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Boosted regime: classical selection methods fail.

t
ﬂ/{./w_ un-boosted

=

boosted

»decay products from heavy particles

>multiple, well separated jets from merged into large fat-jets

W, Higgs or top hadronic decays

>jet substructure provides fundamental

stypical jet collection: AKS5 (antl-kT, selection tools (top-tagging, W-tagging...)

R=0.5)

>typically, larger jet collections: CAS8
(Cambridge-Aachen, R=0.8) or CA15






» Based on jet mass pruning (Ellis,
Vermillion, Walsh [arXiv:0903.5081], [CMS-
PAS-SMP-12-019]).

» Starting with CA8 jets.

» Re-cluster jet and apply requirements
when merging clusters / and j into cluster p.

Veto soft and large angle re-
combinations, removing softer component

if:

> min(p_,p)/p P<0.1
> ARI>0.5 m®9/p o

CAR=0.8

Normalized Distribution
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» Pruning can be combined with additional
observables:

CMS Preliminary Simulation, \s =8 TeV, W+jets
> mass-drop K g S T
. . w AR=0. 1
> N-subjettiness T : T /T, used for W- C ] 250.<pr <350 Gev
T 087 <mT.]<<1. eV |
tagging ; o
> also examined: Qjet volatility ", 06k .
generalized energy correlation function [ —— Neural Network (MLP)
C B 0.4~ — — Likelihood
— tj/t
2 : - r?m;
- —— 1,/T,pruned
— ---- 1/t kT axes
b . . . 021 — 022 (B=1.7)
N-subjettiness shows the best single L e drn
discriminating power. ol T R

» Observables are correlated: moderate
improvement with multivariate combination
using TMVA.

efficiency: H-WW, m =600 GeV °
mistag: QCD



» Detailed data/MC comparisons for all substructure observables
P Different topologies and generators considered
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general good agreement, more observables in the backup
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» Scale factors (SF) to correct for residual discrepancies.

p+jets ttbar

CMS Preliminary, 19.5 fb' at \s=8 TeV, W— p v
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» Based on JHU top-tagger (Kaplan et al
[PRL 101 (2008) 142001])).

> start with CAS8 jets

> reverse clustering sequence and
examine clusters pairwise

> clusters are split if:

AR > 0.4—0.0004 p °
p.° is the parent cluster p_
> low p_ clusters removed if:
p,.<0.05p*
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QCD

CMS Preliminapﬁ Vs=8 TeV1 19.6 f'b'1| —

i | || Mistag rate can be measured from data,
100[ E using anti-tag method:
80} . > two high-p_ jets, p_>400 GeV
60F B . : . . : . .
sl Wi ] > anti-tag one jet, inverting min pairwise mass
- Msngeror requirement
50| > tOp-tag of other jet is a mistag
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» B-tagging at CMS traditionally developed on isolated AKS5 jets, mostly
suitable for the non-boosted regime.

» First study at LHC dedicated to b-tagging in the boosted regime. Benchmark
topologies:

CA15 fat-jet y
L CAS fat-jet il
1ggs b
b
Boosted top, hadronic decay: Boosted Higgs—bb:
>selected using HEPTopTagger [JHEP >studies based on pruned CAS jets

1010 (2010) 078], CA15 jet collection

» Boosted studies based on the Combined Secondary Vertex CSV tagger:
likelihood ratio combination of secondary vertex + single track information.

» CSV developed on AKS5 jets: currently no dedicated re-training for the booste%
regime.



» Two scenarios considered:

> subjet CSV:

« CSV b-tagger applied to subjets (2 b-
tags for Higgs-tagging, 21 for top-

tagging)
> fat-jet CSV:

« CSV b-tagger applied to the Higgs/top
candidate fat-jet

Subjet b-tagging
generally performs better:
chosen as default
technique

Fat-jet b-tagging suitable
at very high p_

where subjets start to
merge
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probability (QCD)
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1 8 CMS Slmulatlon Prellmlnary \s=8 TeV

subjet b-tagging: fat-jet b-tagging:
based on subjet
tracks

based on all fat-jet
tracks

e.g. Higgs channel
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e.g. Top channel, HEPTopTagger subjets

CMS Preliminary, 19.8 fb” at {s = 8 TeV

w
-f';’ L+jets sample
T (HEPTopTagger subjets)

I uds quark or gluon

15%..:!., ;**w‘{ m”l }HH

] 20 40 60 80 100 120 140
SV 3D flight distance significance

*Good data/MC agreement for b-tagging
observables.
All observables cross-checked (backup).

——

Data’MC

e.g. subjets of gluon spllttlng CAS8 fat-jets
CMS Preliminary, 19.8 fb” at s = 8 TeV

% 1.3: | - AK5 jets ' ]
g 1_25— —4— CA8 subjets _f standard
- - -l CAS8 subjets + companion tag 7] SF
'E 1.1;— [_JFit (AKS5 jets) —;
® 1F # gluon
(14 ~ . .
T 0ok l #—i— 4 o ol % = splitting
8 09K .
o™k - subjet b-
oo I tagging
075560 100 500 300 400 OF
Jet P, [GeV/c]
*SF~1, compatibly with SF for standard b-tagging in
the non-boosted regime, for both channels. 12

*Nothing pathological in the boosted regime.



» Traditional PU subtraction: subtract charged particles not pointing to the

primary vertex.

» PU Jet-ID:

> exploit also non-tracking quantities (jet shape) to extend PU rejection

outside of the tracking acceptance

> multivariate discriminant

x10°CMS Preliminary, Vs = 8TeV L=20 fb 1
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» Performance:
> tag-and-probe method from
Z (—pu) + jets events, where
probe is jet recoiling against Z
> data/MC agreement within
10%, corrected using SF

» Several applications:
> e.g. . extensions of jet vetos

to low p_(Higgs searches)

=Y

efficiency

dataMC
o -

CMS preliminary Vs=8TeV L=20fb™
LI B L B B B | L

—h —
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T T
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}#*“ Dl
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NPT . . . F el 1
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jetn
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» Quark/gluon discrimination:

similarly to PU Jet-ID, combine Variables:
discriminating variables in o
likelihood *multiplicity:
charged, neutral, total
» Quark and gluon have different »spread:
colour interaction: P '
n—o spread

r

major n-@matrix axes o
minor n—-¢@ matrix axes o,

»>energy sharing:
hardest candidate off-

quark jet gluon jet .
centering/ energy
p.D:
2
+ multiplicity 5 Yi P1
+ width T =
o 1 Y. PLi

more homogeneous :

energy sharin
gy 9 combined in likelihood 15




» Quark/gluon discrimination:
similarly to PU Jet-ID, combine
discriminating variables in
likelihood

» Quark and gluon have different
colour interaction:

r

+ multiplicity

+ width

more homogeneous
energy sharing

CMS Simulation Preliminary, s = 8 TeV
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- - - Total Mult.
0.2 | - Pull )
N R
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0 | L 1 I | | 1 I 1 | ] I 1 1 I 1
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Gluon Jet Rejection

Single-variable and combined
likelihood discrimination power
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» Validation in two different samples:
> Z+jets: quark enriched
> di-jets: gluon enriched

» Overall good data/MC agreement.
Some discrepancy at low p_in di-jets,

probably due to gluon fragmentation
mismodeling. Covered by
systematics.

