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Top tagging algorithms
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= CMS top tagger
[D. E. Kaplan et al.: Phys. Rev. Lett. 101 (2008) 142001]

= N-subjettiness
[J. Thaler and K. Van Tilburg: JHEP 1103 (2011) 015]
= Subjet b-tagging CIAR=0.8
[CMS Collaboration, CMS PAS BTV-13-001]

= Shower deconstruction
[D. E. Soper, M. Spannowsky: arXiv:1211.3140v1] ) > C/AR=1.5

= HEP top tagger
[T. Plehn et al., JHEP 1010 (2010) 078]

= MultiR HEP top tagger
[Plehn et al.] —
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Discriminating variables for the cms\\

CMS top tagger
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Discriminating variables for the [cus
o e PO CMS top tagger

Minimum pairwise mass

CMS Simulation, Vs = 8 TeV
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Discriminating variables for the cms\\

CMS top tagger

N subjettiness
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e s ONIOWET deconstruction
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= variable x: probability quotient,
a set of microjets in a fatjet were 8 TeV

created by the decay of a top quark,% 0.2—CMS' L
divided by the probability that they l.g . Simulation Preliminary |
were created by light quarks and — - .
gluons [1]: ._80_15; _
% - —— QCD PYTHIA6 -
X({ p! )_P({P}N|S) LL - — tt POWHEG :
Pisy _P({p}N|B) 0.1 Jetp_ > 600 GeV |
. CAR=1.5m<2.4 ]
0.05 .
0_ | L = |

15 -10 -5 0 5 10

log(X)

[1] Davison E. Soper, Michael Spannowsky “Finding top quarks with
shower deconstruction” (arXiv:1211.3140v1)
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e s SNIOWET deconstruction
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= Microjets: clustering the jet constituents of the fat jet to smaller
jets with cone size of R{0.1,..,0.3} with the k_-algorithm

= microjets with p_> 10GeV

= Different microjet cone sizes are used for different fat jet pt regions (see table)
= Two versions of the shower deconstruction tagger available ( C/A 8, C/A 15)

Paramenter ‘ Value
microjet R (k7 jets) pr dependent
max. number of leading microjets 9
microjet pr > 10 GeV
Fatjet R 0.8 /1.5 pr range [GeV] | microjet cone size
Fatjet pr > 200 GeV 0 - 500 0.3
W mass 80.4 GeV 500 - 700 0.2
W window +12 GeV 700 - oo 0.1
Top mass 160 GeV
Top mass window +25 GeV
NBreitWigner 2

ok Tobias Lapsien
V + top tagging in CMS tobias.lapsien%desy.de



UH
_i_ti.
L2 ¥ Universitdit Hamburg

MultiR HEP top tagger

DER FORSCHUNG | DER LEHRE | DER BILDUNG

= Improved version of the HEPTopTagger, taking into account information at
multiple cone sizes (see talk of Torben Schell)

= MultiR-Algorithm [Also documented in upcoming note by Plehn et al]:

. V + top tagging in CMS

Start with C/A, R=1.5 seed fat-jet

Perform unclustering to identify small fat-jets with R=0.5 to R=1.5 (in steps of 0.1)

and run HEPTopTagger on each of them
Calculate: R__ = Smallest cone size for which the mass

differs by less than 20% from the mass at R=1.5
Calculate expected R : Expected R ___for a signal jet as

min,expected”

Candidates

4

A Rpmin = 1.3

20% of m(R=1.5)

R=1.2, 1.1

R=1.4, 1.3

R=1.5

function of the filtered fat-jet p. 8 02 1T “acoeviie - Mass (GeV)
] % 0.2;— Simulation Preliminary — ff POWHEG :
Variables: 2 o1g E
. .,g 0.16F Jetp, >200GeV |
= Top candidate mass: m(R=R__) 2 o1 CAR=15h <24
: T 0.12- =
= W/ top mass ratio: f,(R=R ) Y ;
. i 0.08" =
- Rmin difference: Rmin B Rmin, expected 0.06- E
0.041 -
0.021 3
s o 05 1
Rmin - Rmin, expected (pT)
Tobias Lapsien
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- PEFOrmance in Simulation
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For background jet matched
_ tagged matched jets  to gluon/quark

