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Outline

e Why top quark?
e The LHC & ATLAS: top factory & observer

* First ATLAS tops: SM @ 7 TeV

» Cross section
**mass

Most recent
public results

e Searches for new high mass top quark phenomena and
their prospects

e Conclusions

Disclaimer: wide field, concentrate on selected topics
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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

July 2010
I

80.54 LEP1 and SLD
68% CL

ey
-
-------

1 — LEP2 and Tevatron (prel.)

-
.=
P
.=
v -2
.=
A0

Moo~ M Gold Atom

150
100
R
dostiing 50

Various scenarios with direct/indirect
coupling to new physics:
from extra dimensions to new strong forces

Background to possible new > < >«/vv»<

physics (Higgs, SUSY)
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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: Ecu=14TeV (7 TeV per beam, design value) s Eem(Tevatron)=1.96 TeV
ey parameters: s -"- - Wy TN %"“' - v

. N,-=bunl;:h intensity N]. N2nb . . " ‘:\-- W

Ny = number of bunches £ X 9 Y —
o = colliding beam size O ,“_'_ o » v~ ...‘ " -m
Ad maiora b Lga10%om2 s 11!
. World;recq;@ Akl o [go] I8
‘*v- .'_... A gac b S ;. - a
2010 CC ||Ierc—“ "f‘ R T '::

,”f"r.f S e ) 1': T
Plans: e ' T '.“J.'.' '
# pegﬂumfuo 5 to 1- 1033cm'2 ssi"' =

- det between-1.and3 fb” y

Ecm:7 T@B[/

o eakmstantaneous
Iumlnosﬂcy 2.:I"‘1Q32

cm23s

® delivered integrated
luminosity~50 pb-*

|

-~

, . N 4 _ S
ran;; parameters depend on 2011 perf.

.

design lumi 10%cm2 s

(30 times Tevatron pp Tollider )
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Top quark (pair) production @ Ecm = 7 TeV LHC

proton-proton collisions

gqg annihilation gluon fusion
q ( S / t g - {
o g
5  §
g =
¢ t 8 t
~30% ~70%

Aliev et al 2011

total cross section =165+ 11 pbb senerecrarzono

Langefeld Moch Uwer 2009
Moch,Uwer 2008

@ 14TeV :qq~10%, gg ~90%

top Is also singly produced, but focus on dominant pair production
francesco.spano@cern.ch Top Quark with ATLAS @ LHC Top Mini Workshop - Weizmann Institute - 30th May 2011 5
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c (no)
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10

10

10
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Top @ LHC: in the context

proton - (anti)proton cross sections

o
.
o
:
:
.

10' E

10° £

10 -III

LHC4 tt cross section
T T T T T AT A --?109
O\t ?; 10°
Tevétron LE{C 3 10 ‘\IS(Tev) XSec (pb)
1 10°
’ 17 | 1.96(pp) | ~7
"~ T(p) | ~165
110’ g
Gjet(ETjet>\/S/20) - 10° QS 14 (pp) ~900
Gy 4 10" ;
o, (E.*> 100 GeV) 10 g
10" §
103 for [Ldt =1 fb™! @ 7TeV, expect 16 - 10* events
c 10

O

t
o (E > s/4)
(M,, = 150 GeV)

Higgs
G yigs(My, = 500 GeV) 10
| I 1 1 1 L1 1 11 I bl | 1 1 L1 & 11 - 10-7
0.1 1 10

Vs (TeV)

Rate at L=
10%3cm=2 s

0.2Hz
0.9Hz

10_: Tevatron (lower energy collider): [Ldt =9.4
10_6 fb-! on tape, expect ~ 6.6 - 10% events
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Top signatures

o Hi i 0 ) (e,mu)+jets
ngh Pr jets tv Ngigcf Tau to (e,mu)+jet
*b-jets qq ~©/.07% Fully hadronic
* 1 to 2 high Pt leptons W & Had tau
- . © Di-lepton (e,mu)
 Missing energy ) Di-lepton (tau)
¢ b
P ~ Q - P tt decays
t di-lepton
(e,H)
b had tau | .|.jets
ots .
W +je
bkgs_tt: W/Z(+jets), single all jets

top, QCD, Di-bosons lep tau

francesco.spano@cern.ch Top Quark with ATLAS @ LHC Top Mini Workshop - Weizmann Institute - 30th MAL 20“” et?s
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ATLAS - d T0,0 Observer 3 trigger levels
44m

for event
.7 selection

qr

nner detector

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector \

Toroid magnets LAr electromagnetic calorimeters

: : - sl Tracking Electromagnetic Hadron Muon
Muon chambers Solenoid magnet | Transition radiation tre chambe% calorimégter calorimeter  chamber
Semiconductor tracker | |

photons
. —

et
—_—

matters

muons
—

n = pseudorapidity =-In (tan(6/2)) 7% p
—_—

n _§<
francesco.spano@cern.ch Top Quark with ATLAS @ LHC Top Mir Innermost Layer.. » ...Outermost Layer
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...With excellent gata taking performance

Inner Tracking

Detectors Calorimeters Muon Detectors

) LAr LAr LAr )
Pixel SCT TRT EM HAD EWD Tile MDT RPC CSC TGC

99.0 999 100 90.5 96.6 97.8 943 999 998 96.2 9938

601![]]T]l¥1ll11
ATLAS Online Luminosity Vs=7TeV

- LHC Delivered
ATLAS Recorded

Total Delivered: 48.1 pb™’ 201 0

Total Recorded: 45.0 pb™

Luminosity uncertainty ~ 3.4%

llllll

ITTIIT‘I[1II = I~

—
—
—
-

For top analyses
using 33 pb-1
expect~o/700 tt events

L L]

2011

T L e Already collected ~

lllllllllllllll
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o
o E
o }
= 50
5 B
8 -
£ B
= 40
3 L
_l L
8 B
§ 30—
o B
@ B
£ 20
'(_".E -
= 10f
Oh— R B
24/03

14/0 08/09 03/11 ~0(0.5) fb?
Day in 2010

Data sample for first top paper~3 pb-1
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Ingredients | : leptons
* Noluster| & [1.37,1,52]
¢ Flectrons

» defined using shower shape
variables, track quality, track-cluster
matching, E/p, hits in innermost pixel
layer

» isolated
» central™; |Nouster|<2.4, pr>20 GeV
» remove close-by duplicate jets

e Muons
» combined fitted track
» isolated
» central |Ntack|<2.5, pr>20 GeV

» suppress heavy flavour decays:
no muon within DR< 0.4 of a jet

scale factors to correct small data/MC mismatch

fracesco.spano@cern.ch Top Quark with ATLAS @ LHC

(51
1
1

1

Entries /

Entries / 1 GeV

600
4001
21200
OOOf—
800;
600;
400;
2001

——Data 2010 (Ns=7TeV) J L dt = 36 pb'1
7 " _|
e ATLAS Preliminary
QCD

ATLAS-CONF-2011-041

—h —h —h —
o N S )
o o o -
o o o -

800|
600/
400}
200]

—e— Data 2010 s= 7 TeV) ATLAS Prehmmary
- [ 1Z—un

- fL_33pb -

- ATLAS-CONF-2011-041 —]

70 75 80 85 90 95 100105110115
m,, [GeV]
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Ingredients |l ; jets (making and calibrating)

Extensive validation of simulation

in test-beam data —good * Calibrate jet energy scale with

(n,pT) dependent weight from

A 0.8 T
4 0-8r
L] - (0.6<hi<1.1)
v 07—_ —e— Data 2010. L=866 ub™ ]
" [ Pythia ATLAS MC10 -
sj//stematicuncertainty ! ‘ Scale uncertalnty: range
0.6]- . between 2% to 8% in pr and n
ATLAS-CONF-2011-028 SRan B i ) i
g E e Contributions from physics modelling,
| e calo response, det simulation
0.4 e -
e \/alidation in control samples
0.3:— ATLAS Preliminary—: o 1.14 —— . ——
= - _
E ' | ' 5 1'11_21_; %l;léil;j_?;t ATLAS Preliminary .
Q 1.1 B a 1.08—a vy -jet oJIirect balance ]
S + 1.061= ¥ -jet MPF _
——— 1.04/— I _
1.021- +* -
e 1 . 4+
0.9~ — 0.981— '_D_:-D-:_D_' * +_%_:—[ZH B
1 '1'0 0.96— :i: —
p[GeV] 0.94— —
o 092 JES | i-k, R=0.6, EM+JES —
Data/MC within 2% for p<10 GeV e It i A S
10 10°
charged hadron response vs track momentum o [GeV]

francesco.spano@cern.ch

collision data description

simulated “true” jet kinematics

Top Quark con ATLAS @ LHC

Seminario INFN/Universita di Pisa - 3 Maggio 2011
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Ingredients lll : enter b-jets

e B-hadrons have long lifetime ~observable flight (few mm)

" Jet axis

agg | ng Primary vertex s

secondary displaced vertex with decay length %
significance (L/o(L)) e e— L

- .- . .
PR from semileptonic
b decay

Performance In data

ATL-CONFE-2010-099

+ 10 Simulation Tag Eff.

