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Nuclear modification factor ®

ALICE

Quark-gluon plasma (QGP) is created in heavy-ion (HI) collisions:

hadronic phase

QGP and and freeze-out

hydrodynamic expansion

pre-equilibrium

.lnltlistate
“Glasma” Hydrodynamics Hadronic gas
Signatures of QGP:
® Collective flow - QGP acts like nearly-perfect liquid
® Jet quenching — QGP slows penetrating patrons

Nuclear modification factor compares particle yields in HI and in pp collisions scaled by
the number of binary NN collisions (N__,):

dN
dp;

dN
(N_) pp
! dp;

Rya=

Different collision systems:
« R,#1 - presence of cold nuclear matter (CNM) effects

« R, , <1 - indication of final state effects (medium energy loss)
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b jets

ALICE

Inclusive b jets in p-Pb at _ |
Vs, = 5.02 TeV, full jets[*] Properties of b-quark:

® |arge mass (4.62 GeV/c?) - it can be created

—

ot2 pPb 35 nb™ (5.02 TeV

S0 L LR LI L L l I l E| H H H
) "CMS & pPodata 05¢n, < 156107 only in initial hard scatterings. Its production
10" o pPbdata, 05 <, < 05 (x 10° 3 rate can be calculated from pQCD
10% - = pPbdata,-15<n, <0504 @ long lifetime — it survives through the whole
10° ;_ o e pPbdata -25<n,, <-1.5 ] evolution of QGP
10 jﬁﬁ%ﬁ' . “Dead cone”
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S 107k s & A
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55 10°F %1 — & B ey
o | o F E
T 10" = —
< 0 E
Ro[ - 10°E  » .
310 el ~ dead cone effect — gluon radiation from massive
0 - _ qguarks is suppressed at angles 6 < m/E
10 = . — ALICE has excellent capabilities at low-p_
- — PYTHIA (matched n_ ) =
10_2 EI [ | L1101 | | | L1l | L1 I(I)hpl L1 | L1011 | L1 IE

0 50 100 150 200 250 300 350 400 [*] CMS, CERN-PH-EP/2013-037
b jet P [GeV/c]
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ALICE experiment &,

ALICE

Time Projection Chamber
._ » Track reconstruction

= * Particle identification via
" specific energy loss

o —

[
il N
i

Inner Tracking System
* Track reconstruction
—am| * Primary and secondary
vertex reconstruction

|rltrack| < 09

Full azimuth
0.5 T solenoid

VO - scintillator arrays located at forward
and backward pseudorapidity for .
triggering and centrality determination Pr ae ~ 0.15 Gevic
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b-jet tagging via impact parameter %

Two independent methods were used for b-jet tagging:
1) Impact parameter (IP) - distance of closest approach of jet constituents to primary vertex.
2) Secondary vertex (SV) - properties of most displaced 3-prong secondary vertex.

track originated from the primary vertex

Jet Axis

axis perpendicular
to the jet axis

# tracks originated from the secondary
vertex

Jet Axis

axis perpendicular

to the jet axis PY

: secondary production point

5<0 "Cy! | 550

b-jet candidate selection with IP method:

e Impact parameter significance, sd, = éd /o, IS
calculated for each track in the jet:
é — impact parameter sign

d - 2D impact parameter
o, — uncertainty of d,, measurement
®sd, of the tracks are sorted in descending order

® b jets are tagged by imposing the criteria:

2th most displaced track,
d,,>d5""", threshold parameter varied:
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b-jet tagging via secondary vertex %

Two independent methods were used for b-jet tagging
1) Impact parameter - distance of closest approach of jet constituents to primary vertex.

2) Secondary vertex (SV) - properties of most displaced 3-prong secondary vertex.

b-jet candidate selection with SV method:

® 3 prong SV is made out of jet constituents
® |n each event we consider the most displaced SV

> Minimal significance of the SV displacement: SL._ =L, . /o,
Xy Xy

/ L, — distance between primary and secondary vertices
Secondary

ag,,,— uncertainty of L , measurement

vertex (SV) 3
- e Upper limit on the SV resolution: o_, = \/Z dl?
i=1

d.— distance of closest approach (DCA) of i-th prong to the SV

Primary
vertex Default SV cut: o, <0.03cm, L /o, >7
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Corrections of b-jet spectra

