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b-jets: Motivation

= pp collisions: sensitive probes of pQCD ALICE
= pA collisions: initial-state effects

= AA collisions: energy loss of hard-scattered partons via collisional
and radiative processes
* Flavour dependence of the jet quenching
- Spatial redistribution of the lost energy

> b-jets: probes of the QGP transport properties {/ Q_Hegg{l;n > W

Jets in vacuum Jets in medium

.......
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b-jets with ALICE

= Charged constituents (ITS, TPC):
“charged” jets

= + neutral constituents (EMCAL, DCAL):
full jets

= Reconstruction using anti-k; algorith

N

EMCAL

TOF [ |

—
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b-jets with ALICE

= Charged constituents (ITS, TPC): ALICE
“charged” jets e e D jet
= + neutral constituents (EMCAL, DCAL): - b hadron
full jets mpact
= Reconstruction using anti-k; algorithm parameter
2> b-tagging exploiting:
- B-hadron long lifetime, ct ~ 500 um seconcary
2 Displaced from primary vertex Xy
* Its large mass light jet - >8_- primary vertex
2 Studied b-tagging algorithms: ‘ ‘——7 \
- Secondary vertex: using displaced vertices
 Track counting: based on single tracks |ght jet
 Via heavy-flavour electron identification http://bartosik pp.ua/hep_sketches/btagging
(charm+beauty)
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|. Secondary Vertex algorithm

. 4 ALICE
= Exploiting long lifetime and large vertex mass
= TPC and ITS used for tracking and = 300 o ]
secondary vertex reconstruction = P .
: : S 2501 .
Track impact parameter d, resolution s [ ALICE
<75 um for p; >1GeV/c 2 200 el
) i s pp\s=7Te ]
Secondary vertex resolution ~120 um S b - p-Pby 5= 5.02 TeV |
150; ) * Pb-Pb\ s, =2.76 TeV -
* b-jet if B-hadron within given R 100 ¢ E
* Otherwise c-jet if charm hadron within given R f ' |
* Otherwise light-flavour jet ..., iavour hadon found 50 T .
in range - Tag as HF-jet L oo s ﬁ ok, i
| [includes primary vertex resolution] e e - d
0 | 1 | - Jl\l 1 L1 1 III| | |
10 1 10
G P, (GeV/c)
R=0.4jet
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SV algorithm: Simulations

®

= p-Pb at Vs, = 5.02 TeV, Pythia 6 + Hijing ALICE
= FastJet anti-k;, R = 0.4, p,track > 150 MeV/c
= 3-prong vertices: vertices reconstructed from 3-track combinations,
p-Prong > 1 GeV/c L0 RT3 B 1
5 C ALICE simulation 3
. . . GCJ —'D‘i PYTHIA + HJING, p-Pb | s = 5.02 TeV -
> D|Scr|m|nat0 rS: 2 10_1: - 3 track vertex, pT’mk>1 GeV/c  Anti-k;, R=0.4 _:
Signiﬁcance Of Signed Secondary Vertex % iHE_._:.r:niiched vertex in jet py .20 GeVie, n_ |<0.5 ;
. . . - : - - i +—o——0——0—_,_‘__._+ :
flight distance L,,/ o, : HCURE T Thi e Mo AU
L,=|L'|sign(L"P ) : i o
— g o o n -
[' - vector between primary and secondary vertices | Jetflavour: T ootong
: : 107 4 beauty 3
o, - uncertainty corresponding to L,, - —4— charm .
. d ] | —a&— light quarks and gluons ]
SV dispersion (vertex quality measure): S e S o e L i s il o
> 0 5 10 15 20 25 30
Oy = \/d1 +d,+d,; S
) Signed flight distance significance
d1,2,3 — distances of the tracks from secondary vertex of the most displayed secondary

vertex

—
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SV algorithm: Performance

ALICE

= “Rectangular” cuts on the vertex properties
b-jet tagging efficiency and c-/udsg-jet misidentification
The higher b-jet efficiency, the higher the c-/udsg-jet mistagging efficiency
> Find condition of high purity and reasonably high efﬁmency

