RS) ED
Branching W’
Fractions
_
q / g KZ ﬁ "
o

>0

- zﬂ?ﬁgi

q/ g top mas

width,
spin,
charge
tOp W helicity g
charge oy top polarization and
exotic quarks (tb) Wtb vertex
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Search for Flavour Changing Neutral Currents in tt

[Lat= 0.7 fb™ (2011)
* single lepton trigger, 3 isolated high

pt leptons (e,l) from same prim.
e >2 jets: (sub) leading with pr >20 o v

Events / 3 GeV

vertex,leading lep flav.= trigger flav.,=2
opposite charge and same flavour

e |M(t*,0) - Mz |< 15 GeV

(30) GeV, large ET™SS >20 GeV.

e Bkg: dominant di-boson from simul.(\wz,72).
Data-driven fake lepton (jets) bkgs: 1 Www &

di-lepton tt from sim., Z+jets from Z-control region), 2 (W

ATLAS-CONF-2011-154

450 ATLAS Preliminary o data E
40 - — tt—> bWqz signal_:
J Lat=0701"  Mdsm ]
35 . single top (SM) ]
E dibosons E
30 :_ Z+jets _:

o5 Z_ back. uncertainty_:

s, ]

.,Ll/./wm L

OL#H@UL’L’L’L’| —1
75 80 85 90 95 100 105

m,.. [GeV]

+jets and single top) and 3 (QCD and tt) extrapol.
from 3 same-sign lep sample. Negligible 1fake+{*{

* Reconstruct tt— WbZb with min Least
Square (m:op,mw,mz constraint) — |mwec-mw/|
<30 GeV & |miop'®° - miop|<40 GeV — NO excess
found— frequentist 95%CL on BR(t q2)
=1.1% (exp 1.3%) including syst

m [T | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TT]
& 35;ATLAS Preliminary o data _
o C — ft— bWqZ signal
30 -_J Ldt=070f"  IaEm -

B . single top (SM)

o5 C dibosons ]

% Z+jets ]

20 :2 7 back. uncertainty_f
15 7 .
10/ :

B 7, ]

28 + :

O:I 1 | L=t ! g el B | L1l %| T } llllllll | Lkl | Ll Ll | L I:

largest sys effects on

O 1. 2 3 4 5 6 7 8

nb. jets

vield:JES, mu trigger, el id
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Top quark charge measurement

ATLAS-CONF-2011-141

e Same charge asymmetry sel + S fLa-0nom' ) [ues SR
2 b-tags or 1 soft Y with pre/tojetads  bce 0 A Bz -
>0.8 GeV & DR (u,b)<O0. 4 25 Iy 72 unoorainy

. w C I | ’

* Data-driven QCD (matrix method), 200 ATLAS -
W+jets normalization (from W 15 3 E
asymmetry meas.) 10f -

* Two top charge determinations 5 ﬁ -
» In 2 b-tag : weighted sum o k=05 b L4 i

of (at most) 10 b-track ¢, Siqili- i< j=jet axis f A 05 0 05 1
: et 17 3. pi=mom. O Quomp
charges in a 0.25 cone SilJ-pil ek
4 tOp Charge IS Qcomb — ijet . Qé
O.charge of b-matched lepton «m(¢,b) < Miop
» Keep only events with 1 matched b-tag i 10'E ArLas o0
£ 10°F 3
» In soft mu : Reconstruct events with § o[ SMtopuark Exofic quark 3

Kinematic Fitter —pair jet with soft p from

W decay: top charge is Qcont®°™ = Qsofty*Qiep ™

10°

e Compare measured <Q> with expected

Measured value

distribution for SM and exotic quark (Q= " . L. fh .
-4/3e) from pseudo exp (Gaussian fluct for syst | o
and stat ) —+exclude exotic q at C.L. > 5 sigma main syst:ISR/FSR
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Measuring Top Polarization

[Lat = 0.7 fb-

12071

* Top quark decays before hadronization: 1/l'top < 1 fm — top
polarization preserved in angular distrib of decay products

iIncompatible with single top

- IsianItIe Ileptc?nlchaan]ellsl 55—
‘g 1000~ ATLAS Preliminary e ot _l . - ATLAS Meiminary ook ok
: soo:— J Ldt=070f" ; %:M:%:és} fit. ”_t_: 15_ det=0.70fb'1 a”oj:d/:ez;ns g
P — . - uncertainty best fi 1 o E
t Wb V-A v.erte>§00__ E 5; ATLAS-CONF-2011-122
» helicity fractions | 1 o
from angle 400}~ 4
between lepton ¢ 1 %F TopFi Vi1, Vg0 -
from W and 200:_ - 4 06 04 02 0 0z 04 0s
I ' - . . Re(g)
reversed b-quark of—g—ge—gi s 5o s —a— @nom. couplings limitéd
direction in W cos¢* Py asymmetries
rest frame € [ | Dilepton channel
it [t reliminary 7
. . , . [:ig_(AI=0) ATLAS Preliminary
o tt spin correlations: expect correlation in oo Eonser  Ju-omont
decay products mikceons

In di-lepton events (I*vi-vb), |bw - i
separates SM from no-corr

No deviations from SM

francesco.spano@cern.ch Top Quark production @ LHC
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Some words on prospects (personal view)

e Expect higher statistic searches to extend limits in the TeV/
sub pb region

» boosted top regime will use new tagging/reconstruction
technigues, associated syst uncertainties

» consider jet triggers for boosted regime
» pile-up understanding for standard and “fat jets”

e Go for precision realm in tt cross section + observe single
top beyond t channel. Measurements are mostly systematics
dominated (that’s where the work is).

e Go for differential xsec measurements (do/dmi, do/dpTit , do/
dpr.top, do/dyit) test SM and complement direct searches
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Conclusions

* Top analysis is in full swing thanks to the combined
performance of LHC & detectors: a very rich program is already
underway.