— SVO0 Cut

o Efficiency: fit fraction of b-jets in o ol T T ATIAS e 25T
sample with muons in jets, count 5 F T o
how many are b-tagged N —
3 80:— o| B light—flavour jets

* Mis-tag rate: from secondary vertex

properties (invariant mass of tracks, rate
of negative decay length significance ) 40

| 20

v 0

o1 dependent scale factors to correct MC Lo(L)
francesco.spano@cern.ch Top Quark with ATLAS @ LHC CPPM Seminar -11th April 2011 12
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Ingredients IV: missing transverse energy (E1™ss)

> S L B B B N
* Negative vector sum of S 10°E ATLAS-CONF-2010-057 10 L renminany
= - . P 10° f_ Data 2010 \/s = 7Tev_f
» energy in calorimeter cellsin ¢ ™= o054 o
topological or electron-related & 10E <5 -
clusters L « Dawe -
= [ ] MC MinBias =
» muon momentum 1P Reffinal
» dead material loss 10E =
projected in transverse plane T .Wﬂ it
0] 10 20 30 40 50 60
ET™ [GeV]

10 | | | B

e Cells are calibrated according to
association to high probject
(electron, jet, muon). Non-
associated cells are at the EM scale

® Data: fit 0.49 \ X E;
—— MC Minbias: fit 0.51\/= E;
LCW

ATLAS-CONF-2010-057

e Calo cells with overlapping
associlation are counted once

EMss E™* Resolution [GeV]

Data 2010 \'s =7 TeV

f L dt=0.34 nb”
nl<4.5

1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1

50 100 150 200 250 300
. > E; [GeV]
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Top quarks visit

—urope: ATLAS first tops

ATL-CONF-2011-040

* Top pair cross section known
at 10%: comparable to theory

» ATLAS: 180 =18 pb (stat+syst)
» CMS: 158+19 pb (12%)

LAS Top mass is

169.3x+4.0(stat)+4.9(syst) GeV

e Systematics~stat; dominant in

xsec (jet properties,b-content )

(35 pb™)

21

10

I

Preliminary B8 Approx. NNLO (pp)
NLO QCD (pp) -
————— Approx. NNLO (pp) e =

ATLASlPreIimina;y _______ Theor'y approx. NlNLO)
Data 2010, f L =35pb’ m, = 172.5 GeV
L+jets w/ b-tagging P—|+|—| 186+10+20+6
Dilepton w/o b-tagging 1 173z22 *12 *5
Combination h-.-‘-._. 180+9 +15+6
L+jets w/o b-tagging .—n—-.—|—. 171217 *2 +6 ¢ A
Dilepton w/ b-tagging . 171222 *31
ATL-CONF-2011-040 f (stat)=(syst)=(lumi)
0T B0 To0 950 200 280 - 300
o [pb]
ATL-CONF-2011-040
- @ ATLAS ~ -—--' NLO QCD (pp) L

|

] llllll|

.........

|

L1 1 1 iIll

|

1 L | |

francesco.spano@cern.ch

4 5
Top Quark with ATLAS %I-[%V]

2 3

6 7 8

¥ | |
500

(2}
® ATLAS e+>4-jets
>
LLJ Prellmlnary ® data
4 L dt=3spp’ LIt
00 P W+jets -
B Other Bkgd -
300 B QCD —
uncertainty

200 / ATLAS-CONF-2011-035_
_ _ :

7
& _

100}~

0 1 >2

Number of b-tags

Top Mini Workshop - Weizmann Institute - 30th May 2011 14
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Searches for new high mass phenomena producing top quark:

€.
* Heavy particles—tt pairs : e Anomalous t+X production :
bump over SM tt continuum enhanced high tt mass talil
' \/
TopColour £ ATL-CONF-2011-070 Quantum Black
Hole
[2=1.2% Mz — —
EWK symmet .
breakin yfrom tr(;)/ strong scattering from
o onc?ensate P extra dimensions

t+X larger than tt,t/anti t

francesco.spano@cern.ch Top Queak with ATLAS @ LHC Top Mini Workshop - Weizmann Institute - 30th May 2011 15
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Search for new high mass phenomena with top: selection

e Use the lepton+jets channel (lepton=electron, muon)
reconstructing t+X spectrum with 4 jets+ lepton + neutrino

Selection data-driven ATL-CONF-2011-070

* Trigger on high pr single lepton S H
* Good collision and no jet from tt 175 187

n0|se/out—c?f—t|me activity Qch 39 19
* only one high pr central lepton _

matching the trigger object Wijets 18 22

/+jets 2 1

e | arge transverse leptonic W

mass (MtW)* > 60GeV - Ermss fore () | WWWZ,ZZ1 0.1 0.1

channel _ _ Total Exp 244 232
* > 4 central high prjet pr>25 GeV Oat a0 o35
e >1 b-tagged jet pr> 25 GeV ata

* ¢
—s \[205 (1 - cos(@' — )
francesco.spano@cern.ch Top Quark with ATLAS @ LHC Top Mini Workshop - Weizmann Institute - 30th May 2011 16
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Searches for new phenomena with top:backgrounds ()
e QCD ; g ATL-CONF-2011-070

2 60[ATLAS Preliminary 33pb" @ 7 TeV =
( . .. o i Il top (3=0.99) 1o
* “Fake” leptons: mis-id . bt I rdets (=099 E
jets,y—e"e", non-prompt 5 aof Rocs ot - ci7e500)
Ieptons (b/C—deCayS) o = I I. ATLAS data (252) 13
© N
O - 1
201 S
e Derive shape template «control region I J[€

» jet triggered events with exac. 1 high-em 00

content jet (bef b-tag) 0 10 1E§ngs G \2,?0
T e
» electron-triggered events with e failing

hadronic leakage cut (only used for e-chan) ALOTAL A 1

» reject events with good electrons 5 of TS Fretminary 83 po@ T TeV 1s
e 18
: © -

e Normalize by fitting low Et™sS shape § 201 ‘_‘E
(QCD template + simulated samples for 8 : 18
tt,single top, W/Z+jets) to 10f 1€
data— extrapolate to standard region : 1e

3l =
% 50 100 150
Same model for electron and muon channel M, [GeV/c?]

francesco.spano@cern.ch Top Quark with ATLAS @ LHC Top Mini Workshop - Weizmann Institute - 30th May 2011 17
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Searches for new phenomena with top: backgrounds (l)
® simulated shape

I~ 9 O * data-driven relative normalization for
. 9&94 5 different light parton multiplicity «fit jet
multiplicity in W+jets enhanced control
W+jets region

T e (b-tag veto,1 hard lepton, E¥™ss and MV
’ W S window ~95% W+jets)

e overall normalization for high jet
multiplicity bins (>=4) «<extrapolate
content of 2 jet bins (after tagging)

q q

After all cuts

Single top "

¢ % ATLAS F;rellin;in:ar;; 33 rl)b';CC.D7.T;aVI R <
' — to -2

y S/mU/ated+ LE 150' * é ;\Etet,;s 1 é
’ - ratesetto § | F —FS A

O 100_‘ e ATLAS data —_g

: SM ! 15
Di-bosons o S : I3
(WW,WZ,22) preaiction S0 ATL-CONF-2011-070 7 §
E I

% 50 100 150 200

P, (lepton) [GeV/c]
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Searches for new phenomena with top: Mass reconstruction (I)

e Sum four momenta of o2° ATLCONE-2011-070
SIS, A e L I U I I L I I
» lepton S eob N E
O goE ATLAS Preliminary 3
g ets matched”
S e1S Mmaltcnead-
» ET™iss| p, from W mass constraint with b £l . Jto 0 oo
Er™'ss rescaling in case of negative T R S % i Y3
discriminant " 7 ~PIOCUCts =
10§ T o I g A " - —;
> jets R R I v
= s . - 'm | dRmin

