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Heavy Ion Physics

e Heavy lon central collisions
form a plasma of quarks and
gluons (QGP)

e It's possible to study QGP
through modifications in the
characteristics of particles
when they pass through it

e Bottom quarks are the least
affected in QGP

e Challenge:

Heavy lon collisions have
more underlying event than
p+p collisions
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Goals

o Identification of bottom quark jets using multivariable
method — Boosted Decision Trees

o Study of the kinematic distributions of the b-jets:
transverse momentum p, pseudorapidity }17‘ azimuthal

angle ¢
o Comparison with the distributions of light quark jets

e Systematic study of performance



Kinematic Distributions Clear distributions
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Kinematic Distributions
Pb+Pb Monte Carlo Sample
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BDT Input Variables

MC Sample
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BDT Input Variables vs. BDT Results
Pb+Pb MC Sample BDT — better separation
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BDT Results - Sensitivity to pr
p+p MC Sample Pb+Pb MC Sample

BDT: P, €[100, 120] GeV BDT: P, €[100, 120] GeV
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BDT Results - Sensitivity to collision centrality

BDT: centrality € [0, 20] %
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Efficiency vs Background Rejection

Performance: BDT vs earlier methods

p+p MC Sample Pb+Pb MC Sample
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Consistently better performance than all previous methods!



BDT Performance
Sensitivity to pr and

p+p MC Sample
BDT Efficiency by P,
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BDT Performance

Sensitivity to Collision Centrality

1/Bkg Rejection
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o Better performance on — obviously!

@ Lower collision centrality = better performance
@ Pb-+Pb MC Sample dominated by central collisions
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Jet Classification in p+p and Pb+Pb

pr Distribution

BDT Result: P, BDT Result: P, with centrality € [0, 20] %
gm,‘ = i Classified as Bottom ?m i Classified as Bottom
s *#_L Not classified as Bottorn Bl Not classified as Bottom
rijH T :H'ﬁ‘ o
t t }Mt T J{
-ty . .
op Sl ST
E : - E EhTR I
= I+ﬁ+ E PR L
- Jﬁ‘ %ﬂ + #;][#Jr %t [ Pl t. Hﬁ“ﬁ#ﬁ ;‘J? % | *
H U J[' . AR LS
w0 PP Close- up - FHN— Iﬁfﬁlﬁ' 0TE e |Ju|n
©[0,200] GeV =s - Central L4
L L v; . 1 | I _LIx10° - x10°
100 120 140 160 180 o (MeE\%O 100 120 140 160 180 o (Me‘?)
BDT Result: P, with centrality e 140, 80] %
Fo ] Classified as Bottom
ER Not classified as Bottom
[t
e BDT Working point: 50% signal F ’%%
efficiency ; 't*aﬂ+
. . . . 102 | Tty
@ Tunning of input variables optimized for E et
. - . L T
p+p (Higgs— bb analysis) F Ll¢m
. . g, 1|
@ Input variables and BDT itself should el
. w— Peripheral "
be optimized for Pb+Pb £ Eerphneral
100 120 1;0 160 1‘50 510

Met)
Pr MY 15



Conclusions

o BDT method developed is better than previous b-tagging
methods

o Bottom quarks harder (but still possible) to identify in
central collisions

o Kinematic region with best performance: peripheral
collisions with || < 2 and pr € [140, 180] GeV

o Study limited by statistics in Pb4+-Pb Monte Carlo collisions

o Next step: application of BDT to real data
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pr Distribution with ||
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pr Distribution with ||
Pb+Pb MC Sample
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pt Distribution with Collision Centrality
Pb+Pb MC Sample
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pr Distribution
BDT Result on p+p MC Sample
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BDT Efficiency

Various Training->Application Combinations

BDT Efficiency
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