Definition of efficiency and mistag rate:

~ matched jets For signal jet matched to hadronically
decaying top quarks and anti-top quarks
R — B () ] C/A15 *HEP qu Tagge.r.curve
E - CMS ] P Top Tagger determined by fixing
> 102l Simulation Preliminary [ QT 140 GeV < m,., < 250 GeV
_% 1 —--rerewseseses gnd varying the width of the
2 B 4 = MultiR HEP Top Tagger W mass Se|eCtI0n ( f )
i ) dh  HEP WPO . w
10°k Jx; 4O e comn wer = MultiR Hep Top. Tagger
- ‘ 1 O  Hercomb wee curves are obtained by a
I 1 A Hepcomb. wes parameter scan over three
w04l . Matched | observables (m _(R=R ),
El 7 atchea parton 1 _
s p_ > 200 GeV/c ] WRR,,) AR
- T . = Subjet b-tag curve
10°; L X T I Y determined by also varying
Top Tag Efficiency the subjet CSV discriminant
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- PEIFOrmance in Simulation
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8 TeV 8 TeV
Q rrryrTrrTr T T T T T T T T _'CI_.') rrrrprTTTTr T T T T T T T T T [roeor
Sip1CMS < gt eMs . -
> L Simulation Preliminary 1 o Simulation Preliminary Shower deconstruction
& B curve is obtained by
210-2:— ¢ - E~|0-2:— - Scanr"ng X
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f v p_ > 400 GeV/c | i p_>600 GeV/c | Shower deconstruction
ol ) el At h tagger with an additional
0 01 02 03 04 05 06 0 0 1 02 0. 3 0
Top Tag Efficiency Top Tag Efficiency b'tag performs best _
C/A15 = For p.> 800 GeV the MultiR
—— HEP Top Tagger Tagger and the shower
—— HEP 4+, s HEP WPO deconstruction tagger show
— = HEP + 1./1, + subjet b-tag O HEP Comb. WP1 a huge Improvement
- Shower deconstruction 0 HEP Comb. WP2

- = = Shower deconstruction + subjet b-tag A HEP Comb. WP3

= MultiR HEP Top Tagger

ing i Tobias Lapsien 12
V + top tagging in CMS tobias.lapsien%desy.de




- PEIFOrmance in Simulation
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- PEIFOrmance in Simulation
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= For p. > 800 GeV comparison between algorithms with different cone sizes

possible

Mistag Rate
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— — —
| CMS 1
- Simulation Preliminary 1 | ——— HEP Top Tagger C/A15
i 7| —— HEP 1,17,
i = = = HEP + 1,/1, + sub. b-tag
3 E m—— MultiR HEP Top Tagger
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CMS Top Tagger + 1,/1, + subjet b-tag

Shower Deconstruction CA8
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- Performance in Collider Data
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Muon + jets semileptonic ttbar selection T_ag

= Exactly one high p. muon with p_ > 45 GeV

= Min one jet tagged with the CSV medium
b-tagging algorithm

= B-tagged jet, p,> 30 GeV and AR, <I1/2

= The jet with the highest p_in the hemisphere

AR, mcaie>T1/2 is a top candidate
= Top candidate for CMS Top Tagger is
C/A jet with R=0.8 , p. > 400 GeV and

= Top candidate for HEP Top Tagger
=is C/A jet with R=1.5, p.> 200 GeV and

Tobias Lapsien
tobias.lapsien@desy.de
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- PErformance in Collider Data
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CMS Top Tagger observables:
= M_. not well modelled by simulation

= Effect maybe because of mis-modeling of radiation or merged subjets
= M ___Dbetter described in the for the central region|n|<1.0

