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Strategy

Boosted leptonic top
» lepton and b-jet very close
» classic jet isolation not optimal

» shrink the cone depending on the pr of the
lepton

Boosted hadronic top — main topic of the talk

Un-merged Partially merged Fully merged
b
w&jé ' O
D Prep C
:

low pr moderate pr high pr

» cluster whole decay in a large radius jet
> use top taggers
» add jet substructure variables on top of it




Large radius jets:

collect lots of soft QCD radiation

» suppress it to resolve hard decay product

» use jet grooming algorithms to remove soft, wide angle radiation
» mass drop filtering, pruning, trimming
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ATLAS Simulation
CIALCW jets, 600 = pi' < 800 GeV
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Top taggers



CMS Top Tagger (Kaplan et al., arXiv:0806.0848)

» start from Cambridge-Aachen R=0.8 jet



CMS Top Tagger (Kaplan et al., arXiv:0806.0848)

» start from Cambridge-Aachen R=0.8 jet
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CMS Top Tagger (Kaplan et al., arXiv:0806.0848)

» start from Cambridge-Aachen R=0.8 jet
» adjacency: AR(A,B) > 0.4 —0.004 x p™", do not decluster if fails
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CMS Top Tagger (Kaplan et al., arXiv:0806.0848)

» start from Cambridge-Aachen R=0.8 jet

» adjacency: AR(A,B) > 0.4 —0.004 x p™", do not decluster if fails

> softness: psbeluster > 0,05 x P!

AR(A,B) >
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B is too soft.
Remove it.



CMS Top Tagger (Kaplan et al., arXiv:0806.0848)

» start from Cambridge-Aachen R=0.8 jet

» adjacency: AR(A,B) > 0.4 —0.004 x p™", do not decluster if fails

> softness: psbeluster > 0,05 x P!
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CMS Top Tagger (Kaplan et al., arXiv:0806.0848)

» start from Cambridge-Aachen R=0.8 jet

» adjacency: AR(A,B) > 0.4 —0.004 x p™", do not decluster if fails

> softness: psbeluster > 0,05 x P!

AR(A,B) >
adjacency
criterion

® Cluster B
Cluster A Y

[ L)
B is too soft.
A and B pass ¢ Remove it.
adjacency and
momentum
fraction criteria

® Cluster B

Decluster Cluster A

—

continue

Decluster
again
Primary
decomposition
succeeds

Repeat the procedure separately on cluster A and B



CMS Top Tagger in data

Additional selection:
> Nsubjet Z 3
> Mpmin = MiN(M12,M13,Mg3) > 50 GeV
> 140 < mjer < 250 GeV
Fully commissioned in CMS in a boosted semileptonic tt selection.

CMS Simulation, Vs = 8 TeV
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HEP Top Tagger (Plehn et al., arXiv:1006.2833)

» start from Cambridge-Aachen R=1.5 jet




HEP Top Tagger (Plehn et al., arXiv:1006.2833)

» start from Cambridge-Aachen R=1.5 jet

Mass drop A .
decomposition /' s”¢®*
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HEP Top Tagger (Plehn et al., arXiv:1006.2833)

» start from Cambridge-Aachen R=1.5 jet

Mass drop A .
decomposition ." o

Loop over all
combinations of
3 mass drop
subjets

Recluster with

Riir=min(0.3,ARmin/2) 4
=
e




HEP Top Tagger (Plehn et al., arXiv:1006.2833)

» start from Cambridge-Aachen R=1.5 jet

Mass drop A .
decomposition ." o

Loop over all
combinations of
3 mass drop
subjets

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

—_—

Filtering: keep only

the 5 leading
subjets



HEP Top Tagger (Plehn et al., arXiv:1006.2833)

» start from Cambridge-Aachen R=1.5 jet

4 Pick the combination
% with filtered mass
Mass drop closest to the top mass.
decomposition Recluster to force 3

subjets

Loop over all

combinations of
3 mass drop
subjets
‘ .

