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Qutline
e Why top quark?

* The tools of the trade
» LHC: a top factory at work
» The ATLAS and CMS detectors: top observers

e Measuring top quark production
» top pair
» single top

¢ Top Properties
» Top mass
» Angles: spin correlations (production)

e Top pair production as a window on new physics
» Resonances in tt
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Top quark is found
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Standard (model) questions _ _
e How is gravity

e What is the origin of mass? incorporated?
ELEMENTARY
PARTICLES
 Why 3 generations : %ﬁé’egi Zg"; enets
with different ges,
strengths)?

quantum numbers ?

[T

Three (

e What accounts for the energy balance of the universe?

francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures -15th Nov 2011 4
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Standard (model) questions _ _

e How Is gravity
incorporated?
Quantum gravity

Extra dimensions...

e What is the origin of mass?

Higgs, SuperSymmetry, New
Strong forces..

ELEMENTARY
PARTICLES
e Why 3 generations * Why different
with different = I I B forces (ran?ges,
quantum numbers ? | VI Z K strengths)’
| WK String theory..

4th generation...”?

I II III
sencrations of Matter

Three (

e What accounts for the energy balance of the universe?
Dark matter, Dark energy...

francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures -15th Nov 2011 5
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Standard (model) questions _ _
e How is gravity

e What is the origin of mass? < > gwcor porated?
uantum gravity

Extra dimensions...

Higgs, SuperSymmetry, New
Strong forces..

ELEMENTARY
PARTICLES
e Why 3 generations * Why different
with different 7 8 2= Q forces (ranges,
quantum numbers ? 8 A0 V4 - strengths):
4th generation...? =] String theory..

e What accounts for the energy balance of the universe?
Dark matter, Dark energy...
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From bottom to top: a history of expectations

One needs top because

b couples to s only with 240 ————
neutral mediator

b—> S + l+l_ 200

/ /

No flavour changing |r ..
neutral currents: no [ ] .

S T . A
b Iso-singlet _ | 120 L%
L e i 14 iR _.k
I3 = -1.2 for b quark L ! st Ll
required by Z width in bb b e 120 1 1l _"_ Pl gl "*
decay. Need additional 7 %,g & zidl
quark, isospin partner of b B gl Uil ¢
b, with Iz = +1.2 =
No triangular fermion loops anomalies i.e. E |
additional quark required for lept.-ferm. cancellation
. V2 lu@ == ks n+gv] qgag 1991 1993 19
S Yo

francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures -15th Nov 2011 7
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1995: top Is discovered!

Vs =18 TeVe

m‘top — 176 & 8(Stat) + ]_O(Sys) GeV/C2 5

op collisions

6.815° pb.

p source

Main Injector
B Recycler

sh

-

. ¥,
€entre of mass energy: 14806T1€V

francesco.spano@cern.ch Top Quark @ LHC

19 sel. events
exp bkg:6.9

4.8 s.d.significance

mass from
Ikl fit to shape

17 sel. events
exp bkg: 3.8

4.6 s.d. significance

Events/(10 GeV/c?)

Mtop = 199737 (stat.) £22 (syst.) GeV/c?

Oif= 6.4+ 2.2 pb.

HEP intercollegiate Post Graduate Le
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From bottom to top: the global picture A.Quadt

oa0 -0 W Eur Phys J. C48 835—1000 (2006
| | | | v ' ! " indirect bound from EWK data |
; : world average direct measurement
[ 1 CDF direct I
0B @ |t T Fii: DO direct pub.,
F I IlY 3 ) 3 . ;
< } T""" OIS TN R R
= 160 Fl 1 7.0 Bl &7l ; [ % - |
— @ L nlr -"'-.4. ' . '
@ 120 | o Tialtfimme il Lt 2009: Slﬂg|e tOp ]
@ 2| id observed!
= ] 4 ¢ [L-F- ' )
o - |l -2 ° .
S 80 L [ :
Tevatron o ) et PRL103 092001 (2009)
lower 40 ' \ : |
bouna op(SppS) PRL 103 092002 (2009) |
0 lower bound

1989\ 1991 1993 1995 1997 1999 2001 2003 2005 2007

e*e” lower bound (PETRA, SLC, TRISTAN, LEP) Year
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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

Decay and strong production rate
are tests of standard model

80 5 Ju |y2011 :
— LEP2 and Tevatron

- LEP1 and SLD
68% CL

.
-
-
a0
-
-
-
"—‘
>
-
o
e
-
e

-
........

155 175
m, [GeV]

M1op~ M Gold Atom

150
100
PhotRR(GhRE e
oy 50
I'ﬂUOlzlI

Various scenarios with dlrect/mdlrect
coupling to new physics:
from extra dimensions to new strong forces

Background to possible new > < >«/vv»<
physics (Higgs, SUSY)

francesco.spano@cern.ch
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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

eventually: Ecv=14TeV (7 TeV per beam, design value)

3

2 \/ 1 / \/ 2 n b Key parameters:
L N; = bunch intensity
OC ny = number of bunches

2

O- o = colliding beam size

dNevents/dt = Luminolity * Cross section
Nevents(At)= [Ldt * Cross section
At

francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures -15th Nov 2011 11
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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

eventually: ECM¥1 4TeV (7 TeV per beam, design valué)

Ecm(Tevatron)= 1.96 TeV/
' pbarameters: S e 201 1
Nl N2 nb Ni = bunch intensity b Lo
L X np = number of bunches
2 o = colliding beam size RS

O

s wv"

-peak?ﬁ ST N
luminosit ‘2.3'103*2 it
cm™2s-

* delivered integrated
luminosity~50 pb

= run;, parameters depend on 2011 |Serf.

_

Nevents(At)= [Ldt * Cross section

HEP intercollegiate Post Graduate Lectures -15th Nov 2011 12
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Top quark @ LHC: production(l)

tt | .
g (\/g’mt) - | .Z_ /dx@dxjfz (CEZ"u )f (xJ7M2) oI (pam‘?awiaxj?as(MQ)muZ)
1,)J=—4,49,9
p LHC(14) | LHC(7) | Tev(1.9)
99 ~90% | ~85% | ~10%
qq | ~10% | ~15% | ~90%
I'-) ' ) H1 and ZEUS HERA I+I1 10 parameter PDF Fit
To produce tt ] M |
R 2 R 0.8 _— H'ER,-\PDFI.S{prel.}
§ > 4m > vim; = §/s > 4m2/s. el
_ z - oS [ parametrization uncer
f(x) falls with larger x |:{>typlcal riz; ear |
threshold et
o~ 9 my O —I 9 @ “ev a-t rON \/ S_-I 8 T)ev “'2: 0008 ~—_
Ell> Vs 0.18 @ Tevatron /s=1.96 TeVe——="r-__. "=

0.048 (0.025) @ LHC with /s=7 (14 TeV)

Top Quark @ LHC

francesco.spano@cern.ch

107 1
|:{> ’
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Top quark @ LHC: productlon

