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Introduction

What is meant by boosted? pr =z 2m

*This talk focuses on
hadronic decays of

Collimated decay products: AR ~ 2m/pr boosted particles

Non-isolated leptons + challenging/rich hadronic topologies”

Heavy .

Use “fat jet” to
m — —> @ capture all
&"-" daughters

Why the boosted regime?
No sign yet of BSM physics at the LHC — probe higher mass scales
Hadronic decays often have large BRs BR(H — hadrons) ~ 84%
Recover significant signal cross section BR(Z — hadrons) ~ 70%

Reject QCD background w/ jet substructure BR(W — hadrons) ~ 68%
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Outline

Jet substructure techniques
Grooming
Additional substructure
Subjet b-tagging
V/top/Higgs tagging
Boosted analyses
—ermion+fermion resonances

—ermion+boson resonances

DIDbOSON resonances
SUSY
SM measurements

Run |l considerations
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Boosted Technigues
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Jet Mass / Grooming

Jet mass

Powerful tool to io
from heavy partic

Generated pertur

entity merged jets
e decays

patively for jets from

Example:

Pruning

Redo clustering
remove soft
large angle
constituents

[CMS PAS JME-14-001]

13 TeVv

light quarks/gluons (“QCD jets”)

Highly sensitive to UE and PU

CI\/ISSmIt P Im y

Grooming [ATLAS JHEP 09 (2013) 076] § o oA eon  r0zp7 005 -
0] SIS — 4p=0.1,pT,_ =0.03 ]
' 2> [ ciALcWiets, 600 < p* < 800 GeV . g 90?'”|< 2_'5 o — Fa03,PT,, 5003 =
RemOVe SOft / Wlde S 0.12F .. Ungroomed Z'—» f ] g SOE—PF with trimming — ungroomed E
angle radiation g gy [ Unaroomed Dieis OE ——
 —— Trimmed Dijets 60:— — e e
. 0.08- - - =
Examples: pruning, : e 50E e
' ' ' ' 0.06r Op JELS T a0F o -
trimming, filtering, omaQceD [k i I e ———a
. . i jets_ Lo L : - L
NB: jet mass resolution ooo [ WO e 055025 30 3 40 45 50
insufficient to separate A i e e g . Moy

' - 0 50 100 150 200 250 300 plleup

W jets from Z jets Jot mass [GeV]
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Additional Observables

kt-splitting scale

vV diz = min(pr,, pr, ) AR5 Exploit symmetric nature
of heavy particle decays

Mass drop
p12 = max(mm;, i) Characterize “clumpyness'

N-subjettiness
™ = dioszk X min(ARyg, ARok, ..., ARNE)
k
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Additional Observables

kr-splitting scale Jetcharge ¢=Y 4 ( b )

/ : Exploit symmetric nature DT jet
d12 — mln(plepTQ)AR12 P y .
of heavy particle decays

Mass drop Pull angle 7= ZPT’i’Ti‘ﬁ
max(mi, ms) o ) p PT et
P12 = - Characterize “clumpyness
N-subjettiness Q-jets volatility
TN — dioszk X min(Ale,Ang, ,ARNk) VQ_jetS _ \/<m2> —_ <m>2
. (m)
Energy correlation functions Planar flow

P = 4 x det(I)/Tr(I)?

Quark/gluon likelihood

> i AR, jetDT,
Zi pr;
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Boosted B-tagging

Many variables from the previous slide are correlated

B-tagging of subjets is largely orthogonal
Difficult in boosted regime due to density of environment
Strong efforts ongoing within both collaborations to further improve performance

[CMS DP-2014/031]

[ATI— -PHYS-PUB- 2014 014] 1 CI\/lS Simulation Prellmlnary (8 TeV)
> | | T T 7 o~ | [T | TTT | [ | T | IIIIIIII | T TT : T T I | I‘ij’,l
c 1,4— ATLAS Simulation Prellmlnary ] O AKR=12, 200<p. <400 GeVic
Q - — QO /]
'S - Anti-k, R=0.4 Jets -0= V1 - o 75<mpruned<135 GeV/c? -
r.q:) 1.2— Vs=38 TeV — @ ) il
o) B P tt, m= =2.5TeV =& MVb E > - — Fat jet IVFCSV 1
%) 1— g, = 70% MVbCharm — % 107t} Subjet IVFCSV ]
2 B i O ~ ... Fat jet CSV (¥) -
E 0.8 ] é -.--Subjet CSV (¥) g
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e 12 :
0.2 — : -
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AR™(q,b-jet) Tagging efficiency (H—hbb)
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V/top/Higgs Tagging

Putting all available information together

Typically groomed mass window + substructure ( + b tagging)

—— CMS Top Tagger
---- subjet b-tag
N-subjettiness ratio t,/t,

—-— CMS + subjet b-tag

CMS +1./t, + subjet b-tag

HEP Top Tagger

HEP +1./t, + subjet b-tag
CMS WPO e
CMS Comb. WP1
CMS Comb. WP2

CMS Comb. WP3
CMS Comb. WP4 A

Alternatively, groomed mass window can be replaced with a
more sophisticated tagging algorithm

CMS/HEP Top Tagger, BDRS, ...

See talk by Chris Malena Delitzsch for
more details on ATLAS V tagging

HEP WPO

O HEP Comb. WP1
O HEP Comb. WP2
HEP Comb. WP3

> H O +

[ATLAS PHYS-PUB-14-004] ) [CMS PAS JME-13-007]
2 1;"’"%--*-4...4...%”%‘\““\””\‘“‘\““\””\””\”“: 910'E""I""I""|""|""b"5
CMS/HEP Top Tagger Y =S S A A
o : SN ]
. . 2 0.8F SO = o £
Groom to find subjets | iy .- S B . /,?
. : e ] 7)) = 7 =
Re - - Tagging ) E - Ay
qUIre 065 Performance_ \ 2 ~ - /'
Nsuojets 2 3 05 A Z
mjet =~ mtop 04? \/z—::;ti-kTRzl.ownmme \ 10_3 - -
min(mi) = mw (CMS) 03— ja e s
) O 2; vdi:LZ.C/AR—l..2+BDR.S | :&% :
mlJ ~ mW (HEP) 01 /\?ET=L8ATSEVS|muIat|on Prellmlnary|2nOO F1T<RUlT.H2<3SOGev § Matched parton i
e RECO Window E - —
0M4 10 pT>4OOGeV/C E
0 0.10.20.30405060.70.809 1 Ny AT .
et 0 01 02 03 04 05
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HIgQs

3/17/15

High mass searches
H->WW-=Lvgqg [CMS PAS HIG-14-008]
H—->//—-¢Lgqg [CMS PAS HIG-14-007]
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Fermion+Fermion

Resonances

7'~ it [CMS PAS B2G-13-008]
7't [ATLAS CONF-2015-009]

Additional searches in the backup

W’ —=tb
W —=tb

3/17/15

ATLAS arXiv:1408.0886]

'CMS PAS HIG-14-007]
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(Extended gauge sectors, colorons, axigluons, pseudoscalar Higgs, extra dimensions)

Combination of searches for tt resonance in

0,1,2 lepton events

Hadronic channel

Dijet topology w/ 2 top tags

Separate high and low mass
optimizations

QCD mistag rate measured in data

CMS
Preliminary

95% CL expected
Z' 1% width

|Ay| < 1.0; 2 b tag (high mass) 19.7 fb* (8 TeV)
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sub-jet
CMS (R = 0.8) T32=T3/T2
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dilepton — F - —— Observed (95% CL)
lepton+jets (threshold) = 102 PrE'ImInary -=== 7'1.2% width
m— |epton-+jets (boosted) ']‘ g 270wl
all-hadronic (low-mass) - SN - +1o Expected
ST all-hadronic (high-mass) % 10 ’\‘. [ | 20 Expected
WL m > 2.4 TeV for
o E .
(- -
O —
= 10t
E F
——— o 102 =
Q o
| | | 2 sl
2 2.5 3 10755
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(Extended gauge sectors, colorons, axigluons, pseudoscalar Higgs, extra dimensions)

>
I v 10 ATLAS Preliminary —e— Data
Lepton + jets (resolved and merged analyses) mivel Seb e et
g 10° boosted I+jets Egmgygfﬂts
Merged channel 2 1 —g, 20TeV, 15.3%
5