G.) el T T T I T T T T | T T > 1 O T | | T | ] T T T | 1] T T T | T T T I_é
= E gen a o ALICE S|mulat|on o, 3
9 - ALICE simulation 30 < pT et < 40 Ge‘)/c 5 E PYTHIA + HUING, p-Pb |5, =5.02Tev &~ 20%
o [ PYTHIA + HUJING, p-Pb \ s, = 5.02 TeV ] = E ]
= [ i =3 1 _3track vertex, P, >1 GeVic L, /<5L >10, 6,,<0.02 cm =
ie) 3 track vertex, P, >1 GeV/c ‘5 rack E
> , track E most displaced vertex in jet =
o] 10—1 I— most displaced vertex in jet —
-~ I = ——o——'—
K2 I i 10—1 L —
E - i —
tagged I . P, —— E
6, (py)=0_1dpr I <200 pm| 102 L /o,_>10,6. <200 3
VOTTT AN Jdpy 107 ikl = Lo/ Ouy? 1000, it

Anti-k;, R=0.4

T llllllll

103 & —0——o— %

ny/o'ny 30<p <40 GeV/c, n |<05— ;_D_—g——ﬂ— Jetbﬂavotur:
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liom F -+ charm = 4| I |<05 -+ charm ]
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—
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SV algorithm: Unfolding

ALICE

= SVD (Singular Value Decomposition) [7] used for unfolding

= Background subtraction: background density calculated using CMS method /2],
soft clusters found using FastJet k;with R = 0.4

background density: pCMS:median{%}"C

(U 2 T | T | I T | T T I T

C: correction factor for empty clusters g C Pb e e500TeV :
(7] = =

. . . nfolded, f(DetR for b-j
- Unfolding with combined detector and B 150 e, (Detesp for al . s ]
background fluctuations matrix SR i
=) - |
Background fluctuations using Random seals : e i s
Cone method in MC: E i 3
] 6pT:Z pT,i_pAcone C(CU : :
] . 1 (s Anti-k+, R=0.4 =]
= Correction stability tests performed - SVD unfolding, f(3p,)® f(DetResp)
E.g.: applying efficiency and purity CIHENEE EENEE T RS EE
. . 20 25 30 35 40 45 50
corrections before and after the unfolding b, (GeVIc)

et

[1] H. Hoecker, V.Kartverlishvili, Nucl. Instrum. Meth. A372 (1996) 469

[2] CMS collaboration, JHEP 1208 (2012) 130
—
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Il. Track Counting algorithm

= Impact parameter d, in ro for each track within a jet
sign (dg)et):Sign (a o' D T,jet)

2Discriminator:

third, second or first (N=3,2,1)
most displaced sign(dyt)

decay length L

track
impact

B rtex
parameter [N secondary Ve

primary vertex

CIPANP, 31 May 2018

~ = Pythia simulation:
pp atVs=7 TeV

e FastJdet anti-k;, R=0.4

e p,track > 150 MeV/c

e piet>10 GeV/c
edyrp>0.2cm

* DCA(jet,track) < 700 um
® AR(jet,track) < 0.3

P

tagging
b-jet

mis-tagging

c-jet
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: Pytr‘mia simulatioln pp Vs=7 'II’eV
Track counting method (N=3)
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ALICE
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Ill. Machine-Learning based algorithm

= ML techniques applied to several low-level inputs:

constituents, secondary vertices, track impact parameters
= General design: multibranched, multilayered neural network
= Different networks tested on different features  Secondary vertices Jet constituents

ALICE

High-level properties

I (vx,vy,vi), O X LL,.o, I .j];t;haNpes,
Camveliton 15777 —
9 . Dropout per layer: 0.1 s et
Featu res- ' : Conv. kernel: 8 ; : 1 Dropout per layer: 0.1 ; iggg;cﬂn;;cg:er 01
Array of secondary vertices: £ [ pooiing | Poollengtn: 2 ilj- =
. Conv. kemel: 4 Pool length: 2
(xy.z) rel. to primary vertex 5_..;';'%?6§'ﬁ'_.. S keme:2 E_ sz R
Transverse plane distance and 5|: ] com keme|25 T
uncertainty: L,,, o, g ] o2 |
Vertex track dlspersmn Oyt Tt quality y2 | Mg(l
Array of constituents: v
1, o, r (relative to jet axis) Eroput sy 025
Track impact parameters D, Z and J; ]
: : > /// for ;ir?::; i(g:sili]fzggtion
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ML method: Simulations

