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Introduction

Standard Model and Beyond
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Introduction

» High energy frontier
Major goal of collider physics
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Introduction
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Introduction

ATLAS

~3000
physicists “in”
ATLAS
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Introduction
ATLAS physics objects reconstruction
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Introduction
New physics searches

Signal (New Physics)
Background (Standard Model)

Number of events

>
Discriminant
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Number of events

Introduction
New physics searches at energy frontier

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: March 2015 JLdt=(1.0-203)fb' 5=7,8TeV
Model £y Jets ET'™ [ram] Mass limit Reference

ADD Gy + g/4 - =1j Yes 203 n=2 1502.01518
ADD non-resonant £€ 2e, it - - 203 n=3HLZ 1407.2410
ADD QBH — {g 1ep 1j - 203 n==6 1311.2006
@ ADD QBH - 2j - 203 n=56 1407.1376
,§ ADD BH high N 24 (S8) - - 203 =6, Mp =3 TeV, non-rot BH 1308.4075
E ADD BH high ¥, pr zlep =7j - 20.3 n =6, My =3 TeV, non-rot BH 14054254
£ ADD BH high multijst - =2j - 203 n=6, Mp =3 TeV, non-rot BH Preliminary
S RS1 Gy — £€ 2ep - - 203 kjMp =01 14054123
® RS1 Grx — vy 2y - - 203 Prefiminary
5 Bulk RS G — ZZ — qqét 2ep 2j/1Jd - 203 1409.6190
Bulk RS Gy — WW — qgév Teu 2ji1J Yes 203 1500.04677

Bulk RS Gy — HH — bbbb - 4b - 195 | Gkx mass 590-710 GeV [l ATLAS-GONF-2014-005

Bulk RS gyx — £ tep z1b =z1JR2) Yes 203 AT LAS-CONF-2015-009
2UED/RPP 2e,p(S8) =21b,=21] Yes 203 Preliminary
@ SSM Z° — &f 2ep - - 203 14054123
5 SSMJZ — T 27 - - 195 1502.07177
Signal (New Physics) § S5M Wj =ty . ; eH - Yes 203 1407.7494
Background (Standard Model) = Egm w - ﬁé — v ' ep - st 203 14064456
- — qgét 2ep 2ji14 203 1409.6190
% HVT W — WH — tvbb 1ep 2b Yes 203 =1 Preliminary
(0] LASM W, — th Tepu 2b,0-1] Yes 203 14104103
LASM W] — th Qe p =1b1J - 203 14080886
- Cl qqqq - 2j - 173 Preliminary
O Clgqit 2epu - - 20.3 Au=-1 1407.2010
Cl yutt 2ep(88) >1b>1j Yes 203 1€l =1 Preliminary
= EFT D5 operator (Dirac) Qe pu =1j Yes 203 at 90% CL for m{y) < 100 GeV 1502.01518
Q EFT D9 operator (Dirac) Oe p 1d,<1j  Yes 203 at 90% CL for m{y) < 100 GeV 1309.4017
Discriminant o | ScalarlQi® gen 2e > 2] - 10 |Lomass 660 GeV B=1 1112.4828
] Scalar LQ 2" gen 2u =2j - 1.0 LQ mass 685 GeV A=1 1208.3172
Scalar LQ 3" gen lepts 1b1j - 47 | LOmass 534 GeV A=1 1300.0526

VLQ 77 — Ht + X, Wb+ X lepg =1b =3] Yes 203 Isospin singlet ATLAS-CONF-2015-012
> -g VIQTT = Zt+ X 223 e, z2-1b - 203 Tin {T,B) doublet 1409.5500
2 S VLQBB - Zbt X 26:3ep z2lx1b - 203 Bin (B,Y) doublet 1409.5500
L& VBB - WtX lep =1bz5] Yes 203 Isospin singlet Preliminary
Tsps — Wt 1epg =1b=5] Yes 203 Preliminary
» Excited quark ¢* — gy 1y 1j - 203 only u* and d*, A = m(q") 1309.3230
E § Excited quark " — g - 2j - 20.3 only u* and d*, A = m{q"} 1407.1376
S ‘B Excited quark & — Wt Tor2eplb2jorl] Yes 47 left-handed coupling 1301.1583
Wi § Excitedlepton &* — £y e 1y - - 13.0 A=22Tev 1308.1364
Excited lepton v* — £W,vZ et - - 203 A=16Tev 1411.2921
LSTC ar — Wy Tepuly - Yes 203 1407.8150
LRSM Majorana v 2ep 2j - 21 m{ W) = 2 TeV, no mixing 1208.5420
Higgs triplet H=* — ££ 2 e, p(SS) - - 20.3 DY production, BR(HF* — £2=1 1412.0287
E Higgs triplet H** — {1 BepT - - 20.3 ¥ production, BR(HF* — ¢)=1 1411.2921
o Monotop (nen-res prod) Tep ib Yes 203 Anon-res = 0.2 1410.5404
Multi-charged particles - - - 203 ¥ production, g = 5e Preliminary
Magnetic monopales - — — 20 v production, |g] = 1gp 1207.6411