Event selection

1 £ (mini-isolation) + >1 b jet + >1 top

jet + MET + mt %
%
: : : a : - , , , , , .
Trimmed R=1.0 jet with m > 100 %005 1 15 2 25 3 35
GeV + kr-splitting scale Mg [TeV]
. = , ATLAS Prel"mi”ary I Obs, 9;% CL upper Iilmit
Categorize events based on AR- ff YOF =8 Tev, 203" e e 955 CL oper i
matching of b-jets to top candidates T o zowcerany
2 \\\ — — Leptophobic Z’(z%) (L0x1.35
. . . X Y — . - Leptophobic Z'(3%) (LO x 1.3)
W+jets normalization and heavy flavor R RN Leptophobic Z/(3%) (LO x 1.3
corrections taken from data 1 m > 1.8 TeV for
~~~~~~ '’ m=1.2%
10—1 ............. :
D
0.5 1 15 2 2.5 3
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Fermion+Boson

Resonances

T"=t(bjj))H(bb) [CMS arXiv:1503.01952]

Additional searches in the backup
L*—=Ly/ LZ [CMS PAS EXO-14-015]
B’'—=bH(bb) [CMS PAS B2G-14-001]

3/17/15 John Stupak Il - Purdue University Calumet
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(Little Higgs, extra dimensions, composite Higgs)

19.7 b (8 TeV)
CMSl : I Data I I ]

QCD (from data) 3

Search for pair production of tH resonances

Events
H
Q

tt
TT—tHtH (700 GeVi/c?)
Multiple H tag category

First vector-like quark search in an all hadronic final state

First use of Higgs tagger exploiting substructure + subjet b-tagging

Require >1 top jet and >1 Higgs jet

E ’ E
Top tag - HEP Top Tagger + subjet b-tag ] i
Higgs tag - Filtered R=1.5 jet with m > 60 GeV + double subjet 102j+|j
b-tag ; |

Data / BG
o P
O = O
ﬁ ¢
- J 3
1 I 1

Efficiencies validated in boosted semileptonic tt data

" O 1 0.5 1 1 11 I1.5I 11 2 11 1 I2.5I 11 1 '3

=Nyl Lol
19.7 fo (8 TeV) Hr = Dy Likelihood(Ht mbp)
o By ;
= CMS 19.7 fb1 (8 TeV) v 19.7 b (8 TeV)
= N T(bW) T(bW)
7 N m > 745 GeV for CMS 1 900 [T 90 QO
i © %)
Q. - 850 @ 850 @
S 10'F BR(T'—tH) = 100% I 2 I 2
- 800 Q 800 &
- — —
- —750 2 —750 2
S <
- —— Obs. 95% CL \ _______ —700 '3>3- —700 =
e Exp. 95% CL N T —650 9 —650 g
— - Theory TT \\ X @ @
-2 —600 3 1600 =
10 - Central 95% CL exp. \\ = g
- Central 68% CL exp. N o0 ® o0 o)
- \\ —1500 % 500 <
| 1 1 1 | 1 1 1 \l - ON a'\)
600 800 1000 1 0 17450 =~ —450 —
m; (GeV/c’)  T(tz) T(tH)
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Diboson Resonances

V(gg)H(bb/WW) [CMS PAS EXO-14-009]
Z(qq)H(tt) [CMS arXiv:1502.04994]
Additional searches in the backup
V(qq)W(Lv) [ATLAS arXiv:1503.04677] el talk by oy
qq)Z(£L) [ATLAS EPJC 75:69 (2015)
)
)

<

V(g)V(gq) [CMS JHEP 08 (2014) 173

V(gq)V(Lv/LL)[CMS JHEP 08 (2014) 174]
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(Little Higgs, composite Higgs, 2HDM)

3/17/15

First search for VH resonance in all hadronic final state
With H—=bb/H->WW*—4qg and V—qq

First attempt to reconstruct boosted H—4q decays

Pruned R=0.8 jets used for H—=+bb/4g and V—qqg tagging
+ N-subjettiness (H—4q: 142, V—=qQ:121)

+ Sub-jet/fatjet b-tagging (H—bb)

19.7 i (8 Tev)

- Nl Teme T |
Categorize events based on > ¢ S5 - epae :
H decay mode and H/V purity © L BT A A
%) R ]
c L R HP

Background model: o Ei VT,
IQI,J 101

p _ pod —my;//5)" |

(myj;) = . 107
(m5//5)P2

E
s
8

i s 2 75
m; (TeV)
John Stupak Il - Purdue University Calumet

Events / 0.01

O, X BR(V'— HV) (pb)

30 x10° 19.7 fb (8 TeV)
.+ Data _CMS
i . .. Preliminary
= Unmatched t — Wb — qqg'b ';' 5
25 Matched t—Wb —qqb 4%
| — — a/g MADGRAPH+PYTHIA ‘/ ’3
20} :
15
10
51
OO 0.1 0.2 0.3 04 0.5 0.6 0.7 08*09 1
N-subjettiness ratio t,,
10¢ 19.7 fb (8TeV)
- CMS
~ Preliminary
B — Observed
Expected (68%)
1= Expected (95%)
- —— V'->HV, HVT(B)
Heavy Vector
-1 .
107 § Triplet model
102 LN 2
- m>1.7TeV
10'3 | | | | | ‘ | | | | ‘ | | | |

1 1.5 2 2.5
Resonance mass (TeV) 17



(Little Higgs, composite Higgs, 2HDM)

/H Resonance

Search for boosted Z—qq recoiling against H— 1t

Consider all possible T decays: tete, TeTy, TuTy, ThTe, ThTy, ThTh

/ tagging - Pruned R=0.8 jet with 70 < m < 110 GeV + N-subjettiness

max(my,ms)

™Th: Novel reconstruction of boosted H—1t mass drop: pi2 = -
12

Pruned (R=0.8) subjets with large mass drop serve as seeds to the “hadron-plus-strips”
algorithm
Likelihood fit to reconstruct H—tt from MET and visible daughters (SVfit)

105 < mee < 180 GeV Heavy Vector

19.7 fb_l (8 TeV) 102 19 7 fb (8 TeV) CMS Trl plet mOde|197fb 1(8 TeV)
C12— L~ r o r 1. 1.1~ 1.1~ 1.1 1 1. 1.1 17 177 177 17 1T 7 ] ¢t . T©T. T T T T T T T > |'"‘"t\:l|ki|||||bY|I/Y/II|IIII
o B CMS Obsc_arved % - CMS —_— HVT Model B (g =3) § QL)L 1__ rv>7/=% i N 7 v o
5. F I Z/y+ets - e Expected £ 1o 15 [
% 10' — tt ! --e- Expected + 20 Y
= T W (V=ZorW) < 10k pected * E
g [ W+ets » E —=— Observed E
- 1QcDp S !
6:— Signal (M, = 1.5 TeV, ox5) il N
- 1,7, category| x [ ]
4— o o T - 7
B N
- o y 10t —
N N - .
2__ i -|- L 1\ L .
- % - —
C M BT \6/10‘2 == il
0 500 1000 1500 zooo 2500 3000 E Lovov v vy Lovov vy Lo v 0
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RPV [ATLAS arXiv:1502.05686

Additional searches in the backup
Stop (all hadronic) [ATLAS JHEP 09 (2014) 015]
Stop (single lepton) [ATLAS JHEP 11 (2014) 118]
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1 . 1 o
Jet multiplicity and total-jet-mass based searches Wi, = 5Nk LiLi By + N La@ it SN Ui Dy D + i LiHo

Jet counting analysis
>6/7 jets ® >0/1/2 b tags (R=0.4)
Total jet mass analysis
Relies on “accidental substructure”
Trimmed R=1.0 jets formed from unrelated hadronic activity
Large masses generated “accidentally”

Signal region - 4 fat jets with small |An,,|

Signal Event (My> = 705 GeV):

> g g gty e g gt g e prateyang
ATLAS Simulation Ggooneion o, oo ATLAS Simulation " Gieodwcionfoegiioan (5 qq8) ST RJot amutn, St
WG__I L r_-|-:|. T T T | T |?-| L B B B l__ 8 6 [ ._.I‘ | . i "r [ [ i ] bt : 4-Jet Sample, Data, SR 7
c B b . . . 3 l | - . R . - a |
© ] =% = .. . C_U B . . s . ] tf_) t Uncertainties
'%5_ : o : 1 B o o jets w/. : . §% 103; ------- m(@. 7°) = 800, 175 GeV3
=0 - . : i = v~ . " 1 ] [ E i :