» Useful tool for several searches:

> many channels with jets are
flavor specific
> pioneer analyses at CMS:
Higgs—ZZ—212q
[JHEP 04 (2012) 036]
VBF Higgs—bb
[CMS-PAS-HIG-13-011]

CMS Preliminary, L =18.3 fb'at (s = 8 TeV
T T ' T T T | T T T I T T T I T T T

40 < P, < 50 GeV Z+Jets

ml<2 e Data
I Quark
- Gluon
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OO 0.2 0.4 0.6 0.8 1
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T T T T T T T T I T T T T T T

— I I I
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— mml<2 e Data
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I'+\|I||||||||III|IIII|

(¢} 0.2

IO-4I 1 IO-6I 1 IO-8I 1 1 1
Quark-Gluon Likelihood Discriminant
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» Flagship for boosted searches for new physics.
» Sensitive to several models. Considered:
> extra dimensions, RS gluon
> extended gauge, Z'

CMS, 19.7 fb™!, (s = 8 TeV

----- Expected (95% CL)
narrow [/m=0.01 i 10;_\\ ! —— Observed (95% CL)
broad N/m=0.1 T ;Z';-:%W‘d‘z

. 1N + Xpecte
» Selection: : — i

> 2 back-to-back high p_ jets

Upper limit on c,. x B(Z' — tt) [pb]

10"
> both top-tagged "
CMS, 19.7 fb', \s = 8 TeV WE i
> 10" g e
& [ all-hadronic ¢ Data 103 el L. | L
S 105L  _ee, Mt ] 0.5 1 15 2 25 3
= S NTMJ 3 M [TeV]
; N ".‘. —Z'2TeV
E 10 g_ s =
Q
>
(i1}

: exclusion limits from combination
. with semi-leptonic channel
] exclusion up to 2.7 TeV depending

—_

o
LILLLLLL L

I

—_
LILLLLLL B

107"

N ]
1000 1500 2000 2500 3000 3500
o M, [GeV] on the channel
High-purity version of the analysis underway: 19

reduce Q)CD with combination top-tagging+subjet
b-tagqging




» Vector-like heavy quarks predicted by
several theories:

> little/composite Higgs models

> extra dimenions
» Solution to the hierarchy problem.

» Signal:
> pair-produced B' with charge -1/3
> decay modes: B'—-tW, bZ, bH
> all branching fractions

» Selection:
> single muon or electron
> substructure used in event categories

based on number of V-tags (V=W/Z/H):

CMS Preliminary

BR(bZ)

19.8 fb!, /s = 8 TeV

800
750
700
650
600
550
500

IN
)]
@)

[\09] NI Sseyy yiend g peniasqo

20



» [CMS-PAS-B2G-12-012] Signal:
> pair-produced T' with charge 5/3

> BR 100% T'—>tW

» Selection:

> two same sign leptons

> top-tagging

> W-tagging (mprune

,[60,130] GeV)

6-BR (pb)

102

10°F <« Observed Limit
Eo Expected Limit
- [ 1 Expected Limit *+ 1c
- I Expected Limit + 2c
- —— Signal Cross-Section

10—4|||||||||||||||||||||||||||||||||||||||||||||||

" 'CMS Preliminary |2
19.6 fb'at Vs =8 TeV

550 600 650 700 750 800 850 900 9501

observed limit 770 GeV

000

M, o, (GeV)

» [CMS-PAS-B2G-12-015] Signal:
> pair-produced T' with charge 2/3
> decay modes: T'—tH, tZ, bW
> all branching fractions

» Two final states:

> single letpon: multivariate analysis, number of W- and top-tags enter the

BDT discriminant.

CMS preliminary Vs=38 TeV 19.6 fb™
BR(bW)

o
BR(tZ) BR(tH)

ISOO
750

700

650

600

[A9D)] 1 ssegy yaeng) 1, pariasqQ

final combined limit up to 782 GeV
> multilepton: counting experiment, no substructure




Predicted by several models. Here considered:

> bulk graviton production: G, — WW — | + jet + MET

CMS Preliminary, 19.8 fb™, /s = 8TeV

|epton boosted —— Observed
+ MET Wiet =& 1 % 1o Expected
: F -320 Ew‘:,cted
; Rs
=
T
<
06
=
©
100 Sy
_ Resonance mass (TeV)
> RS graviton, W heavy partner W'
GRS — WW/ZZ, W' — WZ
.Gbulk O X BRVVW

all-hadronic decay

boosted T A boosted
Wiz ‘) Wiz

limits between 70fb and 3fb
.GRS — WW exclusion: [1.00,1.59] TeV

.GRS — ZZ exclusion: [1.00,1.17] TeV
W' — WZ exclusion: up to 1.73 TeV
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» Substructure techniques

> major developments recently:
subjet b-tagging, W-tagging, pile-
up jet-ID, gluon/quark
discriminator, ...

> new results on top-tagging
expected soon

> extensive data/MC comparisons:
generally good agreement

» Searches:

> increased number of analyses
using substructure, beyond
typical ttbar resonance searches

> searches exploiting powerful
new tools (subjet b-tagging, new
top-taggers, ...) expected before
the end of the year

Semileptonic tthar

HﬁPTopTagger FatJet

et=407.64 C i
eta = -0.556 ;
phi = 2.622
mass = 161.73 g
SubJet1
et=169.16
N eta = -0.406

N :
N phi = 2.277
N
\
%%M

SubJet2 N Muon1
et = 130.09 pt= 81.94
eta =-0.440 eta = -0.831
phi = 2.680 phi =-0.214
SubJet3
eta =-0.799
phi = 3.108
b-Jet Candidate
et =35.82
eta =-1.054
phi = -1.631 Muon2
pt=6.28
CMS Experiment at LHC, CERN eta =-0.996
Data recorded: Sun Jun 17 03:03:28 2012 EDT phi =-1.675

Run/Event: 196453 / 843094521
Lumi section: 966
Orbit/Crossing: 253203169 / 1248
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» Substructure techniques

> major developments recently:
subjet b-tagging, W-tagging, pile-
up jet-ID, gluon/quark
discriminator, ...