— pseudorapidity-dependent scale factor
= Other variables well described

T T T T T

B AR . w T w CMS P‘reliminar‘y {s=8 Tev, 19.7‘ fo!
+ TV CMS Top Tagger ‘T [ CMS Top Tagger o B e A L
“i) 70F Madgraph ¢ Data = g-) 120~ Madgraph * Data ] qc) - ;:I:g::zh-ragger . ous p
L 60 E_ CAR=0.8 n|<2.4 . Semi-Leptonic i _E L 100 7 . e LegeneE h Lﬁ L CAR=0.8 |<2.4 . Semi-Leptonic tt i
~p 400 GeVic Bl teptonict ] - p, >R ] Fully-Leptonic - g P,>400 GeVic I Fully-Leptonic . —
50 . WailJets E 80 } . Wilers { L . W+lets ]
40 Wews o0 Wzes o gof Mo -
3 0 E . Singletop & . Sisglatep L . Singletop ]
g 401 1 40
20 C L B
10 20~ , = 20F 1
E 1 0- 1 r 1
20 4 1001201401601 y
B2 04 06 08 1 12 d 20 40 6 B0 1EU120120160 160 foo 150 200 250 300 350

T, Minimum Pairwise Mass (GeV/c?) m., (Gev/c?)

T Tobias Lapsien 16
. V + top tagging in CMS tobias.lapsien%desy.de



- PErformance in Collider Data
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CMS Top Tagger observables:
= M_. not well modelled by simulation

= Effect maybe because of mis-modeling of radiation or merged subjets
= M ___Dbetter described in the for the central region|n|<1.0

— pseudorapidity-dependent scale factor
= Other variables well described
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- PErformance in Collider Data
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CMS Top Tagger observables:
= M_. not well modelled by simulation

= Effect maybe because of mis-modeling of radiation or merged subjets
= M ___Dbetter described in the for the central region|n|<1.0

— pseudorapidity-dependent scale factor
= Other variables well described
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Jet grooming techniques Parameters

Filtering [1] 3 hardest CA subjets with R=0.2

Trimming [2] R, ,=0.05, p, fraction of mother jet > 3%
Pruning [3] momentum fraction 0.1, maximal distance 0.5
Soft-Drop [4] soft threshold fixed to 0.1, beta={-1,0,2}
Variable Parameter

Gluon/Quark Likelihood [5]

Subjet Gluon/Quark Likelihood [9]

Energy Correlation Functions [6] p={0,0.2,0.5,1,2}
N-subjettiness T,/ T,

Qjet volatility [7] NTrees=50

[1] J. M. Butterworth, A. R. Davison, M. Rubin, and G. P. Salam: Phys.Rev.Lett. 100 (2008) 242001
[2] D. Krohn, J. Thaler, and L.-T. Wang: JHEP 1002 (2010) 084

[3] S. D. Ellis, C. K. Vermilion, and J. R. Walsh: Phys. Rev. D 80 (2009) 051501

[4] A. Larkoski, S. Marzani, G. Soyez, and J. Thaler: JHEP05(2014)146

[5] CMS Collaboration: CMS-PAS-JME-13-002

[6] A. Larkoski, G. Salam, and J. Thaler: JHEP06(2013)108

[7] S.D. Ellis et al.: PhysRevLett.108.182003
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Jet Pull Angle [J. Gallicchio,M. Schwartz: arXiv:1001.5027v3]:
= Compute weighted vector sum of constituent positions
relative to the jet axis in y-¢ space

= The angle between the pull vector and the relative
displacement of another jet is the pull angle, Gp

= 6, should peak around zero for color connected jet
= pairs are uniformly distributed for unconnected jet pairs

Jet Pull Magnitude: the magnitude of the jet pull vector
for pruned subjets

o
[
A

T T ‘ T T T
L CMS
| Simulation Preliminary

0.20|

Fraction / 0.10

100 <p" <200 ~ 1
0.15 n

0.10F -

0.051 -

H->bb 0.007"_““"‘

. V + top tagging in CMS
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.. ... Resolved W/Z selection
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Resolved scenario:
electroweak boson p. < 160 GeV

Ttbar selection (signal):
= Min four Anti-k_ jets (R=0.5) with p_> 30GeV,

Im|<4.7
= Exactly one muon p_> 30GeV

= Min two b-tagged jets

= W candidates:
= Pairs of dijets (not b-tagged) with a dijet mass
between 40GeV and 130GeV

Tobias Lapsien
tobias.lapsien@desy.de

. V + top tagging in CMS



#....... Jetpull angle
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= Good data/MC agreement for pull angle computed using leading and
subleading jet of the W candidates
« Weak separation power at low dijet p_