o - 17 ]ets 3 1 = [ - accidental . ' ’ L%; | E ATLAS
B ' C 5 - 7 = 5 10k} NS \s=8TeV, 203"
ar . .- ] 4__SUbStrUCtur_e - i ; % B R 4iSR, p > 100 GeV 3
C - ] B ) - - ] | E ol
3 a 2 ETE S T TR
N : iyl - £ o
I~ .- - -2 : " :Q'_ ‘C_U‘ DRV NN ke
T - aa - 2= o ' N ° 207
1 . - : - . - i S o 5 o 1.0}"‘-‘—4-00’.“*.“ .
B e A - - - — . o . . - o
: M anti-k, (_R:_O.4) jets R . C — anti-k, (R=1.0) jets ﬁ - ] .5 0.5: |><103
L0 |||-|- L= |-||| |;-| T A B k; (R=0.3) subjets oy ] — 0.0, l A" e PR ‘ PR . ey
(_)4 _|3 _|2 _ll Ol 1 é é 4 O_I 11| |t|( | |-|)|' 1 |!-'| IR n.r| TELET ENANE A AT A (18] O 0-2 0-5 0-8 1 1-2
-4 -3 -2 -1 0 1 2 3 4 (0
y y Total Jet Mass [GeV]
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1 . 1 _
Jet multiplicity and total-jet-mass based searches Wi, = 5Nk LiLi By + N La@ it SN Ui Dy D + i LiHo

Jet counting analysis
>6/7 jets ® >0/1/2 b tags (R=0.4)
Total jet mass analysis

Relies on “accidental substructure”

Trimmed R=1.0 jets formed from unrelated hadronic activity

Large masses generated “accidentally”

Signal region - 4 fat jets with small |An,,|

Signal Event (My* = 705 GeV): . pr>100GeV

' oy ion. G—ac’. 7°— ATLAS Simulation 9-g production, g—qa., ¥ — = 7T TR I B TSRS
w /_A\ITILIA\Isl .S!n:"'.”?'t.lo.n. — | — '_| : g-9 pr_cl)dlucltl?nlrlg- : c?q|xl1’ >|<1| chﬂg w 6__l LI I B B B | TT |-| T glrgl p|r? :J(f I(l)n| 9 T c|Iq|X31 >|(1| 9(@ 8 « Expected limit (+1 Ol ATLAS
c 6_— B . ﬁ ] % | - '_ . L. _ o — Observed imit (1 ‘»T..‘,I..',‘,'
St o . ] N Sl ' 1 B | | o
= [ Bl —_ L . . All limits at 95% CL
T [ i O L . i |
S s I o 4 Ssc . SJGLS wi. I ] 1s=8TeV,203 0"
| S— — - - . - - El - | S— - Y - L. -1 1000' — 2 -
= [ 17 jets 3 : i e [ -daccidenta ]
A o ] s—substructure” S _‘
— g —a)— B _g : |
- S 15 - : T 500+ —
of J + S . E /
1 . L = L - . - [
- W antk (R=0.4) jets - B . C — antik (R=1.0) jets A . / |
0_| I R D v | b | |; NI TS AN ST : kt (R=03) SUb]etS ..F| : AAAAAAAAA _. AP T S J
4 -3 _2 1 0 1 2 3 y4 94| L |_|3| L |_-|2| ! |-|_|1| L (5 L el T L1 é L1 é L1l 7 400 600 800 1000 1200 1400
y m; [GeV]
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SM Measurements

3/17/15

tt differential cross section [ATLAS-CONF-2014-057]
V + jets cross section [ATLAS 2014 NJP 16 113013]

John Stupak Il - Purdue University Calumet
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Differential tt Cross Section

3/17/15

Extension of leptonic results with p1(t) < 800 GeV

Events / GeV

Lepton + jets channel

Trimmed R=1.0 jets with m > 100 GeV + kg splitting
scale

.....

10* t' ATLAS Prehmma:y —e— Data
10° F 2031, \s=8TeV, p+jets [ tt Single lepton

......................................

B (i Dilepton
B Single top
W+jels
B Muitijet
‘ | Z+jets
Diboson

pt > 300 GeV and |n| < 2.0 o 15 ;
MC predictions overestimate the data, especially at & 05‘*++~'~ " """ o g 2277
high pr(t) 300 400 500 600 700 800 900 1000 1100 1200

Dominated by JES (particle level) and signal modeling
(parton level) uncertainties

>' 10 i Data ST 10 Data
o O
O] C Sy ® ALPGEN + HERWIG o Eh.ﬂx. POWHEG *+ PYTHIA
= C SNy = C Yo v CT10 + hdamp = eo
=) oy B MCANLO + HERWIG 2 Yoy +  CT10+hdamp=m on.
o 1g B \4 A POWHEG + HERWIG " 1= Yo s HERARRE.Adami's oo
S - O LAY N S ————— o - Yiie ° HERAPDF + hdamp =m oo
= - ° = -
T 10t M T 101 bl
S F S F
- ATLAS Preliminary o v - ATLAS Preliminary v .
2| 20307 (s=8Tev == 2| 203" (s=8Tev S
1000 [ T i SR I 10 vy Ly T i IR I R
g 2F . S 28
S 158 o« *° R ¢ v S 150 ve V. v+
R e o Lt
) O =
= 05 = 05F
0 L L L L L L L L 0:_ L L 1 1 1 1 L 1
300 400 500 600 700 800 900 1000 1100 1200 300 400 500 600 700 800 900 1000 1100 1200
Particle top-jet candidate P, [GeV] Particle top-jet candidate P, [GeV]

John Stupak Il - Purdue University Calumet

top-jet candidate P, [GeV]

e+jets u+jets

tt {+jets 4020 £ 460 3500 + 400
tt dilepton 227 + 36 210 + 26

W+jets 263 + 50 252 +48
single top 136 + 27 134 + 25
Multijet 91 £ 17 3+1
Z+jets 34 + 18 14 +8
Dibosons 22 + 11 18 +9
Prediction 4790 + 540 4130 +470
Data 4148 3604

~85% purity
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V + Jets Cross Section

Challenging measurement extending leptonic result with p(V) < 300 GeV
BasedonL=4.6f"ats" =7 TeV

R = 0.6 jets with pT > 320 GeV and |[n| < 1.9
50 <m < 140 GeV
Likelihood constructed from jet shape variables in the jet rest frame

Extract V + jets cross section with binned maximum fit to m,

> T | T T T T | T T T T | T T T T ]
QO ®  Data 2011 i ‘1 > . _|_ ( ) _|_ ( )
g 25000 Signal + Background fit __ O- —I_ Z ) 8 ' 5 - O ) 8 Stat - 1 ' 5 SySt p b
~ ® === Background fit component S ] .
s [ TOITT i MCFM (NLO): 5.1 £ 0.5 pb
= 20000~ .
- . Sources OW+7
: ) 0%0 60 70 80 90 100 110.120 130 140 : M .
15000 vt MC modelling 4.4%
i ATLAS i Background pdf 8.8%
- - Signal pdt 3%
10000 Ns=7TeV, 46" _ Jet energy scale 3.7%
- p,>320GeV In|<19 7 Jet energy resolution <1%
i L>0.15 ] Jet mass_scale 2.2%
5000 — Jet mass resolution 12.6%
: i tf contribution 2.8%
. o | i Single-top and diboson contribution  <1%
gO 100 150 500 550 W and Z relative yield 2.9%
Luminosity 1.8%
Jet Mass [GeV]
Total 18%
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V + Jets Cross Section

Challenging measurement extending leptonic result with p(V) < 300 GeV

BasedonL =46 ats?=7TeV

R = 0.6 jets with pT > 320 GeV and |[n| < 1.9

50 <m < 140 GeV

Likelihood constructed from jet shape variables in the jet rest frame

Extract W/Z + jets cross section with binned maximum fit to m,

0.12

0.08

0.06

Fraction of Jets / GeV

0.04

0.02

0.1—

3/17/15

0_12IIII|IIII|IIII|IIII|IIII|IIII|IIII| IIIIIIIIIIII

—— PYTHIA8(bkg)+HERWIG(sig): N _>10
PYTHIA8(bkg)+HERWIG(sig): N, <5

{s=7TeV, 4.6fb™
p, >320 GeV I < 1.9

QCD

(b)

e
[T B I

Ungroomed
TT | 1T TT | LI L | LI | LI | LI | LI | |||||||||||| >

B Ungroomed jets ATLAS _ 8 =5~ Pruned Jets

7 \s=7TeV,4.6fb" ] > 0.1 Lpnunea > 016
- p,>320GeV <19 ] o [
- _ S 008
L _ (- L
| acb | § |
- | "5 -
— — © 0.06
B i L B