> new results on top-tagging
expected soon

> extensive data/MC comparisons:
generally good agreement

» Searches:

> increased number of analyses
using substructure, beyond
typical ttbar resonance searches

> searches exploiting powerful
new tools (subjet b-tagging, new
top-taggers, ...) expected before
the end of the year

Semileptonic tthar

-1.0 -0.5 0 0.5 1.0

SubJet1
v \ et=169.16
~JHEPTopTagger FatJet| \\ eta =-0.406
et =407.64 phi =2.277

eta =-0.556
phi = 2.622

SecondaryVertex2

05 \ \ SecondaryVertex1
\Y
\. PrimaryVertex
0 SubJet2 l
et =130.09
etq =-0.440 \
SubJet3 A= 2l SecondaryVertex3
et =107.45 ‘
0.5 |eta= -0.799 b-Jet Candidate
phi = 3.108 et =35.82
eta =-1.054
phi = -1.631
CMS Experiment at LHC, CERN M‘:°_"§ -
D410 recorded: Sun Jun 17 03:03:28 2012 EDT F;a- 0 996
Run/Event: 196453 / 843094521 eh' - '1 .675
Lumi section: 966 phi=-1.
Orbit/Crossing: 25203169 / 1249 -0.5 0 0.5 1.0

“Gompact Muor

Muon1

pt =81.94
eta =-0.831
phi =-0.214

1.5

0.5

1.0

1.0 -

0.5 —
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» Pruning can be combined with
additional observables:

> mass-drop

26



» Pruning can be combined with
additional observables:

> mass-drop
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» Pruning can be combined with
additional observables:

> mass-drop
> N-subjettiness T : T /T, used for W-

tagging

1 )
™ = - E pr min{AR; s, AR> ,--- ,ARn «}
0 "y

do = >, PT.kRo, and Ry is the original jet radius

28



» Pruning can be combined with
additional observables:

> mass-drop
> N-subjettiness T : T /T, used for W-

tagging
> also examined: Qjet volatility I

generalized energy correlation
function C

QJet’

29



» Pruning can be combined with
additional observables:

> mass-drop
> N-subjettiness T : T /T, used for W-

tagging
> Qjet volatility I

QJet

30



» Pruning can be combined with
additional observables:

> mass-drop

> N-subjettiness T : T /T, used for W-
tagging

> Qjet volatility I'

> generalized energy correlation
function C

>, ik PTiPTiPTk(Rj Ric Rix)? >=, pi

c) =
’ (Z;,j pTiPTi (Rij)7)?

31



CMS 2011 simulation preliminary, ¥s = 7 TeV
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b jet efficiency

» Several taggers implemented at CMS. Boosted studies based on
the Combined Secondary Vertex CSV tagger:
> likelihood ratio combination of secondary vertex + single
track information:; -
> currently the best tagger in CMS, improvements ongoing.



>jet-tracks association: static cone
AR(tracks,jet) < 0.3

>apply tight selection on tracks, mainly for pile-
up rejection

>determine b-tagging observables

>calculate b-tagging discriminators
»>several operating points defined for taggers,
selecting different regions of purity/efficiency:

\

* loose L; 10% misidentification
 medium M; 1% ~ from light

e tight T; 0.1% quarks/gluons  *

/




CMS 2011 simulation preliminary, Vs =7 TeV

» Boosted studies based on the
Combined Secondary Vertex
CSV tagger:

udsg jet efficiency
2
|
|

-
Q
¥
|
|

> likelihood ratio combination
of secondary vertex +
single track information;

> currently the best tagger in
CMS, improvements
ongoing.

—
Q
w
|
|

506070800 1
b jet efficiency
» For performance measurements used also Jet-Probability JP

tagger:

_f , .
-4 I Ei R 10 il N
10°070.1020.3040

> likelihood estimate of the probability that the jet-tracks come
from the PV, based on the IP significance of all jet-tracks;
> calibrated on data from tracks with negative IP.
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»Based on CAS8 jet collection: 5 CMS Simulation Preliminary, \s=8TeV
boosted regime for p_> 300 GeV. usimrotb - - .
o
q 4
» Signal: B'~bH pair production. > ik
B-tagging studied on H—bb. 2 50
o
» Inclusive mistag from QCD and 15—
mistags from hadronically- [
decaying W/Z/top. 055
00 100 200 300 400 500 600 700 800 900 1000
» Subjet b-tagging based on Higgs true p, [GeVic]

pruned subjets:

>cut on pruned jet mass can be
combined with b-tagging
requirement (see next slides). 33



b Based on CA1 5 COlleCtlon, CMS Simulation Preliminry, Vs =8 TeV _

default for HEPTopTagger. ﬂiz ___________
» Large cone-size allows to reach ~ *[= ~ L. - =N ’
lower p_'s (~200GeV) without -
switching from merged-top toun- 5 AdEe-
merged top selection. N, , -

o) SR I N I I B S I P 10"

0 100 200 300 400 500 600 700 800 '9'08 1000
» Signal: T'—tH pair production. Top true p, [GeVic]
Consistency of the results checked spread between top decay products

also on SM ttbar production. (T'—tH)

» Inclusive mistag from QCD.

» HEPTopTagger forces 3 filtered subjets: used for subjet b-
tagging. 36



Higgs channel

Subjet b-

tagging
performs better

Fat-jet b-
tagging suitable
at very high p_

Top channel

Overall subjet b-

tagging
performs better

1 8 CMS Slmulatlon Prellmlnary,\s 8 TeV
oI

medium boost regime

—_—— ‘
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Higgs channel
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» Challenging definition of the control sample. Similar topology:
gluon splitting jets, two closeby b's clustered in the same fat-jet.

» Event selection:
> 1 CAS8 jet, pT>4OO GeV, |n|<2.4;

> AR(subjets)>mjet/pT: remove infrared unsafe configurations;
> MC samples: inclusive and muon-enriched QCD, tt, Z—qgq.

» Muon-tag to b-enrich subjets sample: require muon with p_>5GeV
within subjet cone.