< 008 19?fb‘ (%TGV} < 0.08 . 197be (STeV)
g 0_07§SreMﬁznary _._B(t J )data; g 0_075—52’]:2”30’ —6(t,,J,) data— . ..
% 0.06§1OOGeV<p:‘_<160GeV gg é))data_ %006— pﬂ>200Gev _._381;]321))21/1;3_ . At hlgh dljet pT, the pU” angle
i F o F ! B . .
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= j 0.04F .- ° { . . .
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00 i I **i**# fﬁih " %ﬁm ¥
' et et AR ¥ M+ por :
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3 . . v 0.01f
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£ d . --6(t, J)MC g 8 p Frefiminary e Jymc
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ing i Tobias Lapsien
V + top tagging in CMS tobias.lapsien%desy.de




... Pul Angle: Overlapping Jets
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= The asymmetric behavior with reco jets is the effect of partially merged jets
from the W and jet clustering of the reconstruction

@®Quark 1 hadrons  @Quark 2 hadrons @ Quark 1 hadrons  @Quark 2 hadrons
Leading jet
o
® @ ° °
¢ e O o ® Toeo 0
® o ° . ®
@
°*e%
P
| Jet Clustering n

= | eading jet “gobbles up” some hadrons from the other quark
= Consequences:
= Sub-leading jet pull points away from leading jet, having lost constituents
that are “closer” to the leading jet
= 6, peak can be enhanced as leading jet absorbs hadrons of other jet

ok Tobias Lapsien 24
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... ResolvedJets performance
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= QGL, jet pull angle, dijet charge sum used for BDT
= VVariables each provide some separation power
= Variables are weakly correlated

= Training was done for two . 10— | |8| Te.\_/
different dijet p, bins 2 9E_CMS A
@ "~ F Simulation Preliminary =
(& ] - e
= 0.8} _y z
= 0.7E—pg<1eoeev i
5 0.6;——p2>160GeV —;
%ﬁ 0.5;— —;
s 24 E
0.31 =
02
0.1
il I =
0

1 | 1 1 | 1
0.2 0.4 0.6 0.8
Signal Efficiency

0.8.

RN
o
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- JNresolved W/Z selection
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Unresolved scenario:
electroweak boson p.> 250 GeV

Ttbar selection (signal):

= Anti-k . jets (R=0.8) with p.>250GeV,
Im|<2.5, AR(jet,lepton)>0.3

= Exactly one muon p_> 30GeV

= Min two b-tagged jets (no match with boosted jet)

Z+Jets selection (background): Probe Jot
= Anti-k_ jets (R=0.8) with p_> 250GeV,

Im|<2.5, AR(jet,lepton)>0.3
= Two opposite sign muons with p.> 30GeV T

* Dimoun mass within 15 GeV of the nominal Z boson mass
= Dilepton p.>100GeV M

— relatively pure sample of quark jets

. V + top tagging in CMS
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#...... Data/MC comparison: soft drop i‘
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Signal Background

= “Fat” jet appears very N eny e B o -
gluon-like to QGL Pl mE S B B =8 ;
" Subjet QGL recovers =% Guonlike : na i
expected behavior ﬁ o] < quarm: ! :

" Trailing subjet QGL

shows more i Ii ] i w

3
+
discriminating power o, ## H++*++ ;2 +*"+*+++++* LRI o,
than leading subjet QGL 2 1 rt s
* QGL combo: “ oot aat
deflned as a Ilnear . . . 18.7 o (8 TeV) 5 e 19.7 10" (BTeV_)
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Correlation matrices for BDT single variables for background MC and
data (Z+jets selection)

Z+Jets selection simulation Z+Jets selection data
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sEasier to view correlation matrix in “blocks”
= Typically stronger correlations within blocks
= Correlations between data and MC look similar

Z+Jets selection simulation Z+Jets selection data
CMS simulation Preliminary Background 8 TeV CMS Preliminary Background 19.7 b (8 TeV)
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Correlations

» Correlation between All-Variables-BDT and each individual

variable quantities the variable's impact

Z+Jets selection simulation
Background 8 TeV

CMS simulation Preliminary
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= Multi-dimensional analysis
based on Boosted Decision
Trees (BDT), using the
TMVA framework