= (@) — 0.04
| —¢—Data: N, >10 ] . —4Data: N, >10
- —4-Data: N, <5 - — —$—Data: N, <5
| —+ PYTHIA8(bkg)+HERWIG(sig): N, >10 ] 0.02 L
- PYTHIA8(bkg)+HERWIG(sig):N, <5 - -
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ _IIII|IIII|IIII|III
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Jet Mass [GeV]
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Run Il Considerations

///////



Run Il Potential

With increase to 13 TeV,
Iargg INcrease In Cross W, Stiringl

100 ————p : —— : ——
SeCthn for heavy ratios of LHC parton luminosities: 13 TeV /8 TeV
particle production |

, - ——9g 013 = 20 X Og for
Boosted techniques T ) =297V /]

essential

luminosity ratio
|_\
o

New challenges as well

Triggering in hadronic L.,
final states

Pilleup mitigation
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Trigger

Triggering will be a
serious challenge in

3/17/15

Run Il, especially for all
hadronic analyses

Substructure based
triggers being
deployed which
Incorporate grooming
+ Mass cut

Maybe even
something more
sophisticated - top

tagging”?

>
&)
-
Q
O
b
LLI
)
-
)
>
LLI

Phase | upgrade

| | |
|

10_ .‘ ,,,,,,,,
L @ 0 OO _
B ® - O |
o~ o
B o |
0.8 ® 7 o ]
- O —
O
- ® O .. 7
0.6 O ATLAS Preliminary—
- © Simulation -
u e U _
I O tt Vs=14 TeV (u)=80 |
0.4+ O ant\i-FkT R=1.0 (59%ithmmed) —
i =1k, D=0.3 subjet with pT>20 Gev |
g © <25 .
° 100<m’®' [GeV]<220
| o |
0.2t t O L1 .J100 (Run 1 L1Calo sim.) —
i ® ] L1 HT200 (Run 1 L1Calo sim.) ]
| o © ® L1 G140 (seed>15 GeV) |
o O
| O |
0 fPO #500° | | |
0] 200 300 400
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28



Pileup Mitigation

More extreme pileup expected during Run |l (w/
25ns bunch spacing)
New techniques being developed to cope ot
Cleansing
Constituent subtraction
Shape subtraction
Soft Killer OO
PileUp Per Particle Identification (PUPPI) §
Correct for pileup at the particle level :
Jet vertex tagger / pileup jet ID
Likelihoods constructed from tracking
information and jet shape variables
3/17/15 John Stupak Il - Purdue University Calumet

[CMS PAS JME-14-001]

CMS simulation Preliminary

[N
w
o
<

T T | T T
- Pythia RS Graviton - WW

~ Anti-kT (R=0.8)

C <npy>=40 PF (w/ safe sub.)
- 200 GeV < p, < 600 GeV

Ml <

|III|III|III|III|III|III|IIIIII
GEN

PF (w/o safe sub.)

PF+CHS (w/o safe sub.)
.............. PF+CHS (w/ safe sub.)
PF+PUPPI (w/o safe sub.)

2.5

20

10°1¢

h 1 1 1 -
40 60 80 100 120 140 160 180 200
m (GeV)

[ATLAS CONF 2014 018]

- ATLAS Slmulatlon Prellmmary

i Pythia8 dijets —-— JVF
| Anti-k, LCW+JES R=0.4  —e— corrJVF
Tl <24 —&- Ryr
20 <p_<50 GeV VT
| IVF=0.5

- Y JVF = 0.25

| | | | | | | | | | | | | | | |
0.8 0.85 0.9 0.95
Efficiency 29


https://indico.cern.ch/event/306155

Conclusion

The boosted regime and jet substructure significantly
enhanced the sensitivity to new physics during Run |

Many strong analyses published, in addition to those
presented here

Virtually all physics groups within ATLAS and CMS exploited
boosted topologies

With the increased energy in Run Il, the boosted regime will be
vital

Also many new challenges

The community is working hard to mitigate pileup effects
and improve existing algorithms to maximize performance
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Jet Constituents

Inputs to sequential, lterative clustering algorithms

ATLAS - topological clusters

3D clustering with built-in noise and pileup

suppression

CMS - particle flow + charged hadron subtraction

Stable particles (e, y, y, 1=, 10) reconstructed and
identified with an optimized combination of all sub-

detectors

S350
o -24F KoL
-2.45; E4
2.5F

+

- 7
"2.55¢ | El

G

-2.61 ;
* :

2,650 E3 qu
- E2

-2.7:—

:l 1111 ‘ 1111 ‘ I ‘ 1111 ‘ I ‘ I ‘ 1111 ‘ 1111 |
065 0.7 0.75 0.8 0.85 09 095 1 1.05
M

3/17/15

—

S-2.35
= 2.4
-2.45
2.5
-2.55

-2.6

-2.65F

2.7+

-
E =
‘o
. i
o o) =
§ 0.05—
(] -
0.05
s KoL
3 r H1
| £
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OT6"5‘ ‘(‘)7‘ | ‘0‘.7‘5‘ ‘(‘)é | 085 09 095 1 1.05

0.05
Itan &l = cos ¢

10

10°

10

10°
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Jet Reconstruction

Jet constituents

CMS - particle flow + charged hadron subtraction

Reconstruct and identify all particles with an optimized combination of all sub-detectors (e, y, y, 1., 1)

ATLAS - topological clusters

3D clustering with built-in noise and pileup
[JHEP 04 (2008) 063]

SuppreSSK)n n Algorlthm p [GeV] |__caml/Aachen,R=1_|
Sequential, lterative clustering algorithms 1 Kt
Cambridge-
Calculate the “distance” between all constituents Aachen
di; = min(p?p?,p%?)AR?j/RQ -1 anti-kt

dip = p7"
Merge nearest constituents

p, [GeV]

If for a given constituent i all dij > dig, classify | as
a et

Repeat until all constituents are clusteread
3/17/15 John Stupak Il - Purdue University Calumet




V tagging

The combination of grooming and substructure variables to identify
hadronic W/Z

Studied by both ATLAS and CMS

Many combinations of jet algo, groomer, and substructure
techniques

19.7 fb™* (8 TeV)
T T T

% 1: H—,?J_I%!\Llll | TTTT | TTTT | TTTT | TTTT TTTT TTTT TTT |: Llf T T T | T T T T T T T T T T |
o - s T ] - CMS 7
8 O 9 - U \\ ] 1 [ Preliminary / —
(@04 C \ ~ ] I~ /T, =
g 08F N E e :
- ] 2
WU 0.7F A E 0.8 C,p=0 ]
— " F “Q . - C,B=0.2 |
- Tagging R\ E - C,p=05 .
0.6 _  Performance \ . o - C,p=10 .
C CIA R=0.8 + C/A pruned \ ] O . 6 T - Gp=20 ]
O 5 — VQjets . —] = T gjet —
' E L VC/A R=0.8 + k_ pruned \ E = == -t —
O . 4 ;_ V%]t;?ti'kT R=1.0 + Trimmed \\ _; O 4 __ o i eQPGL __
- CIAR=1.2 + BDRS-A E\R —— - - Subjet 1 QGL _
03:_ d, \‘_: —— . - Subjet2QGL —
) dlzc:/A R=1.2 + BDRS X\: QGL Combo |
0. - ATLAS Simulation Preliminarym™Y™| < 1.2 i 0.2 ]
- Vs=8 TeV 200 < p/"V™ < 350 GeV : i
A T - -
0 - MRESC Window - y — . T
O L1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | AN 0 = " = Elree T 1 1 1 1 1 1 1 1 1 1 1 |
0.10.20.30405060.70.809 1 0 0.2 0.4 0.6 0.8 1