Tevat | LHC(7) | LHC(14)
g9 ~10% ~85% ~90%
qq ~90% | ~15% | ~10%

probe low x Iin pdfs —gluon
fusion dominated

top pairs:
strong

|-
&
i

(|
S
(¢
[

Aliev et al 2011

4
Beneke et al 2010 { O
Langefeld Moch = 1 w >
Uwer 2009
Moch,Uwer 2008 11
o =165%""_16 pb
t chan
/ | Wit chan s chan
top: w= t !
electroweak " o b
g * -
b b W q W b
Kidonakis 2010 g = 64+3_3 pb O = 15. 7+1.3_1.4 pb g = 4_610_3 pb
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c (no)

Top @ LHC: in the context

proton - (anti)proton cross sections

Rate at L=
10%3cm=2 s

0.2Hz
0.9Hz

14 tt cross section

10" A A3 10’
10 : Tevatron  { LHC 3 10 JS(TGV) Sec (pb)
10° £ 1 10°
o ; o, E 1o 1'96 (pﬁ) ~7
10° = 10°

: 3 -, 7 (Pp) ~165
10° E 310" g
S S 1% 14 (pp) ~900

3 3 Il
10' E Sy 4 10’ ;
1 o (E/” > 100 GeV) 1 iz
10" 10" &

5
10° 10* for [Ldt =1 fb' @ 7TeV, expect 1.6 - 10*
10° . 10" events
10™ csjet(ETjet > \s/4) 10
10° [ Orages(My = 150 GeV) 10° Tevatron (lower energy collider): [Ldt =9.4
10° E o, (M, = 500 Gev) o¢ fb™1 on tape, expect ~ 6.6 - 10% events
10—7 ' 1 L ool T [ A : 10—7
0.1 1 10
Vs (TeV)
francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures -15th Nov 2011 15
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Jop sIgnatures  ..ipion tidecays

* High Pt jets Oy -32.4% (e.1.T)

* b-jets qq ~67.6% ook N

* 1 to 2 high Pt leptons W ELRE 4999

* Missing energy b +jets]

t b
D —0: o
L
b . single top
- W

<:|I> Jw q’/q’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 @ LHC HEP intercollegiate Post Graduate Lectures 16
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ATLAS & CMS: Top observers

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

: "‘"::T}., LAY hodronlc end-cap and
forward calorimeters =
| Pixel derector -\ S | z e

l'. LAr electromagnetic calorimeters

\//~ Toroid magnets /| |

Muon ch;'mbers Solencid magnet | Transition radiation tracker m atte rs

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)

francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures -15th Nov 2011 17
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ATLAS and CMS: Top observers.....

Top events are real commissioni

N

\\ = §7 GeV/c, @ = 2.2 ; n
X o tool: full detector at play!!
\\\ pr=45S GeV/e, n=-1., y < J .
\\ S — "l-,, '."‘ﬁ' N =
." “ ‘F_ T ,:“‘.c"..’d-l '

N R a e+tjets candidate
77 CATLAS|
/ O EXPERIMENT

cm)

N o TR ' muon inside jet =

i N
\_-A
; \S( 7
L . .

—

¥ [om)

z[em)

di-lepton (MU+jets) candidate

francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures -15th Nov 2011 18
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Total Integrated Luminosity [fb

..With excellent gata taking performance
2011 Analyses use 36 pb'(2010)

® . ~ _‘I 4
7t~ ATLAS Online Lumunosnty \'s =7 TeV . d d O . 2 to 1 " 1 4 fb (20 1 )
- [ LHC Delivered 2
6: ATLAS Recorded ATLAS 201 1
5__ Total Delivered: 5.61 fb1 g cMms .Ictal thq ated Luminosity 2011 (Mar 14 09:00 - ()ct” ‘lb:’lo I:JT(.;:
- Total Recorded: 5.25 fb™ g W || Delivered 5.73 fb
41 . , - o — Recorded 5.22 fb
R Lum|nOS|ty E | | Em etV B AR SRR R e SRRl Eb R
3L uncertainty ~3.7 to : 4 Hel o
- 4.5% (prel)% E ~ Luminosity
= | E| | ESesaU et  A ATA SA T L LT SEERC 45% .....................
- -
O: PR RS" ol [T S S T | e T e P o (O : 2
28/02 30/04 30/06 30/08 31/1(
Day |n 2011 1 ................................................................
ATLAS (2010) q ;
Total Recorded (Delivered) Lumi: W0 g st L S

45.0 (48.1) pb™

Lumi uncertainty~3.4% CMS (2010)

Total Recorded (Delivered) Lumi:
47.03 (43.17) pb

Lumi uncertainty~4%
francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures -15th Nov 2011 19
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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

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

® data CMS‘PAS‘

0 Zo v EWK-10-005

number of events / GeV

M(uw) [GeV]
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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
francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures -15th Nov 2011 21
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Ingredients lll: missing transverse energy (Exmss)

A_ATLAS C=CMS

T

r T r T

vvvvv

® Negatlve veCtor sum Of (>8 wcaE;:_ J‘ ) ATLAS Prellmmary
o - S D" .ol nReEtE NG (8N
» A: energy in calorimeter cells, : *F Swow
projected in transverse plane i e
associated with high pr object + i
M mom. + dead material loss “ ] | I
k= I | I
» C: energy/momentum from 1) PF - = = [ '8 I
particle flow objects or 2) Calo = | | ATLASCONE2011:080
towers + por 3) TC: Track +Calo, = |  auuft+! 9 D -
no double counting o £ E
projected in transverse plane | ‘ e 1GaT]
o] L L L L L B BN BN T
3 L —— type2 calof; (Data) i
i ~ T pe2calokr (MC)  51yivi1106.5048v1 A
* Cells/towers/tracks are calibrated A A e
according to associationto highpr § [ ' r&0aa) ]
: " ® 15— pfE; (MC) —
object (electron, photon,tau, jet, muon) ¢ | :
10 —
* Calo cells with overlapping I E
association are counted once - CMS \s =7 TeV g
. mu/z‘/ /ez‘ evem‘s | | | i
0 ~50 100 750 200 250 500 35 _ 400

Calibrated pfXE; (GeV)
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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

francesco.spano@cern.ch Top Quark @ LHC

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

74783

18920(33432

24152| 40960

325
948

1273

Data

23824 141137

1611

*
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Backgrounds estimates - single lepton  A=ATLAs.c=cms

D

ool - ® simulated shape
- ), I t f h ATLAS-CONE-2011-121
) ® normaiization rrom C arge 2 - ATLAS P |'| ; | L]
o W+jets asymmetry of W prod € 10°k Y et
A, before b-tag (A),floating(C) © | Jraemw 8-
W oo\, 10°F O ety e
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

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

10*
g

* QCD

q
mis-id jets,y—ete,

non-prompt leptons (b/J€l norm. 10°
c-decays) - 2 >
] e | | arxiv:11|06.0902 | Je:
O Slngle tOp W Simulated E - ggﬁ_1 ot NS = 7 ToV ;Eata _
; shape+ . o s Es\;njlve-hp B
g b rate set to o Mz
SM (A), 1 :
e Di-bosons floating (C) g
(WW,WZ,Z22) b CMS
1 : (l) ‘ll 2 3 =4

Jet Multiplicity
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Ot - Single lepton