» Consider 4 leading pr jets with pr simulated t
>20 GeV . Exclude the jet for which oQ ATL-CONF-2011-070
o 100 @A e
“min( DR (jet,closest jet), DR(jet,lepton) ) £ «X~ : E
> 2.5 -0.015 miet g_ 80L ATLAS Preliminary =
% if >1 jet, take jet with largest (min DR) wk ° oo Jetsnot
2 (max p) 50 matched to3
- F.)T _ P ArsTe ~."top decay -
» Continue until four or three highest  “F: jttEsEpaeas-. .
pT jets remain tof-* N s S
“reduce far away ISR/FSR jets i.elong ~ % s 1 15 2 253"5-5""1"'4;5;n;i';5

non-gaussian tails simulated tt

francesco.spano@cern.ch Top Queak with ATLAS @ LHC Top Mini Workshop - Weizmann Institute - 30th May 2011 19
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Searches for new phenomena with top: Mass reconstruction (ll)

ATL-CONF-2011-070 ATL-CONF-2011-070

I 1 1t g 0.3 s neoo v S

9 "ATLAS Preliminary ~ \'s=7TeV 7 3= ATLAS Preliminary  \'s =7 TeV ]

© - — — M, =1000 GeV & - My =1000GeV
@ - : . ! 13
T - my=700Gev {8 po - J My =706V g
E 02__ - _ 500 GeV __*g g) 02__ _._— —— m, =500 GeV __§
> : o I = : B 13
i | 18 i r L %
] 1 g 0-1_ | ] E
01" 1E ' o 2

S I Iy :
: : T L

N i S N, D00 500 0 500 1000

0 500 1000 1500 2000 M(4jlv)-M(Z') [GeV/c?]|(dRmin method)

M(4jlv) [GeV/c?](dRmin method) ,
ATL-CONF-2011-070 reSO | Ut I O n

Mass s o
2 ATLAS Preliminary  \s=7 TeV i
3 - —— QBH n=6, 2250 GeV .
@ [ N i
W 0.13[--- @BHn=6, 1500 GeV ' | -
T - IR _
)
>
L 0.1

T T

00 | ﬂ E { Sk

%1000 5000 3000
M(4jlv) [GeV/c?](dRmin method)
francesco.spano@cern.ch Top Quark with ATLAS @ LHC Top Mini Workshop - Weizmann Institute - 30th May 2011 20
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Searches for new phenomena with top: Mass reconstruction (ll)

ATL-CONF-2011-070

% 1T T
[= CATLAS Preliminary 33 pb™' @ 7 TeV 1c
o - I top ] %
L] 102 — [ 1 W+dets =45
O = [ Z+Jets 30
— n Hl QCD muon 4 <
_g - EEl QCD ele 1=
O e ATLAS data D
O @)
- 10F 45
© = 1%
O - 1.N
: 1
- 1E
1F ! 32
E JO
- EE
0 500 1000 1500 2000

M(4jlv) [GeV/c?](dRmin method)

el and y channel combined
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Searches for new phenomena with top: systematic uncertainties
% effects on yields

Shape
ATL-CONE-2011-070
Source Top | W+jets | Other | Z’, mz = 500 GeV
Jet energy scale +13% | +26% | +15% +14%
7.5% | -18% | -8.7% -8.1%
Jet energy resolution +12% | +20% | +36% +14%
I Jet reconstruction eﬁiciencz -3.9% | -6.4% | -9.2% -3.9%
b-tagging efficiency [37] +20% | +46% | +34% +21%
(incl. mistag rate) -18% -41% -34% -19%
Top quark mass +3.3% - - -
(170 and 175 GeV) -5.0%
m,; Shape +4.0%
Parton shower & Fragmentation | +5.8% -
Final-state radiation (FSR) +7.2% +6.3%
-7.6% -3.2%
Initial-state radiation (ISR) +4.3% +3.6%
-8.2% -1.2%
ISR+FSR - +2.5%
-4.1% -4.2%
Normalization

o umi~3.4%

e B-tagging and jet
properties (scale,
resol, reco eff) are
dominant

¢ |ISR/FSR are
important for top

e Bkg Norm : tt (6%), W+jets (35%), single top (10%), diboson

(5%), QCD (30% el, 50% for y)

¢ | epton reco efficiencies <3.5%, lept id. and pile-up<1%

francesco.spano@cern.ch

Top Quark with ATLAS @ LHC
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Systematics example on shape: JES

statistical uncertainty on nominal

C L I L
c 0.2 T T - imi 1

IS O 25 ATLAS Preliminary 33 pb™' @ 7 Te\? x ie. 0'3; ATLAS Preliminary 3_3._'0: mci?\a7l Te\’? S
O - ——nominal {® O ’ JES 18
© 0.15} 'xe -+-JES up 1= © ol *a T up 1€
n SR JES down 15 0.2 .o JES down 75
- o e ¢ 1o > . K 18
G>) [ * . c]lll) > 01_ o o -E‘
3 0.05} ' fgo@ Is
- M . | é 1=
o (N i< “‘Ofmh o , 18
O -_ | nlﬂl Ul IuﬁI\A' ulﬁ ulﬂ QIO ulﬂ ulﬂ ul(z ﬂlu ﬂln anﬂ- 8 O C u-“ ”- P R -U ulu Uuu “.“ uu. Au“ \)'u .u. .A L1 n| <
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simulated tt 7’ with mz =500 GeV
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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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Searches for new phenomena with top: Results

o, x BR(Z'— tf) [pb]

10°

102

10

t+X production with Quantum Black
Hole mass threshold below 2.35 TeV

Analysis with ~200 pb': advanced

francesco.spano@cern.ch

ATL-CONF-2011-070

1

_IIIIIII
-\s =7 TeV

IIIIIIIIIIII I I
dRmin. Syst.+stat.

det — 133 pb'1 —e— Obs. 95% CL upper limit
Exp. 95% CL upper limit
Exp. 1o uncertainty

Exp. 2 o uncertainty
B Leptophobic Z'
ATLAS Preliminary
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-

800 900 1000

Z' mass [GeV/c?]

500 600 700

is excluded @95%CL

Top Quark with ATLAS @ LHC

95%CL observed (expected) upper

limit on Zf xsec

from 85 (40) pb mz=500 GeV

Oggn [P

Top Mini Workshop - Weizmann Institute - 30th May 2011

to 2.2(5) pb mz=1 TeV

ATL-CONF-2011-070

T T T 1 1
-\Ns =7 TeV
i [Ldt=33 ob! T Obs. 95% CL upper limit
Exp. 95% CL upper limit
Exp. 10 uncertainty

|| I || || || || I || || || || I | =
dRmin. Syst.+stat.

Exp. 2 o uncertainty

Quantum Black Hole

ATLAS ?’reliminary

1000 1500 2000 2500

QBH mass threshold [GeV/c?]
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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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..for which we see the first “boosted-like” signs (I)

|\

R=0.4 .

|\

r- view

Electr

francesco.spano@cern.ch

t1: m=22 GeV,
t2: m=14 GeV,
t3: m= 8 GeV,

Top Quark with ATLAS @ LHC

1 =155 GeV
=113 GeV—
-1 = 54 GeV

S

hadronic top | ..t- .'

candidate . _..x %/

n-gview

‘ lepton,
mISS

=
Jet

leptonic top
c:andldate '

MieC0 —

/14 GeV

ATL-CONF-2011-073
Top Mini Workshop - Weizmann Institute - 30th May 2011 27
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..for which we see the first “boosted-like” signs (Il)

R=0.4.

- view *

T = 49 GeV
nic top candidate ‘ I
= e LW

francesco.spano@cern.ch

Jetl: m=
et?: m=

et3: m=-

18 GeV,
10 GeV,
1 GeV E

1 =205 GeV
1 =115 GeV ——

| \ PN candidate .
\ \¥, SRR GRS ) -bView
X » leptonic top u . )
= Missing\E candidate

ATL-CONF-2011-073
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Prospects: improving resolved reconstruction

Resolved

® At “IOW” Mtt b quark Light quarks
» add final state objects with x? -based algo to choose
jets

~

» perform kinematic fit using Mw, Miop

neutrino

lepton
anti-kr R=0.4 et

ATLAS-CONF-2011-033

hep-ex:0901.0512 Eom =10 TeV,100 pb

1

—~ T T T | T T T | T | | T | 1— > 45 — I l T . l T I l P l P l T I__
% 0 004 — = 8 - Tagged e + jets f L=35pb" ® \s=7 TeV data =
O] - True di-t - O 40 tf, m_=172.5 GeV —
20.0035 - (a) rue diriop mass = S = E stop, m_=172.5 GeV S
8 - - -g 35 = ° T Zijets =
= 0.003 SECRPTEY Reconstructed di-top mass | o - . =
|: - ] o 30— ° W-+jets =
~0.0025 — - WW,ZZ,WZ =
= o B S P Full event fit . 25F I cco E
S 0002F = - .
o = H = 20 —
Z0.0015F = ! . - 3 = 1
1\_ _ E rt. | 15 — -
0 001:_ SImU|ated tt = = ATLAS Preliminary =
= 3 g ATLAS g 10F E
0.0005 [ T = 5E- E
Ojl L | PRI N N T T R N N T SO AN Y WO MY W' |--|.-I||II| |- |-l|-.| 1 ; 00_ 400 500 600 * .-7‘-00
0 200 400 600 800 1000 1200 1400 1600 m;°%° [GeV]