e Tag ES

W Jets
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Jet Core Tracking Improvements

Additional iterative tracking i
step targeting the core of je’[S EEEE T T —— 1 T oy —

™3 va

Pattern recognition is
performed testing in
parallel a large number of
possibilities

0.95

I]llll]ll

O
<o
A e S B R T

88 Pythia multijet, 600<<800
i i p d<10 cm

g0 0 i P
* : " plTo' > 450 Gev’ p:a‘:k -2 Gev .....

tracking efficiency

0.85

Merged pixel cluster splitter 08

+ Standard Tracking

Exploit the information of
the jet direction to predict
the expected cluster 0.7
shape and charge

0.75

S99 LI L% L) L,
o 3
c e bv v by

Jet core tracking with MC truth splitting

T g

— R bt e
= S
N | : :

Jet core tracking and splitting
et S S 5 1 R
10" 1
A R(jet,track)
https://twiki.cern.ch/twiki/bin/view/CMSPublic/HighPtTrackingDP
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/HighPtTrackingDP

CMS Top Tagger

Optimized for jets with pr =

CA R=0.8 jets

Reverse clustering sequence

Find <4 well-separated, high pr

subjets
Require:

Nsubjets > 3

3/17/15

ARZ'J' > 0.4 — 0.0004 x pr

cluster jet

P > 0.05 X prpr

350 GeV

8 TeV

CMSSlmuIatlon \s=
[rrrrprrTTTp T T T T T T T T T |||||||||||||||

©
T

— QCD PYTHIA 6
— tt POWHEG i

CMS Top Tagger ]
Jet p, > 500 GeV/c -

CAR=0.8 y|<2.4

Fraction of jets
o
&
[

0.061-
0.04f

0.02}-

s ]
0 50 100 150 200 250 300 350 400
Jet mass (GeV/c?)

Primary decomposition

adjacency
criterion

AR(A,B) >
Decluster Cluster A
L] . ..

B is too soft.
A and B pass Remove it.
adjacency and
momentum Decluster
fraction criteria agan
Primary
decomposition
succeeds
Secondary decomposition
3final subjets

A and A" pass
criteria

B and B are
too close

Individually
decluster A
LdB

John Stupak Il - Purdue University Calumet 36




HEP Top Tagger

Optimized for jets with pt = 200 GeV Require:
' Nsu iets = 3
CAR=1S Jets max(m;, m;) < 0.8m; ’

Mass drop decomposition + filter

Step 1: Step 4

,@ th g:: tdpg @a
53 —> | @y 4 CMS Simulation s =8 TeV
1 2—_ HEP Top Tagger

™
(QV)
—i
E [ CAR=1.5n<2.4
Step 5 % [ p >300GeVic
£ 1 ftf'simulated with MADGRAPH

d p b]
co |naionsof aa e -
0.8
L

" Q ‘ 0.6/ gl R Bl
' Step 6: 0.4, . S St

Pick the combinatio

Zmin(0.3.ARm/2) 6% IRWtItt:t:t:fn;mS 02:_ .3 - : E:__-- - _-:.:-:E __ -
%Q O:""" ....'.T-'...|...|.
O 020406 08 1 12 14

, : t
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(Extended gauge sectors, colorons, axigluons, pseudoscalar Higgs, extra dimensions)

19.7 fb™* (8 TeV)

: : : — 10%g
Semi-leptonic channel (boosted analysis) 8 F cms — combinator
& 12 Preliminary lepton+jets (threshold)
. . . 0 = % = |epton+jets (boosted)
CMS Top Tagger + N-subjettiness + subjet b- e CL expected e b fowinsss
tagging Pl
o' 1f
Categorize events based on CMS top-tag and S ..[
b-jet multiplicity N
c3_10'25— —
% -
2 . -3_||||||||||||||||||||
y2 based event reconstruction 10° L5l L a L . L
W+jets bkgd L g S ileg 10776 Te) Mz [Tev]
3 = CMS —e— Data ] . 19.7 fb1 (8 TeV)
= 1 | Preliminary e gthers ] g 10 = cMs 0 e Expected (95% CL)
Apply SF for E = Z 2.0 TeV, 1% width E f_ Preliminary — Observed (95% CL)
top mistag rate - o Expectec
from W+jets - < 3 . [ ] +20 Expected
enriched SB [ e e m > 2.8 TeV
dat . e
Ema;s?ag — 12% I 3 “..
d t m -
ma;s%ag/emlstag = 0.83 £0.21 5\5 =
® C
) Or -
0500 1000 1500 2000 2500 3000 3500 = 10° 0_'5' — '1 L '1!5' L é L '2f5' - é
M, [GeV] M, [TeV]
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W'—1tDb

Search for high mass tb resonance

Top tagging
CMS - CMS top tagger + N-subjettiness +
subjet b-1ag /2, = min(pr . pr) AR

ATLAS - Trimming + ktscale + N-subjettiness

> e
> =
o - ATLAS
o 10°E —*— data
= E [Ldt=203"
~ - f T — background-only fit
N -
S 10t 's=8Tev — 15TeVW,
> =
w y2IHbins = 215129 —— 2,0 TeV W,
B two b-tag categor
10° 9 9 5 Tev w,

—— 3.0Tevw,

P J el
. . e ==y +T
Mass Limits 08! |
1 CMSPreliminary, 19.7 fb at\'s= 8 TeV 2900 0.4 ‘ i ol ‘
o (LA N By S B B B B B o S — Tev 1500 2000 2500 3000 3500 400
e ‘*\\\\\\\;III :%B m,, [GeV]
B } 2100@
- —_ . . . : : : . . : : : . CMS Preliminary, 8 TeV, 19.7 fb*
0.8 = —~ B8 10 | | - S L
2000 = E ATLAS W, 95% CL limit 7 80 B 060 Beckground Frediction
. = - " — observed S B (7 vonte Carlo Presiction
- 4 19005 T B fl_ dt =20.3 fbl """ expected o) lO4 I single top Monte Carlo Predi
- | + ~ N
06 s (s =8 Tev =E e NN s e
= 4 —1800 % 1 ~—— signal prediction—3 s T E W' (0.2 pb) at
: 1700 < © Sw w020 a
04 %? 10 ol "
i | —1600 o .
0.21 | <1500 ° 10"k -
rInvariant MassAnalysis ; 2 15EF =
" 95% CL Observed | 11400 P .- Y
- ' %500 2000 2500 3000 % .00
Ol_ | | | | ] ] ] | ] ! ! | ! ! [ T . _ 1300 E _&g g
0 0.2 04 0.6 0.8 1 my, [GeV] -1 > =
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B'—bH(bb)

Search for pair production of bH resonance

Higgs tagging - Pruned R=0.8 jet with 90 < m < 140 GeV +
N-subjettiness + double subjet b-tag

Categorize events based on the number of additional b jets

Test for presence of signal with Hr
m > 846 GeV for

BR(B’—bH) = 100%

19.7 fb* (8 TeV) 19.7 fb™* (8 TeV) 19.7 fb™* (8 TeV)
> — > — =) E
8 9005 CMS 1b category Q 140: CMS = 2b category i - CMS BR(b'— bH) = 100%
S00F . —e— Data - o —e— Data —~ - i —— Observed limit
8 - Preliminary tf+jets background 8 120 Preliminary tt+jets background o 1 Prefiminary Expected limit
M 700 4 Total background ™M I Total background ) E\\ Expected limit +1o
I = \ Total background error » 100~ ' Total background error o - ~ Expected limit +20
2600 | e bb->bHDH, M(b) =500Gev | £ [ E e b>bHbH, M(3) =500 GeV | € 4 11 ~__ — - o(pp — b) (NNLO)
Q e bb->bHbH, M(b)=800GeV | ® goglb f e b'b'->bHbH, M(b') =800 GeV | — = Baots... 1b + = 2b categories
> 500 > C —
L c L B O -
400 60— X 102 0 S
: : & -
300 - © S —
= 40 RN RN = ~
200 = § 10° & ~ -
10l SR j 20 :
O: l..u eesdead :.I.-.:.-.I.-..I.--If.l.-ol.-.l:.l.--l‘.'. PLIT, L L FL 1L 0L 0L | TP e o'_'"1""|'"'T""l""r""l' 1 1 ? 1 1 | 10-4 1 ] 1 1 1 | 1 1 1 | 1 1 1