* The rapidly increasing data-set and detector understanding is
quickly opening unprecedented phase space for new physics
searches linked to both top production and decay ranging
from resonances to dark matter candidates

e Present measurements do not show deviations form the standard
model.

e Analysis of full 2011 dataset is in process. Expect new results in
coming months. Eagerly await more luminosity in 2012.
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M\ LMO™

Q4 — Wg CONF-2011-106

Search for 4th generation quarks
[Lat = 35 pb1 (2010)

* Approximate mass reco in
collinear assumption

T | T T T | T T T | T T T
ILdt =37.0 pb' 95% CL

b)

* Binned max Ikl Fit of data - S 107 jra-aroe SR
>S|gma and Shape E ATLAS Preliminary E)/ISdian IZXI;_).ec.tted Limit
* No excess over bkg - 95%CL £ =

limit set with Neyman construction a la "
Feldman-Cousins: maqa >270 GeV :

PR TR SR NN N W N N L L R R R
1 260 280 300 320 340 360 380 400
Q, Mass (GeV/c?)
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LHC : a Top producer

counter-rotating high intensity proton bunches colliding at center of mass

energy (Ecm) = 7 TeV in 27 Km tunnel
Ecm(Tevatron)= 1.96 TeV eventually: Eom=14TeV (7 TeV per beam, design valué)
' pbarameters: S e 201 1

Nl N2 Ty N; = bunch intensity

np = number of bunches

L
0-2 o = colliding beam size

S 7 {Ldt‘betwéen 1 and 3 fb- 1/exp» -
| rf’ T G2 RO
i | R

Opeakhﬁ
luminosit ‘2.3'103*2
cm™2s-

* delivered integrated
luminosity~50 pb

% run, parameters depend on 2011 perf.

e, 5

_

Nevents(At)= [Ldt * Cross section

BSM4LHC 31
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Simulation SM Monte Carlo used in top analyses

(Generation A=ATLAS, C=CMS
e Top quark : MC@NLO (A), MADGRAPH(C)
» xsec is normalized to NNLO from HATHOR

» variations with ACER (A), POWHEG(A,C) Simulation for pile-up
» tau decays with TAUOLA mostly included (from
e Single top : MC@NLO(A), MADGRAPH (C) zero to 8 events on av (A) )

» t, Wt and s channels
» normalized to NNLO, remove Wt overlaps with tt final state

e Z/gamma-+jets : PYTHIA (A) for Z_tautau, ALPGEN (A) for Z to ee and Z to
mumu NLO factor of 1.25, MADGRAPH(@}

» /+cc,Z+bb

¢ Di-boson : WW, WZ,ZZ: ALPGEN normalized to MC@NLO, HERWIG normalized
to NLO from MCFM (A); W=W=, ttW with MADGRAPH (A),

e W+jets: ALPGEN (A), MADGRAPH(C)
» W+n light partons (exclusive MLM for n,4, inclusive for n=5) W+bb, W+cc, W+c

Hadronization

e HERWIG + JIMMY for underlying event for xsec(A), PYTHIA for di-boson,
PYTHIA(C)

Detector
e GEANT4
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Simulation BSM Monte Carlo used in top analyses (lI)

(Generation A=ATLAS, C=CMS
e FCNC production (u—tZ’): PROTOS
» xsec is normalized to NNLO Simulation for pile-up
* FCNC decay (t—uZ) decay: TopReX mostly included (from
» t, Wt and s channels zero to 8 events on av (A) )

» normalized to MC@NLO, remove Wt overlaps with tt final state

e Z/gamma+jets : PYTHIA (A) for Z_tautau, ALPGEN (A) for Z to ee and Z to
mumu NLO factor of 1.25, MADGRAPH(C)

e Di-boson : WW, ZZ- HERWIG (A) normalized to NLO from MCFM; W=W= W
with MADGRAPH (A), PTHIA(C)

e W+jets: ALPGEN (A), MADGRAPH(C)
» W+n light partons, W+bb, W+cc, W+c

Hadronization
e PYTHIA

Detector
e GEANTA4
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ATLAS & CMS: Top observers

3 (ATLAS) or 2(CMS) trigger
levels for event selection

N
Tile calorimeters

| LAr hadronic end-cap and
W, forward calorimeters
\

| Wr electromagnetic calorimeters

"' Pixel detector
l

u
{7 , SizZze
\/,/~ Toroid magnets /
Muon ch'ombers Solenoid magnet | Transition radiation tracker m att e r S

Semiconductor tracker

Magnetic field 2 T solenoid + toroid (0.5 T barrel 1 T endcap) 4 T solenoid + return yoke
Tracker Si pixels, strips + TRT Si pixels, strips
o/p;=5x10%p;+ 0.01 o/p;= 1.5x10%p; + 0.005
EM calorimeter Pb+LAr PbWO4 crystals
o/E = 10%/VE + 0.007 o/E = 2-5%/VE + 0.005
Hadronic calorimeter Fe+scint. / Cu+LAr/W+LAr (10A) Cu+scintillator (5.8\ + catcher)/Fe+quartz fibres
o/E = 50%/VE + 0.03 GeV (central) o/E = 100%/VE + 0.05 GeV
Muon o/p;=2% @ 50GeV to 10% @ 1TeV (ID+MS) o/p; = 1% @ 50GeV to 5% @ 1TeV (ID+MS)
Trigger L1 + Rol-based HLT (L2+EF) L1+HLT (L2 + L3)
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Ingredients | : leptons
* Azlr]cluster|% [1.37,1,52]
A=ATLAS,C=CMS
* C=||']Cluster|¢ [1.44,1,57]
Electrons

* (A) E scale from data known at 0.3 to 1.6%
up to 1 TeV (C) ECAL scale known at level

of 0.6% to 1.5%

¢ ;solated central*combination of shower

shape , track/calo-cluster match (correct
for Bremsstrahlung, veto conversions )

» |Noluster|<2.4 (A) or 2.5(C), pr>25(A) or 30(C) GeV
» remove duplicate close-by (AR< 0.2) jets
(A) or reco objects (with Particle Flow(PF))

* Muons
» pt scale known at =<1%

» iIsolated central combined fitted track
from primary vertex

’:’lr]track|<2.5 (A) <2.1 (C), pT>20 GeV

*suppress heavy flavour decays: no
with AR< 0.4 (A) or 0.3 (C) from a jet

scale factors to correct small data/MC mismatch

francesco.spano@cern.ch Top Quark production @ LHC

Events / GeV

- ATLAS preliminary
- Data 2010, \'s=7 TeV, JLdt.--4O pb’

1200
" 6,,,=1.8810.08 GeV |<2.47
1000~ q,,. =1.60+0.02 GeV e~ Data
800 — =t
; D Z—ee MC
600+
! ATLAS Public
400} FGamma
200