= Working point is set to
50% signal efficiency

= [teratively added one variable
on top of the next variable

= Saturation after use of 11
variables
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Top Tagging

= Different top tagger were compared in Simulation
= N subjettiness has a good separation power and can improve existing top tagger
= The MultiR HEP Top tagger is a powerful improvement and makes the HEP

Top Tagger usable in higher p. regions
= Shower deconstruction is a completely other approach for top tagging and has a

great performance
= VValidation in data is on going

V tagging
* New variables like QGL, pull angle, and pull magnitude are used
= Variables are good described (ttbar selection, Z+Jets selection)

= Variables have a high discriminating power
= New variables have low correlations to any other variables
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Thank you for your attention!
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Top Tagging

CMS PAS JME-13-007
BACKUP
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The following samples were used:

/<Hban \\\

MADGRAPH + PYTHIA 6
POWHEG v1 + PYTHIA 6
MC@NLO + HERWIG

QCD:
PYTHIA 6
MADGRAPhHh + PYTHIA 6

DiBoson:
PYTHIA 6

CMS detector simulation:

\\QFANT4 ///
" [memnes

Tobias Lapsien
tobias.lapsien@desy.de
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Data/MC scale factors

£
£
§
E
i
£
3

Cumulative data-simulation scale factor - CMS Tagger, CMS Combined Tagger

7] < 1.0
Selection MADGRAPH POWHEG MC@NLO
CMS Tagger WP0 0.985 +£0.073 | 1.173 £0.092 | 1.033 + 0.081
CMS Combined Tagger WP3 | 0.891 £0.118 | 1.063 £ 0.146 | 0.933 +0.129
Scale factors
1.0 < || <24
Selection MADGRAPH POWHEG MC@NLO
CMS Tagger WPO 0.644 +=0.100 | 0.704 £0.110 | 0.768 =0.118
CMS Combined Tagger WP3 | 0.685+0.199 | 0.906 +0.277 | 0.802 £ 0.230

— scale factors are worse for the high n region

ing i Tobias Lapsien
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Working points

Working mi3 fw subjet 3/ T
point selection selection | b-tag WP | selection
HEP WP0 140-250 (GeV/c?) | 0.495 none none
HEP Combined WP1 | 140-250 (GeV/c?) 0.495 CSV-loose none
HEP Combined WP2 | 140-250 (GeV/c?) 0.15 CSV-medium none
HEP Combined WP3 | 140-250 (GeV/c?) 0.15 CSV-medium | < 0.63
Working Miet Mmin subjet w3/
point selection selection b-tag WP selection
CMS Tagger WPO 140-250 (GeV/c?) | > 50 (GeV/c?) none none
CMS Combined WP1 | 140-250 (GeV/c?) | > 50 (GeV/c?) | CSV-loose <07
CMS Combined WP2 | 140-250 (GeV/c?) | > 50 (GeV/c?) CSV-loose < 0.6
CMS Combined WP3 | 140-250 (GeV/c?) | > 50 (GeV/c?) | CSV-medium | < 0.55
CMS Combined WP4 | 140-250 (GeV/c?) | > 65 (GeV/c?) | CSV-medium | < 0.4

ok Tobias Lapsien
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V Tagging

CMS PAS JME-14-002
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Jet grooming techiques:
Filtering: three hardest CA subjets with R=0.2

Trimming: trimming reclusters the jets’ constituents with a radius R
and then accepts only the subjets that have p, > f_

subjets obtained with k_ clustering, R_ =0.05, p fraction of
mother jet > 3%

Pruning: technique to remove softest components of the jet,
minimal momentum fraction 0.1, maximal distance 0.5

Soft-Drop: declustering fatjet,
soft threshold fixed to 0.1, beta={-1,0,2}

min(pTl’pT2)>Z (ARlz)B
PrtDr, “ R,

. V + top tagging in CMS

Tobias Lapsien
tobias.lapsien@desy.de
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Gluon/Quark Likelihood: capable of distinguishing between jets created by gluons/
Quarks

Subjet Gluon/Quark Likelihood: applied on the two leading pruned subjets

Energy Correlation Functions: 3 point correlation function is defined as:

Cf _ Z;,,«',k PTan'PTk(RinfkRjk)ﬁ Z,- PTi [3: {030‘2,0 .5,1’2 }
(32 pripTi(Ri)?)?