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

Filtering: keep only
the 5 leading
subjets



HEP Top Tagger (Plehn et al., arXiv:1006.2833)

» start from Cambridge-Aachen R=1.5 jet

4 Pick the combination
- with filtered mass
Mass drop closest to the top mass.
decomposition Recluster to force 3
subjets

Loop over all

Apply kinematic cuts
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HEP Top Tagger in data

Fully commissioned in both ATLAS and CMS in a boosted semileptonic

tt selection.
- — ‘ ‘ ‘ . uov_700;“\‘w‘Hwwamwwmwwj
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Tagger's efficiency drops at very high pr — cone is too large —
new improved Multi-R HepTopTagger:
» run tagger on different cone sizes R (0.5-1.5)
» find optimal cone size:Rmin =
min(R’|abs(mjet(R = R’) — mjet(R = 1.5)) < 0.2mjer(R = 1.5))
» additionally use Rmin(p1) — Rimin,expected (07) as tagging variable



Calibration and data driven corrections
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Shower deconstruction

» decluster small microjets (R=0.1-0.3)
from a large cone jet

o)
o
w
@

ATL,‘AS Prel"\m\nary‘

ILd|= a2t ——Data [weiets
O Part. Syst

Vs=8TeV
[ other backgrounds

> assume each microjet (momentum p) TeofP258)
comes from a particle (top decay

products, ISR parton shower, etc.) 005

Fraction of events / unit log(y,
o
0

» derive probability a microjet
configuration {p}y comes from a
particular decay chain (shower history)

Jo)

» probability obtained by combining % S g s s
splitting probabilities from shower =z L e, AT o
hiStory 4 ; ’ ILm:m.zm‘

X . L b i Vs=8TeV
» define discriminator x as S/B
probability quotient o
=
E
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Further jet substructure
techniques



b-tagging in boosted topologies

b-tagging: essential tool against QCD gt
Secondary
Algorithms use information from: , ‘:""
» tracks, esp. impact parameter (IP) 4
» secondary vertices (SV) primary <y
Combine information in a discriminator
» ATLAS MV1: neural network based PR
» CMS Combined Secondary Vertex
(CSV): likelihood based 3 & yryrrmm——n
g 25 frtiid 10"
In boosted regime: il SM
» small separation of decay products 15
» light flavor contamination L
» busy environment 05 102
» degraded performance I

Il Il L
0 200 400 600 800
ATL-PHYS-PUB-2014-014  top quark o [GeV]



b-tagging in boosted topologies — ATLAS

T T T T T

ATLAS Simulation Preliminary:

Anti-k, R=0.4 Jets

p, > 25 GeV

Inl < 2.5, /5=8 TeV

QKK‘)&’ m, =2.5 TeV§
o

An improved tagger:

» add new variables with more
discrimination power in boosted

QU
T

Light-flavour rejection rate
3

regimes * . 1
(mean AR(trk,jet), 3rd highest dg e —w
significance) 1E.... MvbCharm

» retrain NN with boosted tt decays
» new MVb 2x better than MV1 in the

Ratio to MV

boosted regime o707
ATL-PHYS-PUB-2014-014 b-tagging efficiency
> 0.4p— T T
Boas S M s
Y St < omamenon Use different input jets
025¢ E » small-R jets: resolve better boosted
02 E decay products
0.15F B . . .
ol ] » use track-jets instead of calo-jets:
0050 E better jet direction resolution
0600 Y800 2000 2500

ATL-PHYS-PUB-2014-013 Graviton Mass [GeV] 10



Two different approaches

b-tagging in boosted topologies — CMS

» fat jet b-tag: apply CSV directly to fat jets (green and blue)
» subjet b-tag: apply CSV to subjets of fat jets (red and black)

Several algorithm improvements (improved taggers in green and red)
» Inclusive Vertex Finder (IVF)

» use tracks linked to charged constituents of particle-flow jets
(instead of fixed R cone) + other CSV improvements