% 75 80 85 90 95 100 105 110
m,. [GeV]
x10° CMS preliminary

36pb’ at\s=7TeV |

—l
o
| | L

e data CMS-PAS-

0 Zo v EWK-10-005

number of events / GeV

M(u*uw) [GeV]
BSM4LHC 35


mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch
http://%3Chttp://cdsweb.cern.ch/record/1337017/files/EWK-10-005-pas.pdf
http://%3Chttp://cdsweb.cern.ch/record/1337017/files/EWK-10-005-pas.pdf
http://%3Chttp://cdsweb.cern.ch/record/1337017/files/EWK-10-005-pas.pdf
http://%3Chttp://cdsweb.cern.ch/record/1337017/files/EWK-10-005-pas.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/EGAMMA/egamma-2010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/EGAMMA/egamma-2010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/EGAMMA/egamma-2010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/EGAMMA/egamma-2010/

Ingredients |l : jets A=ATLAS,C=CMS

O 114 T T T T L T T T T T T T
*Reco: particle flow objects (C) or 3d 3 12/ wutiet ATLAS Preliminary
- - w | o Track-jet ]
calo clusters(A)— anti-kr algorithm S 1081 y et ﬁjﬂﬁﬁﬁt palance  ATLAS-CONF-2011-032 |
1.06/—4 Y et _
(R=0.4(A),0.5(C)) 1.04 I _+_ —
e pT > 25(A) or 30(C) GeV 1-0ﬁ— s so SR LT T
®|Nniet| <2.4(A) or 2.5 (C) o-gs_:“*ﬁi“fﬁ T -
0.96— _|
0.94 :# _
_ _ _ 0.92— JES uncertainty anti-k, R=0.6, EM+JES —
* Calibrate jet energy scale with (n,p1) oo~ r————35

dependent weight from simulated DA T """""" > 07 [GeV]

“true” jet kinematics+ pile-up offset  oCMS,L=36pb"  \s=7Tev

Cor["ectlon .°\_°. 9_ | = Total uncertailnty§

g o ~Photon seale

- Extrapolation .

% 7E +Offts.etp(()20t1 8) =

e Scale uncertainty: between 2% to s ¢ Byl

0/ i :

8 /O n pT and rl % i' Anti-k; R=0.5 PF
e Contributions from physics modelling, o 3
calo response, det simulation ?, o
* in-situ validation < 1 e :
Jet pr range in single lept top pair events 4-1 ------- > p_(GeV)

~average jet prin single lept top pair events
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Ingredients lll: missing transverse energy (E

* Negative vector sum of

» A: energy In calorimeter cells,
projected in transverse plane
associated with high pr object +
M mom. + dead material loss

» C: energy/momentum from 1) PF
particle flow objects or 2) Calo
towers + Y or 3) TC: Track +Calo,
no double counting

projected Iin transverse plane

Events / 2 GeV

Data/ MC

¢ Cells/towers/tracks are calibrated
according to association to high pr
object (electron, photon,tau, jet, muon)

e Calo cells with overlapping
association are counted once

francesco.spano@cern.ch Top Quark production @ LHC
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-
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IIIITIII T T

r T r T

......

vvvvv

ATLAS Prellmmary
e Data 201 )\ 7 TeV
C_JIJMCW-—
CIMCW o1
B \\C ttbar
Bl VC WW
CIMCZ - ee
] MC WZ

J Ldt=36 pb"

1\ iy uul II

n -

2 o o

BRI

* 4

ot

ATLAS-CONF-2011-080 -

7Y . PRI
T

N
ol

N
o

15

10

—+— type2 caloF, (Data)
— type2 calof; (MC)

—t— tcK, (Data)
— tck; (MC)
—¢— pfE; (Data)

(M
(D
— PfE; (MC)

mu/z‘/ /ez‘ evem‘s

CMS \s=7TeV

o

150 250 300 350 400
Calibrated pfXE; (GeV)
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= Ingredients IV : enter b-jets
% 'B-hadrons~ long lifetime ~observable flight (few mm)

/N Tagging

Jet L3D/O-L3D

e A: (1) jet prob from track impact parameter
(IP) (2) 3D decay length significance of sec.

vertex (SV) (3) Neural net with 1), 2) + mass of
SV tracks + Notrack vertices+ Esy(tracks)/Epy(tracks)

e C:(1) 3D SV decay length significance &
Nracks >3) (2) track IP signif. & =2 or 3:high IP

signif. tracks
Performance
¢ Efficiency: fit fraction of b-jets in sample
with muons in jets, count # b-tagged

e Mis-tag rate: from SV properties (invariant
mass of tracks (A), rate of negative decay length /

Impact par significance (A, Ci )

Efficiency/mis-tag : from 80%/10% (track/NN
based) to 40%/0.1% (SV based)

pT1 dependent scale factors to correct MC

francesco.spano@cern.ch Top Quark production @ LHC

A=ATLAS,C=CMS

Untuned simulation & jet flavor fractions

—_
o
[e)

ATLAS Preliminary
Pythia Dijet MC : light jets
Pythia Dijet MC : c jets

mmm Pythia Dijet MC : b jets

e data 2011

—_
o
<

f Ldt = 330pb”

—_
o
[«

—_
o
[$)]

High-performance tagger:
IP3D+SV1

Number of jets / 0.96

—_
o
~

—_
o
w

20 30 40
IP3D+SV1 weight

O : l ‘. ..n 0.0 1 |
% é * Hongesees®” o “--...°..¢,++? ++T ‘
% g ‘ ¢ q

530 0 0 70 20

CMS-PAS-
BTV-11-001
Shape
comparison
0 1.4p
= 12f
m C
W 3
O g8
:I IIIIIIIIIIIIII
B T R [/ R | S T R
TCHE discriminator
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Bo0osted top ingredients in ATLAS
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Search for excess in top pair production vs Ms: towards
boosted config

ATL-CONF-2011-087

semi-leptonic di-top-jet
GAILAS candidate

i EXPERIMENT

n Number: 180400, Event Number: 54251178
Date: 2011-04-28 03:33:58 CEST

—Hadronie

| | | JLeptonic top

. d
.'-' LB candldate o

| Hadronic top

candidate =\
™

Hadronic top
candidate

Leptonic top
candidate
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Towards boosted tops: understand _“tfat” |et substructure
i The hadronic |eg ATL-CONF-2011-073
Anti-kt R=1.0