M_ti{GeV] top shape from kine fitter
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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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Prospects: reconstructing leptonic boosted top jets

ATL-PHYS- PUB 2010 008

At higher pr'°? (Mu)—lep “top jet” small b-lep &  arias Femnay = "
distance: non iso lepton —important b/c jets 5 | —Top et
d DR(lep,jet)<1.0, prjet >100/150 GeV ot L T :

Z, _’tt W|th 10‘2§_
matched partons |

\\\\HH‘ | |
normalised to unit area

—3 \LlJ ] LJ 1 hmmd ‘ hnad | LLJ ] lJ
10°%0"""02 04 06 08 1

Track based mini-isolation

total energy in cone witk
pt dependent-size

Boosted AR < 15 GeV /pl,

ATL-PHYS-PUB-2010-008

2 0-25 ‘\\\\‘\\\\‘\\\\ \\\\‘\\\\ \\\.\ \\.\\ TTTT E— — — — — T T T T
15 ATLAS Preliminary 8 03[ ATLAS Preliminary | 4
O Simulation 5 B Simulation ]
_5 0.2- — Top Jets S 0.25F — Top Jets -
S QCD Jets ° e QCD Jets ]
© @© i i
E wo o leptonicleqg  f.. s
0151 | | - o : 12
P © C 1S
o 2p1-pj = 0150 Y1 = Piij X ARy; g
: X — = - e -
B - : 1o
0.1 ﬁ 0.1 - o
(] i 1.9
| S 0.05/- - 18
0.05|- 5 . . 05} :
s ¢ Fraction of jet mass : , 15
' : = carried by lepton R R 6C
LR YT A TN E TR ylep ':i ['OQGeV
X, jet-lep kr-like distance
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Prospects: tagging top-jets

ATL-PHYS-PUB-2010-008

leptonic top anti-kr R=1.0,leading jet Er>250 GeV/ hadronic top
1 OO ::6—_'0=6=|_5j—é—‘—®—‘ I l—é—: I l—*—:_ _] I E 1 OO EA-‘I T T | T T T | T T T | T T T | T T T | =
32 90F 3 9 eF ™, ATLAS Preliminary - Simulation =
& goE- - . . = &S FE Ll o
SOCATLAS Preliminary - Simulation - 80 R e o T 2 e =
705 E 70E- e b R e e e e g
60 :_ —— g g— — —: E —l— '—.—"_._. ._O_._O_]—O—' E
= —a— L g——— | = 60 o o O E
50 —— —— T T —+—_ — 50 e oo =
= — - = — —O— =
30 e W Signal (t— qlv) Efficiency (baseline) = 30E- e~ _~0“"W Signal (t— had.) Efficiency (baseline) >
20 = O Background Rejection (baseline) = O8O O Background Rejection (baseline) =
- — ® Signal Efficiency (tight) = 20 = —e @® Signal Efficiency (tight) =
10 A Background Rejection (tight) E 1055 o A Background Rejection (tight) =
[ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 ] _3_' | | | | | | | | | | | | | | | | | | | -
200 400 600 800 1000 1200 200 400 600 800 1000 1200
P [GeV] P [GeV]

e Signal:tt, Bkg nyhia QCD
® Pre-selection: standard semi-leptonic object definition
e Selection for early searches

» Leptonic: cuts on alternative isolation variables

» Hadronic selection: “mild” cuts on hadronic substructure to balance
signal efficiency and bkg rejection

* No b-tagging (to start with)

francesco.spano@cern.ch

From top quark to new physics: boosting the search
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Mass reconstruction and Performance: expectatlons

s 10 TeV, 200 pb'

ATL-PHYS-PUB-2010-008 & 400 [ \ Ef.“nngfetmp |
850 LN B
® Trigger and Preselection overall efficiency §3oo§— \ me
» over 55% for Z’ from 1 to 2 TeV 2250 | |
© 2001 : .
. 150;— ATLAS Preliminary E
* Mass Reconstruction 100, Simulation E
» Resolved: classified with leading prjet, W 50 Resolved
mass constraint, simple jet pairing with O T390 T a55—5005 25053000

angles .
J | | simulated tt mastdicev
» Boosted: single large cone jet Us = 10 TeV, 200 p

o _ > 457
» similar r_esolutlon: RMS ( Mirue 'Mrego )"' 14 G 4
to 20% in both full reco and mono-jet S 4
S 30,
e Reconstruction efficiency overlap 2> _
. 0] > - 0 1000 2000
» Resolved:~5% at 2TeV 150 ATLAS Profminry -
» Mono-jet~15% (10% around 1 TeV) 10¢ Simulation -
oF Boostedl
%00 1000 1500 2000 2500 300C
francesco.spano@cern.ch Top Quark with ATLAS @ LHC Top Mini Workst
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Sensitivity expectations: example

Narrow res(Z’)

ATL-PHYS-PUB-2010-008

Broad res (KKGluon)

Model mass m, [GeV]

'5' 1 8 [ T T | T T T | I. T ] T | T T .I | T I. T | T T T | T T T | T T T -|1_
a - ATLAS Preliminary, simulation \'s = 10 TeV, 200 pb - 9
= — — = .y
é 16 - Z’, full reconstruction 7 ﬁ. - ATLAS Prellmlnary SImUIatlon \FS = 10 TeV 200 pb =
= 14 ° No systematics (Bayes) T = 8 KK af " —
= - x O Systematics included (Bayes) - g - gluon, mono-jet approac .
= 1o O Systematics included (FC) T — 7= i No systematics (FC) —
1 - 1 STD range . — - o Systematics included (FC) -
x N ----%x---. topcolor Z’ (hep-ph/9911288) - 0 61— '\ 1 STD range =
s 10— T x = % ceoegeer g (hep-ph/0701166) 3
L — - 5 - 3 KK _
D gE 4 - ]
X — - m - —
o) - _ X 4 = =
6 ] @) - .
- ] SE E
41— ] - =
= - 20 =
e ] 1 —~
ol | i Porores v S A R B B B Bl E
600 800 1 OOO 1 200 1 400 1 600 1 800 2000 0 ] OOO 1200 1400 1600 1800 5000

Model mass m, [GeV]

200 pb'at 10 TeV ~ 480 pb' at 7 TeV if acceptance is similar

e With O(1) fb-1 @ 7 TeV, ATLAS sensitivity is expected to reach
resonance masses beyond 1 TeV (ATL_PHYS_PUB_2010_008)
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To fulfill/test expectations: start from foundations!

B T T T | T T T | T T T | T T
o - ATLAS Preliminary 1
©) 3001 anti-k, R=1.0 LC cluster jets: mi<1.0 -
C Py 250 GeV, p.>30 GeV ]

% 250F C—1 MC QCD Jets B
E i ]

- —e— Dataldt=13.8pb’ (N, =1)
—  —&—— Dataldt=13.8pb™ ]
© 200F —+— Data (IJVFI>0.99) .

e Start measuring basic properties
» jet mass for large cones,
» K1 splitting scales in jet making.

\/ Track jet mass [GeV]

Listen to Trisha Farooque’s talk!
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Conclusions

* Top quarks have finally visited Europe!

» ATLAS is collecting a large data sample.Top pair production cross
section measurements is in good agreement with SM, systematics
limited, close to theory precision

*ATLAS Top mass is 169 x4(stat)+4.9 (syst) GeV

e ATLAS first search for ttbar resonances with [Ldt=33 pb-'

» sets upper limits on Z’ production from 55 to 2 pb-1
» excludes high enhancement in the tail due to QBH with M<2.35 TeV
» Analysis with 200 pb' is very advanced.