- CMS S/mulaﬂon Prel/mmary (8 TeV) CMS Slmu!at/on Prellmmary
e R R S .
8 CA R 1 5 200<p <400 GeVlc 8 CA R= 1 5, 300<p <1000 GeV/c )
Ie] [ FatjetIVFCsV Ie] — Fat jet IVFCSV
® .- Subjet IVFCSV ° - Subjet IVFCSV
> Fat Jet CSV (") > Fat Jet CSV (*)
3 4071 SwrtCSV ) 3 4071+ SubletCsV () 4
[$] £ [8]
£ £
= =
2 P 2
35 ) 3
©102 N 2. i
810 2 ] gm : _ E
— . — X 1 ]
& medium boost | & very high boost |
o o —
% s BTV 13 001 CA15 i K] BTV 13 001 CA15
1075 =10°5 :
1070°0.102 05040506 070806

CMS DP-2014/031

0 0 0203040506070809 g
Tagging efficiency (high mass tt)

Tagging efficiency (high mass tt)
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subjet b-tagging in action in CMS (dat
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N-subjettiness and k; splitting scale

o T T T T T 1 H -

S so0f- ATLAS Pretminary - pweme N-subjettiness 7 (ATLAS+CMS):

- Ldt=203f", Vs=8TeV ttbar (non-contained top} . . . e

8 f» S 3 » how well jets can be described as containing
£ 400F " 50 GeV, Inl<1.2 itelz Toj .

S T N or fewer k; subjets

> Ty = dlo Yo PTmin{ ARy i, AR i, - -+, ARn k}
k: constituent index, do = >, P1Fo

» Roughly: pr weighted average of minimum
AR(constituent, subjet axis)/Rjet

o
ATL:g_Fz_Zm% 08 08 T Tz > for tops 73 /7o and /71 are relevant
1000 e
& g00Lm ATLAS Preliminary 3
k: splitting scales (ATLAS): % 8008 fPWB"
» recluster jet constituents with k; algorithm & Zﬁﬂ %Wmé:
» use last combined jets to define the splitting o -
scale: /dj; = min(pr, pr) x AR, 300 3
» \/di, — last step, \/do 3 — second to last e ;
% 20 60 80 700 170

ATLAS-CONF-2013-084 \[dys [GeV]
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The semi-resolved case and \V/-tagging

W jet Medium boost regime
b » » W and b can be clustered separately

» cluster hadronic W in a single jet (CA
R=0.8 in CMS)

» use W-tagging

Preliminary Ls‘.7fb': E=‘8Te‘v : . W_tagglng
Typo 2 mym  =sa3z036ev] > benchmark topology for jet
Top Candidates miic = 83.7x0.2 GeV H

% oP™(m, )= 1032 0.4 GeV substructure studies

aMC(mW) = 86x0.2GeV I
4 * Data

[ ti (MVADGRAPH)
[ W+Jets
CINTMY

[ Z+jets

» treat large W jet with grooming
techniques

[ Single Top
— Dataffit
L - MCfit

» apply cut on pruned mass

00 20 40 60 80 100 120 140 160 180 200 >

Hadromic W Jot Maes [GeV] some analyses use cut on 7 /7y

CMS-PAS-JME-13-007 i



Pileup mitigation and other techniques

Pileup per particle identification (CMS)
(PUPPI, JME-14-001,arXiv:1407.6013)

CMS Simulation Preliminary
i e o e e S

13 TeV

1 H g [ Pythia RS Graviton - WW _—
» large-R jets collect lots of pileup L e
. f . 5 [ <npy>=40 J—
» assign weight to each particle B ool 2000V<p <G0Gey o
based on: [ il <25 PF(Cleansin 9)

PF+CHS(Const.Sub)

» event pileup properties s0oof- B
» tracking information [ T ]
4000? HA i
» operates on the input of jet algos
» all jet substructure variables i

aﬁeCted by it 0 20’77 4’0"“‘ ‘G‘D‘ ! ‘5‘0‘ ! ‘1(‘)0‘ ‘7?25;]40 1é0 1[?‘0(69200

V)
ATLAS: Jet vertex tagger, "Jet Cleansing" (ATLAS-CONF-2014-018)