©0.018 - Y s > F ]
0|, - ATLAS Preliminary /;Tt]/.xs;g:o data: 35 pb - . (3 0.04- ATLAS Preliminary = ATLAS 2010 data: 35 pb"
=0.016 —— Pythia MC10 E o o = — Pythia MC10 3
"—Ib-o 0.014F — — Herwig/Jimmy ] \%0-035 — — Herwig/Jimmy =
0.012 - e rlorwig:+ = ~v 003 —o e Herwig++ _E
- Anti k; jets with R=1.0 ] i L =
el TN kT 0.025§ b e 3
0008 .......... —: u 0.02:_ PV s M ) _:
— E distance - E
]
0.006 i S — - 0.015 -
W 0.004}...k — 3 of 102 0.01F =
- — = 7 - .
-et O 002__ ] = = - E
1 g " , ] splitting 005t ;
(U 0 1 1 I 1 1 1 1 I 1 1 1 1 ! 1 1 1 1 : ! . O_I L . . . |.. o
ol 5 ST '
D i _‘_l;__________________ ------------- 100o0noonEoocepal (U1 '5
S 1 = el e T = o e e
E0.5 7] EO 51
00 10 = tmggg[Ge\?;]()o 0 20 40 60 80 100 120 140 160 180 200
Cambrldge-Aachen jets R=1.1 Ve 15V
[Foord-ATLASPreiminay L 5 ool ATLAS Prefiminary T
ol Pythia - o ——— Pythia
S I~ —— — HerwigJimmy 1 E —— — HerwigJimm
"—I-g 0.01; ------ Herwig++ 7: 1—|-§0 008 :erwi:: ’
o Cambridge-Aachen R=1.2jets 4+ L s ; {0
0008~ " Noy = 1. p. 300 GeV, [y <2 ] ga'_“bf_'dge'Aa?he” R=1.2 jets
B D S Pv= 5 Pr ’ 7 i plit/Filtered with qu>0.3
Mjet after oo

Npy =1, p; > 300 GeV, |y| <2

- == splitting and o«

Miet s filteringala oo

e BDRS o =
s O_g u = ] n :; a 1.22
04k E = 08

0255 700 150 200 250 300 0e :

wotMass [el] 02="%p 700 150 200 250 300

shaded areas include syst+stat uncertainties Jot Mass [GeV]
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Where to from here”? Towards new territory...

D__Top

Light quarks T

Resolved  pavar

-

neutrinc

lepton
quark

ATLAS-PHYS-PUB-2010-008

Mi =1 TeV mass and anti-kT
(R=0.4): resolved case is 86%

of events
For AR=0.8, My ~1.7
TeV, Pr ~600 GeV

M =with 2 TeV mass and
antikt (R=0.8): 60% events are
boosted
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Prospects:reconstructing had boosted top jets

At hlgher thop (Mtt)_'“top jet” uses Iarge cone ATL-PHYS-PUB-2010-008

anti-kr R=1.0, PT jet >200 GeV, /wjet >100 GeV 802551 | ATLAS Preliminary-
5 :E Simulation -
c - — Top Jets
, | =§ (12511 ----- QCD Jets -
/' —tt with £oob anti-kT, A=t
A9 1®
matched partons | E
0.1~ -19
— L& tOp : 18
[ 0.05- —'c—é
o6~ "T50 300 250 300
M' t Mj [GeV]
je
BOOSted _ _ ATL-PHYS-PUB-2010-008
ATL-PHYS-PUB-2010-008 L ATLAS Preliminary
§ 0'2;_ : ,l ATLASI Preliminarly_g E SITOUI?ZEH E
go18 e Simulation o006 T L Q0D Jots
G 0.16¢ ; —TopJdets S 0.05F antikT, R=t |
Sorar | oD had ic | T 18
O anti-kT, R=1 J o aaronic eg 0.04 B
0.08" 19 0.02- | £l
5 E i ) o ©
o0n gmass of sub-jet pair 00f ST -
.04 s : N T s s L
o02- . | 1§ with lowest mass R T 1\% 200
gy ———t——="  force 13 split : AT
0 50 100 150 P kT distance of 1—2 splitting

Q,, [GeV]
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Split and filter procedure for Cambridge -Aachen jets

* 1) Undo last clusterig step : get two subjets j1 and jo

e 2) If the splitting is such that

» most massive sub-jet has small mass compared to parent
jet :m<mu large mass drop

**indication of hard interaction

» symmetry in distance variable

“*opposite to QCD behaviour: peaked to low z i.e. y due to gluon
splitting

® go to step 4)
e 3) Redefine jet as the starting jet for un-clustering
» because one considers that j2 is just a soft jet from QCD

¢ 4) Re-cluster constituents of parent jet j with CA with R=min
(0.3, dRj1,j2/2)

¢ 5) Re-define the jet as the sum of at least 3 of the new sub-
jetS min(n,3)

‘j= Z S.
i=1

min(ptzjl’ptzﬂ) 2 oy = 2 2
Y2 = - OR% ORj1,2 = [0y} p + 09 -
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Searches for new phenomena with top: Results
* Compare data to Standard Model prediction. No excess found.

Set limit o
one spectrum one likelihood
e~ (b+Leo) (4 Eea)kp(gu)p(ﬁ, e Value (LKL)

P(o,L,e,blk,I)

................... k!
ATLAS Preliminary 33 pb”" @ 7 TeV <
top =
2 +Jets 2
10 Z+Jets 8
QCD muon Q
QCD ele =
e ATLAS data ‘g
5
[0}

10

Candidate Events

: O0=0Bswm ,
0 500 1000 1500 ZO;EJO FI—AT PR|OR LKL One |imit:95% Of

M(4jlv) [GeV/c?](dRmin method) A Lkl O- do-
BSM=Z' or QBH JLKI(Gbsm) dobsm

Data: do it once

O'Lirlnit,bsm
Monte Carlo: take SM only,
fluctuate bins content for — | -
5000 exp i.e. 5000 limits /\ Obsm

: l _ . Include syst: fluctuating SM shape
Expected limit = Median of limits, \ith Gaussian/Log-Normal for each

Error bands = Spread of limits  syst then average to get one LKL
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Search for excess in tt production vs Mr:towards boosted

mass of sub-jet pair
with lowest mass
force 1—3 split

CATLAS

JA EXPERIMENT

n Mumber 0400, Event Mumber.