A=ATLAS,C=CMS

2 O TS Pdimnay BAASRASIRAAR AR =
g 3000 ;_ P-+L4d:;:-70 fbr1 § igéelt;ultijet _i
e Build discriminant from signal+ @ asof NEW!' =
bkg temp'ates of 2000 ATLAS-CONF-2011-121 =
: : = exp[-8 X A] -
» A: lepton n, pr of highest prjet 1600 - P ,
aplanarity (—top is more spherical), ool A Jets.
Hr,3p, ratio of transverse to so0f-

longitudinal activity («top ismore | L =
transverse) S i
»C: ET™sS for 3-jet bin (vs QCD), I | ]
M3 for 2 4-jet bin, maSS C.)f 3_jet | | | ex;)(-BxAp;Ianarity)
system with highest vectorially -
: 3 300-CMS ]
combined PT O - 36 pb'at Vs =7 TeV _*_Data ]
LO og50—e+jets, N =3 B 1t _
7 - jets I Single-Top -
H 5 2000 e
e Extract ou ,0u«g by binned z 08,0000 Bz~
- . - - - o - 1L1LJe. [ ] QCD/y+jets 1
likelihood fit of discriminant to 150} =
data in A: 3, 4 and =z 5-jet bins, 100 CMS E
C: 3 and =4-jet bins - .
50 —
00 " "20" 40 60 80 100 120 740 760
GeV
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Ot and syst. uncertainties - single lepton

(e, 4 combined)

ATLAS-COM-CONF-2011-132

w 2400 i T T T I T T T I T T T I T T T I T T T I T T T
1= 3 Jets ATLAS Preliminary - Data 2011, Vs =7 TeV
) ets = ..
= 2000 IL dit=0.70 fb— M it B QCD Multijet

L 0 W+Jets M Other EW

1600 = |
1200 |
800

u + Jets

. 4Jets |, =5Jets

AN

o

o
I-I

—h —
o ol
_:rqlllll imm

t
Er*’*»ww*‘++++*+'+***t+t+-++++***ﬁ++}*++++++*f++1f+t++++***mﬂw‘+‘##+'++*+H“_+#++#th+h i

o
o

Ratio Data/Fit

80 100
Likelihood Discriminant

20 40 60

O-|||||||

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 @ LHC

HEP inte

A=ATLAS,C=CMS
arxiv:1106.0902

3_5 T T T T | T T T T T T T T T T T T | T T T T | T T T T

~ ' CMS
3 95% confidence belt
[ 68% confidence belt
2.5 ~
oF =
155 =
E -
0.52— _i
O_ . N N A
0 0.5 1 15 2 25 3
Bln
C ff
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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" Displaced

Tracks
4
Secondary
Vertex -
J 70
et Ll /
’ Pl
s
/ ’

/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

Ingredients |V : enter b-jets
'B-hadrons~ long lifetime ~observable flight (few mm)

Untuned simulation & jet flavor fractions

A=ATLAS,C=CMS

108
107 f Ldt = 330pb”

e data 2011

Number of jets / 0.96

104

10°

20

Pythia Dijet MC :
Pythia Dijet MC :
10° mmm Pythia Dijet MC :

ATLAS Preliminary

light jets
Cjets
b jets

10° High-performance tagger:
IP3D+SV1

30 40
IP3D+SV1 weight

o 1
g 0 ,
s g , et irenss 3
® . .'o’o".. ““OOOQ.Q.Q ¢ <
SHEL T Ty
=20 -10 0 10 20 0 0
IP3D+SV1 weight
CMS prelim. at 7 TeV, 0.89 b7
U1 a5
@10
=
5 10¢ Cmce
10°

] ) . . o CMS-PAS-
e Mis-tag rate: from SV properties (invariant 1 BTV-11-001
mass of tracks (A), rate of negative decay length / 10
Impact par significance (A, Ci ) 1 shape
comparison
() 1.4:
Efficiency/mis-tag : from 80%/10% (track/NN s "
based) to 40%/0.1% (SV based) = gg 0 SR
pr dependent scale factors to correct MC - '19”;,.,2 msgﬁmmﬁfm
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JLat = 36 pb1 (A)(2010) 0.8 to

Ot - Single lepton with b-tag 1A (©) (2017)

A=ATLAS,C=CMS

e Standard single lepton selection + large Ex™ss and Mt%W o
: : 3000 CMS Preliminary \s=7TeV [ Ldt=0.81", e(ll 7o
* Bkg shapes/normalization as no-btagz™r 0 é 2 | [Wsingte s
C - £ £ 2 Bl |m
. - 52000: I-I% w Lu m .ch
*= 1 b-tagged central high prjet 4§ = 2 2 2
% - i - - — W+LF Jets
Max Ikl fit to secondary vertex 150018 L z 2| |z
mass in 2d plane of (Njet ,Np-jet ) ool © ~ = < s
o = 164.4 £2.8(stat.) £ 11.9(syst.) & 7.4(lum.) pb & g CMSPAS-TOP-11-003 | 5i_15g-g
50/0~9%

I 50 50 50 5
sSecondarv veriex Mass (Gev)

A

, . L & [ ATLAS Proiminary | weeps |3

e Max Ikl fit of 4-variable discriminant S [ . Amas  mem
: : : £ 12k CONF-2011- W-rJets ~

ereplace leading jet pt with average of & 035  mmoms
two largest jet b-tagging probability i Lat=35pb” -
(«top has more b-jets) R
ot =186 +£10 (stat) + 215 (syst) +6 (lumi) pb 1 _ _
d0/0~13% ; :

-1 e | N L P
Wo ™2 4 6 8 10 12 14

A,C: Syst uncertainties fitted as nuisance pars in profile Ik 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' (C)
trigger (A), exactly (A) or at least (C) "

two opposite sign high pr central i
leptons (ee, ep, HH)

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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ATLAS-CONF-2011-100

Di-lepton ot - main backgrounds | AASCON0I0
G10°L ATLAS Preliminary b-tag en -
A=ATLAS,C=CMS (2011) [Lat = 0.7 pb1 (A), 1.14 b1 (C) 8 "¢ 4 Data :

: :det=0.70fb O
e “Fake” leptons from data s | Fake loptons
Ho% Wl Other EW -

» 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 100 200 300 400 500 600 =700

* Z/y* bkg (ee, pp) : scale non-Z/y*-bkg-subtracted , I 2 :

data in Z-mass window control region with ratio g S rema T

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
Data | 202 | 589 | 349 | 688 | 823 [1742|%":! i

missing ET(GeV/c)

Obs/Exp Ratio
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Di-lepton ot results A=ATLAS, C=CMS

* Include estimated background

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

A C
- — +16
no b-tag o =171 = 6(stat.)” | ,(syst.) £ 8(lum.) pb. 50/5~11% NEW!
b-tag o =177 £ 6(stat.)*14(syst)*5(lum.) pb.  169.9 + 3.9(stat.) + 16.3(syst.) + 7.6(lumi.) pb