* p-Pb at Vs, = 5.02 TeV, Pythia 6 + Hijing
= FastJdet anti-k;, R=0.4

o
©

e T -
~ ALICE Simulation -
.89~ PYTHIA + HIJING, p-Pb s, = 5.02 TeV ==
~ FastJet, anti-k;, R =0.4, |17]et| <0.5 E

Accuracy
o
[ee]
[{e)

o
@®
®

- 15< pE" <120 GeVic

= Underlying event corrected 087
= 200k training, 50k validation samples 086 E
* Control parameters: accuracy and loss ZZi Bl .
* Slow learning up to high epoch counts “%% 20 a0 s w0 100 120 0 fe0 a0 20
* Learning rate parameters lowered after 200
epoch 4003: Koras, mulioyorcomolutonel ebwork -
* Not much to gain with longer training oo \Achved AUG = 0041

0.28~ —Training

~  —Validation
oaer ! ! | | ! ! ! e
0 20 40 60 80 100 120 140 160 180 200

Epoch

—
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ML method: Simulations

_ ~ : ALICE
(] p Pb at \[SNN - 502 TeV, Pyth|a 6 + H|J|ng %0-[;2::‘ Q\L("Tcﬁf"““ﬂ'ﬁ“l"\“l’g N ; ‘;\ ‘T i
» FastJet anti-k;, R = 0.4 oo NPT e
_ 0.935- .
= Underlying event corrected 093 3
. - 0925 g 3
= 200k training, 50k validation samples 092 =
09152 FastJet, anti-k;, R = 0.4, |77,-e:|<0'5 3
* Control parameters: accuracy and loss O 5 <reGevie = s
 Slow learning up to high epoch counts O MR hwes o 156‘@6“25,;‘;
. POC!
* Learning rate parameters lowered after 200
epoch Z o
* Not much to gain with longer training z
2102
* AUC: Area Under ROC Curve, slow but &
constant learning up to 220 epoch 100
* Clearly separated score distribution * Keras, mitiayer convoluional networ
107 E Background class: 90% udsg, 10% charm

SN
0 0 - 02 #0304 105 06 07:08 09
Score

—
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ML method: Simulations

. p‘Pb at \[SNN = 5.02 TeV, Pythla 6+ Hljlng 50092: pnsna . rews EREEERT RS ALICE
. Fastjet ant|_k ' R - 0.4 '0.942 PYTHIA + HIJING, p-Pb |s,, = 5.02 TeV B
= Underlying event corrected o :
= 200k training, 50k validation samples E
09151 Eastiet, anti-ky, R = 0.4, |7 | <0.5
» Control parameters: accuracy and loss 09 s crmcevie SN
* Slow learning up to high epoch counts 0% 40" 80 50 ibs 18840 o0 180 20
* Learning rate parameters lowered after 200
epoch Zo
* Not much to gain with longer training %
* AUC: Area Under ROC Curve, slow but .
constant learning up to 220 epoch 100
* Clearly separated score distribution - Keres, mulayer convolytonal network
1074 = Background class: 90% udsg, 10% charm
> Comparison to “rectangular” cuts method ~ ° of 02 os ¢ 05 ae 07 08 0y

> Optimizing: b-jet tagging and c-/udsg-mistagging efficiency
—
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ML: b-jet vs c,udsg mistagging efficiency