2000—

Jet reclustering (ATLAS)
» Consider the standard R=0.4 jets in an event
» use these jets as an input to recluster anti-k; jets with larger R=0.8,
1.2

» use mass of the reclustered jets as tagging variable
15



Algorithm comparison



Performance in CMS, R = 1.5, prmateh > 200 GeV

2
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Top Tag Efficiency
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Performance in CMS, R = 1.5, prmateh > 200 GeV

Mistag Rate

8 TeV
S B L B
: CMS : HEP Top Tagger
5 Simulation Preliminary HEP + 1,17,
107 =
E / MultiR HEP Top Tagger
10°F E
10°F =
3 Matched parton 3
i p, > 200 GeV/c |
10‘5 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
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Performance in CMS, R = 1.5, prmateh > 200 GeV

HEP Top Tagge!

HEP + 141,

HEP + 1,/1, + SUD. D-ta¢

8 TeV
9 L B AL B B
C(EU - CMS
o . .| Simulation Preliminary
& 10°F E
7} : 1
= X ]
<l ~ |
10 /IZI
10°F . 3
£l 7 Matched parton 3
' p, > 200 GeV/c
el
0% 0. 0.2 0.3 0.4
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HEF COMD. VW
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Performance in CMS, R = 0.8, prmatch > 600 GeV

[ 10" prrr T G Top Tagger
© CMS 3
%’ Simulation Preliminary
8
D A2 _
E10 3 |
——— Shower deconstruction
10° E
Matched parton
10 p,> 600 GeV/c -

0 041 02 03 04 05 06 07
Top Tag Efficiency

CMS-PAS-JME-13-007
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Performance in CMS, R = 0.8, prmatch > 600 GeV

Mistag Rate

8 leVv

_
Q

[ Simulation Preliminary ]
0% ~ 3
10-3 —E'

Matched parton
10% P, > 600 GeV/c
.... | IFEPITETS AT IS AP TS IS AT S TSI AT TS :

4

—— CMS Top Tagger
oo subjel b-tag \

—— N-subjettiness ratio T,/T,
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Top Tag Efficiency

CMS-PAS-JME-13-007

——— Shower deconstruction



Performance in CMS, R = 0.8, prmatch > 600 GeV

Mistag Rate

1 8 TeV
10 3 CM,S,,,,, FTT3 —— CMS Top Tagger
: 1 ---- subjetb-tag
L Simulation Preliminary 1 —— N-subjettiness ratio /T,
I 4 =~ CWIS + subjet bag
10.2 --------------

10°}

Matched parton
p, > 600 GeV/c

. sl by o by by w o by oy o by sy 13

0 01 02 03 04 05 06 07

Top Tag Efficiency
CMS-PAS-JME-13-007

17



Performance in CMS, R = 0.8, prmatch > 600 GeV

8 leVv
-1

g 10 3
S CMS ]
o Simulation Preliminary ]
p ]
S

L

=

Matched parton
P, > 600 GeV/c

0.0 02 03 04 05 06 0.7
Top Tag Efficiency

CMS-PAS-JME-13-007

—— CMS Top Tagger

———- subjet b-tag

—— N-subjettiness ratio T,/T,
—-— CMS + subjet b-tag

-(_ T CMS+ /T, + subjet b-tag)

——— Shower deconstruction
- - - . Shower deconstruction + subjet b-tag

CMS WPC

CMS Comb. WP1
CMS Comb. WP2
CMS Comb. WP3
CMS Comb. WP4

> HGO +
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Performance comparison in ATLAS:

trimm. a-k; R=1.0, CA R=1.2 (HEPTT), prjet > 550 GeV

o
o)
“—

(&}
2,

o

—

(@)
§=

(@)}

(@)

