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Sample Information

Sample Information

The samples for testing SVJ with diagonal unstable hadrons -
1 1 π decay
2 2 π decay
3 3 π decay

The parameter settings are -
• Λdark = 10 GeV
• mqd = 10.2 GeV
• mπ = 6 GeV, mρ = 26 GeV
• Nc = 3, Nf = 3

We will be comparing thereconstruced jets with 1π , 2π and 3π decays and how
they compare with different jet radius of R = 0.4, 0.8, 1.2.
Jets which fall inside the detector acceptance are used - i.e. |η| < 2.5
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Disclaimer

Disclaimer

- It was noticed while accessing the
Constituents of the ParticleFlowJet
from the Delphes file that the jet
constituents have ∆R(i, jet) value
higher than the Jet Radius.

- Only Tracks are part of the
constituents, no Towers (energy
deposits from neutral particles)

- We are investigating this issue with
the constituents.

0 0.5 1 1.5 2 2.5 3 3.5 4
R∆
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ve

nt
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R08/Nc3Nf3_sFoff_1pi_R08
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R08/Nc3Nf3_sFoff_3pi_R08

Delta R between jets and its constituents

- The Jet substructure variable affected from this are - σmajor, σminor, σavg,
Girth and Moment Half.

- The variables which we directly get from the Delphes file are - τ21, τ32,
SoftDrop mass and PTD.
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Distributions

Number of Jets
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- As expected, the 3π has higher number of jets than 1π.
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Distributions

Jet pT comparisons I
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Distributions

Jet Multiplicity
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- The 3π has higher jet muliplicity. Also a shoulder near zero is observed for 2π
and π which reduces as the Jet radius increases.
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Distributions

N-subjettiness - τ21

τβN =
1∑

k pT,kR0

∑
k

pT,kmin{∆Rβ
1,k, ...,∆Rβ

N,k}

- The ratio τN/τN−1 shows how likely the jet is to have N prongs than N − 1 prongs.
- It is an effective discriminating variable for boosted jets.[1]
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- The higher the number of π decay, the more likely it is to be a 2 prong jet.
- We are inverstigating the spike at 0.
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Distributions

N-subjettiness - τ32
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- The higher the number of π decay, the more likely it is to be a 3 prong jet.
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Distributions

SoftDrop Mass

- Mass of the jet after the softdrop grooming algorithm which removes soft and
wide angle radiations. - This parameter is useful for tagging heavy objects like t,
W, Z, H[2]
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- As the Jet radius increases the mass of the jet increases, and there is almost
no difference between the different π decays.
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Distributions

PTD

pD
T =

√∑
i p2

T,i∑
i pT,i

- fragmentation variable which quantifies the number of constituents carrying a
significant fraction of the jet energy
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- An interesting shoulder is seen for 1π and 2π but it is not seen 3π.
- The shoulder is dominated by the neutral particles.
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Distributions

Jet Girth

g =
∑

i

pT,i
pT,jet

∆(Ri,jet)

0 0.5 1 1.5 2 2.5 3
)

1
girth(j

10

210

310E
ve

nt
s

R04/Nc3Nf3_sFoff_1pi_R04

R04/Nc3Nf3_sFoff_2pi_R04

R04/Nc3Nf3_sFoff_3pi_R04

0 0.5 1 1.5 2 2.5 3
)

1
girth(j

10

210

310E
ve

nt
s

R08/Nc3Nf3_sFoff_1pi_R08

R08/Nc3Nf3_sFoff_2pi_R08

R08/Nc3Nf3_sFoff_3pi_R08

0 0.5 1 1.5 2 2.5 3
)

1
girth(j

10

210

310E
ve

nt
s

R12/Nc3Nf3_sFoff_1pi_R12

R12/Nc3Nf3_sFoff_2pi_R12

R12/Nc3Nf3_sFoff_3pi_R12

- Here we see the value of the Girth is going till 3 which is contaminated by
the large ∆R problem of jet constituents from page 3.
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Distributions

Moment Half

- The paper [3] found that a very good discriminator for quark and gluon uses a
lower power - Moment half.

M1/2 =
∑

i

pT,i
pT,jet
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- Again, the value of the Moment half is going till 3 which is contaminated by
the large ∆R problem of jet constituents from page 3.
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Distributions

Jet Axes I

Computed using the eigenvalues λ1, λ2 of the pT-weighted η − ϕ matrix M of the
jet constituents: [ ∑
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Jet Axes II
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Distributions

Next Steps...

- Figure out the problem in accessing the Constituents of the ParticleFlowJets
from the Delphes file.

- Fix the jet substructure variables with the problem.
- Investigate the peak at 0 for the N-subjettiness variable.
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Definitions I

1 N-subjettiness quantifies how well the jet constituents can be assigned to N
internal prongs.

τβN =
1∑

k pT,kR0

∑
k

pT,kmin{∆Rβ
1,k, ...,∆Rβ

N,k}

Usually the β is assumed to be 1. The ratio τN/τN−1 shows how likely the jet
is to have N prongs than N − 1 prongs. It is an effective discriminating
variable for boosted jets. Example - QCD is likely to be one prong whereas
W, Z + jets to be two prong and top to be 3 prong [1].
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Definitions II

2 Softdrop mass is the mass of the jet after the softdrop grooming algorithm
which removes soft and wide angle radiations. The algorithm de-clusters the
jet and removes the softer component unless the following condition is
followed -

minpT,ji∑
pT,ji

> zcut
(∆R12

R0

)β

The parameters used are zcut = 0.1 and β = 0. This parameter is useful for
tagging heavy objects like t,W,Z,H. [2]

3 Jet Girth It is a generic measure of the distribution of the jet constituents
defined as. -

g =
∑

i

pT,i
pT,jet

ri

The paper [3] found that a very good discriminator for quark and gluon uses
a lower power - Moment half.
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Definitions III

4 Moment half It is similar to the Jet Girth with the square root of the
distance -

M1/2 =
∑

i

pT,i
pT,jet

√ri

5 pT
D is a fragmentation variable which quantifies the number of constituents

carrying a significant fraction of the jet energy.

pD
T =

√∑
i pT,i∑

i pT,i
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Definitions IV

6 Major and Minor jet axes Computed using the eigenvalues λ1, λ2 of the
pT-weighted η − ϕ matrix M of the jet constituents:[ ∑

i p2
T,i∆η2

i −
∑

i p2
T,i∆ηi∆ϕi

−
∑

i p2
T,i∆ηi∆ϕi

∑
i p2

T,i∆ϕ2
i

]

The major and minor axes are - σmajor =
√
λ1/

∑
i p2

T,i and

σminor =
√
λ2/

∑
i p2

T,i. The average is given by σavg =
√

σ2
major + σ2

minor.
This variables are useful in quark-gluon discrimination.
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