10 1 10 Mass scale [TeV]

‘Only a selection of the available mass limits on new states or phenomena is shown.
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» Reconstruction & Identification of Boosted Objects
Leptons isolation
Large-R jet and substructure
Flavor-tagging
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Reconstruction & Identification of Boosted Objects |
Boosted objects

» By now many searches have reached TeV-scale mass limits
» Heavy SM particles (top, W, Z, H, ... ) highly “boosted”
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Yesterday’s discoveries
become today’s probe
to tomorrow’s discovery
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New challenges to particle reconstruction/identification
New opportunities to improve sensitivities
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Reconstruction & Identification of Boosted Objects
Lepton isolation (Z->II)

» Lepton pairs from boosted Z boson highly collimated

» Special isolation treatment to subtract contribution from
the other lepton
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Reconstruction & Identification of Boosted Objects
Lepton isolation (leptonic top)

» Lepton and b-jet from boosted top become highly
collimated

b-jet
Signal efficiency for 7' ->ttbar Z, % leptol
with fixed cone isolation T neutring
2 ATLAS Smutation ‘ '
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Reconstruction & Identification of Boosted Objects
Lepton isolation (leptonic top)

» Even boosted, leptons from tops have larger separation
from jets than those from lighter quark/gluon

b-jet

» Mini-isolation % %ﬂgm

13

neutrino

P~ BoostAR~2m [p,
Variable cone size

AR= ky/prP" |, k=10 GeV

Imini = 2, Pr of tracks within (excluding the track of the lepton)

. lept
Require Inini /D7 <0.05
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Reconstruction & Identification of Boosted Objects

Lepton isolation (leptonic top)

» Recover efficiency for highly boosted top
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Reconstruction & Identification of Boosted Objects
Large-R jet

Reconstruct a hadronic top quark (boson) from
three (two) small-radius jets , ... or single large-radius jet

|

Better acceptance
when jets get merged

Reduce combinatorial
backgrounds

leptonic fop - x :
cahdidate .- .

'j'iaéﬁ'onic top
* / - candidate

'-..\\'h

P tor candidate
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Reconstruction & Identification of Boosted Objects
Large-R jet substructure

Jet mass (Y2 = (-Z E)? — (-Z .
Simple 4-vector sum of jet constituents i i
Calorimeter clusters, charged tracks, truth particles, ...

Approximate the mass of original particles
Subject to pile-up noise => jet grooming requied

m0.16||||||||||||||||||||||||||||||||||||||| >400 ||||||||||||||||||||||||||||||||||||
= C © r : . -
= [ ATLAS Preliminary - Simulation ] o - ATLAS Simulation Preliminary
2“0'14‘_ anti-k, LCW jets with R=1.0, 600 <{p"" <800GeV ] = 350F [\ y-20315" vs=87ev =
& C s No et grooming applied 27— t [m =16 TeV) 7] C X . 1 Sub.et ]
E 012 «« Nojat grooming applied Dijets (POWHEG+Pythia) 7 “‘w- 300__ Tr|mmedjetpT>ZDDGeV, [n<1.2 - J ]
o C Trimmed (f_ =0.05, R =0.3)Z tlim =16 TeV) i g C - 2 SUbJEtS ]
< 0 1__ Trimmed {f =0.05, R, =0.3) Dijats (POWHEG*Pythia) ] E 250__ DS Subjets ]
- %, . w c 4+ subjets
- 200 —

0 50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
Jet mass [GeV] Mass [GeV]
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Reconstruction & Identification of Boosted Objects
Large-R jet substructure