¢ |nterest also directed to
» do/dmu, do/dpt, tt+jets
» variables sensitive to top asymmetry

e Boosted region is getting closer: start understanding basic
variables for top-jet tagging. Stay on for Trisha’s update!
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Full reco In ATL-PHYS-PUB-2010-008

* Pre-selection
» 1 high pt isolated lepton
» jets with pt>20 GeV

¢ | eptonic top: W mass constraint

e Hadronic top
» No jet with m> 65
“*Require >=4 jets, 2 b-tagged.
“*Hadronic WAmongst Non b-tagged jets get closest pair in DR
“*Hadronic top: add closest jet to W boson
» If jet with largest m has m in [65 GeV,130 GeV]
“*require at least 3 jets, 1 b-tagge
“*had top = large mass jet + 1 jet

» if jet with m>130 GeV is found, it is the hadronic top
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mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

Searches for new phenomena with top: Results

ATL-CONF-2011-070

[ (s =7 TeV

5., x BR(Z'— ) [pb]

10

10

det =33pb’ T Obs. 95% CL upper limit

1'I'IIIIIIIIIIIIIIIIIIIIIIIII

dRmin. Stat. only

Exp. 95% CL upper limit

[ Exp. 10 uncertainty
Exp. 2 o uncertainty

B Leptophobic Z'
ATLAS Preliminary

500 600

francesco.spano@cern.ch

700 800

Z' mass [GeV/c?]

900 1000

Top Quark with ATLAS @ LHC

Oggn PO

10°

No systematics

ATL-CONF-2011-070

n

L \s =7 TeV

I [Ldi =33 pb™

|| || || I || || || || I || || || || I || || || || I ||
dRmin. Stat. only

Obs. 95% CL upper limit
Exp. 95% CL upper limit

[ Exp. 10 uncertainty
Exp. 2 o uncertainty

Quantum Black Hole

ATLAS Preliminary

1000 1500 2000 2500

QBH mass threshold [GeV/c?]
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CMS top/anti-top resonance search

10

P-10-007-PAS

e Use b-tagged and non-b
tagged events

¢ | east squares to choose the
jets

e Kinematic fi_t for mass
reconstruction

» Res is about 6% at 500 GeV ,
7% at 1 TeV

Events / 50 GeV/c

Upper Limit o,, x BR(Z' — tt) [pb]

* No exclusion statement, upper
limit on narrow topcolor Z’ xsec

» 25 pb at mz=500 GeV
» 4 pb at mz>1.4 TeV

francesco.spano@cern.ch Top Quark con ATLAS @ LHC

N —e— Data
2536 pb'at\s =7 TeV [ Jacd —
e, =4 jets, =1 b-tag I Z/v*—IT (+ light jets) -
- [ ] Vbb+X ]
20— [ ] Ve(e)+X i
[ W—lv (+ light jets) ]
15— H [ Single-Top ]
B ]
Z'05TeV (50 pb) ]
10— ([l Z'0.75TeV (50 pb) —
--------- Z'1TeV (50 pb) ]
................ Z'1.25TeV (50 pb)
5H —
R e S T

400 600 800 1000 1200 1400 1600 1 2800
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o1V T T ] LI N Y L L

[ T | T T T | T T T | T T T T
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60F
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40F
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20F
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...With excellent gdata taking nerformance

Inner Tracking

60 , —T —r— —r—r— — T Detectors Calorimeters Muon Detectors
- ATLAS Onli.ne Luminosity Vs =7 TeV . Pixel SCT TRT 'E:; ;:Ir) FLV?IE) Tile MDT RPC CSC  TGC
50— i it elvered . 99.0 99.9 100 905 96.6 97.8 943 99.9 99.8 962 99.8
B ATLAS Recorded 201 O
401 Total Delivered: 48.1 pb” For tOp aﬂa|ySGS
_  Total Recorded: 45.0 pb™ - -1
202_ Luminosity uncertainty ~ 3.4% expect~5700 tt events
101
5 L L
E - ATLAS Online Luminosity Vs =7 TeV ]
o1 R — S —— ~ [ LHC Delivered =
24/03 19/05 14/07 08/09 03/11 : P——— .
Day in 2010 " Total Delivered: 433.6 pb™” 201 1 1
Data sample for first top paper~3 pb-1 g - Total Recorded: 409.7 pb” -
300— =
g 3
£ 200F
s  Already collected ~
= 100F 500 pb-*
B - )
0“ : oo | , : A 1 ..
26/02 28/03 27/04 28/05
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The k; algorithms form one of several “families” of
sequential recombination jet algorithm

Others differ in:

1. the choice distance measure between pairs of particles

i.e. the relative priority given to soft and collinear divergences|

2. using 3 — 2 clustering rather than 2 — 1

[ARCLUS; not used at hadron colliders, so won't discuss it more]

Jets lecture 1 (Gavin Salam CERN Academic Training March /April 2011 27 / 35
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[Sequential recombination]

L [kt for hadron colliders] kt alg at hadrOn CO”lderS

3rd attempt: inclusive k; algorithm

» Introduce angular radius R (NB: dimensionless!)

AR,-J2-
R?

djj = min(p;, p;;) dig = p;

Two parameters to remember

Find smallest of d;;, dig o |

R ] » R: sets y—¢ reach of the jet; minimal interjet separation

if ij, recombine them > p, cut on the jets

If IB, call / a _]Et and remove from list Of partiC|eS These parameters are common to all widely used hadron-
. . llider | |gorithms.

repeat from step 1 until no particles left. oI o

= =

S.D. Ellis & Soper, '93; the simplest to use
Jets all separated by at least R on y, ¢ cylinder.

NB: number of jets not IR safe (soft jets near beam); number of jets above
p; cut is IR safe.

Jets lecture 1 (Gavin Salam CERN Academic Training March /April 2011 24 / 35
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[Sequential recombination] -
L [Variations on k] Antl_ kt

Anti-k;: formulated similarly to ki, but with

1 1\ AR? 1

) d'B _
27 1,2 2 s 42
K ktj R ki

d,-j — min

Cacciari, GPS & Soyez, '08 [+ Delsart unpublished]

Anti-k; privileges the collinear divergence of QCD and
disfavours clustering between pairs of soft particles

Most pairwise clusterings involve at least one hard particle

Jets lecture 1 (Gavin Salam CERN Academic Training March /April 2011 29
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[1 jet = 2 partons]

Boosted massive particles, e.g.: EW bosons

Hadronically decaying EW boson at high p; # two jets

_ 7N

s \

1.7 b
boosted X  __ - single e m 1
~~— e ~ pe/z(1 - z)
— (TS~ )
/ ~ - /
Rules of thumb: m = 100 GeV, p; = 500 GeV
2m .
» R < —: always resolve two jets R < 0.4
Pt
3m At T 0 1 /
> R 2 —: resolve one jet in ~75% of cases (5 < z < g) R > 0.6
Pt

Jets lecture 3 (Gavin Salam) CERN Academic Training March/April 2011 11 /7 29
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Top taggers comparison
http://arxiv.org/pdf/1012.5412

linear scale log scale

m 0-25 T T T T | T T T 1
+ - . —
9 B — Hopklns ] -.G_J' E T T T | T .| T |E
B | © C = HOpKins -
b
% RLLLL CMS 7 o L CMS _
0 0.2 i Pruning § = I _ ]
é - ATLAS &f Z ® | Pruning e
~ === Thaler/Wang & S ATLAS \\m\mw""“\ﬂ.‘\ \\\\\
0.15 ’\\.v B 10" — i Thaler/Wang ST |
o o : = S et E
- K 4 — ) —
\\\\\\‘\ — | \ —
- \\\\ '\ — . \\\\\
— R & — T 1 L N —
0.1— :5 ‘,' — - \‘\-\- - T :‘ .y |
B \‘\0\:;. . 0 e e
B y A 7] '2 \ ' 19
- S - 10 :_’ \\\\\\\ =
005 e . e -
B = AL L N ;‘\‘ 7]
YL L e _
\m1m HAITET RS _ ol ]
% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 3 \\\\\\ |
1 02 03 04 0.5 06 07 10- ST AN AR TR TN N T N T T NN T T T T A TN S T N T N ST W MO S
0.1 0.2 0.3 0.4 0.5 0.6 0.7
efficiency .
efficiency

e Signal: tt , Bkg:di-jet (QCD) (HERWIG)
o anti-kt Jet with R="1
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oEmisss 20 GeV

agging boosted tops in A

LAS

ATL-PHYS-PUB-2010-008

Pre-selection
ecentral combined muon candidate with pt>20 GeV and |eta|<2.5
emedium electron candidates with pt>25 GeV and |eta|<2.47 (not in crack)

o [|ectron energy deposit kept in jet clustering: remove jet-electron overlap
ercmove muons within DR=0.3 from jet

energy sharing, isolation-like,

Mono-jet-selection
distance-like

zij = dij/ (dij +m?)