= & tOp

ATL-CONF-2011-087 kTt distance of

semi-leptonic di-top-jet candidate 1—2 splitting

MC expectation

Tag top jets Understand substructure of large cone (fat) jets
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Top cross sections in ATLAS/CMS
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Selecting top pairs - single lepton

* Trigger on high pr single lepton
(e;H)

¢ Good collision and no jet from noise/
out-of-time activity

* > 1 high pr central lepton, reject di-
leptons
» A: exactly one lepton

» C: = 1 electron, reject if |m(ee) -Mz| <15
GeV for any ee pair, no lower pr U1 OR
only one U, no lower Et e

e > 3 central high prjets

¢ A: high Et™ssand large transverse

leptonic W mass (M) * to reduce
QCD bkg

o Frmiss 5 35 (25) GeV for e (U) chan
e MW > 25 GeV (60GeV - E7™ss) for e (M) chan

Top Quark production @ LHC

francesco.spano@cern.ch

Q|

NEW! ATLAS-CONF-2011-121

arxiv:1106.0902

TOP-10-003

b A=ATLAS,C=CMS

W+

l+

9 [Ldt = ~690 pb' (A)
(2011), 36 pb' (C) (2010)

A

C

e

H

e

tt
bkg

TotEXx

5232
18920

24152

7478
33482

40960

325
948

1273

Data

23824

41137

1611

= 20, py (1 - cos(@' — ¢)

BSM4LHC
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Backgrounds estimates - single lepton

D

ool  ® simulated shape

* normalization from charge ¢
asymmetry of W prod 2

before b-tag (A), floatlng(C)

o W+jets

e A:Combine isol. prob for real
and fake lep in control region
with N(isol. lep) and N(non-
iso lep)—isolated fake lep

-1 ® C:shape from non-isolated or
failing el-1D/quality, floating

g

10°E

10*

A=ATLAS,C=CMS

ATLAS-CONF-2011-121

~ ATLAS Preliminary _

2011,\s =7 TeV

1.
J-Ldt 070 16" =,

+++++

10°E

e + Jets .QCDMIlet
.Othe

Jel norm.
q’ q > .
arxiv:1106.0902  °*
* Single to , g 10— l l l g
d P e Simulated g ggﬂ%_1 at N5 = 7 TeV ; tE%ata -
b u+jets ] 3
[ Single-T: ]
g Sha,Oe+ - = V\;n_)glve op .
' b Zy—IT S
rate set to 10t . :
SM (A) ; 10° ;? _
* Di-bosons floating (C) ok
(WW,WZ,Z22) b CMS
1 - | |
0 1 2 3 =>4
Jet Multiplicity
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Cross section - single lepton A=ATLAS,C=CMS

g 300ETATLAS Préliminary | ey =

g 3000 “+L4d:t:-70 " § z\/gée't\;um_et _i

e Build discriminant from signal+ ¢ s NEW! e =
bkg templates of 2000 ATLAS-CONF-2011-121 ]

exp[—8 X Al

» A: lepton n, pr of highest prjet 1500

aplanarity (—top is more spherical), oo M4 Jets
Ht3p, ratio of transverse to 500
longitudinal activity («top is more

1.4

MC / data

transverse) 2 + -
» C: ET™iss for 3-jet bin (vs QCD), o3 1T T

0 01 02 03 04 05 06 07 08 09 1

M3 for = 4-jet bin, mass of 3-jet explax Aty
system with highest vectorially

s gc-=

. :> Tt r T L L L T
combined PT 3 Soofgelswpsb'1 at \'s = 7 TeV _*_Data .

LO og50—e+jets, N =3 . tt_ ]

7 - Jets % Single-Top 7

c - W—lv ]

e Extract ou ,0u«g by binned T S Wz -
- n = n = ~ ~ * * -+ 7]
likelihood fit of discriminant to 150 4 T
data in A: 3, 4 and = 5-jet bins, 100 E
C: 3 and =4-jet bins - .
50 -

00 2020 60 80 100 120 140 oo
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Cross section and syst. uncertainties - single lepton

(e, 4 combined)

ATLAS-COM-CONF-2011-132

(7)) 20———77+——7————7—————7 17—
= 3 Jots ATLAS Preliminary - Data 2011, Vs =7 TeV
) ets = ..
= 2000 IL dit=0.70 fb— M it B QCD Multijet
= pei] O W+Jets W Other EW
1600 g
1200 u + Jets 3 Jets e + Jets
. 4Jets |, =5Jets ;
800 :
400 5 |
= | s 1
S 1.0 %ﬁmm.»*w*—++++*+-+#Ht+f+-++++ﬂ+ﬁ++}++++++#f++F+t++++*¢+“’*+w*;*;q#f##ﬁa##ﬁthﬁ} 1
jel = .
5 0°¢ =
o = - - - - . =
0 20 40 60 80 100
Likelihood Discriminant
A

o7 = 179.0+£3.9 (stat)£9.0 (syst)+6.6 (lumi) pb

NEW!

most syst uncertainties part of Ikl fit as
Gaussian nuisance parameters—reduction in
JES,ISR/FSR (20% to 70% of initial value)

still syst-dominated: generator ~3% lepton

scale~2%
* 30/0=6.6% (stat~0.5%, sys~5%)

francesco.spano@cern.ch

Top Quark production @ LHC

A=ATLAS,C=CMS
arxiv:1106.0902

- CoMS
3 95% confidence belt
[ 68% confidence belt
2.5 ~
oF =
155 =
3 :
0.52— _i
O_ . L, | e
0 0.5 1 15 2 2.5 3
Bln
C {f
o = 173x14(stat) *3¢-29 (syst)=7(lumi) pb

esyst included in pseudo exp to derive
Neyman CL belt for max Ikl fit

e syst-dominated (JES~18%,
factorization scales~7%)
* 50/0~23% (stat~8%, sys~21%)
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= Ingredients IV : enter b-jets
% 'B-hadrons~ long lifetime ~observable flight (few mm)

/N Tagging

Jet L3D/O-L3D

e A: (1) jet prob from track impact parameter
(IP) (2) 3D decay length significance of sec.

vertex (SV) (3) Neural net with 1), 2) + mass of
SV tracks + Notrack vertices+ Esy(tracks)/Epy(tracks)

e C:(1) 3D SV decay length significance &
Niacks >3) (2) track IP signif. & =2 or 3 high IP

signif. tracks
Performance
¢ Efficiency: fit fraction of b-jets in sample
with muons in jets, count # b-tagged

e Mis-tag rate: from SV properties (invariant
mass of tracks (A), rate of negative decay length /

Impact par significance (A, Ci )

Efficiency/mis-tag : from 80%/10% (track/NN
based) to 40%/0.1% (SV based)

pT1 dependent scale factors to correct MC

francesco.spano@cern.ch Top Quark production @ LHC

A=ATLAS,C=CMS

Untuned simulation & jet flavor fractions

—_
o
[e)

ATLAS Preliminary
Pythia Dijet MC : light jets
Pythia Dijet MC : c jets

mmm Pythia Dijet MC : b jets

e data 2011

—_
o
<

f Ldt = 330pb”

—_
o
[«

—_
o
[$)]