Jet splitting scale
Re-cluster jet constituents with K; algorithm
Starting from softest constituents to hardest
Observable: the splitting scale in the last step(s) of clustering

dgj' = min(py;, P1j) X AR;j

E 0.1:III|III|III|III|III|III|III|III|III|III 20.22_ IIIIIIIIIIII |IIII| IIIIIIIIIIII |IIII|IIII|IIII_
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E ’ E == Mo jet grooming applied Dijets {POWHEG+Pythia) E E 0 16_ == No jet grooming applied Dijets {POWHEG+Pythia)
'E 0.07E Trimmed {f_ =0.05, R =0.3) 2 ti (m_ =16 TeV) - £ 4 __ Trimmed {f_ =0.05, R =0.3) 2 ti (m_ =16 TeV)
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Reconstruction & Identification of Boosted Objects
Large-R jet substructure

N-subjettiness (1)

Re-clustering with Kt algorithm until exactly N subjets are formed
]
T = — Z PTi X MIN(OR . ORy. ... ORNg) . With dpy = Z PTk X R
do G K

Observable: 1, /Ty, smaller ratio = more “subjetty”
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Reconstruction & Identification of Boosted Objects
Large-R jet substructure

, 100
And more ... sour [N -
R Y, 1 -4
» Mass drop, Energy correlation, N =
. i = C 40
Momentum balance, Jet width, _F. i
Planar flow, Q-jets volatility, rarar i | 8 Sample W ot 0
\d.. ATLAS Simulation Preliminary| " —-20
\s=8 TeV —
1, antik, jets with R=1.0 -40
Trimmed —
Jet Mass ™ < 1.2 R
200<p ™M <350 Gev | o
nvtx M(IjW)HECO }NindOV}l

— T -100
i — 3;

>

\d,

=z
=
=

Width

Jet Mass
lanar Flow

Optimal choice for ar:alysis not always obvious
» Topology-dependent applicability

» pr-dependent performance

» Sensitivities to pile-up

> Correlations between variables

And more complex taggers invented ...
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Reconstruction & Identification of Boosted Objects
Top Taggers Comparison

—
o
w
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-003/fig_07.png
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-003/fig_07.png

Reconstruction & Identification of Boosted Objects
Boson Taggers Comparison

2 n . &8 F £ .
Sk : NN S S S g
S 0.9¢ i 3 0.9 N =
s} : ] e C \\ RN ]
E) 0.Bj = E 0-8? \“\‘\ '“‘\ —
o . C NS .
— - - \ > N e -
- C 7 — C SN 7
0.6 ] 0.6F Teoding N ]
"~ Performance 7 "7  Performance N s\ 7
— — — \ Ay o —
- C/A R=0.8 + C/A pruned - - C/A R=0.8 + C/A pruned . N -
0.5 Vais = 0.5~ Vas BN
E L 8/_;3;2=0.8 + Ky pruned . \ E E ) gﬁ‘;z%.s + k; pruned \\‘\ ."‘. E
O 4 — anti-k R=1.0 + Trimmed \ ‘;g\ ] O 4 - 2Nk, Re1.0 + Trimmed v \ R
C 12 . - Qjets ERN =
o C/AR=1.2 + BDRS-A . - C/AR=1.2 + BDRS-A ok
0-3:_ \d12 Y - 0-3:_ \yf \\ “ .
- \d C/A R=1.2 + BDRS \—\ - L TS{A R=1.2 + BDRS \\\'\ E |
— 12 “\ ; L v
0.2 - ATLAS Simulation Preliminary ™ ™| < 1.2 ’ 0.2 - ATLAS Simulation Preliminary ™™ < 1.2 \‘\'_I:,—
0.1 C \s=8Tev 200 <p”" < 350 GeV 0.1 - (s=8TeV 500 <p]"”"" < 1000 GeV
TE M Window s M Window
L1111 | 111 | 1111 ‘ 111 | 1111 | 1111 | 111 | L1l | 1111 ‘ |- (111 | 111 | 1111 ‘ 1111 | 1111 ‘ 111l | | | L1 | | ‘ 1111

0.102030405060.70.80.9 1 0.102030405060.7080.9 1

Tag
€ W Jets

Tag
€ W Jets

p;- dependent Substructure performances

21 jiahang.zhong@physics.ox.ac.uk 13/07/2015


http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-004/fig_08a.png
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-004/fig_08a.png
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-004/fig_08e.png