» Sample of CAS8 fat-jets enriched in gluon splitting, requiring both
subjets to be muon-tagged: Higgs-like sample.
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hadronic decay: leptonic decay:
probe tag

» ttbar semi-leptonic decays.
» Leptonic decay:
> isolated muon;
> 1 standard b-tag.
» Hadronic decay selected using HEPTopTagger.

» MC samples: ttbar + all SM backgrounds (single-top, Z/W+jets).
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» Method based on Jet-Probability b-
tagger. Advantage:
> JP discriminant can be defined for
most jets (>90%);
> calibrated on data.

» Template fit to JP discriminant,
before and after applying CSV.
Discriminant shape from MC, while
relative flavor fractions are free
parameters.

» Tagging efficiency in data given by
(C, is fraction of jets for which JP
computable):  wg_  Co-fy - Nag,

b before tag Nbefcme tag
f b data

Jets | 0.1

Jets /0.1

10* CMS Preliminary, 19.8 fb ' at ys = BTe\IF

—=— Data
fit

I b jets
B c jets
[ light-parton jets E

10°

10?2

10

0 0.5 1 1.5 2 2.5
JP discriminator

before b-taggmg

104 CMS Prelimina

10° [ light-parton jets 3

102

10

0.5 1 1.5 2 2.5
JP discriminator

after b-tagging



» LT method applied to
iIndividual muon-tagged subjets
of CAS8 fat jets (w/ and w/o the
companion subjet b-tagged).

» Very good agreement with the
standard scale factors.

» Results for the loose operating
point of CSV.

b-tag efficiency
e o o
=1 =] o0 w
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3
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CMS preliminary, 19.8 fb'at \s = 8§ TeV
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= -B- Data CA8 subjets + companion tag =
- -5 Sim. CAB subjets + companion tag .
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[ Fit (AKS jets)
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300 400
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» Measurement of mistag rate SFIight for CA8 subjets based on

negative taggers, which use tracks with negative impact
parameter.

» Very good agreement with the standard scale factors.
CMS pr-;ulimill'lu'y,liﬂ.ﬂlﬂj' at Vs = 8TeV
—a— Data (AKS jets)
—— MC (AKS jets)

—i— Data (CAS subjets)
—=— MC [CAB subjets)

=3
= L =] [ =]
S o R oo

Misidentification probability
=3 =]
E !

=

Data / MC misid. SF

Fit (AKS5 jets) E
0.8 —m— CAS subjets =

0.4 .
200 400
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» Method based on distribution of number of b-tags for the 3

subjets of CA15 HEPTopTagged fat-jet: expected distribution
fitted to data, with scale factors as free parameters.

» Expected number n of tags for ttbar signal can be expressed as:

i’gi,j’g:j,k’gk 3 o o wiy  OF G s ol ¥ sl /
(Nu)=L-og-e-) Fe ), [Crep(1—ep)'™Cleb(1—ec)VICEe] (1— &) )]
ik i+jtk=n

>, €, € are the tagging efficiencies;
->C"b are the binomial coefficients;

>Fijk are the fractions of events with / b-subjets, j c-subjets and k
light-subjets: taken from MC.
>backgrounds included in the fit. 44



» 2 parameters fit:
>0, SFb are free parameters.

Fixed SFC = SFband fixed
SF to SFIight for standard b-

light
tagging on AKS jets.
P 3 parameters fit:

>0, SFb and SFIight are free
parameters. Fixed SFC = SFb.

» Excellent data/MC
agreement after fit of subjet b-
tag multiplicity.

N subjets

5000

CMS Preliminary, 19.8 fb™* at (s = 8 TeV

4000

w
8
o

—— data

— Bl tt signal
: [ 1T other
Wl
Bz T -
Bl Single-Top A

subjet b-tag multiplicity

Post-fit distribution
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» Measured SF_for boosted top subjets are in agreement with
standard SF_ for AKS jets.

» No significant deviation at high top-p_ of the measured SF..
» Mistag SFIight are in agreement with standard SFIight for AKS

jets.

CSVL CSVM CSVT
SE { ﬁ& for non-boosted jets 1.010+0.013 0.970+£0.013 0.950+0.015
i S for HEPTopTagger subjets ~ 1.003£0.026  0.979+0.023 0.960+0.036
150 < pr < 350 GeV/c — 0.978" 00 —
o { pr > 350 GeV/c | S
zependence pr > 450 GeV/c — 09971%825 —

S Fiight for non-boosted jets 1.080f8:83§’ 1.136f8:??8 1.088f8:8§2
light SBignt for HEPTopTagger subjets  1.185+0.080  1.580+0.47 —
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» Cross-check of sharing of tracks 7

. AN
selected for b-tagging between Pl A
SuU bJ etS | : /f_h_“_hh -f_:,_ ................. ,:;_'-S-%d
» Considere tracks in a cone of AR<0.3 o — o W
around subjet axis (as used by CSV). I
2
Low pT High pT

» Track-sharing increases with p_ of the fat-jet. At very high boost,

the level of track sharing becomes significantly large. One solution is
to switch to fat-jet b tagging.
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» Use tracks with negative IP CMS Prelim. 19.8 fb™' at Vs = 8 Te\
or SV with negative decay
length to define a negative
tagger for each tagger.
» Scale factor for mistag
obtained according to:

SF mistag

~mastag - ~Mmistag

=M ~data

Jets

light light
RMC' Rdam

negqg tag neg tag
Emc "Zdata

-
Sﬁﬂeq S | L1 1 1 L1 1 1
-1 -0.5 O 0.5 1

. . CSV discriminator
© given by:
data ' I

light .
SFmistag = SF,. g tag * MO negative tagger 43

light

Datal/MC
7
1))




» Checking data/Monte Carlo agreement for b-tagging quantities.
Presentation ordering:
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CMS Preliminary, 19.8 fb” at \s = 8 Te | | CMS Preliminary, 19.8 fb” at \s = 8 TeV
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imi 810" at \s = 8 TeV
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CMS Preliminary, 19.8 fb” at Vs = 8 TeV
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» Vector-like heavy quarks are part of several theories:
> little/composite Higgs models
> extra dimenions

» Solution to the hierarchy problem.