Table 2: The baseline and tight mono-jet selection. The tight selection does not include the baseline cuts.

selection leptonic hadronic
baseline, AR;; <1, (x; < 1.2,)(& <0.8) (zi»>008, )
leading jet muon:([;¢ <0.5) (O > 53 GeV) Ow > 30 GeV,
Er > 250 GeV | AR,; >0.15, (x, >035, z, >0.15) m; > 100 GeV
electron:(lerel < 0.1) (©°.. > 50 GeV)

AR,; > 025, (x,>04)
tight, AR;; < 1, Z12 > 0.06, 27203 >0.042,
leading jet logy; > 0, L 734 > 0.007, J
Er > 250 GeV (x;>023,) Ow > 50 GeV,

rmm =09, M08 m; > 140 GeV

francesco.spano@cern.ch
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ATL-PHYS-PUB-2010-008

Selection and reconstruction efficiency

selection Z’ (m =1 TeV) SM ¢t W+jets QCD
muon 1n acceptance 84.8 % 79.0 % 47.0 % -

single muon trigger T1.5% (81.5% ) | 657 % (814 % ) | 50.4 % (82.2 %) 09@1.1 %)
reconstructed muon 67.6 % 62.8 % 42.0 % 10~

total pre-selection 63.5 % 56.8 % 38.5 % 107
electron in acceptance 81.5 % 74.0 % 44 .8 % -

single electron trigger | 78.8 % (98.9 %) | 77.7 % (99.3 %) | 50.0 % (99.4 %) | 0.75 % (95.1 %)
reconstructed electron 60.0 % 59.0 % 63.5 % 1073

total pre-selection 56.4 % 48.3 % 31.0 % 6 x 1074

¢ | ooking at leptonic W decays
¢ Signal efficiency presented for
e total preselection = lepton+Et™ss 25 GeV
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ATL-PHYS-PUB-2010-008

Reco Efficiency
minimal reconstruction full mono-jet
3-jet 3-jet 4-jet > 5 jets all reco. approach
low m; high m; baseline  tight
Z  m=1TeV ,I'/m~33%,0xBR(X —tf) =0.634 pb
tt 322.8 41.3 4424 | 2155 1022 214.3 88.8 29.2
reducible bkg. 858 28 272 59 1217 9.9 22.5 2.8
4 4.13 2.26 4.18 1.92 12.5 3.36 6.4 2.9
signal eff. 6.0 % 33% | 6.1% | 28 % 182% |49% | 93 % 4.3 %
S/B 0.003 0.033 | 0.006 | 0.007 0.006 0.015 | 0.049 0.091
Z  ,m=2TeV ,I'/m~33%,0xBR(X —tf) =0.0214 pb
tt 51.2 6.11 38.3 25.3 121 15.6 9.7 4.4
reducible bkg. 278 16.7 66 22.2 394 3.0 14.2 1.6
Z 0.046 0.14 0.13 | 0.0825 0.40 0.12 0.36 0.29
signal eff. 2.0 % 60% |56% | 36% 172% | 52% | 155% | 12.5%
S/B 14 x10~*| 0006 | 0001 | 0002 |8x10"*| 0006 | 0015 | 0.04
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200 pb' @ 10 TeV
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[1 jet = 2 partons] NOISe removal

[An example]

UE adds A ~ 10 — 15 GeV of noise per unit rapidity. For a jet of size R,
effect on jet mass goes as

2 R m’ D ta. M
(6m®) ~ Apr— ~ 4N\ — asgupta, Magnea
3
4 P & GPS '07

Filtering, Pruning & Trimming are all intended to reduce this noise.
Viewing the jet on some smaller scale R, throw out softest subjets:

» Filtering: break jet into subjets on angular scale Ry, take ng; hardest
subjets Butterworth, Davison, Rubin & GPS '08

» Trimming: break jet into subjets on angular scale Ryim, take all subjets
wWith p: sub > €trimPt jet Krohn, Thaler & Wang '09

» Pruning: as you build up the jet, if the two subjets about to be

recombined have AR > Rprune and min(p:1, pr2) < €prune(Pe1 + Pr2),
discard the softer one. Ellis, Vermilion & Walsh '09

Jets lecture 3 (Gavin Salam CERN Academic Training March /April 2011 22 / 29
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Trimming D. Krofn,
Jets & Jet Substructure Workshop, University Of Washington, 1/14/10
arxiv:ooi2.1342
Implementation

1.Cluster all calorimeter data using any algorithm

2.Take the constituents of each jet and recluster them using
another, possibly different, algorithm (we advocate kr)
with smaller radius Rsub (Rsup = 0.2 seems to work well).

3.Discard the subjet i if
pri < fcut ' Ahaurd

4.Reassemble the remaining subjets into the trimmed jet
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~runing D. Krohn,

Jets & Jet Substructure Workshop, University Of Washington, 1/14/10

* Pruning tries to clean jets by vetoing spurious

recombinations in the jet clustering:

* Ajet’s constituents are reclustered using kr or C/ A,
and wide angle recombinations (R>Rcut) with a large

relative pr hierarchy (z<z.) are vetoed.

»S. D. Ellis, C. K. Vermilion, and J. R. Walsh, Techniques for improved heavy particle searches with jet substructure, Phys. Rev. D80 (2009) 051501, [0903.5081].
»S. D. Ellis, C. K. Vermilion, and J. R. Walsh, Recombination Algorithms and Jet Substructure: Pruning as a Tool for Heavy Particle Searches, 0912.0033.

francesco.spano@cern.ch Top Quark with ATLAS @ LHC Top Mini Workshop - Weizmann Institute - 30th May 2011 32



mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

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

M2 ~ 2[ pt(1) pr(2) ( 1+Dy2/2 - 1+ (DPhi)¢/2)]= pt(1) pr(2) (Dy2/2 + (DPhi)?)= pt(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
http://en.wikipedia.org/wiki/Hyperbolic_function

Top cross section

ATL-CONF-2011-040

I I I I | I I I I | I I I I
ATLAS Preliminary
Data 2010, f L=35pb’

L+jets w/ b-tagging

T | L | LI
....... Theory (approx. NNLO)

m, = 172.5 GeV

186 +10+20+6

Dilepton w/o b-tagging

i 18 8

Combination et 1809 =15:6
L+jets w/o b-tagging N 17117 2 =6
Dilepton w/ b-tagging ~ ~ — 17122 *31 7
: (stat)=(syst)=(lumi)
| | | | | | | | | | | | | | | | : | | | | | | | | | | | | | | | | |
0 50 100 150 200 250 300
o [pb]
I‘é- B I. IA-llLASI T T T T l T T T T
T | Preliminary == Approx. NNLO (pp)
© - (@5pbY) NLO QCD (pp)
,| ¥ CMS
10 - (36 pb
— m CDF
— A DO

e Uncertainty

dominated by

systematics

francesco.spano@cern.ch

e Combined result uncertainty is
10%: comparable to theory

» ATLAS: 180 +18 pb
» CMS: 158+19 pb (12%)

ATL-CONF-2011-040

10

1

T T T L

————— NLO QCd (pp) .

————— Approx. NNLO (pp) L caE :

T l L l T 171

http://arxiv.org/abs/1012.1792
300¢

250}
200|

150}

]
<
0_Ill T T

6.5
| | | | | | | | | | | | | | | |

i 2 3

Top Quark with ATLAS @ LHC
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Ingredient: jets

e set of colour-less particles “remembering” momentum/colour flow from

parton interaction Simulated QCD di- Jet
FCal1C | | MeV

Cluster _
> significant (Ecen /  *
exp_NOoisecel)
energy deposits R R
N calorimeters 005 _ e

"
-
T

FH - A

calorimeter jet

= -0.05 0 0.05
?6 Itan 6l x cos ¢
clusters— jet
with anti-kr algorlthm(R 0.4) (Cacciari,Salam,
L Ll T - | SOyeZ, 2008)
-\ “hard stuff
— clusters with
M nearest
PNt
neighbour”
francesco.spano@cern.ch Top Quark with ATLAS € u taann Institute - 30th May 2011 35
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Ingredients Il : jets (in the making)

Extensive validation of simulation in test-

beam data —good collision data description
ATLAS test beam 2004
NIMA 621 (2010) 134

- e MC -

0.8 [ ¢ &

= O Data =

5 0.75 — i $$ —

i m ® .

= 07 = ]

3, ! = ¢ Npion =0.55 =

0.65 $ =

06 =

= S EFE S — L —
£ 7 FE, G ISR R ¢ 90 ig;z%

Sw g [t R -

20 30 40 50 60 10° 2x10%> 3x10?

Eieam [GEV]

Linearity within ~2%
single pion response for known
beam energy

<E/P>

MC/DATA

0.8

0.7

0.6

0.5

0.4

0.3

1.1~ .