©
-+

T e e e e e T
= ATLAS Preliminary Simulation
“s= 8 TeV

L 111l

10 e .
. ----'d_‘zscan

- |d,, scan

v g === trimmed mass scan
o feia TysCaN

0 02 04 06 08 1
tagging efficiency

ATLAS-CONF-2014-003 18



Performance comparison in ATLAS:

trimm. a-k; R=1.0, CA R=1.2 (HEPTT),

PrTjet > 550 GeV

tagger I: Vdi2
ATLAS Prellm o el T A

tagger IIl: m* > 100 GeV, V2 > 40 GeV.

tagger VI: Vdi2 > 40 GeV, 0.4 < 721 < 0.9, 732 < 0.65

tagging rejection

10

0 02 04 06 08 1
tagging efficiency
ATLAS-CONF-2014-003

------------- tagger IV: m > 100 GeV, Vdj; > 40 GeV, Vd; > 10 GeV
tagger V: m*t > 100 GeV, Vdi; > 40 GeV, Va3 > 20 GeV

E & N-subjettiness tagger VI
m* & 'd_u & Vd_23 tight tagger
m* & 'd—n & Vd—23 tagger IV
m* & 'd—m tagger Il

m*® tagger Il

E tagger |

Do $ % AbL

tagger VI: T, scan
11 tagger V: E scan

(L “dm scan
- vd23 scan

wess trimmed mass scan
- Ty, scan
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Performance comparison in ATLAS:

trimm. a-k; R=1.0, CA R=1.2 (HEPTT), prjet > 550 GeV

S [E TTTTL FOTTS RTTTs P ."4 ..... ""; ..... :' ..... — v HTT (tight)
= ,VALTI_.%STP\;ehmlnary Simulation ® HTT (default
8 S =o1le A HTT (loose)
o=
&J ......................... o
o O m & N-subjettiness tagger VI
c 1 02 v m*& 'd_‘z & VG_R tight tagger V
g * m*& 'd_n & Vd_23 tagger IV
© & m & 'd_m tagger Il
e o m* tagger Il
A E tagger |

| — tagger VI: T, scan
11 tagger V: m scan

EELLT “dm scan
.- vd23 scan

.

SR : e froveeneeenes gy g e trimmed mass scan
: : : I .

Y f.... Tyscan

0 02 04 06 08 1
tagging efficiency

10
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Performance comparison in ATLAS:

trimm. a-k; R=1.0, CA R=1.2 (HEPTT), prjet > 550 GeV

g 103 ATLAS-P-'{ ..... T T '.4.: ¥ HTT (tight)

= reliminary Slmulatlon 1 e HTT (defau)

8 Is=8Tev 1 A HTT (loose)

q:J' —Z"spiShower deconstr.
o)) 5 O r & N-subjettiness tagger VI
c 10 v om* &‘d_12 &Vd_zstight tagger V
g * m’f‘ &‘d_12 &Vd_zstagger vV
E ] &om® &'d_12 tagger Il

o m* tagger Il

............. - A 'd_mtaggerl

—— tagger VI: T,, scan
1u1 tagger V: Vd_z3 scan

LLLY 1d‘2 scan

- |d,; scan

10

4 === trimmed mass scan

: : T - Ty SCan
L L L ] L L L ] L L L ] L L L ] L L N
10 02 04 06 08 1

tagging efficiency
ATLAS-CONF-2014-003 18




Wrapping up

» very active field: many new theoretical and experimental
developments every year

» widely used in searches for physics beyond the SM: see next talk
from Johannes Erdmann

» getting ready for Run II: pileup safety, study systematics

Thank you for the attention!
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Large cone jet calibration (arXiv:1306.4945v1)

Large cone jets need specific calibration

S g T T I PR A AN A LA S A A
2 °L ATLAS Simulation { 2 F ATLAS Simulation 1
g 16 anti-k, LCW jets with R=1.0, No grooming applied 1 5 16;;’_'_"*‘ (LPCV‘#e;sw‘Ih R=1.0, No grooming applied B
= -O[" Dijets (Pythia) o - = !9 Dijets (Pyt ia) ]
8 [ Before mass calibration 1 S [ After mass calibration ]
o 1.4F R 4 5 14 B
F 1 &