» Signal:
> pair-produced T' with charge 5/3
> BR 100% T'—>tW

L' cMms Preliminary |

» Selection: P reemTatis=aTev O
> two same sign leptons S St
> top-tagging :

> W-tagging (m [60,130] GeV)

pruned

N S ST
S5— &S T
L. NS === SR "
(8] 200 400 800 800 1000 1200 1400 1600 1800
Reconstructed T,,, mass [GeV/c”]

[

» Limits from event yields.
reconstruction of T' mass from alls5
channels



» Vector-like heavy quarks are part of several theories:
> little/composite Higgs models

> extra dimerion

» Solution to "TAMS Prellminary -
: 19.6 fo'at ys =8 TeV -

» Signal: i |
> pair-prod 3 E
> BR 100% : 5

[
N
N

$ 7

at Vs = 8 TeV

» Selection: = e gbserve&i II__imit E e =
SR xpected Limit . SerenTH Haw E
> {wo same " [ ]Expected Limit + 1c ] g‘é"';zﬁr(g?omgt'c’f
. - [ Expected Limit + 2c ] TTTES (900 Sy
> top'taggl - —— Signal Cross-Section ]

_)W-taggin b b b bbb b b b

550 600 650 700 750 800 850 900 9501000

TP = "
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» Limits from
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Signal:
> pair-produced T' with charge 2/3
> decay modes: T'—tH, tZ, bW
> all possible branching fractions

Combination of two analysis strategies:

» Multivariate analysis, single lepton:

> two event categories: with or without W-tag
> top-tagging applied
> relevant observables combined in BDT:
- multiplicity/p_ of reconstructed objects (lepton,

jets, tagged jets...)
* N of b-, W- and top-tags

» Counting experiment, multilepton
channel. No substructure.

CMS preliminary ¥s=8 TeV 19.6

fb-l

+ data
L+=3 jets/=1 W-jet

M

uncertainty

[ other backgrounds

CMS preliminary Vs =8 TeV 19.6 b
BR(bW)
1
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» Signal:
> pair-produced B' with charge -1/3 | s .. o =e e e
> decay modes: B'—>tW, bZ, bH
> all possible branching fractions

Y
ELEREE
40348827

",
HIROCONN
8g”wN
|

» Selection:
> single muon or electron
€00 800 10001200 1100 Z°° IV AAag (Gav)

> 24 AK5 JetS, 21 b'tagged CMS Preliminary 1;.8 b, Vs = 8 TeV
> event categories based on number "
of V-tags (V=W/Z/H):

N N O
o 00 O
o o
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o

N
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£ 2) 1
BR(bZ) BR(bH)

» Limits based on S_ distribution: ST=pT’epf+me’SS+Zp Tfefs
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Predicted by several models. Here considered:
> bulk graviton production: G — WW — | + jet + MET

lepton
+ MET

{

boosted
W jet

> RS graviton, W heavy partner W'
G .~ WW/IZZ, W' — WZ

all-hadronic decay

boosted
W/Z

i

B

boosted
W/Z

CMS

1000 —

0
o
o

Events / 0.03

N(double tag)/N(all)
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lepton rh boosted boosted
+ MET )

W jet W/Z
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» Performance: 4 CMS preliminary ys=8TeV L=20fb’

= 1.1 T
> tag-and-probe method from g e - -
Z (—pu) + jets events, where °9}++++* ) N\ %
. . g . 0.8 . Tt
probe is jet recoiling against Z _EMVAID
. . - Loose WP —— DATA

> data/MC agreement within 0_6§m| 5.0 MC
0/ t d : SF p, > 25 GeV — MC gen matched E
10%, corrected using e e e |
jetn
o 1.1 - T T T T T T T T T ]
b Several applications: §1_051 ?. ......................... “ ....... m ................... v .................................. ﬁ “ ...................... _.“....%
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Jet p, threshold [GeV] Jet p, threshold [GeV]




Event topologies considered

Dijet

\

\
\_\‘ Jet

Jet

two hard jets

pr = 400-600 GeV
accesses high p; region
QCD-jet dominated
used to study fake rate

e S N G

Benchmark signal: X — W;W,, Mx = 600 GeV/,

Emanuele Usai BOOST13

TEYETN

g

W jets

Jet

leptonic W + jet

pr = 250-350 GeV
accesses low pr region
QCD-jet dominated

presence of non-dominant
background (tt, single top)

used to study fake rate

> |leptonic top decay + hadronic
top

P highly pure sample of W-jets
> used to study efficiency

1TeV

12 62



» Detailed data/MC comparisons for all substructure observables

P Different topologies and generators considered

Data / Sim

X
—
H{©
w

CMS Preliminary, 19.3 fb”" at s = 8 TeV, W+jets

CAR=08 —+— Data D Z+dets

250 < p, < 350 GeV

Inl<2.4 .single Top .ww;wzaz

—— W+jets Pythia —— W+jets Herwig

. tf powheg E MC Stat + Sys

TT T[T T TT T [T T[T TrrT[rirr]

b b e b b bena Lo

;i-"f'llll\lll\lll\l = -ru:l;';

02 03 04 05 06 07 08 08 1
mass drop

Events

Data/ Sim

x1 o6 CMS Preliminary, 19.6 fb', |s = 8 TeV, dijets

0.6

0.4

0.2

CA R=0.8 —@— data
- 400 < P < 600 GeV _

ml<2.4  eeeee-

.. QCD Pythiag

QCD MG +Pythia6
QCD Herwig++

4 b o

o)

0.6 0.8 1
mass drop
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» Detailed data/MC comparisons for all substructure observables

P Different topologies and generators considered

CMS Preliminary, 19.3 fb" at |'s = 8 TeV, W+jets

(4]

(=)

o
UL L LB LU LU L LN LA
AR I \ T \ I T f

B 10O o B B B B B I BN R
c
> CAR=08
Lﬁ 700 pT>2|)OGeV ‘+'D8lﬂ Dbku
mi<2.4
B6OOF- 40 <m <130 Gev .5"'9'9 Top .WW/WZ/H
.W&]als Pythia — tf powheg
400 — tt mc@nlo EMCStaHSys

0
£ 2F
P 4 sf ﬁ 1 7
%1E‘IIIIHII+II\II\IIIIT|
(=] E'-I_q:]
05F £
0._1 02 03 04 05 06 07 08 09 _1

/T,

Events

Data / Sim

o

10° CMS Preliminary, 19.3 fb” at \s =8 TeV, W s uv
L e L B e o e o e e A RE
5[ 1
L CAR=08 4- pata DZ«Ials ]
L 250 < p, <350 GeV ]
41— ml<2.4 .Slngla Top .WW/WZ/zz —
B — Wsjets Pythia — W+ jets Herwig ]
3_ —]
C .lf powheg EMC Stat +Sys ]|
Py S ]
1= -
ol ]
2: =
5E 1
1 R R T -+...+ﬁﬁ4:1;=:ﬂ¢:
5E — Data/MC Pythia —— Data/MC Herwig =
0.-1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

