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Sample Information

The samples for testing SVJ with diagonal unstable hadrons -
Q@ 1 7 decay
© 2 7 decay
© 3 7 decay
The parameter settings are -
» Adark = 10 GeV
= mg, =10.2 GeV
* m; =6 GeV, m, =26 GeV
= Nce=3, Nf=3

We will be comparing thereconstruced jets with 17 , 27 and 37 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. || < 2.5
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Disclaimer

- It was noticed while accessing the Delta R between jets and its constituents
Constituents of the ParticleFlowJet
from the Delphes file that the jet
constituents have AR(/, jet) value
higher than the Jet Radius.

- Only Tracks are part of the

constituents, no Towers (energy 10
deposits from neutral particles)
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- We are investigating this issue with
the constituents.

>
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- The Jet substructure variable affected from this are - omajor, Ominors Tavg:
Girth and Moment Half.

- The variables which we directly get from the Delphes file are - 71, 732,
SoftDrop mass and PTD.
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Number of Jets
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- As expected, the 37 has higher number of jets than 1.
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Jet Multiplicity
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- The 37 has higher jet muliplicity. Also a shoulder near zero is observed for 27

and 7 which reduces as the Jet
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N-subjettiness - 71
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- The ratio 7 /7n—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 7 decay, the more likely it is to be a 2 prong jet.

- We are inverstigating the spike at 0.
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N-subjettiness - 73,
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- The higher the number of 7 decay, the more

Nukul Parmar, Aran Garcia-Bellido (U of R)

Jet Substructure

likely it is to be a 3 prong jet.
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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 7w decays.
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Events.

\ 2P
Z,-PT,,'

- 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 17 and 27 but it is not seen 3.

- The shoulder is dominated by the neutral particles.
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Jet Girth
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- Here we see the value of the Girth is going till 3 which is contaminated by
the large AR problem of jet constituents from page 3.
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Moment Half

- The paper [3] found that a very good discriminator for quark and gluon uses a
lower power - Moment half.
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- Again, the value of the Moment half is going till 3 which is contaminated by
the large AR problem of jet constituents from page 3.
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Jet Axes |

Computed using the eigenvalues A1, A, of the pr-weighted 1 — ¢ matrix M of the
jet constituents:

[ > P An? -2 P2T,,~A77iA¢i]
-2 P2T,iA77iA¢i Py PZT,,'AGi’,2

O major = \/Al/zipgrv,'y O minor = \/ >‘2/ Zipgr,i' & Oavg = Jl2najor + o-l?ninor'
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Jet Axes

2 RO o 37 01 2 EETrTeTy 2
2 100 RoumcaN_sf 29 08 g o s 2 Ron 2
& g &
Roumca s . on o s 3 ron Rizeo ot 3p Ri2
102
107
107
107
104 104
. i, .
05 T 15 z 25 o5 T 15 z 25 05 T 15 z 25
o) Ol i)
2 2 F =T 2 RN o 3 R
é i resirroiedl B
107
107
o5 T 15 z 25
Ougll) Fanll)

Nukul Parmar, Aran Garcia-Bellido (U of R) Jet Substructure



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 O for the N-subjettiness variable.
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Definitions |

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

B Qﬁ AR?
Ty = E pT.kmin{A e A
N Ek 7k Ro k { k k}

Usually the 3 is assumed to be 1. The ratio 7y/7y_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 |l

@ 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 - (AR12>/3

Z pT, ; cut RO
The parameters used are z.,; = 0.1 and 8 = 0. This parameter is useful for
tagging heavy objects like t,W,Z,H. [2]

@ Jet Girth It is a generic measure of the distribution of the jet constituents
defined as. -
PT,i ,

&= i
i PT,jet

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

@ Moment half It is similar to the Jet Girth with the square root of the
distance - P
T,i
My = — /1
i PT jet

@ prP is a fragmentation variable which quantifies the number of constituents
carrying a significant fraction of the jet energy.