High-performance tagger:
IP3D+SV1

Number of jets / 0.96

—_
o
~

—_
o
w

20 30 40
IP3D+SV1 weight

O : l ‘. ..n 0.0 1 |
% é * Hongesees®” o “--...°..¢,++? ++T ‘
% g ‘ ¢ q

530 0 0 70 20

CMS-PAS-
BTV-11-001
Shape
comparison
0 1.4p
= 12f
m C
W 3
O g8
:I IIIIIIIIIIIIII
B T R [/ R | S T R
TCHE discriminator
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Cross section - single lepton with b-ta JLdt = 36 pb""
A=ATLAS,C=%MS P J A,C), (2010)

e Standard single lepton selection + large Er™iss and MW .D
. . i _ -1 _ Top
* Bkg shapes/normalization as no-btag = C“": Proliminary [[L=56 pb', ST Wi
C 2003— % :T; :T; ;;Z .be
e > 1 b-tagged central high prjet SO I A
i 150 - N o < W+LF Jets
Max Ikl fit to secondary vertex : | =1
mass in 2d p|ane of (Njet ,Nb—jet) 100} arxiy:1108.37}73 e
o = 150+ 9 (stat.) £ 17 (syst.) £ 6 (lum.) pb. col 5-1taglel
50/0~13% S
0 50 5
Secondary vertex mass (GeV)
A L B L L

. . . . . L(N) E AI'I'II_AISIF;rIeIiIrrI]inéry u+ 4 jets

e Max Ikl fit of 4-variable discriminant g [+ AlAs  5F
. . . £ 1Rk CONF-2011- W-Jets -

e replace leading jet pt with average of © ¢ :

035  mmomer
two largest jet b-tagging probability
(—top has more b-jets)

Ldt=35pb" -

10 KS test: 0.25

ot =186 +10 (stat) + 215 (syst) +6 (lumi) pb 'L _
50/0~13% 1_ | -

10 6 8 10 12 14

Syst uncertainties fitted as nuisance pars in ,orof//e /k/ W,
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Selecting top pairs : di-lepton A=ATLAS,C=CMS

¢ \/ertex and quality cuts (2011) [Lat = 0.7 pb1 (A),
o After single (A,C) lepton and di-el (C) 1.14 fb™1 (C)
trigger (A), exactly (A) or at least (C) *
two opposite sign high pr central .
leptons (ee, ey, u) e

e > 2 central high prjet - f t

e High ET™ss for (ee, MH) (at least >30
GeV) or transverse activity (ep) V  ATLAS-CONF-2011-100

® Hr=Yjets lepts |07| (A) Or Yiept transv. mass(C)

CMS-TOP-11-005 NEW!

e for (ee, pp) veto low di-lep mass Backgrounds
(<15(A),12(C) GeV) & Z-like(mass window )
events /Y +]ets
o if = 1 b-tag, relax E7™ss QCD, Di-bosons
single lepton
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Di-lepton - main backgrounds
A=ATLAS,C=CMS 2011) [Lat = 0.7 pb1 (A), 1.14 fb1 (C)

e “Fake” leptons from data

» Get probability for loose “fake” (A, C) and real (A)
leptons to be in signal region (A)+ control samples
enriched with real (in Z window) or “fake” (low Et™ss)

leptons (A), multi-jet single loose lepton sample (C)

» Combine with N(di-lep) for all loose/tight pairs (A) or
only loose pair (fail tight) (C)—fake tight (i.e. signal) lep

o Z/Y* bkg (ee, uM) : scale non-Z/y*-bkg-subtracted
data in Z-mass window control region with ratio

of N(Z/y*) in signal region to control region from
simul. >1-btag

ee (A) [ee(C) |UUA) | Lp(C) [euA) [eu(C)

tt 167 | 427 | 314 | 559 | 666 |1487
Bkg | 25 | 78 | 45 | 100 | 68 | 141

Tot Exp| 192 | 505 | 359 | 659 | 734 |1628

ATLAS-CONF-2011-100

Events / 35 GeV
<

0

(2]
-

S 107
210
L

Data | 202 | 589 | 349 | 688 | 823 |1742

Obs/Exp Ratio

francesco.spano@cern.ch Top Quark production @ LHC

_ ATLAS Preliminary b-tag eu .
: fl_dt=o.70fb'1 g

 Data

Z/y *+jets
Fake leptons
Bl Other EW -

100 200 300 400 500 600 =700

0 20 40 60 80 100 120 140

H- [GeV]
-----------------------------
CMS preliminary, 1.14 f5" 2 $2° j
ee, uu, eu channels mw E

missing ET(GeV/c)
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Di-lepton results A=ATLAS, C=CMS

* Include estimated background

* Cross section from likelihood fit combining channels and
including systematics as nuisance parameters

A C
L +16
no b-tag o =171 = 6(stat.)” | ,(syst.) £ 8(lum.) pb. 50/5~11% NEW!
b_tag o = 177 £+ 6(stat. )+17(syst )" (lum.) pb.  169.9 + 3.9(stat.) + 16.3(syst.) + 7.6(lumi.) pb

00/0~11% (no-tag) and b-tag) B B A
& [ CMSpreliminary, 1.14 6" Z° .
TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT (/] I?OOO __ee, MM’ eM Channels =th/\{{*_)|+|- (l_e M)__
2 | ¢ " " . B ——— T R
5 _ ATLAS Preliminary all channels 1 ¢ distributions - Do e 1
w 000 e Data i 1500 i i + tt other _
g Eisignal
B f L dt — 070 fb I:I t i | - after a“ Cuts, B N
800 / Z/y *+jets | eXCept Njets [
- % Fake leptons A 1000 B
: W omerew |
600_ _) i N NNNNNNNSNNNNN ‘
| ‘| | Syst
400} . » . , N
| I dominated! . ;!
i 8 0 Si5Ff
200} 2 JES~5% (A), S
L o i -
a : b-tag~4-5% (A-tag,C) %0; :
S : . : L'l C: pile-up~5%,lep sel~4% S~ | | | | |
=4 0 0 1 2 3 >4
Number of jets AISR~2.6% b-tagged jet multiplicity
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A=ATLAS, C=CMS

Di-lepton: p+T1 (T- had) channel new!
|Lat = ~1.08 b1 (A,C) (2011)

Check universality + sensitivity to t—=>H*+b—Tvb ATL CONE-5011-118

* One central high pt d, no low pT1 (C) el ; 128_— BG from fi ATLAS Proliminary -
Y og0f 399) Ldt=1.08tb"

* >1 jet-seeded T candidate (<cut-based algo on ;- — Sinalomi X Lo
particle flow objects (C) or Boosted Decision Tree 1o~ _ (a) E
(BDT) (A)) with opposite charge to p (OS) 3 L E
e >2 jets & =1 b-tag 105 I
i 2 i

e large ET™sS >40 (C) or 30 (A) GeV & Hr>200 +—+—:¢:—AI =
GeV (A) '200*"61'"@2'"6:;"64"bs"bé"bf"b'é"o'%'[;;

j

] _ ] A | o= 142 £ 21 (stat) £20 (syst.) =5 (lumi.) pb
e Data-driven dominant tt & W+jets T Y v .