ALICE
(>).‘ 1 E\ I | T |ge\n T ‘ I I I I T T T I ‘ I T T T I I I T I T T I I IE
= - 30< Pl < 40 GeV/c e 3 . . .
S g1 T — = Mistagging efficiency
R - much lower for c-/udsg-
g0 = jets
2. = Very promising method
. -
107 = -
s - ,
107 e Jetflavowr __ =« Solid: ML-based method
s ALICE Simulation _Cgarm&hﬂu - « Dashed: t-b d thod
107 =" PYTHIA + HIJING, p-Pb {8y = 5.02 TeV. e ashed: cut-based metho
- FastJet, anti-ky, R =0.4,|n_| < 0.5 e udsg (cut) - (previous SV slides)
10_ 5 L | 1 1 | | ‘ 1 L L 1 | 1 Je\ | l L 1 | 1 J | | | 1 | 1 1 | | ‘ | E
0.2 0.3 0.4 0.5 0.6 0.7 0.8

b-jet efficiency

—
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ML: Mistagging efficiency vs jet p_

Efficiency
o

—

10
1072
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10
10°

10°°

:L I | I T T T | T T I T ‘ T T T T ‘ T T T I [ T T T | T T I T ‘ T T T ‘ T I T \:
— ALICE Simulation flavour ]
= PYTHIA + HIJING, p-Pb | 5, = 5.02 TeV & Deauty Lol ] =
— FastJet, anti-k;, R=0.4,|n_| <0.5 - udsa (ML 7
L et _charm (Cu ]
& O udsg (cut) .
b —————— ¢ & o o ¢ +—
§_ g o b B ¢H - _§
. o o O # _
= o © » L i =
= —4— E
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ALICE

= Mistagging efficiency vs
jetp;

= Fixed (~20%) b-jet
efficiency to compare to
cut-based method

e Solid: ML-based method

* Open: cut-based method
(previous SV slides)
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ML: Mistagging efficiency

> :L T | T T T | T T T ‘ T T 7 ‘ T T T [ T T 7 | | ‘ T 1T T ‘ T \:
% — ALICE Simulation Jetflavour ¢ udsg
G 4L PYTHIA+HUING, p-Pb | sy = 5.02 TeV bﬂﬁgﬁgguw ]
% - Fastlet antik, R=04,In_| <05 ccosl & TF -
2 [ ML-based tagging method £=04] = —4— -
DA |
glo=— . v
102 :—:— _:—l—-—l——.—_.__.__ - - - L_:_ i—
e M e e
- e -

T s S S g
—— . — % -

R —_—— ]
e e o e S —%— E
10_5 == | I | | I I ‘ I I ‘ I N | l N | I | ‘ I | ‘ I

20 30 40 50 60 70 80 90 100
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ALICE

Mistagging efficiency for
higher b-jet efficiencies
c-jet efficiency: below
5-10%
udsg-jet efficiency: below
0.5-1%
Higher b-jet efficiency
possible

Solid: c-jets
Open: udsg-jets
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Summary

ALICE

= Performances of different b-tagging jet algorithms have been studied
in pp and p-Pb MC simulations

Based on track counting, displaced secondary vertices and machine
learning
Very promising ML-based method in pp, p-Pb
Allows for much higher b-jet efficiency
= Data analysis (in pp and p-Pb) being finalized
= Studies will be extended to Pb-Pb collisions: upcoming Pb-Pb run and
run 3and 4

Major detector upgrade with new ITS (x3 (x5) better spatial resolution on

ro (z) coordinates), improved readout (able to sustain 50 kHz Pb-Pb
collisions: collect L, ;=10 nb-1, x100 gain for min. bias)

Major boost for heavy-flavour jet physics with ALICE

—
CIPANP, 31 May 2018 B.Trzeciak, b-jets in ALICE 17



Summary

= Performances of different b-tagging jet algorithms have been studied
in pp and p-Pb MC simulations

Based on track counting, displaced secondary vertices and machine
learning
Very promising ML-based method in pp, p-Pb
Allows for much higher b-jet efficiency
= Data analysis (in pp and p-Pb) being finalized
= Studies will be extended to Pb-Pb collisions: upcoming Pb-Pb run and
run 3and 4

Major detector upgrade with new ITS (x3 (x5) better spatial resolution on

ro (z) coordinates), improved readout (able to sustain 50 kHz Pb-Pb
collisions: collect L, ;=10 nb-1, x100 gain for min. bias)

Major boost for heavy-flavour jet physics with ALICE

Thank you'
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ALICE
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