S [ 15 [ ]
5 [ ] F ]
o 1.2j b % 1.2j -
® [ 1 2 F ]
1%} L 1 o 1 B
s T 1 & T )
& [ 1 9 [ ]
2 0.8 4 9 0.8 B
@ [ ] g 5 + E=50GeV E =100 GeV 1
g o6r 1 3 06 . E_2s0@ev - E=500Gev ]
D L 1 L ]
3 0.4~ b 0.4 1v El=7510GeT/ 16 Ex=15?0Gexv L
5 4 3 2 10 1 2 3 4 5 5 -4-3-2-10 12 3 45
Jetn Jetn
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Large cone jet calibration (arXiv:1306.4945v1)
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Performance comparison CMS
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HEP tagger mass drop

HEP Top Tagger
Mass drop decomposition

Input
cluster

Isinput ) yes [Save output
mass < 307 subjet

no

Does input

have 2 Save output
parent subjet
clusters?
Remove
subjet 2
no
Subjet 2
) ( m1< 0.8 Minput ?
clusters
mi>mz yes
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Reclustering:

» Consider the standard R=0.4 jets in an event

» use these jets as an input to recluster anti-k; jets with larger R=0.8,

1.2

» use kinematic variables of the reclustered jets to cut

Template tagger:

» Compare the energy flow for
an event in data with the one
from a big number of MC
templates.

» from the coparisons compute
a discriminator OV3

» cut on OV3 and on |m — Mmygp|

Arbitrary Units

ATLAS
de(=4.7 !

f5=7Tev

p‘T“" >500 GeV
piecol > 450 GeV

E e~ Data 2011
r - - Multijet

— Z->ti(2.0 TeV)

Bl b b
0 0.10203040506070809 1
Leading Jet OV3

Other taggers in ATLAS
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Lo
- ATLAS Simulation
[ C/ALCW jets, 600 = pl' <800 GeV

©
=
>

Ungroomed Z'— tt
[ - Ungroomed Dijets

017 — Trimmed > ft
[ — Trimmed Dijets

» collect lots of soft QCD radiation 0.08
> suppress it to resolve hard decay product %%
» use jet grooming algorithms

Arbitrary units
o
N

Large radius jets:

. S ISR IV I AR AN AR A1

S e P =i E|
0 50 100 150 200 250 300
arXiv:1306.4945v1 Jet mass [GeV]

Mass drop filtering

> isolate relatively symmetric subjets, with a significantly smaller
mass than that of the original jet

Trimming
» reject softer subjets using a pr fraction requirement (pr,i/prjet < 1)
Pruning

» reject soft and wide angle components in a jet
(o1i/PTjet > Zeut and ARy < Reut(Mjet, Prjet) at every recomb.)
25



btag CMS
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PUPP|
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Figure 16: Mass response < fiyeco — Mgen > (left) and mass resolution quoted as RMS(#1reco —
Mgen) (right) for W jets as a function of the number reconstructed vertices.
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Figure 17: Leading jet N-subjettiness 7,/7; distribution: QCD jets (left) and W jets (right).
The distribution is shown also after requiring the pruned mass to be in the range 60-100 GeV 27
(dashed lines).



PUPPI 2

* General idea:

* Define some local observable o that discriminates collinear
vs soft diffuse structure in the neighborhood of a particle

 Distribution of a for charged, central particles from PU is
assumed to be representative of all PU (including forward)

» Define particle weight based on a distribution of charged PU
on event-by-event basis (so it works only for high PU...)