Reconstruction & Identification of Boosted Objects

Flavor-tagging

» “Classical” experimental
techniques to identify long
lifetime b-hadron decays based
on track impact parameters decay length L

and displaced vertex

» Vital for physics analyses
involving top quark and Higgs

boson

22

jet axis

track
impact

parameter /v secondary vertex

primary vertex
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Reconstruction & Identification of Boosted Objects

Flavor-tagging

» Tracking/vertexing efficiencies degrade in high pt

» Collimated jets make life difficult even in medium pt range
Lower efficiency to identify top quark or Higgs(->bb) boson

Dense environment requires dedicated calibration
(precision limited by statistics)

>‘ B T T T | T T T ‘ T T T | T T T I T
2 1.4~ ATLAS Simulation Preliminary -
) B : A
5] - Antik, R=0.4 Jels —@— 25GeV<jetp <75GeV T
Hﬂ_’ 1 2 - \s= 8 Tﬁv == 75 GEV < ]et p < 200 GeVi ;Jrglgan?lgter & ."’ secondary vertex
> - MV1 70% r . S y
g 1— == jet P, >200 GeV -]
8 - ]
L = |
= — 3
045 7
= Tagging efficiency of b-quarks 1] Y
0.2- from ttbar MC B
E ey ey ey
0 0.2 04 0.6 0.8 1 b

AR™(q,b-jet) |
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Reconstruction & Identification of Boosted Objects
Flavor-tagging

» Solution A: smaller track jets for b-tagging

Cons: worse background rejection in low p;

a., 0_4:| T T T T T T T T T T T T T T T ]
< - ATLAS Simulation Prelimina ]
g 0.35F Gosrevum,,, =10 T';:ck jets (R=02) ]
E E anti-k, track jets —#— Track jets (R=0.3) E
L 03_ k, calo subjets Calo subjets (R=0.3) _]
C —#— Track jets (R=0.4) 4
0.25[ = - :
: ] Efficiency to find two b-tagged
0.2¢ E track jets [ subjets
0.150 . in both large-R jets of
0 1_ E RSG->HH->4b MC events
0.05F =
0:I | | | | | | | | | | | | | | |:
1000 1500 2000 2500
Graviton Mass [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-013/fig_06.png
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Reconstruction & Identification of Boosted Objects

Flavor-tagging

» Solution B: dedicated multivariate algorithm
trained for dense environment
Cons: topology dependent

»> Other R&D

Variable-radius jets (pr-dependent)
Multi-vertex tagging (for double B-hadron jets)

Light-flavour rejection rate

Ratio to MV1
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> LHCand ATLAS
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> Leptons isolation
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» Top quark pair resonance search




Top pair resonance searches
Top pair resonance searches

» Generic search looking for excess on the Mtt spectra

» Interpret results for benchmarks of various widths & spins
Affect angular distributions (selection efficiency)

» Most sensitive in
Complemented by

T (had)
14%
Di-lepton 1-lepton
6% (e, u)
34%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-009/
http://arxiv.org/ct?url=http://dx.doi.org/10.1007/JHEP01(2013)116&v=9eff41b6

Top pair resonance searches
1-lepton selection

» ==1 Mini-isolated e/p
> MET => Reconstruct neutrino from W mass constraint
> At least one b-tagged jet

Resolved Boosted
» >=4 anti-k; 0.4 jets » >=1anti-k; 0.4 jet, dR(lep, akt4)<1.5
» Ttbar candidate reconstructed based > >=1anti-k; 1.0 jet, Pt>350GeV
on likelihood combination of Aw(lep, akt10)>2.3
jets/lepton/neutrino/b-tagging AR(akt10, akt4)>1.5

mass>100GeV, splitting scale>40GeV

bqg
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Top pair resonance searches
1-lepton selection efficiency

> Boosted channel dominate above 1TeV

T T T T T T T

107

> 3
Q
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o 10°F
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Top pair resonance searches
Sensitivity

» Good sensitivity into high mass tails (thanks for the boosted techniques)

» Generally better sensitivity from 1-lepton channel

30

o, x BR(Z'—- ) [pb]

Higher acceptance x BR
Less non-ttbar background

1-lepton channel (20/fb@8TeV)