1000 120 1400 1600 1800 2000 1000 1200 1400 1600 1800 600 800 1000 1200
H; [GeV] H; [GeV] M(b") [GeV]
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Search for excited leptons through contact interactions

Production: Decay:
92 1 r I 1Y
Lor = 2A*2juju Lom = s fro™ (gf%Ww +8f EBPW) fL+h.c

e, [, J

2L+y, 4£, and 20+ final states

e/p
20+J search

Trigger - double electron or double muon trigger « i

/ tag
Pruned R = 0.8 jet with 70 < m < 110 GeV + N-subjettiness

Data/MC scale factor of 0.9 + 0.1 | 5

Mg > 200 GeV m =

Background modeled with ABCD method 2. ——

Mypp aNd To 100} -

50,
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Search for excited leptons through

contact interactions

22+J search

Pair Z with remaining leptons to
form 2 £* candidates

Apply mass-dependent

L-shaped cut

19.7 tb™* (8 TeV)

—1200 7
2 [ C
g - pralimi
élOOO* .I‘ iminary.
G E - g
=
800
600 @
400? ) or Data
B Background
200:@ @ Ssignal 200 GeV
E Signal 1000 GeV
= | ‘ | | ‘ | | ‘ | | | ‘ | | |
200 400 600 800 e1\({)00 1200
3/17/15 Mqin (GeV)

19.7 fb™ (8 TeV)

Ay
o

T T T T TTTT

o X BR(ee* — eeZ — 2e2q) [fb]

[y

—e— Observed
Expected
- [ Expected * 1o

[ ]Expected * 20

" Theory cross section
—f=f=1

2.5
Mg+ (TeV)

0 X BR(UW* — ppZ — 2u2q) [fb]

e/

e/

Search channel

Mj = A, valuesin TeV
f=f=1 ‘ f=-f-=1

2.45 (2.45)
2.10 (2.10)
1.55 (1.55)
1.60 (1.60)
1.70 (1.70)

ee* — eey

ee* — eeZ —2e2j
ee” — ee/ —4de
ee* — eeZ —2e2u
ee* — eeZ —2e2/

2.35(2.35)
1.80 (1.80)

1.95 (1.95)

2.48 (2.40)
2.10 (2.05)
1.65 (1.65)
1.60 (1.60)
1.75 (1.75)

HU = ppy

U — ppZ — 2u2j
U — ppZ — 4p
UP* — upuZ — 2u2e
UP* = upuZ — 2u2¢

(
1.85 (1.85)
(

2.38 (2.30)
1.90 (1.90)
1.85 (1.85)
2.00 (2.00)

19.7 fb™ (8 TeV)

=
o

T T T T TTTT

[y

—e— Observed

N\ e Expected

~ [ Expected * 1o

T[] Expected * 20

" Theory cross section
—f=f=1
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Total jet mass analysis

Background modeling - “template method”

pr- and n-dependent m; probability density functions derived in 3-jet CR

Convolve PDFs with data in the SR = m,” background prediction

Validate in 4-jet CR with large |Anqy)

- .~ 0 -0
g-g production, g— qgjx,, x,— 999
T T T

> 3 > TP YT Tt T T YT T——T—T—T—T— S - ' d' UL
8 - s 3-Jet Template, Data 8 Al s 3-Jet Template, Data 8 B OEZ(ZT'\I/Zd Jet Gounting, Mo B-tags .
o 1 03 | —e— 4-Jol Samp!c. Data, VR ] o 1 0 —e— 4-Jet Sample, Data, SR I_Cilx" - E)E)Z(Z(:/ee(é Total Jet Mass .
un Uncertainties : wn [ Uncertainties | = | Expected et Counting, With B-tags
N | ~ 3| i Observed n
% | ATLAS £ 107 ([ m(@, ) = 800, 175 GeV 1000 Vs=8TeV,20.3 " ATLAS —
E) 1 02 _ 1S=8 T‘eV, 20.3 f'b ; 1 g) i ATLAS L All limits at 95% CL _
u>J [ S Py>0008Y: ; W 102k N is=8TeV,203 M
| E A R 4jSR, p’ > 100 GeV 1 i '
10; i ) i i
| 10} . i
. : 2
1é 2 é 5001~ _
9 g L b .;L o | A A Ikl A; A S 2 .
«© W o T 1T — B 7
S 207 E 15 . .
q) 1 _5 - }— 1 .0}.» ~..~.-....~....v.... o — -—— T * | |
}— 1 ‘O e e & e 0 eg * e * ..... 9 05. 03
9 05 1 3 g 000 b 02‘ e 05 — b8 N—— 1 p— ‘1 31 i ooy e sy Ly ]
o 00\l L cad e b §X10 &U ’ : : : 400 600 800 1000 1200 1400
© 0 02 05 038 1 1.2 Total Jet Mass [GeV] m; [GeV]
Total Jet Mass [GeV]
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Each contains 1 SR targeting boosted regime

Fully hadronic

> T T I T T T I T T T I T T
© 6  ATLAS o Data2012
o - 5444 SM Total
' Q det:ZO.lfb’l,\EZSTeV t
> — e S g @ Single Top
z_ — . @ SRB v
c =sw
g - Z
o AT 3 Dibgson
— (t,%,)=(600,1) GeV

MET > 150 GeV

>2 b-tagged

| L
400 600 800

| SRBI | SRB2

anti-k; R = 0.4 jets | 4 or 5, pp > 80,80,35,35, (35) GeV | 5, pr > 100, 100, 35, 35, 35 GeV
A, <05 > 0.5

DT jet. Re1.2 - > 350 GeV

M R—1.2 > 80 GeV 140, 500] GeV

Ml pro [60,200] GeV =

Mo R—0.5 > 50 GeV [70,300] GeV

i > 175 GeV > 125 GeV
_mTGet*‘, p%iss) > 280 GeV for 4-jet case —

Emiss//Hy - > 17V GeV

Fmss > 325 GeV > 400 GeV |
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Stop

Searches in fully hadronic and single lepton final states

Each contains 1 SR targeting boosted regime

Single lepton

>4 R=0.4 |ets

>1 b-tagged
MET > 350 GeV

LA I B B B B B B

2
O] - -o- Data
250 (s=gTev, [ Ldt=20fb" O
@ [ Preselection [CJW+jets
o _ [JsSingle top_]
200 .- m(,z)=(700,1) GeV (o x 100) M oiboson
r el B Z+jets
1501~ L - [ Y, ]
r : : ATotal sSM ]
100 /e 5 B
//, - -
% 0% A lemy
50? / /. - 4 | -]
= 1.5f 2 s
5 ? M%/ 0 L
- 7.
% 1? W 74 / 2 % /ﬁ
DO L L L L L L L ‘ L 1 /\ L F
100 150 200 250 300

3/17/15

Large-R jet mass [GeV]

tN_boost e U
5 5

No requirements 100.00% 100.00%
Trigger 95.31%  95.31%
Event DQ 94.07%  94.07%
Lepton (exactly 1 baseline) 33.75%  33.75%
Lepton (exactly 1 signal) 11.41%  11.41%
>4 jets (75, 65, 40, 25) GeV T74%  7.74%
Ad (et o, PR >0.5,0.3 7.36%  7.36%
>1 b-tag in 4 leading jets 5.81%  5.81%
EXiss > 315 GeV 2.92%  2.92%
mr > 175 GeV 2.65% 2.65%
>1 large-R jet, pr > 270 GeV

and jet mass > 75 GeV 2.20%  2.20%
A¢ (2nd large—R jet, ppis*) >0.85  2.15%  2.15%
7 veto* 2.02%  2.02%
min (AR(signal lepton, b—jet))<2.6 2.02%  2.02%
topness > 7 1.79%  1.79%
amrps > 145 GeV 1.73% 1.73%
Hzis > 10 172%  1.72%

Jets / 35 GeV

~

1 Y% q p
~0
X1
Trimmed R=1 jets

- T T T T T T T T | T T T T | T T T T | T T T_]
- ATLAS « Data ]
T \s= 8TerLdt—20fb %%{t N
n Jets
: tN_boost CJOther ]
s _ ATotal SM -
- ---- m(t,%))=(700,1) GeV ]
s _ m—— ('t'l,zl):(65o,1) GeV
s T A i 1 I —
- 1 !-.-.- ----- -
7 22000 / IIL St e
% 2 27 3 ;% .
:-l--l--l- | | | | | | | | | | | | ﬁ/ | T-T-T_%

50 100 150 200 250
Large-R jet mass [GeV]
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Stop

Searches in fully hadronic and single lepton final states

~

Each contains 1 SR targeting boosted regime ty ===

Single lepton analysis
(similar results in hadronic channel)

tt, production, t,— b ff %, /T, Wb %, /> t%,

Hadronic analysis sensitivity

<> 40— T T T T T t, production, B(t, — t7,)=100%