/T,

Events

Data/ Sim

%10° CMS Preliminary, 19.6 fb', s = 8 TeV, dijets

1.2

1

0.8

0.6

0.4

0.2

400 < p'<600GeV

CA R=0.8 —&— data

mi<2.4

QCD Pythias

—— QCD MG +Pythia6é
....... QCD Herwig++

o N o

2= '
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» MVA correlations

| Correlation Matrix (signal) |
Linear correlation coefficients in % 1 00

NPV

Planar Flow 0.5
AR(,),)

jet N constituents

rimmed sensitivity

mass fﬁmm .&SE‘
qo e

AR, Py
CQ fl
Seng; ,M’?;t; r)

| Correlation Matrix (background) |

Planar Flow 0.5
ARQ)

jet N costituents
rimmed sensitivity
mass drop

r Qlet

/T,

Linear correlation coefficients in %

by P =
mass ) qgmm st N C O ) é"’ar ,:72’;"
en,:g A



Substructure variables: mass drop, i

pr = 250 — 350 GeV
(W-+jet) - no pruned mass cut

CMS Preliminary Simulation, {s = 8 TeV, W+jets

— T T L— ™ T [T Tt [ -
=] i i 7
S g4 car-os T X Wiy, Pythiat - -
= _ .
a - 250 <p _<350Gev —— *+<PU>=22+sim. _
'E : mi<2.4 - + =Pl= =12 + sim. :
g i w— Wjets, MG+Pythiab -
= 0.3 —— +<PU> =22 + sim. |
D . + <PU> =12 + sim.
N - i
© ook s
= 21 i
i
= - i
= j i
0.1+ ]
ol :
0 1

mass drop

Good discrimination power

Emanuele Usai BOOST13

— 250 — 350 GeV
+jet) - pruned mass cut

p

s3

CMS Preliminary Simulation, Vs = 8 TeV, W+jets
T T T | T T T | T T T | T T T | T T T

| CA R_0.8 — X — W, W, PythiaG

L 250 < p,_ <350 GeV + <PlU=> =22 + sim. _
B po|<2.4 T - +<=PU>=12 + sim. |
| 60 <m, < 100 GeV —- W+jets, MG+Pythiab |
— +=PU==22 + sim. |
------ - +=PU>=12 + sim. |

Normalized Distribution
[ (-
'_lx M

0.8 1
mass drop

Discrimination power reduced:
correlation with mass cut



Substructure variables: N-subjettiness

T hree variants considered:
» 7o /71: Oone step optimization of the kT subjet axes
» 75/7T1 kT axes: no optimization
» pruned 7»/71: uses only pruned constituents -+ one pass

optimization.

pr = 400 — 600 GeV pT = 400 — 600 GeV
(dijet) - no pruned mass cut (dijet) - pruned mass cut
CMS Preliminary Simulation, E = g TeV, dijets CMS Preliminary Simulation, E = 8 TeV, dijets
E 03— CAR=08 = --——— CQCD MG+Pythia 5 B CAR=08 = ----——- QCD MG+PythiaG
= - 400 < p_< 600 GeV —eeee + <PlU==12 + sim. S 0.3A0<p <600GeV - — + <Pl>=12 + sim.
0 - mi<2.4 + <PU=>=22 + sim. o . Inl<2.4 + <PU>=22 + sim.
.E - X = W, W, Pythia6 ..E - 60 <m <100 GeV X —= W, W, Pythia6
= = S + <PU>=12 + sim. S - e — + =PU==12 + sim.
.8 02 + <PU>=22 + sim. -8 0.2 B + <Pl>=22 + sim.
N N i
© © i
= = i
S S o1l
b 1
2 1 Tz"lr Ti10
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Performance in function of pt

Performance studied for: 60 < mj,; < 100 GeV + 7 /7 < 0.5

Efficiency vs pr (W-+jets topology) Fake rate vs pr (dijet topology)
5‘ 1_ : EPS| P'rle-li:-|1irl13r|_-||-?:in':uliati-:||-n_IEI= iIT:a'l.|",l1|'li'|-|-j|1;ts_ g ﬂ_az c::::,:. _*_,;:;:::::““ dijsis
g I S 1 L S iy
. - L 1 Ll x — aco 1B
% DB_— .-d _-.‘ﬂ-__ CI.E:— —u— data: :1,':_“]. T, 0T, out
B % s W, L] | [ o—
0.6fmi® T e o : =
- CA R=0.8 m&gﬂ . 0.1 — .
0.4 = -
i . signal, mass cut ]
0.2 -
B % signal, mass + T, cut i ?E._
T ¥R L 7200 ée”ﬂ
p, (TeV) lEtP ( )
> low pr: W decay products begin to be » drops at high pr similarly to efficiency

reconstructed inside CAS8 jets

» high p7: detector resolution for jet
substructures degrades, pruning remove
too much of the mass of the W

Emanuele Usai BOOST13
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Performance in function of number of vertices

efficiency

Efficiency vs Nvtx (W-jets topology)

» slight degrade of performance

» jet pruning fails to remove all soft

10 15 20 a5 a0 - .
number of vertices contributions

PRE CME P v 18.8 v, & = & Tew e
=LK data: m out
c m‘"."‘““"_"—mu;ﬁ‘
.gﬂ.’.-_"ﬁ nkEz4 . @O0 Herwigss
w — @CD Pythias
(i —pp— cata: L Bt owt

Fake rate vs Nvtx (dijet topology)

» constant behavior with respect to
2 MNwvix

Data / Sim

T

number of vertices
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08/13/M13 Philip Harris BOOST

Quark and Gluons w/Substructure
 Quark/gluon separation vs W same after cuts

* Mass cut more effective on quark separation
* N-subjettiness more effective on gluon separation

- Once mass the cut is applied

CMS Preliminary Simulation, s =8 TeV, dijets

ot
w

. 'l:‘:-‘!n!'ISI F'relrllmllnnrlyr Simulation, 15 = 8 TeV, W+jets ® -
"@ - CA R=0.8 gluon: M ned cut
[ 250 p, < 350 GeV —— quark {'ts’ Pﬂhfaﬁ ] @ 025  |j2s quark:m__ cut
— gluon jets, Pythiaé U . gluon:m_ &z,/7, cut
0.2 :_ ........ quark: M ned &t,/7, cut

- _-| Large particle multiplicity_
I Lgets larger pruned mass |

normalized distribution
o o
- 1%]

JJ |—L|_|L : - % ------- - T
_. j:f?_— i 1 - B i W

— - |

0 50 100 15( $0 600 800 1000 1200 éamﬂ 20
pruned jet mass (GeV) JE‘[pT{ eV)