00/0~11% (no-tag) and b-tag) @ pTTTTTTTT T
& [ CMSpreliminary, 1.14 6" Z° 1
ARANRRRRN AN AR RRR RN RAARRRARRN RRRRY ¢ AP0 ee, s, e channels Bt o)
0 TTTTTTTTTTTTT T T T T T T T T T T T T T T T T I T T T T T TTITT g i Y*_)+ =e’u_
2 - . . . —> ot
5 _ ATLAS Preliminary all channels 1 ¢ distributions - Do aco
w1 000 * Data 1 1500 |- R +tother ]
: g Eisignal i
B f L dt — 070 fb I:I t t i - after a“ Cuts, : A R ]
800 / Zly jets except Niets - S ]
- 2.4 Fake leptons - 1000 - CMS o
: Wl other Ew L i
600_ _) RN ‘ :
| ‘| ﬁ Syst -
400+ G » - : N :
| | dominated! . s
i 8 0 S15¢F
200} 2 JES~5% (A), S
L o | s
a : b-tag~4-5% (A-tag,C) %0; :
— : . . 4'1 C: pile-up~5%,lep sel~4% S~ | __ ]
=4 0 0 1 2 3 >4
Number of jets A:ISR~2.6% b-tagged jet multiplicity
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Combined top pair cross section results

CMS.\'s=7 TeV, 36 pb' arxiv.1108.37/73
ATL-CONF-2011-108 ’ ’
ATLAS Preliminary, =7 TeV
I I I I | I I I I | I I I I | I E I I I | I I I I | I I I I | I CMS Combined — @ 154 . i7 . 6
ETTLEEE Theory (approx. NNLO) (Vah;: Iu_m)
-1 . . + tot. = lum.
= L 201 :
J].dt 35 pb ( +jets, 20 0) E m, = 172.5 GeV
|Lat = 0.70 fs "(dilepton, 2011) ——
5 CMS I+jets+btag 150+ 9=17 = 6
L+jets w/ b- tagging i+—a+— 18610 '35 +6 (val = stat. = syst. = lum)
Dilepton w/o b- tagging ke 1716 15 +8 1218
Combination ..-.*.—. 176+5 12 +7 CMS dilepton 168+ 181 = 7
. . E 420 arXiv:1105.5661 (val = stat. = syst. + lum)
L+jets w/o b- tagging et 171£17 757 =6
: ] - E +17 +8 — - :
Dilepton w/ b- tagging HAe— 177£6 T4, . 7 CMS +iets e 145 4 7
(stat)£(syst)E£(lumi) 29
T e : T e arXiv:1106.0902 (val = stat. + syst. + lum)
0 50 100 150 200 250 300 Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW2008(N)NLO PDF, scale® PDF(90% C.L.) uncertainty
Gy [pb] | | | | |
L+jets w/o b-tagging  0=179 £3.9 = 9.0 £6.6 pb 0 50 100150 200 250 300
(Ldt = 0.7fb"" 2011) o(tt) (pb)

(Lot =1.14fo™ 2011) dilepton ¢=169.9 +3.9 + 16.3 +7.6 pb
NEW! (Ldt=08to1.1fo1 2011) L+ets+btag 0=164.4 +2.8 = 11.9 7.4 pb

e Combined uncertainty is ~10% dominated by systematics.
Comparable to theory

» ATLAS: 176+5+13.40+7 pb _
» CMS : 154+10+17.1746 pb
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O - S|ng|e tOp -t chan [Lat = 0.7 fb™1 (A) (2011), ~36 pb™! (C) (2010)

A=ATLA =CM arxiv:1106.3052
t-chan: qtvb(b) > C=CMS 2 ETGHS s Ns T TV < ama
L% g B t channel :
e Exactly 1 high pr q - cms Sweson
central lepton (e,l), o B
hlqll\? ETmISS A and 302_ -W+Iightjets _%
), require b mo
exactl 2 AC)or3 ¢ of _ :
jets (A) in n|<4-5(A) 0708 06 04 02 0 02 04 06'”08'”1
or 5(C) 83.6 + 29.8 (stat. + syst.) + 3.3 (lumi.) pb.
00/0~36%

e 2 samples: pre-tag,1 b-tag (A,C),>=1b-tag (C)

e QCD and W+jets norm from data ATL-CONF-2011-101

i i "g 100—?7{}[é1st2rellmmary o 070fb1&c_D7TeV —I
* C: combine 2 results: 2D-max Ikl fit 2 e — o o o
to lepton-untagged jet angle & n of o | E S o schanna
untagged jet + Bayeslian estimate ° | — e
from BDT § 50__ g;!ig;lets
* A: cut/count on angular jet var.,top — it
mass and Hr, confirmed by max Lkl fit
to neural network discriminant (13 var.) 000 500 300400500
: oplIVD) [GeV/c?
syst dominated!  00%3(stat) "3 (syst Bo70-56%
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Y Peters

- PIC2011
MANCHESTER
All we study about the Top
Top mass
Top mass difference ‘| S
Top charge v 9
Lifetime tb
Top width Anomalous coupling

New/Rare decays

Spin correlation
Charge asymmetry
Color Flow

Production cross section
Production kinematics
Production via resonance
New particles

W helicity s- & t- channel production
properties and searches in
single top events

29.08.2011 Yvonne Peters - Manchester 6
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Y Peters
PIC2011

MANCHESTER

Top Quark Mass

Free parameter of the SM

Together with W mass: puts constraint on Higgs mass

E LI N S B B B I B B B
80.70 L experimental errors 68% CL:

LEP2/Tev (M, = 80.399 = 0.023 GeV, m, = 173.3 = 1.1 GeV)|

Tev/LHC (M, = 15 MeV, 3m, = 1.0 GeV)

t L
80.60 N ILC/GigaZ (3M,, =7 MeV, 8m, =0.1 GeV) N " i
w 1% : fgrtsUSY) ] H H
sos0f . MSEMI A - - ——— Q _____
e ‘. t

M, [GeV]

80.40 |

80.30

80.20

Heinemeyer, Hollik, Stockinger, Weber, Weiglein 10
1 1 1 1 I 1 I 1 | I 1 1 1 1 | 1 1 1 | 1 1 1 A
160 165 170 175 180 185

m, [GeV]

Measurement done with several methods:
Template method, ideogram, matrix element, etc.

= Methods also used for other analyses, e. g. W helicity & spin correlations
29.08.2011 Yvonne Peters - Manchester 10
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Y Peters

yree— Top Quark Mass: PIC2011
Template Method

1824

Construct mass dependent template, fittodata 3 p—————————————
G 300~ ATLAS Preliminary CEm irencer
. . . . S : 0.70 fb™' W + jets (DD) E
Alljets and |+jets: Take info from hadronically — gzso LG mee
decaying W mass to constrain jet energy scale ©z00 7 % ey ]
150:— 7 A -
CDF Run Il Preliminary (5.8 tb™) - y .
‘gu_uaz_ tt m'* templates, 1 tag events (AJES = 0.0) ":}__Z' : > 2-tag events 100F ;?4 | E
2 vorf B ., =600 8 ~+ Data -7 on ]
e | EF Fincd kg s, g
i — Pulm [ M, AJES) L%ME NGt < 38.2/ 31 0100 150 200 250 300 350 400
2o ] [ eronom Mz [GeV]
oo GUE_ + ‘I’«i» -E—'!UU:CMS'pl:elilm'inérQ' o A,g """"""
o \ g [weraeTiev 3
u_mi 202— ++++ ++++++H . L 255@.,;1?2.815569\”02 N
o e e TR P PR P T 20 |
m™ [GeV/c?] mi°® [GeV/c?] CMS
_ _ 15l v os ooV
Dilepton: Construction of templates more _ + |
complicated due to presence of two neutrinos o # ;
= Neutrino weighting, Matrix Weighting,... ~

100 125 150 175 200 225 250 275 300
Reconstructed Mass (GeV/c?)