= Obs. 95% CL upper limit
-------- Exp. 95% CL upper limit
Exp. 16 uncertainty
10° Exp. 2 6 uncertainty
----- Leptophobic Z'(1.2%) (LO x 1.3)

ATLAS

10° y
Vs=8 TeV, 20.3 fb

N\ — — Leptophabic Z'(2%) (LO x 1.3)
10 ‘~§\\ — . - Leptophobic Z(3%) (LO x 1.3)

107
'\
RSl COT SR,
10® BRI e
A TP
25 3

Z' ' mass [TeV]

o x BR(Z'—> tt) [pb]

All-had channel (5/fb@7TeV)

—e— Obs. 95% CL upper limit
-------- Exp. 95% CL upper limit

Exp. 16 uncertainty

Ll Illlld

Exp. 2 6 uncertainty
B Leptophobic Z' (LOx1.3)

ATLAS
HEPTopTagger
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LI ] Illllll

T llIlIIII
Em|

------
LT,
-----
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100 Ns =7 TeV
E ILdt =471

o boos o b by by by e by by
06 08 1 12 14 16 1.8 2

Z' Boson Mass [TeV]

I Not on same footing for comparison
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Summary

BSM searches with boosted objects actively evolving in recent years
Many new challenges not faced by previous experiments
Also provide many exciting opportunities (all-hadronic channels etc)

A lot of new techniques are developed
Yet still lots of rooms to improve
Becoming mainstream/standard techniques for analyses (including measurements)
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Thanks!!
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Backup
Basic reconstruction and identification

Muon
Spectrometer

Hadronic
Calorimeter

The dashed tracks
are invisible to
the detector

Electromagnetic
Calorimeter

Solenoid magnet

Transition
. Radiation
Tracking Tracker

Pixel/SCT detector
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Backup
Large-R jet substructure

Jet splitting scale

Go back one step in the jet
Initial jet clustering history: you have two
subjets.

Measure the dR
between them and
their pTs.

vd,, = min(pT(1),pT(2)) x dR(1,2)

* If the distance between the subjets is large, vd,, is large.
* If the softer of the two subjets in the last clustering has high pT, then vd,, is large.
* Both these things indicate large vd,, in symmetric two body decays.
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Backup
Large-R jet mass scale calibration

Jet mass
Sensitive to even very soft contamination from large opening angle

Calibrated to truth jet mass in MC (after energy calibration)
Response precision within 3%

Before calibration After calibration

g 4_|||||||||||||||||||||||||||||||||I|||II|||II||II|_ 8 4_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
= - ATLAS Preliminary - Simulation = 3.5 ATLAS Preliminary - Simulation
__§ 3.5 [ anti-k, LCW jets with R=1.0, No grooming applied _§ L anti-k, LCW jets with R=1.0, No grooming applied
S 3 - Dijets (Pythia) B 9 3 - Dijets (Pythia) B
9 [ Before mass calibration 5 | After mass calibration
) C . _ . B ] + N r _ ]
S 25F E =50 GeV E =500 GeV - © 2.5 %1.05 ) 1
Q E=100GeV v E=750GeV a C & ]
[(}] of . ] c ok i —
2} L @ E=250GeV : E=1500 GeV o - LV
S - o - 0.95( 0 . 1]
8_ 15:_ 7 9 15-_ -1.5-1-0.50 0.5J1 t1.5 =
o f o o

n %] B
o u
2 1 = g - =
¢ E

- "a—'J L
5 050 = 8 osf =
| L =
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Backup
Large-R jet mass scale uncertainty

> JMS in-situ validation: Double-ratio method .

: : - .
Ratio of mass between the .(calo) jet T ack et A
to the track jet matched to it

m.data
. m B track jet
Compare the ratio from data vs. MC R ok ot~ hic
track jet

Anti-K; 1.0 C/A1.2_
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R Y ] K L
3_*; "’" - & Sj iy o '"""--.- ]
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Backup
Large-R jet mass scale validation

» JMS in-situ validation: W mass peak in ttbar events

> T T
3 1000/~ ATLAS —e— Data 201 ]
o = I WW i
g - Events containing W — v i -
o 800;_ anti-k, LCW jets with R=1.0 Single top —
3 " Trimmedf_=0.05, R_,=0.3 W—=1tv+jets ]
= p,>200GeV BRW—=uv+jels 4
600— Multijet —
- J' Ldt=d47 NS =7 Tey MUl i
— + —
400— -+ —
- —4- 7
- |