8 B ATLAS Observed limit (ilo-tshléig,) ] ';' 5007 [ T 1 1 ] r 1 11T T T 1 T ]
. 350— _ . — 2 - ATLA ]
e~ i f Ldt=20 fb", {s=8 TeV - - - - Expected limit (+10,,.) | O as0F > —
| E: f Ldt=20.1 b, (s=8 TeV 3
300[—  1-lepton + jets + ET"*° All limits at 95% CL — 400 — _ —]
u _ — All-hadronic -
250 | 350 Best Signal Region Al+C1 A1+C1  A2+Cl ]
. 300 A1+C1l Al+C1l A2+Cl =
200 AN — - ]
LN | 250 — A1+B  Al+Cl A2+C 3
3 [y — -
i, \ - , -
150 ../'/ ‘\‘ ] 200 — AL¥C1 AL+C1  A2+C1 A2fC1 A3+B -
LA 7 = -~ =
100 ] 150 — Q5 _A1+C1 A1+Cl Al+C1  A2+C1/K3+B A3+B -
mstop ~ 675 Gev : B 100~ & ~AL+C1 AL+C1 AL+C1 AL+Cl A3+B A3+B -
S0 ¢ . — - @rm 3
@ Mneutralino = O L i SOA4TCIALICIALICL AL+CL AL+CL AL+C1  ARCL A3 A3+B .
0 R N S N 1 I O LS AHCIApCI ALD e At :

300 400 500 600 700 80 %00 300 400 500 600 800
m- [GeV] mt~1 [GeV]
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(Little Higgs, composite Higgs, 2HDM)

19.7 fb* (8 TeV)

o 0.4r
First search for VH resonance in all hadronic final gt cvs smuaon —7 v ecrmermn
U H— bb
state > 03 N .
E - —m Z =0
With H=>bb/H=>WW*—=4qg and V—qqg £0% v
0.2 ) ]
First attempt to reconstruct boosted H—4q 015 O my
decays 01] \
I \ " il:' l" :.'i'/ \“‘\
H; and dijet mass triggers s RN
. OOM.;O ~{.4‘?(*).“‘?6;)“ 80 lOO‘lIZE)LI;C.)-TGWO
Pruned R=0.8 jets used for H—bb/4g and V—qq m, (GeV)
tagglﬂg S 30i<103 19.7fb‘1(z3:|1'/|eg/)
C)- E : 5::atchedt—>Wb—>qu  prefminary
+ N-subjettiness (H—4Q: 745, VQ9Q:74) g LT,
O 20 :
LU

+ Sub-jet/fatjet b-tagging (H—bb)

Categorize events based on H decay mode and
V purity
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(Technicolor, extra dimensions, GUTs)

VW Resonance

Search in £vgq final state

Low p7 resolved, high pt resolved, and merged analyses
Merged channel VU7 = min(pht, p)ARyg /mig > 0.45
Momentum balance filtered R=1.2 jets with 65 < m < 105 GeV

Neutrino p, determined from W mass constraint

r"T TITIr T L2 B l' T T rrrrrT T"]

> "Y‘Y'T T™rTTT T T (— 4 I 4 L § 1] l 1 4 1 l 1 1 1 1 5 | 1 ) | p— 4 | I 1 4 1] I 1 1 | 1 ] ] IIIIIII |
3 ATLAS —4— Daia - F 1 o ] !
o R e 2 ATLAS BukRSG' KM, =11 £ ATLAS Bulk RS G* kML, = 1 ]
8 o'k 1s=8Tev.[Lot=203m" WiZsjets | = 10°% T = 10° dinomis
> 3 _ fesingletop | = E \s = 8 TeV —— ' d 95% C T = E \s =8 TeV Expected 95% CL limits:
W = Iv + = 1 large-R jet " F ‘ bserved 95% CL F '
2 e B Moo < \ Ldt=20.3 b 1 = h Ldt = 20.3 fb Low-p. resolved
2300 s Dibason E 10§ —-Expected95%CL 3 T 108 T 3
i - . .2 Uncertainty .T \ p :‘ » K'\_\ ”lth resolved 1
oy f’.‘w ¢ G*(1200 GeV) g { \ . ) -. g '> v‘\ < I |
10} ] e ¥ T 1o uncertainty T N M . ;
; « 1k 1 5 1F \ erged region 1
il =< - + 20 uncertainty i x - \ — - Combination :
¥A L s A | 5 1 Nt |
" @ 107 ] o 10F L S E
10" 9 g_ 1 ch r 3 \ o, A
7% a 102 a 102 \ T —
_A.L._l.!<. = LA S 10 E ~—- 10 g '-\\ \\\.-3
o 2 of O BLELEL I SLELEL S SLELIL A B rt'r”v*’r{' TTOYTT Y D [ b : 9
< 1554 } T o L 4 - N !
: 051-1-' B e e = ’0"’“15..‘;' , ';4' A TIA s 1 103L PO NN W YO VRN SO NN TR WO . WO NN VNNY WY WY N NN VY RN VT U 1034. PYGRR! T VY TONT YO | (BN TR VRO . € T SO/ Y YWY AN KIS VO VIO AT LB
- ] /2 P P TN P W § W 1001 1014 1 1 2 2 1 1 2 2
8 0 800 1000 1200 1400 1600 1800 2000 2200 2400 500 000 500 OOO 500 500 OOO 500 OOO 500

m,, [GeV] Mg IGGV] Mg- [GeV]
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VV Resonance

Search for VV resonance
JJ, Lvd, and £2£J final states

LeJ and £Ljj final states

Pruned R=0.8 jets with 70 = m = 105 GeV
+ N-subjettiness

BRDS-A R=1.2 jets with 70 < m < 110 GeV

my sideband

CMS L 197fb at Vs =8 TeV
240:0— IIIIIII IIIIIIIIIII IIIIIIIIIIII IIIIIIIII

+ CMS Data (ev HP) . W+jets

W .tt

Single t Uncertamty

Categorize events based on 721 and
single/double tag (JJ) 590

Semileptonic analyses: take normalization ¢
and shape of V+jets background from my;; 210,
sideband (with shape corrections from MC)

~ |Lulll|III|III|III|III|III|III|III|II

Fully-hadronic: Model multijet background
. . . . 40 50 60 70 80 90 100 110 120 130
as smoothly falling distribution | ~ Pruned jet mass [GeV]

= 4
_ g2 —— bt 3
Bump hunt in mJJ/mM/mggJ/mwj §e_g: e = e =
-4;10 50 60 70 80 90 100 110 120 130
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VV Resonance

m— '_ T T T I T T T T T T T T T I T T T I T T T I T T T T T T _‘
signal region results g F | ]
CMS L 197fb1 is=8TeV = s  prr—r——rr——— - S — ATLAS EGMW,c=1
S = 8 TeV > B 102 B —
e~ . L[ B A @ ATLAS ~e— Data i < = (s=8TeV - 0 E
102 = O , -8 Te o Z.iets | =2 = N Expected 95% CL E
> E Ax H|gh purlty doubly W/Z -tagged data 3 . I 1s=8Te ‘ —— lem "W N - f L dt=20.3fb 3
ICI_) - — Fit ] g 1| [Lot=203 ti+Singlo Top | - Observed 95% CL ]
~ | N @ Merged Region was Sys+Stat Uncertainty { T 10 — ) _
S 10 5 -- Grg = WW (1.5 TeV) E 5 ' Z - o0, yp Channel - G, m=1400 GeV | .; \: * 1 o uncertainty 3
o ] 107} Fremina * 100 i + 2 ¢ uncertaint ]
= 7 ; 1 x y i
sk i -2 . i
= C 3 107 E
S L ] pal .
g ; ; 10 | ; 10-1 — =
102 —= ’ T E 3
g 3 104 o) -
10°% ; . . & v 10%¢ =
o S @ 3 - m > 158 TeV =
Lt © 2,_ H % : %: : 10 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
c| & g, 1 - Ry : =% o 400 600 800 1000 1200 1400 1600 1800 2000
clo - : 0 500 1000 1500 2000 25l - C :
S m, (TeV) my [GeV] Additional limits in papers  mwlGeV]
_ -1 —_
o CcMS L=19.7 fo* at\F-STeV CMS L=19.7fb" at (s =8 TeV CMS, L =19.7fb", Is =8 TeV
T T | T T T T | T T T T | T T T T | T T T T | T |ﬂ [ T T T T ' T T T T ' T T T T ' T T T T | T T |_ |
3 ® CMS Data (up HP) i -
2 + CMS Data (ev HP) .W+jets i 10 §_ Background estimation _§ Observed
10 . . _ E - ) Z+jets - = 1 Expected (68%)
. wwiwz t . [ other Backgrounds (tf, VV) . o - Expected (95%)
> 10 g2 E 1 Goy Mo = 1 TeV, kiMy, = 0.5 (x100)= N -
Q I:ISingIet §:§ Uncertainty = 3 P - —_— W' — WZ
O 12 [ TN
= . s=1TeV, kiMm =05 (x00) 7 O I | ; 10t
S . " 1< w0g E : m>1.7TeV
= evd 12 | ' + uud 3 1 -
ﬂ ) i Q L - "; L
c 1 - gg ooty > o RS N T al el AN
LSRRI E 10° E ,
Z [ i B
10" 2 i - —L i -
N : - 1 X i . .
| 10° h 4 o [ Bestlimit