\V Z;PT,,‘

D
p = ——-
T Z,‘pT,i
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Definitions [V

@ Major and Minor jet axes Computed using the eigenvalues A1, Ay of the
pr-weighted 17 — ¢ matrix M of the jet constituents:

[ > P2T,iA77i2 = Pzr,,-AniAaﬁl}
- P2T,iA77iA¢i P Pz7',iA¢,2

The major and minor axes are - omajor = 1/ A1/ >_; P>, and

_ o _ > >
Ominor = \/ A2/ 3. PT;- The average is given by 0aye = (/02000 + Thinor
This variables are useful in quark-gluon discrimination.
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N-subjettiness |
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N-subjettiness |l
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Softdrop mass |
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Softdrop mass Il

Invariant mass m,, with R=0.4

Invariant mass m,, with R=0.8
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Calculated Leading Jet PtD

Calculated Leading Jet PtD

Events

——— RO4NCINI3_sFoff_1pi_Ro4
——— ROAING3NIS_SFofl_2pi_R04
(c3NT3_sFoff_3pi RO4

Events
T

0.

ROBINGINIS_sFofl_1p_R0B.
——— ROBINCINT3_sFoff_2pi_ROB
"ROBINCANI3_SFoff_3pi_ROS

9 o 1 01 02 03 04 05 0.6 0.7
520)

Calculated Leading Jet PtD

Events
imanny

Nukul Parmar, Aran Garcia-Bellido (U of R)

RIZINCGNI3_sFoff_1p_R12
—— RI2INC3NR_sFoff_2pi R12
RIZINC3NI3_sFoft_3pi_R12

Jet Substructure




PTD vs Ntrack with with R=0.4

Ntracks

Ntracks
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Backup for disclaimer

et Constituents
178.0137939453125, Eta = 1.5048877000808716, Phi =

0.0

Woment girth calculated =

Jet Constituents

Jet info —— PT = 60. , Mass = 6
Moment girth calculated =
cles
<class cppyy.gbl.Track at @x14c34a790>, index = @ Particles info --- PT = 0.6277865767478943, Eta = 1.9002044200897217, Phi = 0.010659427382051945, Charge
-0.021888974122703075, deta -3 dR = 1763
sl BBl el B B e, s T e — T 0 Eta = -2. 116, Phi 18018, Charge =
5 -4.248871922492981, R = 4.901694418208272
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o
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gbL.T: Charge =
Ry

Floment girth calculated

X Particles info —— PT = 1.168850064277649, Eta = -3.124457597732544, Phi = -2.199155330657959, Charge = 1
4. 3379522216 0558

4, Eta = - i Charge = -1,

<class cppyy at 0x14c34a790>, index = 2 icles info — i Charge =
2.3130306291580203, deta -2.7840375304222107, dR = 3.6195269942663155
at 0x14c34a79e>, index = 3 Particles info —- PT = 2, 7212, Phi 4893, Charge =
-2.355071246623993, dR = 3.6812009083600032

ta
K at @x14c34a790>, index = 4 Particles info -— PT = 0.5287909507751465, Eta = -2.4061942100524902, Phi = -2.0264360904693604, Charge =
=248055480546592712) KRl 8731696116240277
copyy. at 0x14c34a790>, index = 5 Particles info —- PT = 1.7336878776550293, Eta = -1.8851726055145264, Phi = -1.8781416416168213, Charge = -1,
.7207032725195153, deta ~2.3745190501213074, dR = 3.6111725267729646
o Gall, T Eels [l — b o QSRR 0 = Phi = 0 Charge

1,

. deta -3.433174788951874, dR = 3.5328014357006157
s cppyy,gbl. Tr: L kST axidcataTons,  index = 7 Particles nfo oo PT = 1.0406943321228027, Eta = -3.41: Phi = 0.

aarosseiR -3.9021255373954773, dR = 4. 1618121936796815
= <class cppyy st axidc3aroes, index = 8 Farticles info = PT = 0. 42725, Eta 4316, Phi = 1.41.
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i axdic c34a790>, ticles info -
4.15340559720993 A = 4.075964030750854
k % By, L el W — 67 - 3 705, Eta = 114, Phi = -1.7534172534942627, Charge =
R =

- Eta = 494, Phi , Charge = 1,

i Particles info — PT = 1.9496242321226027, Eta = -3.41 Phi = 0. , Charge = 1,
= 4.1¢

=12 “particles info —- PT = 0.5287909507751465, Eta = -2.4061942100524902, Phi = -2.0264360904693604, Charge = 1,
= 3.8731696116240277
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