-9 o

o 1 .5E . -
= 1.25¢ E
PR N = =S
© E =
o 0.75 =

030774060 80 100 120 40 160 180 200
Jet Mass [GeV]
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Backup:

New physics searches at energy frontier

» Searches with boosted objects

Bulk RS Gy — 27 — qaéf
Bulk RS Gy — WW — ggév
Bulk RS Gix — HH — bbbb
Bulk RS gyw — tt
2UED/RPP

2ep  2i/11d - 203
1epn 2ji1d Yes 20.3
- 4b - 195 | Gkk mass 590-710 Gev [

lepg =1b =12 Yes 203
2e,u(S8) =1b =1 Yes 20.3

EGM W' — WL — &v & e p - Yes 20.3
EGM W' — WZ — qggff 2e 2jt1d - 20.3
HVT W' — WH_’—> £vbb 1epu 2h Yes 203
LRSM W[, — th 1epu 2b 0-1] Yes 20.3
LRSM Wjé — th Oe =1b1J - 203

VIQTT - Ht 4+ X Wb+ X
VIQTT - Zt+ X

VIQ BB - Zb+ X

VILQ BB — Wt + X

Tgis — Wi

lepg =1b=3] Yes 20.3
2/=23e g =2-1b — 20.3
2fz3e n =2/=1b - 20.3

1ep =1b =h] Yes 20.3

lepg =1b =5 Yes 20.3
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Backup:
Large-R jet grooming

» Large-R jets capture more pile-up noise than small jets
Substructures are very sensitive to soft contamination at large angle

» Ever-increasing PU intensity at LHC

jet mass wrt PU In 2011 In2012: N, up to ~40

| ) 300 I T 1T | L ‘ LI | T 7T | 1T | LI | 1T I T T ,?,
= L . , , . i o
o . ATLAS Preliminary - Simulation | In 2015 ¢ :d
O, | antik LCW jets with R=1.0 -
EA 250__ No jet grtooming applied ] — TTTT | LI ‘ T TT | TTTT | TTTT ‘ T 1T T 1T T 1T L
E L 600<p® <800GeV, || <0.8 = 180 : o B
~ e ot Dijets (POWHEG+Pythia) L2 160E- ATLAS Online Luminosity 1 E
[ wo Z— 1l (m_=1.6 TeV) ] 2 - [ Vs=8TeV, [Ldt=20.8 ", > =207
2001 I > Mo [ Vs=7TeV, [Ldt=521" qu>= 9.1
e 8 1200 =
- £ u ]
I ey 100 =
150[ e v 3 - .
L . | [ 1
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Lo 1 o - ]
100 - € a0 =
20 =
i I 111 | L1 ‘ 11| | 111 | | | | 111 | 11| I 11 O :I o ‘ Lnq | L h - I:
o 2 4 6 8 10 12 14 0 5 10 15 20 25 30 35 40 45
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Backup:
Large-R jet grooming

» Algorithms to reduce soft components from UE and PU
Jet kinematics more close to the constituents of hard scattering
Better resolution/discrimination of the substructure variables

.. Trimming (adopted in ATLAS)
Il.  Pruning
. Mass drop/filtering
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Backup:
Large-R jet grooming: Trimming

» Use jet constituents to build Kt subjets (e.g. R, ,=0.3)
» Remove soft subjets (e.g. f=5%)

------
- ‘\

-

~
‘‘‘‘‘‘‘

Initial jet ‘ p"T/pJ,I‘?l < feut Trimmed jet
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Backup:

Large-R jet grooming: Trimming

Greatly reduce pileup-dependency and restore discriminating power

jet mass wrt PU in 2011

After trimming
S‘ 300_ I 1T | L ‘ TT I. | |I LI | 1T |I LI | |l TT I T T
0] . ATLAS Preliminary - Simulation
<) - anti-k, LCW jets with R=1.0
‘Q/\_ o501 Tr|mmegt (f =0-05,R_,=0.3) ]
= - 600<p” <800 GeV, h'||<08
e [ e e----- Dijets (POWHEG+Pythia)
I o Z— tt(m_=1.6 TeV) i
200 =
b g s, e s e TRl S :
150 e
100 -
= L - '+'-+-
L cageem = O e g 0 e e e e e o e o
i I 111 | L1 ‘ 11| | 111 | | | | 111 | 11| I 11