» Rescale 4-momenta by these weights (before jet clustering)
« Authors tried some local observables and this one is best:

Ny = log Z {U X C"‘)(Rm'm < AR” < R[})
o

JEevent _—
/”//1/1// _Prj
These two parameters are detector ~— where &ij = AT
dependent. Authors chose 0.02 and 0.3 ty

from A. Giammanco
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CMSTT SF

Sequential selection top-tagging efficiency - CMS Tagger, CMS Combined Tagger

[yl <10
Selection Data MADGRAPH POWHEG MC@NLO
Niubjets = 3 0.367£0.015 | 0.365+0.015 | 0.318+0.014 | 0.362+0.016
Mmin > 50 (GeV/c?) 0.719+0.023 | 0.75440.022 | 0.735+0.024 | 0.725+0.024
140 < mijer < 250 (GeV/c?) | 0.954+£0.012 | 0.928+0.015 | 0.917+0.017 | 0.928+0.016
73/12 < 0.55 0.554+0.030 | 0.57340.030 | 0.559+0.032 | 0.587+0.033

subjet b-tag CSV-medium | 0.658+0.039 | 0.704+0.037 | 0.718-0.039 | 0.687-£0.040

10< [y] <24
Selection Data MADGRAPH POWHEG MC@NLO
Nsubjets > 3 0.326+0.022 | 0.32340.022 | 0.31440.021 | 0.291+0.019
Mmin > 50 (GeV/c?) 0.456+0.041 | 0.66140.040 | 0.619+0.040 | 0.615+0.037
140 < mjer < 250 (GeV/c?) | 0.866£0.042 | 0.936£0.025 | 0.939+0.025 | 0.936+0.024
/T < 0.55 0.362+0.063 | 0.45340.053 | 0.428+0.053 | 0.447+0.051

subjet b-tag CSV-medium | 0.905+0.064 | 0.680+0.074 | 0.5954-0.080 | 0.7024-0.070

Data-simulation scale factor for sequential selections - CMS Tagger,

CMS Combined Tagger
[y <1.0
Selection MADGRAPH POWHEG MC@NLO
Noubjets = 3 1.006 + 0.057 | 1.153 £ 0.069 | 1.014 + 0.060
Mmin > 50 GeV/c? 0.954 +0.041 | 0.978 +0.044 | 0.992 + 0.046
140 GeV/c? < Mjer < 250 GeV/c? | 1.02840.021 | 1.040+0.024 | 1.028 +0.023
73/72 < 0.55 0.967 +0.073 | 0.990 +0.079 | 0.943 +0.073
subjet b-tag CSV-medium 0.93540.074 | 0.915 4 0.074 | 0.957 + 0.079
1.0 < [y <24
Selection MADGRAPH POWHEG MC@NLO
Noubjets > 3 T.010 £ 0.097 | 1.037 £0.099 | 1.122 £ 0.106
Mmin > 50 GeV /2 0.689 +0.075 | 0.737 +0.081 | 0.741 = 0.081
140 GeV/c? < mijer < 250 GeV/c? | 0.925+0.051 | 0.92240.051 | 0.925 +0.051
73/T < 0.55 0.800 +0.168 | 0.84540.181 | 0.810 +0.169
subjet b-tag CSV-medium 1.331£0.172 | 1.5240.232 | 1.289 +0.157
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HEPTT SF

Cumulative data-simulation scale factor - HEP Top Tagger, HEP Combined Tagger

7] <10
Tagger p1bin (GeVlc) | MADGRAPH | POWHEG | MC@NLO
200 < pr < 250 09140.04 |0.92£0.04 | 0.8840.04
HEP Combined WP2 | 250 < pr < 400 0.9340.03 0.9540.03 | 0.93+0.03
pr > 400 1.1540.07 1.36 +0.07 | 1.19 +£0.07
200 < pr < 250 0.86 4 0.05 0.864-0.05 | 0.86 £ 0.05
HEP Combined WP3 | 250 < pr < 400 09140.04 | 0.93+£0.04 | 0.9340.04
pr > 400 0.98 +0.09 1.10+£0.12 | 1.104+0.12
1.0 < [y] <24
Tagger p1bin (GeVic) | MADGRAPH | POWHEG | MC@NLO
200 < pr <250 | 0.95+0.05 |0.93+0.06 | 0.93+0.05
HEP Combined WP2 | 250 < pr < 400 09140.04 | 0.95+0.05 | 0.9540.04
pr > 400 0.8540.11 0.9540.15 | 0.99 £0.13
200 < pr <250 | 1.0240.07 | 1.00+£0.08 | 0.96 & 0.07
HEP Combined WP3 | 250 < pr < 400 0.90 4 0.05 0.97 +0.06 | 0.93 £0.05
pr > 400 0.8540.16 1.00£0.22 | 0.9940.19
Sequential data-simulation scale factor - HEP Combined Tagger WP3
[y <1.0