(>_;PTi)™
Used to discriminate between W+ and W-

«10°% CMS Preliminary, 19.6 f5", |5 = 8 TeV, dijets

CMS Preliminary Simulation, /s = 8 TeV, W+jets 2B 485F cares data
E | I I I I I _ E _mn-:pr-cmaa\r —QCDHG!-Pyﬂ-liaB
= B CA R=0.8 — W only 4 L 2 -~ OCD Heruigrs
O [ 400 <p_<600Gev — * <PU> =22 + sim. 7 B
5015_ l<2.4 — W+Dn|‘yr ] 1
%} - 60 <m, <100 Gev —— + <PlU=>=22+ sim. - L
p— B — Wjets, MG+Pythiab -
@ _ ——  +<PU>=22 +sim. i
~ L
= 0.1 — 05l
g N . L
S I 1
0.051 _ 0
B . E Z2F
- 1 m 1:| . _
D_ R T __ § n ] . =
0 0.2 0.4 -1 -0.5

0 05 1
jet charge (x = 1.0) Jet charge (x=1.0)

Right plot, note: <jet charge>=+= 0
Emanuele Usai BOOST13



Jet charge distribution

tt sample for W and W jets in simulation and data.

Simulated distributions are a sum of all processes.

CMS Preliminary, 19.3 fb'at Vs = 8 TeV, W — uv

+ Data w - + Dataw +

150

tt semileptonic selection
By selecting on the lepton charge,
we can isolate W™ from W™ jets.

100

a0

0
2

15
1
0.5

Data / Sim

=

|

1]

- |
[

-0.8 -0.6 0.4 -0.2 0 0.2 0.4 0.6

Emanuele Usai BOOST13 Jet charge (x = 1.
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Polarization studies

» Polarization can affect substructure distribution

» Sample used: scalar X — Hf}L W_.‘]Lad and X —

T—
:

v

Mormalized Distribution

ept

01

— W, only — W, only —

» parton level helicity angle for

hadronic W

Emanuele Usai BOOST13

T
Hﬂepr

CMS Prefiminary Simulation, {5 = & TeV, Wjets
—r— [ T T T | T T T [ T T T T

T
Whad

= [

'-Ig — CA R=0E _WL nnl]r. s00 GeWr

5 0.3 250 = p_ = 350 GaW ]

E = nl<2.4 + simulation

g : GOcm, < 100 GeV W only, 600 GeV

'3 0.2 B + simulation _|

e - _

g [ 1

E — :

= 0.1 —
D_I 1 1 | 1 | M | | 1 1 1 o I 1
] 0.2 0.4 0.6 0.8 1

cos 6,

» observable helicity angle from

subjets



Polarization studies - 7 /7

CMS Preliminary Simulation, Vs = 8 TeV, W+jets

CMS Preliminary Simulation, is=28 TeV, W+jets — [T 1 | — T [ T T T 1 T 7 T 7 ]
: T T T T I T T T T I T T T T D
= - . = i 0. —— W, only, 600 GeV |
= CAR—oE — W, only, 600 GeV 3 - o f‘: o oy Lony .
O - 250 < p_< 350 GeV ] — 03 i — + simulation ]
= 0.4 Inj<2.4 —— + simulation 0 - nl=2.4 -
el ] e - 60 = < 100 Gel . -
% ------ — W, only, 600 GeV (- i " ® W only, 600 GeV i
- ) . E B — + simulation .
D | —— + simulation i N 0.2 —
N = i ]
m - T = - .
g 0.2 — o I i
= i | < 01 ]
h . s 0
{] 1 0 T f 1 1 1 re 1 "J ) ) R ) 1
0 o0 100 150 1:2.1"*'[
pruned jet mass (GeV) 1
> pruned jet mass acceptance different for W, and W75
> AR between partons smaller on average for W/
> W, more likely to be accepted by CAB jet
> in W7t topology pr of the subjets is more asymmetric, thus more QCD-like
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Pileup Jet Id Algorithm: Tracking

e 13 variables for the full discrimination

* 4 Vertexing related variables (2 most impt shown):
#vertices, dZ of leading track in jet +

— > icpv PTi
2. PTi
%10°CMS Preliminary, s = 8TeV L=20fb ™
2 - Zsuu * Data
g e00p T Giuon
- Ml <2.5Jetp_=>25GeV —
500 T B e
~ e Real Jet
A00F
300+
200 Pileu P
e ;L*W*

o 01 02 03 04 05 06 0.7 08 09

1

ZfEﬂfhE?‘PV PTi

B* =
Y i Pri
}glﬂ?’CMS Preliminary, s = 8TeV L=20 fb 1
Data

- Zoup .

- Il<2.5Jetp_>25GeV

o PR

0 01 02 032 04 05 06 07 08 09 1

Pileup tends to degrade 5erformance of these variable$

5
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Pileup Jet Id Algorithm:Cones

- AR annuli

Events

 Additional shape variables
x10°CMS Preliminary, Vs =8TeV L=20 fb ~
- Z—uu * Data
F All
ml<25Jetp >25Gev T St
— PU
------ Real Jet

Pileup peaks at in
0.1<AR <0.2

01 02 03 04 05 06 07 08 09

1
AR<0.1

AR 0.1=>0.5
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orithm Construction
. Construct a oosted decision tree real vs PU Jets

* Train in four separate regions of n

Inl < 2.5 2.5 < |n| < 2.75
tracking Weak tracking
(tracking ends at 2.5)
Shape variables Shape variables
2.75 < |n| < 3.0 3.0 < |n|] < 5.0
Shape variables Forward HCAL

Shape variables

77
Construct a Boosted decision tree (trained on Z+jets for each)
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Pileup Jet Id in Data

* Fraction of pileup grows with higher |n|

CMS Preliminary, Vs = BTel L=20 fb '

E 105F Z—up = Data b
. e Al
LLl
f Il =25 Jetp - 25 GeW — Gluon
10 ‘LL — Quark
; —PU
1 0B DB D4 D2 0 D2 04 06 08 1
CMS Preliminary, Vs = BTeV L=20 f&
% Z—sup
@ S000F 575 < <3Jetp, > 25
C + Data
muﬂ'— ""”I -
- — Gluon
3000F — Quark 3
- — PU E
20001 --- Real Jet
1000} -

08 06 04 02 0 02 04 06 0.8 1
Pileup Jet mva

Events

Events

CMS Preliminary, Vs = 8Tel L=20fb '

107
- Zrup * Data
-l
i == Gy
| 25<|n|<2.75Jetp =25 GeV ey
10 —Pu

10°F

10°

“'H

=1

0B 06 04 -02 0 02 04 06 08 1

CMS Preliminary, Vs = BTe\ L=20 ih !