0.9 _

ATLAS colllisions 2010
i  ATLAS-CONF-2011-028
(0.6<iml<1.1) i
—e— Data 2010. L=866 ub™ .

Pythia ATLAS MC10

systematic uncertainty

—

—

——

=0

= =

—@—

ATLAS Preliminary

p[GeV]

Data/MC within 2% for p<10 GeV

single isolated charged hadron
response vs track momentum
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Ingredients Il : jets (scale)

ATLAS-CONF-2011-053

> 01— . ———
.-'% 0.16 f_ Ant:t_l,‘::;);,\lEM:ES, .0.3 sjn | < 0.8, Data 2010 + Monte Carlo QCD jets _:
- - . o " A + Herwig + Jimm v Noise Thresholds -
* Calibrate jet energy scale with 8 o145« escapmionnorcoswe - PYHIAPougasoro -
(n,p.l.) dependent Welght from _% 0.12% _?C')ngngﬂﬁfeif;ﬁ;meter) Additional dead matenal_f
simulated “true” jet 5 o 3
kinematics & 0.08F ATLAS Preliminary =
@ 0.06 =
] T 0.04F =
* Scale uncertainty: range 2 ook ﬁ vy
0 0/ i S S - I =
between2% to8% inprandn &  F = & ¥ w8 § s id b aihd ik
20 30 40 102 2x10? 10°
P [GeV]

e Contributions from o 114 S
_ . = 112 N ATLAS-CONF-2011-053 |
» Physics models for generation s 142 ¥utiel ATLAS Preliminary  _
and hadronization Q 1.08-a 7 -jet direct balance —
. o 1.06— v -jet MPF |
» Calorimeter response: collision 104 + i
single particle data, test beam o2 o ¥ S ot ]
» Detector simulation oo8 T Ty :ti = T -
0.96— _
0.94— j# _
e Validation in control samples POSL . JFSunceranty  antrk A=06 EMWJES”

102 10°
Py [GeV]
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Ingredients IV : enter b-jets

e B-hadrons have long lifetime ~observable flight (few mm)

" Jet axis

Tagging do/dy

e track impact parameter resolution d0/
Od4o — different probability for jet

origin for b-jets Lﬁfpt/ 7
g brczjrgczf/ml eptonic

Performance in data G o

© 85 (s=7 TeV L~15nb™]

e Efficiency: fit fraction of b-jets in o 107 BB e o e E

sample with muons in jets, count ROV & 107 M mmeplaie:blee .
many are b-tagged 3 oo b

ATLAS-CONF-2010-091
* Mis-tag rate: from secondary vertex

properties (invariant mass of tracks, rate
of negative decay length significance )

o1 dependent scale factors to correct MC 0O 1 2 3 4 5 6 7 8 9
francesco.spano@cern.ch Top Quark with ATLAS @ LHC Top -Logm(Jet Probability)
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ATLAS : a Top observer

Top is a real commissiong tool: full detector at play

3-level trigger
reducing the rate
from 40 MHz to
~200 Hz

* reconstruct interaction
vertex, electrons, muons, jets
and missing energy
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ATLAS : a Top observer

Inner Detector (In|<2.5, B=2T):
Si Pixels, Si strips, Transition
Radiation detector (straws)
Precise tracking and vertexing,
e/m separation

Momentum resolution:

o/pt ~ 3.8x104 p+ (GeV) @ 0.015

Inner detector
Transition radiation tracker

Semi conductor tracker

e ——— %
...... pomn sy ———

1
lllll

track, particle identifcation,
P mMeasurement

PIxel
detec
tor

b-tagging

francesco.spano@cern.ch Top Quark con ATLAS @ LHC Seminario INFN/Universita di Pisa - 3 Maggio 2011 60



mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

ATLAS : a /op opbserver
Calorimeters

electron and jets reconstruction
Missing transverse energy

LRI

EM calorimeter: Pb-LAr Accordion
e/y trigger, ID and measurement
E-resolution: c/E ~ 10%/+E

HAD calorimetry (|n|<5): segmentation, hermeticity
Fe/scintillator Tiles (central), Cu/W-LAr (fwd)
Trigger and measurement of jets and missing E+
E-resolution: 6/E ~ 50%/VE @ 0.03
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110 -
= - ..
Barre >
I acap
i B aarao 410 Al
E{T il "”' ;
_"_[
: O ap -
_.Ligy L
_._/ 0 Argc a\je AL<
U
‘ A
al2aé 4
B P 0 op - RO 3 e 200

F Spano, Local Hadron calibration, Atlas Physics Workshop Rome 2005
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Pion in ATLAS Calo

/ layers

Dead
material * Correct
Tile
Had Leakage
Cal Out of I
cluster
Had
LAr Signal Calib
EM definition
Cal (Clusters) I
Invisible

energy =2 Weight

Incoming hadron
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ATLAS : a Top observe

[

Muon spect

‘ometer

particle identr

lcat

o1 measure

Oon

Men

t
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Monte Carlo used in top analyses

GGeneration
e Top quark : MC@NLO

» xsec is normalized to NNLO effects
e Single top : MC@NLO
» 1, Wt and s channels
» normalized to MC@NLO, remove Wt overlaps with tt final state

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

¢ Di-boson : WW, ZZ: ALPGEN normalized to NLO from MCFM

e W+jets: ALPGEN

» W+n light partons
» W+bb
» W+cc

» W+c Hadronization

e HERWIG + JIMMY for underlying event modelling
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Trigger Details Efficiency for offline object is at plateau for pr 20 GeV

with pt >13 GeV muon, use

e Data

> T T e e
= g R
_leCtron . . % 0_8:— % *+ ATLAS Preliminary _:
* EM calo energy deposit with Er : ¥ deta2010Ns=7Tev
between 10 and 15 GeV at level1 0d-HCC poster session, g
| _ - March 2011 ""1.5—’\'/‘\/9:':’“
* More refined selection at level 2 0.41- o 7w
- i +- e20_loose
* Match EM calorimeter cluster 02~ f s Weer
and Inner Dret track at level3 : a by D Eee
0 15 20 25 30 35
electron E [GeV]
3rd level efficiency with tag and probe method for Z (in Z window), missing ET
Muon triggers for W (MET>25 GeV, isolated form Jet, MTw.40 GeV)
e Levell track in muon chambers with - HﬁHT """"
ot >10 GeV at level 1 5o T E
e Confirm at level 2 | ATLCONF-2010-095 - -
e Match to track in inner detector . Pt o | | H o7 Tov. DRta 2010 =
threshold between 10 and 13 GeV *% % R

precision chambers at level 3

N, matched

3trigger(z T&P) =

0 5 10

0_|||

IIIIIIIIIIIIIIIIIIIIIIIIIIII_
15 20 25 30 35 40

Offline CB P, [GeV]

3rd level muon efficiency with respect to

probes offline muon matched to level 1 and level?
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| | di-jet simulated events, anti-kt R=0.6
Calorimeter Clustering

hep-ex:0901.0512

» Keep particle picture, capture shower,
sSuUppress noise 100 -
* Numlber of constituents per jet and jet |
(“ 3 ' . 10 oy
mass closest to “true” stable particle jets - particles |
OO SN O L S : towers
8 [ o<pl<08 | o clusters |
100 — E : : g s s s
60 — 3 - particle jet 3": 100
- hep-ex:0901.0512 | _ @
40 — | & tower jet S
- .- | o cluster jet © ‘
20 = | P =100 MeV 3 g 10 particles |/
100 = e - towers
= forororoorumTmeroeremyToTeTo oo 3 L ans] g clusters |
—~~ 80 — A_'A'-A- AcA A--A-‘:'A A—-A—A—ATA- o 3
o\o - _A__A -A-A . l o 1 :
= m s N ‘ o |
§ 60 - A-ah — particle jet <
g 40 s tower jet 100
20 ;— p;ﬂ'ﬂ = 400 MeV o cluster jet — rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
100 o 10 E paﬁicles :
80 o oom00 L E : : | towers '
60 - S § o o 3T<bl<42 — | o clusters |
n b | L - — nparticle jet T P N SIS AN N S S
40 — -A-_A__A:A__ A_-A{'A"A'_A_ a  tower jet 1 2 3 4
20 — min _ 1 GeV o cluster jet log,, (p,/GeV)
- | Py | 3 10 GeV 100 GeV 1000 GeV
°=% 0.5 1 1.5 2 2.5 3
log,, (m(p, >0)/GeV)

francesco.spano@cern.ch Top Quark con ATLAS @ LHC Seminario INFN/Universita™di Pisa - 3 Maggio 2011 67



mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

Jet calibration steps

e Average pile-up is subtracted by correction constants derived
in-situ

¢ jet position Is corrected for the jet to point to primary vertex of
interaction (rather than centre of ATLAS detector)