29.08.2011 Yvonne Peters - Manchester 11
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Y Peters
PIC2011

MANCHESTER

Top Quark Mass: Ideogram

Use kinematic fit to reconstruct complete kinematics of the event
- yields fitted m_for each jet to quark assignment

CMS Preliminary, L = 36 pb’

% —+- Data
g 60— M
N oL CMs M Wy
e L \ Single-Top
"" vvvv E _ -ZIY*_"FT
l'|-|-_| 40— QCD
5 |
E i
E - e + jets channel
[ {- & & (,, & Z a0l
Lep Lep Had W w B
b” b u d b b u d
% 100 200 300 400 500 600
Fitted Top Mass [GeV]
- . - CDF Run Il Preliminary (1.9 fb™)
Calculate event likelihood as function of m S
-.U_)b? 25 ;_ ..................... ................... —— -Ln(UL gl = 0.5 (1)
. . . L S SN A0 SRS e N — ~Ln(ULned = 2.0 (2 0)
Used in I+jets & alljets C b N SRR
L N N T e ——
0.5 E,,. ......................................................................................
o s S G S SR S
0.5 - .............................................................
1_5|0I - I15|5I ~ I1(;0 1E;5I I I17I"0I 1_:’5 1EI30I
M, (GeV/c®)
29.08.2011 Yvonne Peters - Manchester 12
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Y Peters
PIC2011

MANCHESTER Top Quark Mass:
Matrix Element Method

Use full event kinematics - most precise method

1824

For each event calculate probability to belong to certain top mass
Psig(x ;m ) « [ PDF x Matrix element x Transfer function

b_- Jet
> Lepton
Proton
Br
| Lepton
Antlprot(ﬁ Py

Jet

Perform likelihood fit of event probabilities

Probability depends on top mass (& JES for in-situ fit)
Used in |+jets & dilepton final states

29.08.2011 Yvonne Peters - Manchester 13
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Y a

T Most Recent Mass Results ygv

Template:

« CDF (alljets), 5.8fb™: m =172.5+2.0(stat+syst)GeV
» CDF (dilepton), 5.6fb™: m =170.3+3.7(stat+syst)GeV

Y Peters
= Atlas (I+jets), 0.7fb™: m,=175.9+0.9(stat)+2.7(syst)GeV PIC2011
« CMS (dilepton), 36pb™: m =175.5+4.6(stat)+4.6(syst)GeV
Ideogram:

» CMS (I+jets), 36pb™: m =173.1+2.1(stat)™*®  (syst)GeV
Matrix Element technique:
« D@ (I+jets), 3.6fb™: m =174.9+1.5(stat+syst)GeV
» D@ (dilepton), 5.4fb™: m =174.0+3.0(stat+syst)GeV X
SIS en . rod
\ con \‘m\‘\'e

= CDF (I+jets), 5.6fb™: m =173.0+1.2(stat+syst)GeV S\,S»‘emaﬂcs

29.08.2011 Yvonne Peters - Manchester 14
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MANCHESTER

1824

Top Quark Mass:

Mass of the Top Quark

(* preliminary)
167.4+11.4 (+10.3+ 4.9}
168.4 £12.8 (+12.3+ 3.6)
1706+ 3.8 (x22+3.1)
174.0+ 3.1 (£18+25)
176.1£ 7.4 (x51+53)
180.1+£ 5.3 (x39+38)
173.0+1.2 (x06+1.1)

1749+ 1.5 (+08+12)

186.0 £11.5 (£10.0+ 5.7}
1725+ 21 (z14+15)
166.9+£ 9.5 (x90+29)
172.3+ 26 (£1.8+1.8)

1732+ 0.9 (x06+08)
(% stat = sysi)

¥2/dof = 8.3/11 (68.5%)

Combinations

Y Peters
PIC2011

= Main effort for experiments:
detailed understanding of
systematics

Systematics limited!

= Main systematics at Tevatron:
JES-related

= Main systematics at LHC: JES-
related and ISR/FSR

August 2011

CDF-I dilepton
D@-I dilepton ¢
CDF-II dilepton . |
D@-Il dilepton N o
CDF-l lepton+jets ¢
D@-| lepton+tjets -
CDF-Il lepton+jets 1
D@-Il lepton+jets i~
CDF-l alljets
CDF-Il alljets * “u
CDF-Il track ¢
CDF-Il MET+Jets*
Tevatron combination *
Atlas lepton+jets * [ il
CMS lepton+jets/dilepton *

I I I I

1750+ 28 (x09+27)

173.4+3.3 £19£27)
| |

Tevatron combination: first time
uncertainty below 1GeV!

170 180
m,, (GeV/c?)

150 160

29.08.2011

francesco.spano@cern.ch

190 200

arXiv:1007.3178

Yvonne Peters - Manchester

Top Quark @ LHC
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Top spin correlation 211G,

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

(b="5) L
q " S~2mtop 7
>;u_u_q,< mostly g4 4
massless _ " 3G, =
fermions: fixed |4 L i
helicity=chirality dominant at Tevatron | =0,J=1 — parallel opposite

+ tt is produced SpINS along given axis helicity

QCD conserves  npolarized
chirality % .;74‘
t

- mostly g2ooee L go290 g
ifm->0 1S, '/‘:

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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Y Peters PIC2011

MANCHESIER tt Spin Correlations at LHC

eV

LHC: 85% gg — tt: dominated by A

like helicity gluons at low Vs 20 e

Simple variable in dilepton channel: A¢=|¢ -¢ |

= No kinematic fit needed!

Result of template fit: L

f=1.06+0.21(stat)***__ (syst) Beof - dun | Dllepion channl
i aso ]

= Main systematics: ISR; modeling of signal 4°°5‘-§é’f§p IL"“"'T_(_’TP'fg

= Corresponds to C_  =0.34"" 300;'“’“”"’”“"3 SR

(SM: C, ., =0.32) |
Agreement with SM
Already dominated by systematics S T4
29.08.2011 Yvonne Peters - Manchester 29
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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 ‘
. For AR=0.8,

q/ g | ¥ Mu-~17

Production TeV, Pr
cross t : ~600 GeV
section ,
Resonant
production | FCNC-induced
Z i .
Production same sign top pair
kinematics t
Spin ‘ A
polarization q / g
T T,
tt+ET™sS
A e >
TN, PE e
exotic 4th gen, stop to top

top partner + stable scalar (dark matter) neutralino, UED, little higgs,

leptoquarks
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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 TS
* A: standard single lep (e p) 3t ; ATLAS Preliminary -
sel: =4 jets, =1 b-tag 2 4 [ronszoops”
e C: single Y, boosted top sel. _ . o 4
» = 2 jets with pr>50 GeV, " HCONF2011-087 -
lead jet p1>250 GeV 10 4l e&p 3
_ . — KKG500 b' é
» one non-iso U with AR>0.5 10° nes
from closest jet OR pr rel. to jet et
>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-°" " B Single-Top
mu 2D cut (C) ), W+jets normalization (A) 30 2 M2tV
(extra,oo/. from Njet in W+jets-enriched sample) = 2500
% 2001 NEW!
* Reconstruct Ieptonlc W from E7™s, lepton & _, 0
W mass, then Mu ook CMS-PAS-EXO-11-055
* sum leptonic W to (A) 4 leading pr jets or (C) 505_ bkg scaled |to
jets giving back-to-back top-jets «—minimal ) "} most prob norm