Tagger 77 bin (GeVi) | MADGRAPH | POWHEG | MC@NLO

200 < pr <250 | 092002 | 094003 | 092002

HEP top mass selection | 250 < pr <400 | 0934002 | 096002 | 094002

pr > 400 1035003 | 1074004 | 1.04+004

200 < py <250 | 098=003 | 098004 | 0.96 %003

HEP W mass selection | 250 < pr <400 | 0994002 | 099003 | 099002

pr > 400 1114005 | 1274007 | 1.14+006

200 < pr < 250 0.95+0.04 0.93+£0.04 [ 0.90£0.03

N-subjettiness selection | 250 < pr <400 | 098003 | 0.98+0.03 | 0.94:+003

pr > 400 0.85 +0.06 0.81+0.07 | 0.84+0.06

10< [y <24

Tagger p1bin (GeVic) | MADGRAPH | FOWHEG | MC@NLO

200 < pr < 250 | 089+ 003 | 089 £0.04 | 0.90 £ 0.03

HEP top mass selection | 250 < py < 400 | 092002 | 0.96+0.03 | 0.97 +002

pr > 400 0924007 | 098008 | 1074008

200 < pr <250 | 107004 | 104 £005 | 105 %008

HEP W mass selection | 250 < py < 400 | 099003 | 0.99+0.04 | 0.98+003

pr > 400 0.92+0.10 097 £0.13 | 0924011

200 < pr <250 | 107005 | 107005 | 103005

N-subjettiness selection | 250 < pr < 400 | 099004 | 1.03%0.05 | 0.98+0.04

pr > 400 1.01£013 1.06+0.17 | 1.00 +0.14
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Figure 16: Comparison of various discriminant mass observable performance in the 475-600
GeV jet pr bin, obtained considering simulated RS Graviton decaying in WW final state as
source of W jet. Left: a comparison in the low pileup region Npy < 40, and right: a comparison
in the high pileup region 40 < Npy.
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Figure 17: Comparison of various substructure observable performance in the jet pr bin, 475-
600 GeV, considering W jet in RS G — WW (Mg = 1TeV) events as signal. (Left) Comparison
in the low pileup region 0 < Npy < 40, (Right) high pileup one 40 < Npy < 100.
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Wtag 2
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grooming CMS
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Shower deconstruction
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IVF

Start with all tracks, regardless
of jets
Look for Seed Tracks with

large Impact Parameter
(distance to primary vertex)

Look for track clusters around
Seed Tracks

A Fit the position of the
secondary vertex from track
clusters

H Apply some cleaning steps (e.g.
merge vertices that are too
close together)

35
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Jet fraction
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Top Tag
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Arbitrary units
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Initial jet
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PUID and cleansing
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JMS relative systematic uncertainties
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W-jet mass calibration
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(M)eim = 8344 0.4 GeV , Oy = 7.5+ 0.4 GeV )

(1) qata = 84.5 4+ 0.4 GeV , Tqara = 8.7 £ 0.6 GeV ®)

We find that both the W-jet mass scale and resolution in data are larger than that in simulation.
We should shift the simulation (m) by +1.1 + 0.6 GeV and enlarge the simulation ¢ by 16% +
9% to correct for the difference in data/simulation.
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W-jet mass calibration

Source Effect on the scale factor

Parton showering 6.0%
Pileup 1.8%

Jet mass scale < 0.5%
Jet mass resolution 0.7%
Jet energy scale 1.9%
Jet energy resolution 0.9%

Lepton ID < 0.5%

b-tagging < 0.5%

MET < 0.5%
Total 6.7%
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