0 2 4 6 8 10 12 14
Reconstructed vertex multiplicity (NPV)
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Backup:
Complex taggers: HEPTopTagger

m; < Meyt substructure
objects
or —
no clustering history Q

» A multi-step algorithm to identify top-
jet
Starting from a C/A 1.5 jet
Grooming: Mass-drop; Filtering

mi2 [m)2 < Hifrac

Top and W mass constraints on sub-jets

substructure objects

180 6D N
1 O\\ ’)\\ ’I

- ATLAS - Data 2011 |
178 j . . ] S e ? Keep the hardest N(=5) subjets
T Ldt=47f =0 @ W | TN s, TS
176 dt — i N R 9
r \s =7 TeV

174

L.
§-~
B

Robust against
pileup

N . -
N, - 4 N,
S ’ RIS

--------

172}

Top-Quark Candidate Mass [GeV]

Ry = min[03, 22, 2n SRany
1702 Top candidate
ZZ Z >y Z _— Make exactly ———
168_ % Vi \ three jets // \\
r ’ \ ’ hY
! -~ A 1 A
B Z= N ) — \
166_ e ] I\(O\ o« “01‘19\'5 |‘ '= —_— @
L J \‘VQQ' (O} ’l: \ ¥
1>, L N N EAU I EFU P RFRIN i . ‘:,/ N /
4 6 8 10 12 14 B | s e

mg, = My (1 £0.15)  (a,b = jy, j2, j3)
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Backup:
Complex taggers: HEPTopTagger

» Greatly suppress QCD jet background with reasonable signal
efficiency

Signal efficiency Fake rate
;-_t;; LB L L B LR B RLEL BLRLELALE LB LR L LR LN IR U L :0_09:III|III|III|III|III|III|III|I_
B 0 7:_ ATLAS Preliminary - Simulation % - ATLAS Preliminary - Simulation
£ Y- C/ALCW jets with R=1.5 £ 0.08[ anti k EM+JES jets with R=0.4 E
@ C ttMC 2 - Dijets (Pythia
0-6:_ -e- default filtering B Ew 0'071_ —I-—(Io):se 1)iliering E
0 51_ -=- default filtering, R=1.8 E 0.06; —s— default filtering, R=1.8 —f
"I -+ loose filtering - —=— default filtering ]
E i . . e " - i . . .
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- 0.04 = E
0.3F o . : Pl .
C . 0.03[ 4t L B
0.2 - : - o —
: 0020 =
0.1 - 0.01-  © 3
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Backup:
Complex taggers

» Top Template Tagger:
Generate templates library based on tops from top decay
For each jet candidate, define the overlap function
3
St 5 )’

AR(topo,i)
<0.2

OVy = max exp
{rn}

a; = Ei;rfg

» Shower Deconstruction Tagger:

Algorithm combining information of
hard scattering, ISR, FSR, Color flow

Discriminant: combined W
likelihood ratio of <
the events from S(B) V

shower histories
top
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Backup:

Ttbar resonance : fully hadronic channel

Veto events with good lepton (orthogonal to 1-lep analysis)

HepTopTagger
Two C/A 1.5 jets
p>200GeV, Pass HTT

b-jets within AR=1.4 of
each large-R jets

TopTemplateTagger

Two anti-k; 1.0 jets
p:'>500GeV, p;>>450GeV, Pass TTT

b-jets within AR=1.0 of
each large-R jets

Model

Total Efficiency (%)

HEPTopTagger

Template Tagger

Z" (0.5 TeV)
Z' (0.8 TeV)
Z' (1.0 TeV)
Z' (1.3 TeV)
Z' (1.6 TeV)
Z' (2.0 TeV)

gkk (0.7 TeV)
grK (1.0 TeV)
gkk (1.3 TeV)
gkk (1.6 TeV)
gk (2.0 TeV)

0.03 £ 0.01
2.96 £ 0.08
4.76 £ 0.09
5.67 £ 0.11
5.40 £+ 0.10
4.44 £ 0.10

1.70 £ 0.13
4.13 £ 0.21
5.14 +£0.23
4.72 +£0.22
4.44 £ 0.22

0.48 = 0.05
6.37£0.13
8.13 £ 0.16
6.26 = 0.13

0.74 £0.10
5.02+0.25
6.43 £0.26
5.224+0.21
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Backup:

Ttbar resonance : fully hadronic channel

» Mtt reconstruction straightforward: j1+j2

» Large multi-jet background

w
)
2

>
8 C < Data 2011 ]
S 300F [JZ (1 Tev)o =13 pb -
T F [t ]
% 250: [Muttijet B
> C ]
LW 200 ATLAS 7]
r -1
150} ILdt=4.7fb _
- Is=7TeV
100_ HEPTopTagger E
50F -
- l 1 1 l

500 1000 1500 2000 2500 3000
tt Mass [GeV]

HepTopTagger

35

Events / 100 GeV

:I""""I""
30;
25
20;
15/

10
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tt Mass [GeV]

-~ Data 2011 ]
]9, (1.6TeV)c =0.35pb B
L ]
[ Multijet

ATLAS .

I Ldt=4.7f0"
\s=7TeV

Top Template Tagger -

TopTemplateTagger
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Searches with boosted objects
Tb resonance searches

Leptonic channel

All hadronic channel
Very high pt b-tagged small-R jet + Top tagged large-R jet (splitting scale & nSubjettiness)

CATLAS

A EXPERIMENT

Run Number: 209183, Event Number: 94417722
Date: 2012-08-25 08:32:35 UTC
e W'—tb—>jjbb candidate

2 b-tag channel

hadronic top candidate

b-tagged jet
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Searches with boosted objects
Tb resonance searches

» b-tagging inefficiency & uncertainties are the major experimental limitations (besides stat)

All-hadronic channel

22

oy C = |
E 20 = —— W', total efficiency 2 10 E . L 3
8 - ATLAS —_— W'L' 1 b-tag category 3 F ATLAS W'L 95% c:; limit d 3
2 18 Simulaton e W', 2 b-tag category = = p o sen{ed 7]
2 C - —— W', total efficiency _T r Ldt=203f  ----- expecte .
£ 16 Vs =8TeV R L mmztio _
5} C — — W', 1 b-tag category E : C+2¢
8 o W', 2 b-tag category o 1 \s=8TeV —_— |
g 120 = §
s 10F =
g L 1
& C
O 81— o —
< F K= ]
6 5] .
4 7
2k
O :\ 1 1 1 Il ‘ Il Il Il 1 | 1 1 Il Il ‘ Il 1 1 1 I 1
1000 1500 2000 2500 3000

m,, [GeV]

Source Wi (1.75 TeV)  Background

b-tagging efliciency 27% 6%

Jets A% 1-4%

Lepton 2% 2-4% 1-lepton channel
tt modelling 8-14%

PDF 9% 3-5%
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Searches with boosted objects
Diboson resonance search

» Multiple channels pursued in ATLAS
WV->lvijj/Iv)
ZV-> ljj/Iv] ) - W+
wz->wvitko-- o S e
VH->ll/lv/vv + bb 9 W=
VV-> JJ all-hadronic
HH -> 4b

» Leptonic Z boson identified with special isolation

» Hadronic boson
2 small-R jet [ 1large-R jet (depending on boson pt)

Mass window on small-R jet pair / large-R jet
Further substructure cuts on large-R jet for boson tagging
(Boosted) b-tagging for Higgs candidates
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Searches with boosted objects
Diboson resonance search

» Good coverage across mass range achieved by the combination of different strategies

(3\ 0.8\:| I T T T | T T \Il T T .\ | T T T | T T T I T T T | T T T I T T I_ E _l I T T T ‘ T T T T T T I T T T I T T T I T T T I T T T T T l_
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£ - G"—>ZZ->eeqq —e— Resolvedlowp ] N E [Lat=2031" resolved Low-p, ]
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Backup
Ttbar resonance 1-lepton efficiency

| A I I B
------ ¢ + jets, boosted ATLAS

10F i+ Jets, boosted 1s=8 TeV Simulation
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I + jets, combined gKK

| A I I B
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Backup

Ttbar resonance 1-lepton mtt reconstruction
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Arbitrary units

Arbitrary units
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Backup
2HDM Heavy Higgs interference
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Backup
Ttres Recasting facility

Reco fraction
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