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

GeV/c?
francesco.spano@cern.ch Top Quark @ LHC HEP intercollegiate Post Graduate Lectures -15th Nov 20‘1‘1[ 14
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Search for excess in tt production vs M -single lepton

A=ATLAS, C=CMS kot CMS preliminary. V5 =7 TeV
* No excess found —»95% = T
Bayesian credible interval for Z’ Il . Topcoton 2, 3.0% wcth,Harts et .|
& RS KKGIuon O-*BR, including E:; — - Topcolor Z', 1.2% width, Harris et al.
systematics as integrated (CMS), : NEW!
averaged(A) nuisance pars. "é 0%y
eUpper observed (expected) limit at 95% -
prOb on Z¢ O-*BR (Wlth rZ’/mZ ~ 1% ) : 1000 1500 2\0'00 2500 3000
M, [GeV/c? ]
» C:sub-pb for mz>1.3 TeV, <0.2 pb for o T
mz> 28 Tev 2 10° E_\E=7T9V dRmin. Syst.+stat. 3
= - . -+—— Obs. 95% CL upper limit 3
» A: 38 (40) pb for mz»=500 GeV to 3.2 (5) T ;f bdr=200Pb° . Exp. 95% CL upper limit
>z Exp. 10 uncertaint
pb fOI’ mZ’:73 Te\/ E? 102? —_ EXE.ZO uncertaint))// _g
m C Kaluza-Klein gluon
oC: For Z* with 3% width exclude 805 ° 1op 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 I T N A B

600 800 1000 1200 1400 1600

are excluded with 95%prob

g, Mmass [GeV]
francesco.spano@cern.ch Top Quark @ LHC
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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”: 22 R=0.8 Cambridge-Aachen—jf— 2
(CA) jets e

=82.75 + 2.38 GeV
=82.00 + 2.22 GeV

» pr>350 GeV & large Ad >2.1 > T
» top-tagged (mjec ~miop , Nsub-jets in last 2 jet- o
making steps = 3, min(mz sus.ets) > 50 GeV) Data it -

--MC fit

o 1427 >3 R=0.8 CA jets ) “20 60 80 100 120 140 60 T80 30¢

. ] _ 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 T

control sample with mis-tag prob « anti-

I R R =
tag (fail top tag cuts) & probe in semi-lep evs 0 100 200 300 400 500 6O
Mass of Top Jet Candidate (GeV/c")
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angle clusters) jet with pr>200 (30) S 7E -

GeV, large A¢=2.1(1.7) from 1st C ¢ cMs i s eroer

» j2 1s W-tag (mjet ~mw,2 sub-jets,max 2 °F MTop -

-y = o 4F COWdets 7

(Msub-jet)/Mjet <0.4), M(J2,J3)~Mtop N Jacp

e Data -

e Data-driven QCD: weight 1-top or W-tag 3¢ A
1
N:
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Search for excess in tt production vs My - fully hadronic

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

[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 around Miop

e No excess found—95%
Bayesian credible interval

for Z’/RS KKGluon 0*BR

iIncluding systematics as
Integrated nuisance pars.

e Sub-pb limit on Z’ 0*BR

e exclude 1 TeV<mkkagiuon<1.5

TeV @ 95%CL

francesco.spano@cern.ch Top Quark @ LHC

70
60
50
40
30
20

# of Events / 100 GeV

10

3

102

Upper Limit o, x BR(Z' — tt) (pb)

10

—h
<

e\

111111111|+-r.1

—e—— Data

QCD background estimate

B it Madgraph + Pythia Tune Z2

CMS

b @

o

0

1000 1500 2000 2500 3000 3500 4000 4500 500(

Type 1+1 tt mass (GeV/c?)

_CMs Prellmmary 886 pb’ at\@ 7 TeV

2

1 IIIIIIJ\'

‘0
.0
L2

Comblned type 1+1 & 1+2
Observed (95% CL)
Expected (95% CL)
+ 1o Expected

L 1 1111

+ 20 Expected
KK Gluon, Agashe et al
-------- Topcolor Z', 3.0% width, Harris et al

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

—L-r||||

1 1 | 1 1 1 1
2 2.5
tt Invariant Mass (TeV/c?
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" _Hadronicte
—~~_|_candidate

g

A EXPERIMENT

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

Leptonic top

Il ;
| i candldate.;_%-

| Hadronic top
candidate )

Hadronic top
candidate

Leptonic top
candidate

ATL-CONF-2011-087

semi-leptonic di-top-jet
candidate

francesco.spano@cern.ch Top Quark @ LHC

oroduction vs Mt

fully hadronic di-top-jet
candidate

Jet 3:
pt 47.8 GeV/c,
b-tag discriminant 4.2

o Jet 2: Jet Pruning
e pt 484.3 GeVlc,
mass = 68.8 GeV/c2
Jet2 + 3 : Mass = 167

Jet 1 : Top Tagging

pt 589.1 GeV/c,

3 subjets,

mass = 186.7 GeV/c2,
minMass = 87.2 GeV/c2

CMS-PAS-EXO-11-006

HEP intercollegiate Post Graduate Lectures -15th Nov 2011
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Conclusions

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

e Top pair production cross section is measured in nearly all
expected final states. It is consistent with the standard model
at \/s=7 TeV and most precise channels/combination are

» systematics dominated

» entering the realm of precision physics: 00/0 <~10% comparable with
theory uncertainty

¢ Single top production is clearly observed in the t-channel; need
more data to observe it in Wt and s-channel.