10° = ]
] 3 ’
-3 Il Il | Il Il Il Il | 1 1 1 1 | 1 1 1 N {Q_l 1 ‘j_f_‘ 1 ‘|7 1 I_ 10 O n W AWZ
10 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 L1 ! ! | L
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ABCD Method In T'—tH

QCD normalization:

QCD shape:

Taken from region B

' ' ~ e S 197 " (8 Tey)
Va‘ | d ate d W | t h Q C D I\/l C i:;/ Egnl\“/IU%tion + }signal region §
and data g 3 ge ideband reg _E

0 - Single H tag category
8 107p + _
T4
Bl P
= -I X
: C:E A= e s

0 500 1000 1500 2000 2500 3500
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Top Tagging Performance

Technlques valldated IN data

Top Quark Candidates / 4 GeV

oO 30 60 90 120150 180 210240 %
Top Quark Candidate Mass [GeV] Dc:sa

. ©
Optimal performance &
=

3/17/15

B ATLAS Prellmlnary
L dt =20.3 fb*

500

=

\s =8 TeV

—&— Data 2012
Lt

[ WHjets
B Single Top
] Z+jets

“i22 Statistical uncertainty

400

300

Obtained by combining
tagger with additional jet
substructure info

Analysis dependent 0

Matched parton :
p_>400 GeVic -

PR TN N T T N T T M A N U T T N T T T A S A
01 0.2 03 04 0.5
Top Tag Efficiency
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5 . . : V¥ HTT (tight)
+—
S ATLAS S|mulat|on Prellmlnary ® T @efauly
CI:)‘ vg =8 TeV A HTT (loose)
o ] Vd,, & N-subjettiness tagger VI
% VAR &M&@tight tagger V
g Dig mfe‘ &m&@tagger v
qr  m™ &\d,, tagger Il
O m* tagger I
/\  Yd,,tagger|
tagger VI: t,, scan
..... tagger V:Vdﬁ23 scan
D PR UURS-OUURRRRUUR i+ - PO Mol d,, scan
---------- d,, scan
trimmed mass scan
. 5 I I .. ’ \'___r3zscan
o902 04 06 08 1
tagging efficiency
| | 1 bl =1
s’ -
427 ar g
/%/O
¢
“7
A
AR 4
/' —— CMS Top Tagger
7 ---. subjet b-tag
/‘ N-subjettiness ratio t,/t,

—-— CMS + subjet b-tag
CMS +1,/t, + subjet b-tag
HEP Top Tagger
HEP +1./t, + subjet b-tag

CMS WPO

CMS Comb. WPL & iep comb, wP1
CMS Comb. WP2

CMS Comb. WP3 O HEP Comb. WP2
CMS Comb. WP4 A HEP Comb. WP3
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CMS Top Tagger

3/17/15

CMS Top Tagger decomposition

Input
cluster

Y

Define
Dcut = 0.4 - 0.004 x prinput

Define
temp = input

Redefine
temp = A

3\
>

Y

Decluster temp

6@
o
O

@—»%—»

Example: CMS Top Tagger decomposition

Primary decomposition

into Aand B
(P> p1B)
\
[AR(A’B) > Deut false Decomposition
fails
} true
1A < 0.05 x priet
P and PT | true Decomposition
prB < 0.05 x priet fails
false
\ 4

pt& > 0.05 x priet

true | Decomposition
and

succeeds

AR(A,B) >
adjacency

Cluster B Cluster B

Decluster /ClusterA criterion Cluster A
®
q () . o q
® _. o = continue
X J
B is too soft.
A and B pass Remove it.

adjacency and
momentum. Decluster
fraction criteria again
Primary
decomposition
succeeds

Secondary decomposition

prB > 0.05 x priet

Lfalse

Remove B. Try to
decluster A.

3final subjets

Individually
decluster A
and B

A and A™ pass
criteria

—_—

B and B™ are
too close
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HEP Top Tagger

Step 1:

Mass drop
decomposition

>

Step 2:

Loop over all
combinations of
3 mass drop
subjets

—

Step 3.

Recluster with
Riir=min(0.3,ARmin/2)

3/17/15

HEP Top Tagger
Mass drop decomposition

Step 4.

Input Filtering: keep only

cluster Q@ @ the 5 leading
X .

Y

A g subjets a
Isinput ) yes |Save output O
mass < 307, subjet é;} ) @
Does input
have 2

A A 4

Save output
subjet

parent

clusters? .
Step 5:
subjet 2
no Repeat reclustering and filtering procedure for all combinations of 3

Split
Subjet 1/input into
2 parent
clusters
mi>ma

mass drop subjets

Subjet 2

‘ m1< 0.8 Minput ? ,

Step 6:

Pick the combination

with filtered mass
closest to the top mass.
Recluster to force 3
subjets
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HEP Top Tagger

R2, (14 (22)2) <1 — (222 B2 (14 (22)%)  R? m3 1 (23 2 m13 o
(L G2 < 1= (2 < R (020 RE(14 (20)%) < 1= (020 < Bh(L4 (222)?)
CMS Simulation \s = 8 TeV
- HEP Top Tagger 7
 CAR=1.5n<2.4
i P >200 GeV/c 6
— tt S|mulated with MADGRAPH
m23 S WO PP -
len < < Rmax L vV 5
m123 0.8 SRS T .
L = . ":.J — —4
Rmaxz(1+fW) me/mt [ ] _— -q:
i ;: - —3
Ruin = (1= fw) x my /m, -
: "l Al
i -
23 = -
> 0.35 — 2]
123 . LR : e -
| | | | | - e | | | | | | | | | | | | O

02 04 06 08 1 /1.2 1.4
atan(m_/m,,)

OO

m
0.2 < arctan s < 1.3
12
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Top Tagging P

erformance

Mistag Rate

CMS Simulation, Vs =

L L P ER )

A

Matched parton
p. > 400 GeV/c

A B N N
01 02 03 04 05

Top Tag Efficiency

=
Q
[MEN
LR RN |

Mistag Rate
|_\
(@)

[
Q
w

Matched parton
p, > 800 GeV/c

1 IIIIIII—I

0 0102 03 04 05 0.6 0.7
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Top Tag Efficiency

8 TeV

John Stupak Il - Purdue University Calumet

tagging efficiency

CMS Simulation, Vs = 8 TeV
910'15 T | T I.{',L EI C L
§ A CCE - ,;(‘EEP 1 HEP Top Tagger
o) i QL 1 o102k Pigs) +H == HEP+1,t,
S . f i - RARa 5 -+ HEP + sub. b-tag
10 2 ,/ / | 0 - 7 ; ]
% g - 1S i PR ] HEP +t,/t, + sub. b-tag
i ‘/ ] 103L e 1« HEPwWPO
- - PR i O HEP Comb. WP1
10° _ o - 'Al‘ ] (1 HEP Comb. WP2
] AR . A  HEP Comb. WP3
i 10 :_5',' E
Matched parton - 3 Matched parton 3
104/ p, > 600 GeV/c I p, > 200 GeV/c ]
IIIIIIIIIIIIIIIIIIIIIIII I 1111 I: '5 jl 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
0010203 04050607 90 01 o0z 03 04
Top Tag Efficiency Top Tag Efficiency
—— CMS Top Tagger
. SUbjet b-tag é .:_ ! i 1 — Y HIT(ughy
_subietti i o 4 ATLAS Simulation Preliminar 3@ T
N-subjettiness ratio t./t, 2 1 & = 8 ToV y 1 A srroees
—_——— CMS + SUbJet b'tag ;7 '.. ) ¢,, & N-subjettiness tagger VI
: = - m" tight tagger ¥
CMS +1,/t, + subjet b-tag & 10°E% B MG e
(Cé) _ ‘ - m™ &\d, &) d, tagger IV
HEP Top Tagger - | w™ &Yd, tagger 1
HEP +t,/t, + subjet b-tag K i =" gger b
+ CMS WPO & HEP WPO ol \ [l B ioosi
® CMS Comb. WPl ~ piep comb. wP1 - T eie g v:|, scon
B CMS Comb. WP2 F e O
A CMS Comb. wp3 - HEP Comb. WP2 W ] o i e
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