12000 F

10000

BOOO

G000

4000

2000

=1

Z—pp oA
----- all
e (GlLICIA
3<n| Jetp >25 GeV — Quark
— Pl
- Real Jed
L
-
S o
P “;. o lhl-__lq‘
- 2 G
- %
-
: y

02 04 06 08 1
Fileup Jet mva

08 06 -04 02 0
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CMS Simulation Preliminary, (s = 8 TeV

> I ot T 1 b Single-variable ROCs and
S - 1 likelihood combination
Q I 1
E 0.8_— ]
= | _
- - ]
st
= 0.6 —
© ! ]
e L 1
04 ... .
[ -~ Charged Mult.
|~ Neutral Mult.
- - - Total Mult.
02 pun
| R
A Quark-Gluon Likelihood
0 | | I | | I | | I | | 79

0 02 04 06 08 1



CMS Preliminary, L=18.3fb™ at (s =8 TeV CMS Preliminary, L=18.3 fb™ at (s =8 TeV

: :l L) | LI I LLELEL I LI I LI ‘ T | LI I LI L a\ 2000 -_ T T 1 I T T 1 I T 1 1 I T 1 T | L T T
E 1800:— 80< P 100 GeV  Z+Jets g 1800:— 80 < P& 100 GeV  Z+Jets
E1600: il <2 o Data = FInl<2 + Data
: I Quark % 1600F [ Quark
1400 R I Gluon Lﬁ 1400 [ Gluon
1200 [ ] unmatched+Pu 1200F (] unmatched+Pu
1000 1000¢

800}
600F
400F
200f

800
600
400
200

5 10

Number of Constituents p.D

Single variables discrimination power

15 20 25 30 35 40 0 0.2 04 0.6 0.8 1

CMS Preliminary, L=18.3fb"at /s =8 TeV

) R RS RSN REEN RERD EALH e B
1600 80 < P, < 100 GeV  Z+Jets
Il <2 ¢+ Data
1400 -Quark
1200 -Gluon
|:| Unmatched+PU

IIII[lI[lI[llllll1|lll|ll[|l[l|[ll

IIIIIIlIIlIllllIII’IIIIIlIIIIIIIIIII

00 0.02 0.04 0.06 0.08 0.1 0.12 01

G,
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CMS Preliminary, L=13.1 nb™ at {s=8 TeV

"g [ I I I I I I I | T I I | T I I | T I I |
O [ 50<p <65GeV, hj<2 :
PO 5 pustdata E
[o{* e MC before smearing 3

2500: —— MC after smearing ]

B i i
20001 -
1500 :
1000 .
500}~ =

0 : | L | | | | 1 | | 1 | l l | :

0 0.2 0.4 0.6 0.8 1

Quark-Gluon Likelihood Discriminant

di-jets: derived corrections

CMS Preliminary, L=18.3fb" at /s =8 TeV

2000

1000

& S B L L B L
§6000 3 50 <p_<65GeV, hl<2 -
= U e Z+Jet data
50001 -------- MC before smearing =

- —— MC after smearing ]
4000 ]
3000\ A

| I | | | 1 | I 1 | | 1
0.2 0.4 0.6 0.8 1
Quark-Gluon Likelihood Discriminant

CJO

Z+jets: applied corrections.

Very good closure 1



CMS Preliminary, L=13.1 nb™ at Vs =8 TeV

4 . 4 CMS Preliminary, L=13.1 nb™ at /s =8 TeV
G ; T I | E &_; E T T I [ I I | E
© 9F ™ Quark ® Gluon 3 O (9E ™ Quark ® Gluon =
e - | Quark (smeared) © Gluon (smeared) A A C  Quark (smeared) © Gluon (smeared) 3
9 0.8 3 0O 0.8F 3
b B 2 ..:L B 3
> a - C —
g0 L anBBEEEama] FOT . 5
O 06F0 - 4 9 osF 5N = " o=
é’ C . o - B = = O O 7
o 050 1 & osf e
0.4F % 4F =
e Y e ] : e o = O :
0.3Fe o o = % O 0oooo 0 0.3C e ® ° . ® ®
- ® 0 0 0 0 0 o - & ]
0.2t E 0.2F =
0.1 ml<2 DiJet E 0.1 3<n <47 DiJet —
0: 1 L ] Lo L 1 i] - | 1 | | | | | .

40 50 100 200 300 0 40 50 60 70 80 90100
Jetp_[GeV] Jetp_[GeV]

Discrimination power slightly decreases after smearing o



» Quark/gluon discrimination: .
CMS Simulation Preliminary, \'s = 8 TeV

similarly to PU Jet-ID, combine > foTI T T
discriminating variables in S | & K e |
likelihood S T ‘e i
£ 0.8 -
L B i
» Quark and gluon have different 2 T 1
colour interaction: T 06 -
A = i |
1 O L _
0.4 -
| Quark-Gluon LD |
_ |n|<2,40<pT<50GeV ol
0.2 5 mml<2 80 < p_< 100 GeV o
quark jet gluon jet L+ 3<In|<47,40<p_<50GeV !
0_ | 1 | | | | 1 | | | | | | | | | | | | J
0 0.2 04 06 0.8 1
+ multiplicity Gluon Jet Rejection

+ width

good discrimination power in

more homogeneous different n, p_ ranges

energy sharing -
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Events / 0.04

Data /MC

Philip Harmis BOOST

QG Performance + Usage
QG discrimination used In VBF selection

2t

* Reduces the QCD/Pileup bkgs for forward jets
QG discrimination used in Z boson tagging

Reduction of 60% gluon for 80% quark eff

VBF H—=bb Search

10°
10°
10*

EHBFrﬂhI nary E:IB‘I'-'II'
AminEr

3rd jet {btag nrdaring} quark-gluun dlscriminant

Presel. & Trigger
® Dala (19.0 &Y
ocD (x i.ai)

—VBF H[128)— bE
— GF H{128}— bE

H—ZZ—2l|2g Search

1000

BOO

Events / (0.04)

G600

400}

200

CMS, L=461b"at e =7 Tev
| == L L L

i 80 < p, < 120 GeV

-~ « Data {gluon subtracted)

- [ Mc (gluon subtracted)

Old vk—:—rsinn of
QG Likelihood

0.5 0.8 1 84
Quark-Gluon LD

0.4
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