* Top properties are rapidly reaching precision level with miop
already syst dominated

* The rapidly increasing data-set and detector understanding is
quickly opening unprecedented phase space for new physics
searches linked to top production ranging from resonances to
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Additional (useful) references

* A. Quadt, Top quark physics at hadron colliders, Eur. Phys. J.
C 48, 835—-1000 (2006) DOI 10.1140/epjc/s2006-02631-6

* A J,. Khun, Theory of Top Quark Production and Decay, http://
arxiv.org/abs/hep-ph/9707321v1

e S Willembrock, THE STANDARD MODEL AND THE TOP QUARK, http://arxiv.org/
abs/hep-ph/0211067v3

® Chris Quigg, Top-ophilia,FERMILAB-FN-0818-T

and references therein
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Math Appendix : Mass, Pt and DR

As we know that for any 4- E =mg coshy , pz, py, p» = mysinhy
momentum
where m2, =m® +ps +pj, . ang
1 E 2 2 _ z
The invariant mass M of the two-particle system y=3ln < Eti) = In (E”:Tp ) = tanh ™! (%) :
M? =m?® +m3 + 2[Er(1)E7(2) cosh Ay — pr(1) - ppr(2)] ,
1 > +2Er(1)Er(2) y —pr(1) - pr(2)] where Er(i) = \/lpr @ +m?
This can be re-written as where
DPhi =Phi(2)-Phi(1)is the
M? = m12 + m12 +2[ Ex(1) Ex(2) cosh(Dy) - pt(1) pt(2) cos(DPhi) angle between the two

momenta in the
transverse plane

Now if 1) the masses of the particles are small w.r.t. their momenta and 2) the splitting is quasi collinear
i.e. cosDPhi ~1 - (DPhi)?/2 and cosh(Dy)~1+Dy?/2 , so Ex(l)~ p(i)

http://en.wikipedia.org/wiki/Hyperbolic_function

M= ~ 2[ pr(1) pr(2) (1+Dy=/2 - 1+ (DPhi)*/2)]= pr(1) pr(2) (Dy~/2 + (DPhi)9)= pr(1) pr(2)(DR(1,2))*

2 2 2
SO o , , m” =~ z(1 — 2)p, AR;; .
Labelling ¢ and j such that p;; < py; and defining 2z — ptj/pt o
dij — ZZPEARZQJ ~ 2

(1—2)

(pr = i + i),


http://en.wikipedia.org/wiki/Hyperbolic_function
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Techniques for BKG estimation



-xample background estimates: QCD multi-jet -single lep

> 900 T
e “Fake” leptons: mis-id jets,y—efe ; @3 800 proiminary
non-prompt leptons (b/c-decays) £ 700;
3 | et & goof
H channel: matrix method ot 500]
_ S 400f
* Measure Nstandard (jso|ated-p) and N©°€(non-iso-p) z
events and find standard fake muons from 00
NJloose — NJloose,, . 4 NJloose 200F
\standard_ Etake Nloosefake + Ereal Nloosereal 1000 o%
: 0
Efake from |OW ETmISS ,MTW and Ereal from Z_} |J+u- 0O 20 40 60 80 100 120 140 160
o _ . _ Transverse Mass [GeV]
e Do it In bins of any variable to get proper estimate
> IR L I I I R I I
S gool ATLAS | e+2jets
0 - Preliminary % ® data ]
. £ i - . [t i
e channel: template method 5 4OO_JL—35 pb /% Wejets
! % Ml Other Bkgd -
e Derive QCD template from control region 300 maco
. . . . _ uncertainty -
(electron fails one/more selection criteria) : | |
* Normalize by fitting low Er™ss shape (QCD 200r | s
template + MC samples) to data— extrapolate to _ 7 SN
standard region 10 2 -
‘/
G,

francesco.spano@cern.ch Top Quark con ATLAS @ LHC ~ Seminario INFN/Unive O0 20 40 60 80 100 120 140 160
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-xample background estimates: QCD multi-jet - di-lepton

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

samples relaxing T10°E  Preliminary o data

8 —_
10 J|_=35pb'1 i

» calo and track isolation for u ok Wisingletop |
' ' : 105k ATLAS- [iDY+jets ]

» calo isolation, TRT hits, E/p cuts for e . CONFoo11  diboson
10°g 5

= 034 Bl fake leptons -

e Express measured (Tight,Loose) samples 1o
in terms of unknown (Real, Fake) and o
estimated probabilities r (f): for real (fake) "
leptons passing loose also to pass tight 1
CUtS 10

* Extract fake content by matrix inversion

uncertainty =

E|

1 2 3 >4

Number of jets

Nrrl|| | rr rf Ir Ir NRR
Nrr r(l —r) r(1—f) Ja=r) Jfa-=x) NRF
Nrr (1 =r)r (1-nrf (1= 1f)r (1-=15)f ||NrFr
Neel| (A=) =r) (I=-r(1-f) A-HA-r) (A=) =HILNFF.

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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—xample background estimates: W+jets - single lepton

® ' ' pre-tag=all standard cuts, no b-tag requirement
Shape from simulation tagged= all standard cuts, including at least 1 b-tag

e Normalization
» floating parameter to be determined from kinematic fit

» final normalization from fit, but starting value and variations
constrained from data using

WZ4,tagged — W24,pretag . f2,tagged ) k2—>24-

1: Derive correction to fraction of heavy and light flavour events in the W+2jet bin
before b-tagging
N (W+jets,pre-tag, Niets) = N (W+jets,pre-tag, Niets) * [ D Type frype.Njets] ; 2 frype.Njets=1
Type= Wbb+jets,Wcc+jets,Wc+jets,W+light jets; Njets= jet mult bin (0,1,2,3...)

eDerive N(W+1jet) and N(W+2jet) with 1)standard single lepton selection and 2)
subtraction of small backgrounds (tt,single t, di-boson, QCD from data)

o\\rite N(W+1jet, pre-tag ), N(W+2jet, pre-tag) and N(W+2jet, tag) as a function frpe,
diets . AssumMe fixed frype,gjets /Trype,2jets + Twiob,Njets = Twob,Njets = Derive frype, 2jets
eCompare data-driven frpe2iets t0 MC value: derive scaling factors for frype jets.
Assume scaling frype 4jets IS the same as frype,2jets . SO NOw ) alpha frype Njets
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—xample background estimates: W+jets - single lepton (cont)

pre-tag=all standard cuts, no b-tag requirement
tagged= all standard cuts, including at least 1 b-tag ATLAS

2: Derive pre-tag W+jets normalization W i.e. full selection except for >=1 b-tagged jet

In the proton there are more up (valence) quarks than down (valence) quarks —
(ud =WH+)+jets events are more numerous than (ud =W-)+jets

(NJE + NY)

(NXE —N2E)

ryc + 1

FMC—l

Nw* MC (Nw™ MC) are the number of selected events with a W frdm MC, D is the number of
selected events with a positive or negative lepton,
nvic IS Nw*/Nw : it is estimated using ALL the W components and by scaling the heavy and
light flavour samples according to point 1

3: Derive tagged W+jets normalization W by scaling pre-tag estimate

WZZL,tagged — Wzél,pretag . f2,tagged . k2—>24-

Estimate f2tagged = N(W+jets,2jets, tagged)/N(W+jets, 2jets, pre-tag) where N(W+jets,2jets, XX)
are obtained from the data with 1) selection 2) small bkg subtraction

Estimate k2—>24,= fMCtagged,z4jet/ fMCtagged,Zjet
Simulate W+jets events:get fraction of those selected + at least 1 b-tag to simply selected .