N-subjettiness: t,/t,

Qjet volatility: Defined as the RMS of the mass distribution of jet trees over the
average jet mass, volatility = RMS/ m . Where Ntrees is chosen to be 50.

Jet Charge: Jet charge algorithm for boosted W-tagging

o= 2. (qi'e(tp]:})“)
(p7")

. V + top tagging in CMS

Tobias Lapsien
tobias.lapsien@desy.de
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CMS (Preliminary) Signal
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Tobias Lapsien

= Mass variables are strongly
correlated, trimmed mass the
least correlated

= sub-leading subjet QGL,
pull angle, and pull magnitude
are not correlated

» Correlation with column “all”
indicates the most discriminating
variables

V + top tagging in CMS
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t7—Selection Z+Jets—Selection
- _ 19.7 b (8 TeV) 19.7 b (8 TeV)
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ROC curves for all single variables
Best variables: M__, N-subjettiness,Qjet volatility

trim

\ \g.? b (8 TeV)

CMS

Prefiminary

19.7 b (8 TeV)
T T

<
T T
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10

Es
T,/T
T, ! T Fﬂjet
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Gz B - 0.2 - w o w s oo QGL
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ing i Tobias Lapsien 44
. V + top tagging in CMS tobias.lapsien%desy.de



UH .
e s CONTElAIONS

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Correlation matrices for signal (ttbar selection) and background (Z+jets selection)

ttbar selection simulation Z+Jets selection data
CMS Preliminary Signal 19.7 b (8 TeV) CMS Preliminary Background 19.7 b (8 TeV)
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(813 I 16 : 010 200 8 6131414
94232 181453928204742-5 3742585957545654 50 0012 024 2568
I\ll\lﬁrim l\ll\lﬁrim ____: 41265538 n 5658483858689 0050 530 08
M Filt M Filt |Z0 T4e B U L 03038 ;l:"': ll:.-.-.‘ £ 1 ':i'
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= BDT trained with pair of
variables

= Shown is the Z score,
which is defined as1/¢,

= Efficiency working point
Is set to 50%

= Signal: MC

= Background: MC

V + top tagging in CMS
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= BDT trained with pair of QGL Comé

' Subjet 2 QGL

variables Sublet §8L

= Shown is the Z score, AL

which is defined as1/¢, . t

= Efficiency working point Nhl];‘[;:
M

Is set to 50% M., B

= Signal: MC Rﬂﬁsn E =2

= Background: Data Mgp =0

Gt = 219

2B =7.0

C2p=05
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T
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CMS Simulation Preliminary My, 8 TeV
. i i i T rrrr T T rrrrrrrord
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variables Subjet 2 QGL
. Subjet1 @Cc1M 34 3031292829292934 3332313534 32292929 29NN
= Shown is the Z score, ‘
which is defined as 1/¢,,, 143729322926272728323130303334 30 27ENAENENEN
= Efficiency working point it o
P
Is set to 50% VISR ) 4136 373633323334 36343434 3418
M
Mso =$ 383234312929313134 323131}
Iy
C,B=20 -
C,p=1.0
C,B=05
C EOS
S 5036 3
ToRkpy o : Lo
T/t R
T BIONNOO 3O~ N GCJE"—' o 1.10=
~ 1SS—a Su iy 5 ‘DLDLDLD-E ©
e call il il I~ ana s goo 5§
O [V VI~V N | % UDD UDD % :S:I'O
COUE =224 2.0
>3J0
1%

ok Tobias Lapsien
V + top tagging in CMS tobias.lapsien%desy.de

I
(0]



	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20
	Folie 21
	Folie 22
	Folie 23
	Folie 24
	Folie 25
	Folie 26
	Folie 27
	Folie 28
	Folie 29
	Folie 30
	Folie 31
	Folie 32
	Folie 33
	Folie 34
	Folie 35
	Folie 36
	Folie 37
	Folie 38
	Folie 39
	Folie 40
	Folie 41
	Folie 42
	Folie 43
	Folie 44
	Folie 45
	Folie 46
	Folie 47
	Folie 48