* jet energy and position are corrected to corresponding truth
jets
» truth jets are formed by running jet algorithm on stable interacting
particles, i.e. lifetime>10 ps, muons and neutrinos are excluded)
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Jet uncertainty contributions

Estimated by Simulated samples
Estimated by single particle response

_ Estimated by in situ measurements
e JES calib method

e JES in calorimeter response
» in simulation, link true calo deposits to particles from collision

» uncertainties on single particles constrained from in-situ, derive jet uncertainty. It
Includes

“* uncertainties on charged hadrons, calo acceptance,large p particles
“* EM scale for hadronic and EM calo for particles not measured in situ
“* uncertainties for neutral hadrons

e JES in det simulation
» uncertainty in calo noise thresholds
» detector material description (cryostat, presampler, transition barrel endcap)

e JES in physics model (hadronization) and parameters in generation
e JES in relative calib for eta>0.8
* Pile-up
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JES In situ methods

e Photon balance

» transverse photon momentum balanced against fullhadronic

response by projecting ET™ss on photon direction; no explicit jet
algo involved

* High pt jet balance by one or more lower pt jets
» if low pTjets are well calibrated, check high prjets against them.
» High reach in pr, |eta |<2.8

e Compare calo jet to associated tracks
» Calculate mean transverse momentum sum of tracks in a cone
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Jet calibration : top Specific effects

e Close by jet
» jet splitting can bias scale
» recover by monte carlo baed correction as a function of isolation

e Gluon vs quark jets
» different response in gluon initiated and quark initiated jets
» validation in di-jet (gluon) and gamma-jet (quark) samples

e B-jet
» tag and probe method in data-MC in di-jet
» comparison to track jets (data/MC)

francesco.spano@cern.ch Top Quark con ATLAS @ LHC Seminario INFN/Universita di Pisa - 3 Maggio 2011 71



mailto:fracesco.spano@cern.ch
mailto:fracesco.spano@cern.ch

MIssing transverse energy (l)

Emiss _ Emiss,calo 4 Emiss,cryo 4 miss,muon

x(y) x(y) x(y) x(y)
Electrons Photons Taus Jets Muons  Unused TopoClusters
. v v v v v

Go back to constituent Calorimeter Cells - apply overlap removal at Cell level -
Cell calibration weights dependent on the object - add them to calculate partial terms

l l l l l l

MET RefEle <4 MET_Refy 4MET _RefTau=MET Reflet4+ MET_RefMuo+4MET_CellOut

+ MET_Cryo + MET_Muon = MET RefFinal

e overlap removal order is
» electron, photon, hadronic taus, jets, muons
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MIssing transverse energy (l)
¢ The three terms are, muons

Emiss _ Emiss,calo 4 Emiss,cryo 4 miss,muon

x(y) x(y) x(y) x(y)
miss,calo,calib _ ~miss,e miss,y miss,T miss,jets miss,calo,u [ ;-miss,CellOut
() =L TEe TEe T Thy T The T Th
s _ v g Isolated muons
x(y) x(y)

selected muons

non-isolated muons

Ejet,cryo __ .,,Cryo Ejet % Ejet COS (Pjet
: - X =W EM3 " PHADI Co o
EmlsS,CryO . E EJet,cryo . et
- i i : sSin ¢
t t et
X (y ) y X (y ) Eg}et,cryo — CIyo \/ E]JEeM3 < EJ}?ADI J
Jets cosh 1je
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Triangular cut

* True W leptonic decay with large missing transverse energy
—1MISS 5150 have large W transverse mass Mt

* Mis-measured jets in QCD may have large missing transverse
energy ET™S8, but small transverse mass MtV

* Requirement on transverse missing energy and transverse
mass helps discriminate the two

w ]
Mir True W

MWS60 GeV - Eqmiss
acD N

> [C__MISS
T
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Top/anti-top resonances : ATLAS expectations
e Search for peaks in Mit & mass resolution is crucial

ATLAS-PHYS-PUB-2010-008

LR L L D R
4 ATHAS Preliminary = Noparion mergpa
Simulgtion, parton level 4 2 partons merged

+ v 3 partons mergéd —

e At “low” Msu

» add final state objects + algo
to choose jets (pt order,X?)
» perform kinematic fit using <I‘L

Fraction of events
o

'g"|"'|"'|"'|'

MW, Mtop 0. _:
hep-ex:0901.0512 Ecm =10 TeV,100 pb! 0 -
%\0004;_"'|"',|_I"'|"'|"'|."'|"'|"'_; =
20,0035 (a) True di-top mass = 500 1000 1500 2000 2500
A . 3 Mtt [GeV]
= 0.003 S Reconstructed di-top mass | . . o
20,0025 - = Probability to find partons within DR=0.8
% e e Full event fit
% 00025— b ) —:
Z0.0015F sl - —
= F 5. Simulated tt 3
0.001 o -
000055_ z i ATLAS E \/
ooe [ e ] © ngher thoP (Qr Mtt) V\)t
0200 200 600 800 1000 1200 1400 1600 boosted “top jet”—b ne

M_ti[GeV]

reco to separate QCD,
* ATLAS analysis with 35 pb' in tt, possible new physics.
advanced state. Expect results soon.
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C GEORG-AUGUST-UNIVERSITAT
. @J o Colour Charge Asymmetry (Agg)

. Form observable: Ay =1y; — yz
NAy)O . NAy(O
A =
fb NAy>0 + NAy<O0 P > p
. Use b-tagged events tt rest frame

. Use kinematic fitter for reco

»
3

E -l Top pairs 1 DO RunllPreliminary| - #
> [[Ewsets L=43fb" !
" W A% = 8 + 4(stat) + 1(syst)%
' Raw result (not unfolded)
L 2 + description of acceptance
100 & detector effects allowing
- comparison to any model
50— e ge “+20;
! [ MC@NLO prediction: 1 7% ]

Ay [DO note 6062]  ~2 (¥

3/26/11 Measurements of Top Quark Properties at the Tevatron

Oleg Brandt - Moriond QCD 2011
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0.6

GEORG-AUGUST-UNIVERSITAT

C‘
. @?J GOTTINGEN

Colour Charge Asymmetry (Agg)

. Look at Ag as a function of M,,

m —4+— data
<EL).5 | NLO tt+hkg /Pronounced dependence\
| ! of Ag on M !!!
04 £ | New physics?
- I ° °
03 S SM prediction
- ! at a 4?7 o ~?
02 | } \_ SoftQCDeffects?
N I —
0.1 | b
- I Unfolding
0.‘_.. ............... T e e e e
- |
5 |
'0-1._.I....I....é....l....l...nl....
350 400 4 IO 500 550 600
€ : , = , :
selection Mz < 450 GeV /e Mz > 450 GeV /c
data parton —0.116 4 0.146 4 0.047 0.475 £ 0.101 £ 0.049
MCFM +0.040 £ 0.006 0.088 & 0.013
3/26/11 Measurements of Top Quark Properties at the Tevatron

francesco.spano@cern.ch

Oleg Brandt - Moriond QCD 2011
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\ H.Lee, Moriond QCD _ |
March 201 1 Combination

Mass of the Top Quark (*Preliminary) &
. 0.5 o
CDF- i 167.4£10.3+4.9 s | & @
[ ] e AN

DO-l di 168.4+12.3+ 3.6 Zos- )
* L] -2
CDF-Il di-l 1712+27+29 £
. _ N — : 03[
DO-11 di-1 1747+2.9+2.4 S

° i
CDF-I 4] 176.1+ 5.1+ 5.3 @ 021

L _— -
DO-1 14 180.1+ 3.9+ 3.6 é_ -
CDF-Il 1 172.1+ 0.9+ 1.3 ‘*_3
* . Lol ) g
DO-II I+ = 0.0

] 17.3.7 +0.8+1.6 e
CDF-l all| 186.0 +10.0+ 5.7
* e
CDF- i 748417410 New measurements
* ®
CDF-lI trk
1753+ 6.2+ 3.0 _
* N CDF LJ (ME) =172.8 £+ 1.3 GeV/c?
Tevatron March'09 173.1+ 0.6 + 1.1
hep-ex/0903.2503 (stat.) £ (syst.)
. meeweerm ]| CDF LI (TM) =172.1 1.5 GeV/c?

150 160 170 180 190 200

M (3V/) CDF DIL(TM) = 170.6 £ 3.8 GeV/c?
m,,, = 173.1 = 1.3 GeV/c?

Moriond QCD 2010, Hyunsu Lee,  The University of Chicago 14
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