Get these fractions for 2 jet bin and 4 jet bin. Get the ratio.
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—xample background estimates: W+jets - single lepton

e Shape from simulation, ATLAS
e Normalization
» floating parameter to be determined from kinematic fit

» final normalization from fit, but starting value and variations
constrained from data

PDFs for up and down quarks are different in proton
W are obtained from ud*

(NJS + NJI©)

(NJE —N2IE)

ryc + 1

N+ + Ny = (D" — D7) = ( )(D+ — D)

T'MC—I
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Additional measurements



Search for excess in tt production - di-lepton

ILdt —1.04 b1 (207 7) ATLAS-CONF-2011-123
_ _ 2 E ' ATLASPreliminay DZr -1
* Standard: di-lepton selection & | [Lat- 108 1 B ol o
(e,) + data-driven Z/y*+jets 10°F %ﬂ& —iu
(Ermiss-dep Z-window) and QCD bkg : e eey ]
estimates 10 :
* 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
oM - gqquK/gS =-0.25 | Expected = 1o
© 102 g /g =-0.30 Expected + 20 __

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

gKKetf
\s=7TeV

e Exclude RS KKGluon with NEW! |
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 _|

-0.35 1.02 0.96 0.4 0.6 0.8 1.0 1.2 1.4 1.6

m, [TeV]
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A=ATLAS, C=CMS

Di-lepton: Y+T (T- had) channel New! )
Check universality + sensitivity to t—=>H*+b—Tvb JLat = ~1.08 fb" (A,C) (2071)

ATL-CONF-2011-119

180F

® One central high pt 4, no low pt (C) el 5§ i &cromn ATLAS Preiminary
Y s G Ldt=1.08b"

* >1 jet-seeded T candidate (~cut-based algo on | — Sinalomi | La ! st
particle flow objects (C) or Boosted Decision Tree 1o~ i (@) E
(BDT) (A)) with opposite charge to p (OS) oo L

*>? jets & =1 b-tag “0F

20

e large ET™SS 40 (C) or 30 (A) GeV & HT1>200 oF —+—q:—¥j ﬁﬁ—:
GeV (A) Update and go to back-up ez i e se o7 e o1

j

g

A | 0= 142+ 21 (stat.) 20 (syst.) + 5 (lumi.) pb

e Data-driven dominant tt & W+jets

1.09‘ﬂ:)'1 CMS Preliminary
TTTTTTTTTTTTTTTTTTT I\‘\\I\7

(enriched low Niet region (A), weight Waz ~ 00/0~21% g mors- iR i
3jet with jet fake prob. from average of W 3 60 e ]
+=>1jet & QCD enriched (C),QCD (non-iso © 50- S
mu sample normalized to low E7™'sS ) 2 a0 o

® Ot =N|J+T /A*Lumi. Np+T from . ZZ :
e C: bkg-subtracted data o :

® A: template Ikl fit Of difference Of C 0:|50|100 ‘1u50 200I 556 300 350 400 %_50
BDT in OS & SS samples (cancel Mrop [GEVIC']

most gluon & b-jet fakes) oq = 148.7 + 23.6(stat.) £ 26.0(syst.) = 8.9(lumi.) pb

O
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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 pr = 60 GeV (A,C), 5th

b

(6th) jet pr = 50 (40) GeV (C)

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

e Reconstruct with x? kine fit

Q]

b

0\
0O 10 20 30 40 50 60 70 80 90 100
Mass x°

95% CL upper limit o, < 261 pb.

CMS preliminary, 1.09 fo ' at \[s =7 TeV

NQ r —e— CMS data: 1620 events
e Data-driven QCD bkg: weight control G + t simulation
samples >=6 jets no b-tag (C) or 6,5 jets(A) C140 -~~~ QCD estimate from data
with data adriven b-tag prob £r20 combined tt and QCD
i 100 fgy = 0.250 % 0.036
* N from Ikl fit to top mass (C) checked by
] ) * . 60 CMS-PAS-TOP-11-007
neural network discr. or X*(A)=o=Ntt/A*Lumi =
Systematics from pseudo exp. (dominated
by b-tag, jet scale, bkg norm) A T S et e e
0 00 150 200 250 300 350 400 450 500 250
: / 00/0~33% m,,,, (GeV/c?)
syst dominated: 0 = 136 £ 20 (stat.) & 40 (sys.) & 8 (lumi.) pb.
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Luminosity,pile-up and simulation
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ATLAS Online Luminosity \s=7TeV
¢ | HC Stable Beams

Peak Lumi: 3.65x 10> cm? s~

g
L
© o %

Peak Luminosity per day in 2011

The maximum instantaneous luminosity versus day
delivered to ATLAS. The luminosity determination is
the same as described above for the integrated
luminosity. Only the peak luminosity during stable o
beam periods is shown. 2

F 3 atdi

YR

¢
F

0
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Day in 2011
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Number of interactions per crossing at LHC seen by
ATLAS - 2011

Illlilllllllllllllll[ll]lllllilllllII]I]IIIIIII
Number of Interactions per Crossing

L |

)
Shown is the luminosity-weighted 4 . — — -1
distribution of the mean number of -8_ 1 0 ATI-AS Onllne 201 1 ’ \j§-7 TeV I Ldt-52 fb
interactions per crossing for 2011. The =
plot is shown for data taken before and ~ 2» 1 03
after the September Technical Stop
where the beta* was reduced from
1.5m to 1.0m. The integrated
luminosities and the mean mu values
are given in the figure. The mean
number of interactions per crossing
corresponds the mean of the poisson
distribution on the number of
interactions per crossing. It is
calculated from the instantaneous
luminosity as u=L X Giei / (Nounoh X T;)
where L is the instantaneous luminosity,
Oinel IS the inelastic cross section which
we take to be 71.5 mb, Nuunch IS the
number of colliding bunches and f; is 2
the LHC revolution frequency. More 1 0
details on this can be found in arXiv:
1101.2185. The entries at u~0 arise 3
from pilot bunches that were present 10
during many of the early LHC fills. The
luminosity in these bunches is >100
times smaller than in the main bunches

— B*=1.0m,<p>=11.6
102 — B*=15m,<p>= 6.3
10

1

10"

Recorded Luminosi

resulting in values u<0.1. 0 2 4 6 8 10 12 14 16 18 20 22 2

Mean Number of Interactions per Crossing

also see arxiv:1101.2185
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Simulation Monte Carlo used in top analyses

A=ATLAS, C=CMS

Generation

e Top quark : MC@NLO (A), MADGRAPH(C)
» xsec is normalized to NNLO effects Simulation for pile-up
» variationas with ACER (A), POWHEG(A,C) mostly included (from
» tau decays with TAUOLA zero to 8 events on av (A) )

e Single top : MC@NLO(A), MADGRAPH (C)
» t, Wt and s channels
» normalized to MC@NLO, remove Wt overlaps with tt final state

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

e Di-boson : WW, ZZ: ALPGEN (A) normalized to NLO from MCFM, PYTHIA(C)

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

Hadronization
e HERWIG + JIMMY for underlying event modelling (A), PYTHIA(C)

Detector
e GEANTA4
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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
L Pheegee
| Efltter . 1o b:—mdlorm’up WA : U%O n'
- o . . _ T stran 50
S it o B MHtio
= 0

68%, 95%, 99% CL 121/’

contours excl,%
.'/-' % /

< @

top
Various scenarios with direct/indirect

| coupling to new physics:
gl e e | from extra dimensions to new strong forces

40 150 160 170 180 190 200 ¢ t q ;

Background to possible new > < >vvv\<
physics (Higgs, SUSY) ; P :
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