(enriched low Niet region (A), weight W+> 00/0~21% g 7o trH AR
3jet with jet fake prob. from average of W 60, ]

+=>1jet & QCD enriched (C),QCD (non-iso
mu sample normalized to low E7™sS )

50

40+

Events / (15 GeV/

300

® Ot =N|J+T /A Lumi. Np+T from i
* C: bkg-subtracted data o :
e A: template Ikl fit of difference of C o 50 To0 150 200 250 300 550300 oo

BDT in OS & SS samples (cancel i [GeVic'
most gluon & b-jet fakes) o = 148.7 & 23.6(stat.) & 26.0(syst.) + 8.9(lumi.) pb

@)
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Fully hadronic channel [Lat = 35 pb! (A) (2010), ~1.0 fb™1 (C) (2011)

* > 4 jet trigger, good jets A=ATLAS, C=CMS

> 6 high pr jets, = 2 b-tags

» 4 jets with pt = 60 GeV (A,C), 5th
(6th) jet pt = 50 (40) GeV (C)

b

*A: no e or |, small Eymiss/ T
JET¥° & large HT>300GeV °

e Reconstruct with x? kine fit

e Data-driven QCD bkg: weight control
samples >=6 jets no b-tag (C) or 6,5 jets(A)
with data driven b-tag prob

* N« from Ikl fit to top mass (C) checked by
neural network discr. or X2(A)— o=Nt/A*Lumi

Systematics from pseudo exp. (dominated
by b-tag, jet scale, bkg norm)

95% CL upper limit

CMS preliminary, 1.09 fo ' at \[s =7 TeV
- + —e— CMS data: 1620 events

Q]

b

0\
0 10 20 30 40 50 60 70 80 90 100

Mass x°

t

t simulation

---- QCD estimate from data

combined tt and QCD

fgy= 0.250 £ 0.036

CM

S-PAS-TOP-11-007

T

00 1

50 200 250 300

350 400 450 500 550
m,, (GeV/c?)

. / 00/0~33%
syst dominated. 0 = 136 & 20 (stat.) & 40 (sys.) -
francesco.spano@cern.ch Top Quark production @ LHC BSM4LLHC
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Single top - t channel JLot = 0.7 fbr

A=ATLAS, C=CMS

t-chan: q{vb(b)

¢ Exactly 1 hlgh PT q'
central lepton (e,p),
hlgw ET"“SS (A) and

), require
exactl 2 A,C)or3 ¢
jets (A) in [n|<4.5(A)
or 5(C)

e 2 samples: pre-tag,1 b-tag (A,C),>=1b-tag (C)
e QCD and W+jets norm from data

* C: combine 2 results: 2D-max Ikl fit
to lepton-untagged jet angle & n of
untagged jet + Bayeslian estimate
from BDT

* A: cut/count on angular jet var.,top

mass and Hr, confirmed by max Lkl fit
to neural network discriminant (13 var.)

syst dominated!

francesco.spano@cern.ch Top Quark production @ LHC

Candidate Events

1(A) (2011), ~36 pb™! (C) (2070)

arxiv: 1 106 8052

40
30
20
10

0

108060402002040608 1

83.6 +29.8 (stat. + syst.) + 3.3 (lumi.) pb‘

Bl wob+wee
I we E
] W+light jets
[Jaco .
I other =

00/0~36%

ATL-CONF-2011-101

100

o)
o

0

—ATLAS Prellmlnary 0.70 fb''@7TeV —I
3 jets 1 tag . ATLAS data
P single-top t-channel
B single-top Wt
B single-top s-channel
N top pairs
B \Wob/cc+ets
P Wejets

W-light jets

Diboson
P Zijets
B  Vuttijets

0 100 200 300 400 500

op(IVD) [GeV/c?]

= 90 (stat) 5 (syst) 50/0~36%
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Single top - Wt channel g  ILat=0.7 b (A)
A=ATLAS, C=CMS w v, Q' ATLAS-CONF-2011-014
Wt-chan: qqlvb,(vivb \ € 600 ATLAS Preliminary  oiepton Combined -
_ ‘ \ q“? 500; ILdt=0.70 b i\[,)\,?ta _
e Standard di-lepton (e, ) /L.v s - s
selection with e £ 400- 2o

U o Z ID0son

B

» exactly 1 high pr central jet 300}

» cut on Yiep Ad(lep, ET™S8) to
reject Z— TT

* Data-driven QCD (/oose/tight matrix method), oE
Z/Y*+jets (extrapol. in (E7ss,M(tt)) plane), £~

8 9

6 7

Number of Jets

TT (gxtra,oo/. from low Yep Ad(lep, ET™SS ) region), § P pv—
dominant top pair (extrapol. from 2-jet bin) i el Y
: ‘hE L ratio LKL
* Cut/count and combine channels £ L (stat ratio
with max Ikl fit. Systematics fitted as LY only) / (stat
nuisance pars (jet dominated) in profile Ikl. AN | +5y5)
95% CI_ ObS(eXp) Upper |Im|t 005' 05 - 1 15 'zl’lol\‘}\t,l’t\//lﬁb\;%dl'shﬁl E

o(pp > Wi+ X) <39 41)pb  NEWD  5pp 5 Wi+ X) = 14.4733(stat) 3 (syst)
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Single top - s channel a-amas c-cus

| ¥

s-chan: {vbb
e Standard single lepton .
(e,H) selection with
» 2 high pT central jets

» only triangular cut (v >
60GeV - Ermss) vs QCD

Candidate Events

e 3 samples: pre-tag,1 b-tag,2 b-tag (for analysis)

* Data-driven QCD (electron-like jets shape
fitted to E7™ss ), W+jets normalization
(extrapol. from pre-tag & 1-tag 2&1-jet bins )

e Cut/count and combine channels with

[Lat = 0.7 fb™' (A) (2077

N

-log likelihood
>

- -k
N B

max Ikl fit. Systematics fitted as nuisance |

pars (MC generator dominates) in profile Ik.

