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HEPTopTagger

HEPTopTagging

reconstruction of boosted hadronic tops

collimated decay products
→ fat jets
→ reduced combinatorial problems

SM: number of top quarks vs. collimation

substructure analysis based on subjet masses
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Appendix A: HEPTopTagger: Boosted Tops in the Standard Model

Top taggers are algorithms identifying top quarks inside geometrically large and massive jets. They rely on
the way a jet algorithm combines calorimeter towers into an actual jet. An obvious limitation is the geometrical
size of the jet which for a successful tag has to include all three main decay products of the top quark. At
the parton level we can compute the size of the top quark from the three R distances of its main decay
products: following the Cambridge/Aachen algorithm [24, 25] we first identify the combination (i, j) with the
smallest �Rij . The length of the second axis in the top reconstruction we obtain from combining i and j and
computing the R distance of this vector to the third constituent. The maximum of the two R distances gives
the approximate partonic initial size �Rbjj of a C/A jet covering the main top decay products. In Figure 2 we
first correlate this partonic top size with the transverse momentum of the top quark for a complete tt̄ sample
in the Standard Model. As expected, if for technical reasons we want to limit the size of the C/A fat jet to
values below 1.5 we cannot expect to see top quarks with a partonic transverse momentum of pT

<⇠ 150 GeV.
In the right panel we show the same correlation, but after tagging the top quark as described below and based
on the reconstructed kinematics. The lower boundaries indeed trace each other, and the main body of tagged
Standard Model top quarks resides in the prec

T,t = 200 · · · 250 GeV range, correlated with �Rrec
bjj = 1 · · · 1.5. This

result illustrates that for a Standard Model top tagger it is indeed crucial to start from a large initial jet size.

Therefore, our tagger for Standard Model tops is based on the Cambridge/Aachen [24, 25] jet algorithm with
R = 1.5, combined with a mass-drop criterion [9–11]. Because the generic pT range for the tops does not exceed
500 GeV the granularity of the detector does not play a role, and we can optionally apply a b tag to improve
the QCD rejection rate. Since such a subjet b tag [30] will only enter as a probabilistic factor (60%, 10%, 2%)
for (b, c, q/g) jets we do not include it in the following discussion. Note that whenever we require a b tag in our
actual analysis, the numbers do not yet include the (70%, 1%) improvements found for a b tag inside a boosted
Higgs [30].

The algorithm proceeds in the following steps:

1. define a fat jet using the C/A algorithm with R = 1.5
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Figure 2: Left: partonic �Rbjj vs pT distribution for a Standard Model tt̄ sample. Right: the same correlation, but
only for tagged top quarks and based on the reconstructed kinematic properties.

T. Schell (ITP – U Heidelberg) HEPTopTagging Boost 2014 2 / 12



HEPTopTagger

HEPTopTagger – Steps

[arXiv:1006.2833]

0 fat jet: C/A R = 1.5, pT > 200 GeV

1 hard substructures:
mass drop fdrop = 0.8, mi < msub = 30 GeV

2 filtering:
filter a triple of hard substructures → 3 jets (j1, j2, j3)

3 mass window: 150 GeV < m123 < 200 GeV

4 mass plane cuts: 0.85 mW

mt
<

mij

m123
< 1.15 mW

mt

m23 ≈ mW : 0.2 < arctan m13

m12
< 1.3; else m23

m123
> 0.35

5 consistency: p
(tag)
T > 200 GeV

[arXiv:1006.2833]
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HEPTopTagger

Needed improvements

signal efficiency

background sculpting

pT range

resonance reconstruction
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HEPTopTagger

Recent developments

[arXiv:1312.1504]R = 1.8 with change in cut order (3↔ 4)

alternative triplet selections

maximal djsum =
∑

(ij) dij with dij = pT ,ipT ,j (∆Rij )
4

triplet of hardest subjets

Boosted Decision Tree ROC curves
no window in m123 {arctan(m13/m12),m23/m123,m123, (mw/mt)rec}
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HEPTopTagger

Low pT mode

target rejected candidates with pT ∈ [150, 200] GeV
focus on type–2 tags
angular correlations → Fox–Wolfram moments

Hx
l =

N∑
i,j=1

W x
ij Pl (cos Ωij ) with W U

ij =
1

N2

BDT: {arctan(m13/m12), m23/m123, m123, (mw/mt )rec, FWMs}

default low–pT mode
(mis)tags [fb] fraction (mis)tags [fb] fraction

type-1 5309 57% 5967 52%
type-2 1283 14% 1863 16%
type-3 2712 29% 3601 32%
εS 0.287 0.353
W +jets 1200 1663
εB 0.007 0.010

example working point

[MadMax]
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HEPTopTagger

MultiR Tagger

there is an optimal R(opt)

reduce R until leaving top mass plateau

|m(R)
123 −m

(Rmax)
123 | < 0.2 m

(Rmax)
123 → Rmin

estimate as R
(calc)
min → additional variable Rmin − R

(calc)
min

BDT: { m(Rmin)
123 , f

(Rmin)
W ,Rmin − R

(calc)
min }, fW = min |mij/m123 − (mW /mt)true|
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HEPTopTagger

N–Subjettiness HEPTopTagger

MultiR working point + rejected events + N–Subjettiness [Thaler, Van Tilburg]

two different filterings and BDT analyses

passed: Rfilt = 0.3, Nfilt = 3 rejected: Rfilt = 0.2, Nfilt = 5

{ m(filt)
fat ,m

(Rmin)
123 , f

(Rmin)
W ,Rmin − R

(calc)
min , τi , τ

(filt)
i } i ≤ 3
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HTT Resonance Reconstruction

Resonance Reconstruction

Benchmark: Event Deconstruction [Soper, Spannowsky, arXiv:1402.1189]

Event generation:

Pythia8, LHC
√
s = 13 TeV

signal: Z ′ → th t̄h, mZ ′ = 1500 GeV, Γ(Z ′) = 65 GeV

background: QCD-dijet & th t̄h, both pT > 400 GeV

no detector simulation

Event selection:

2 hardest C/A, R = 1.5 fat jets (FastJet)

require pT ,fat > 400 GeV and |yfat| < 2.5

→ dominant background: QCD–dijet
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HTT Resonance Reconstruction

Final State Radiation

HTT working point + BDT { mtt , pT ,j }

HTT reconstructs on–shell tops
→ misses final state radiation
→ sizeable tail in mtt distribution

BDT: { mtt , pT ,j ,m
(filt)
ff , p

(filt)
T ,fj
}
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HTT Resonance Reconstruction

Further optimization

beyond working point: double top mass window and A-band width
{mtt , pT ,j ,m

(filt)
ff , p

(filt)
T ,fj

,min(m123),max(m123), fW }, fW = max(fW ,1, fW ,2)

MultiR {mtt , pT ,j ,m
(filt)
ff , p

(filt)
T ,fj

,min(m
(Rmin)
123 ),max(m

(Rmin)
123 ), f

(Rmin)
W ,max(Rmin − R

(calc)
min ) }

N–Subjettiness to come
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Summary

Summary

signal efficiency
→ R = 1.8, inverted cut order, BDTs

background sculpting
→ alternative triplet selections

pT range
→ low–pT mode
→ high pT : MultiR, N–Subjettiness HEPTopTagger

resonance reconstruction
→ account for final state radiation, MultiR

HEPTopTagger ready for LHC run II
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