95% CL obs(exp) upper limit
o; (s-channel) < 26.5 (20.5) pb

Top Quark production @ LHC

NEW!

francesco.spano@cern.ch

ATL-CONF-2011-118

L 2 jets 2-tag

200

- T T T T T T
. ATLAS Preliminary

——
0.70fb"@ 7 TeV.

ATLAS data

B single-top s-channel

B single-top Wt

N single-top t-channel

B top pairs

B W-+heavy flavour

[ W+light jets
Diboson

N Zijets

B Multijets

400 50
mtop, b-jet1 [GeV/C .

1.8F

0.4F
0.2F

i— ATLAS Preliminary
T AT
3 rattl(i ratio
a s Ia (stat
osk 5 ON y) +syS)
A B s DS
G,°°% (s~channel)/G}"(s~channel)
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Why TO p (q U ark) r? Masses of known fundamental particles

Most massive constituent of matter 200

Miop~ electroweak symmetry breaking scale Mree~ M Gold Atom

150
Decay and strong production rate
are tests of standard model
100
SR L e
| Efltter . 1o b:—mdlorm’up WA : U%O n'
= - = stran 50
i g i O . Mtio
——- 0
oA el | 7 top
L - Various scenarios with direct/indirect
—— :{g_{f.- P | - =

« i | coupling to new physics:
= from extra dimensions to new strong forces
~ A N |
T 170 180 190 200 ¢ t g ;

Background to possible new > < >vvv\<
physics (Higgs, SUSY) ; P :
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Data Driven estimate of Non-Z bkg - di-lepton

* Define tight (standard) and loose lepton  §9°F s ee control region -

samples relaxing SO Prlminar - dae
. : 3 _ 1 tt 3
» calo and track isolation for u 107F JL P Ml single top
. . . 6 " DY + jets :
» calo isolation, TRT hits, E/p cuts for e OF diboson
. , 10°F Il fake leptons =
® Express measured (tight,loose) samples in 1o 77 uncertainty
terms of unknown (real, fake) and o 1
estimated probabilities r (f): for real (fake) "
leptons passing loose also to pass tight 1
cuts 107"
. . . 1 2 3 >4
* Extract fake content by matrix inversion Number of ets
Nrrl|| | rr 7fl Ir Ir NRR

Ntp r(l —r) r(l1 = f) f—=r Jf—=x) NgrF
Nrr (I =r)r (I-nrf (L= f)r (I-1)f Nrr
Nl = -r) A=-n-f) Ad-HA-r) A=) - HNFF

Measure r in Z — |

Measure f in QCD enriched sample: single loose lepton, low Er™ss

(W-+jets subtracted using simulation)
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lllllllllllllllllllllllllllllllllllIlllllllllll

10* &= ATLAS Online 2011, \'s=7 TeV ILdt=5.2 fo
3

10 — B*=1.0m,<u>=11.6

10° — B*=15m,<pu>= 6.3

-
- O

Recorded Luminosity [pb ]

— — —
© Q9 ©
w N -

|
0O 2 4 6 8 10 12 14 16 18 20 22 24

Mean Number of Interactions per Crossing

also see arxiv:1101.2185
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New pnys In ttoar

25

20

15

10

Tom el one peak

1000 £~ do(pp ~ (Z'/g*

_I T T | T T T T | T T T T | T T T T | T T T T | I_ 500 — IJ'R — ’J'F‘ — mZ’/g' = 2 TeV _:
L do(pp > (¢ ~) t1)/dm; [pb/10 Gev]| L L0, CTEQSL1, LHC 7’ or
[ BR($ » tE) =1, a, =0 1 |
— i LO, CTEQBL1, LHC —100 e —- New S’[rong bosons
Lo Mg = Hp = my = 400 GeV 1 soF I
- ]— n -
| —— QWony — [ 0 Fel
: e gL | enhancements
_ ________ " (2)’5 _ 5= T ;i‘j;j e i) tower of degenerate KK gravitons ; only
- I 2 “l oetet ‘a"iT coupling) | | | gravity in N “large” extra dim (ADD)
B N | | | | | | | | | | | | | | | | | | | | | DO T T T T T T T T T T T T T T T T
B ] 1250 1500 1750 2000 2250 2500 d(,(ppl 5 (G -) tD) /dmlﬁ [pb/20 GeV] | | ]
| | tt invariant mass [GeV] " L0, CTEQ6L1, LHC - M 2800 GeV
L = 80 — n=3 ]
i Glev - ---- Mg=1100 GeV
_li | | | | | | | | | | | | | | | | | | | | | | | | 60 — ) MS:lBOO oev

400 500 600 700 800

tt invariant mass [GeV]
\ 40 —
Spin | color | parity (1,7;) | some examples/Ref. oo
0 | 0 (1,0) SM/MSSM/ " Rel. |51, 52,

0 0 (0,1) MSSM /2HDM, Ref. [52, 53]

0 8 Ref. [54, 55] 400 600 800 1000

0 8 tt invariant mass [GeV]

1 O 102 E T T T T T T | T T T T | T T T T | T T T T | T T T T

1 0 ) do(pp ~ (G ») tt)/dmy [pb/20 GeV]

1 0 (0,1) axial vector 1ol | ffl;‘;r';'ﬁf(‘f;‘ e

1 0 (1,1) vector-left T 007

1 0 (1,-1) vector-right 100 L . ifﬁ{jizzi OW,er of KK

1 8 (1,0) coloron/KK gluon, Ref. [56, 57, 58] : LT -0 gravitons ; all

1 8 (0,1) axigluon, Ref. [57] . sy articles in 1

1 - |
set of  warped”
2 0 — raviton resonances, Ref. 18 T
2 18 -2 k i u,‘,,eaxtra dim (RS)
arxiv:07/12.2325 103 p'" T
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500 1000 1500 2000 2500

tt invariant mass [GeV]
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Top spin correlation 2L+1G,

* Top quark decays before hadronization: 1/l'top < 1 fm — top
polarization preserved in angular distrib of decay products

(b="5) L

q I
>WM< mostly 9V =
massless : 3G, =l

fermions: fixed |9 L i
heI|C|ty:Ch|raI|ty dominant at Tevatron L=0,J=1 — parallel opposite
4 SpIiNs along given axis helicity

tt is produced
QCD conserves  npolarized

chirality % .;74‘
L

- mostly E% ﬁﬂ‘ﬂig
ifm->0 1SO A

chirality -> helicity =

L) . £ t

projection of spin t .
along direction of & L =J=0 — anti-parallel Sa.m.e
motion dominant at LHGC spins along given axis ~ NeliCity
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