ALICE

The obtained spectrum of b-jet candidates needs to be corrected to account for purity and
efficiency of b-jet tagging:

d N primary d N raw Pb

b- jet b- jet candidates X
L
b

dp T, jetch dp; jetch

¢, — the probability that true b jet will pass SV tagging selections (efficiency)
P_ - the fraction of true b jets among all tagged b-jet candidates (purity)

> | I | I | I I
@) . -
c 1= ALICE simulation = i : S ; ;
& = PYTHIA + EPOS, p-Pb |5, < 5.02 TV E b-jet tagging efficiency is estlr_nated _from
2 - e e o o9 g . 1 EPOS+PYTHIA detector-level simulation:
HG_J Lo i
@) = selected
£ 1015_ E _Nb-jets
e z TN
o B 7 b - jets
Ty g —_— 1l . .
S 102 e "+ "1 N,_.— the number of b-jets without any
Eoiaenaty StiE - 1 constraint on parameters of the SV
i gntl-ka t(;ic: rrJ]ets with R =0.4 |£7;ab/| ; 0.5 i § selected _
o o0 < AR ”ght_ﬂ;yvorngt: N, s — the number of b-jets that were
107 Sl e reconstructed after the SV cuts
10 20 30 40 50 60 70 80 90 100
p_ . (GeV/c)
T,ch jet

b-jet tagging efficiency in p-Pb for the default SV cuts: g, 35 %, €.~ 11 %, €~ 1 %
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Data driven method for b-jet purity

ALICE

The purity of the b-jet candidate was estimated by hybrid method that utilizes data-driven
template fitting and POWHEG simulations:

> B oo T Tt T T T 771 The data driven method describes the
© 10 ALICE Preliminary 20 < p°®° < 25 GeV/c = el : :
[ = TR O I measured distribution of invariant mass of
o i v obhm e 1 SV as a linear combination of MC
= 1; p-Pb at | s, =5.02 TeV = templates:
'é - anti-k; charged jets = lemplales.
3 10 R=0.4,n® <0.5 —=
= = ] = ng, =P, T,+P T +P T
§ 0% ™ ——LFjets - E 1=P,+P +P
o B — C jets I =
M : 5 : .
T ';_Jtets ++ _'_ += = ng, — measured SV invariant mass
= | 5 ;
- LRIV s ENNE T,, T., T, — MC template for each jet flavor
s ———t———————————— p,, P, P, — purity for each jet flavor
s 2F _|_ -
IS ) SRR TR IS S o 3
© - .= —t— +——| =
= E : : : . =
@i g 1 2 3 4

vo-l

H 2
T Invariant mass of secondary vertex (GeV/c

The template fitting method fails for jets with momenta larger than 30—-40 GeV/c
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POWHEG based method for b-jet purity %

ALICE

POWHEG method - based on b and c-jets spectra calculated by Next-to-Leading Order (NLO)
POWHEG generator:

3 0.7_ IIIIIIIIIIII | ¥ =10 | | K | I | [N B R | | IIIIIIII | ¥ i I_

N.¢ = o ALICE Prellmlnary b-tagged charged jets 5

Pb: b~b o 06 p-Pb |\ s =5.02TeV anti-k;, R =0.4, |17'Zt E 05 [

l\]k)gl)*-l\fc 8(j4']\fllyfiLfy i%‘ L ny/O' >7 3]

E Oy < 0.03 cm i

. 0.5 |

N ,N_ - POWHEG p_spectrum of b and c-jets - :

folded with the response matrix 0.4
N,. - p,spectrum of light flavour-jets (LF): y
N LF:N raw_N b_N c . Data-driven evaluation :
. . . 0.2 o POWHEG-based evaluation =
Nraw — rawp. spectrum of inclusive jets _ Systematlcs of the POWHEG-based evaluation
|||||||||||||||| |||I|II|IIIIIII|IIIIIIII—

£, £, €, — efficiency of SV tagging for b, ¢ and 1072002050 s0 70 80 90 100
. pZt % (GeV/c)
LF jets T, jet

ALI-PREL-323641

Different POWHEG settings were tested against the template fit results to find plausible
POWHEG settings (regularization and renormalization scale)
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The differential production cross section
pp ... p-Pb

SEamE EEnTE T
= LIS 0 L L L, L [P L) [, L B L) L e, g L g = 5
§ IO} \ ALICE Preliminary % 107 '§_ . AECE R iminaly _?
S pp, s = 5.02 TeV % 102 p-Pb |5, = 5.02 TeV 2
.g 10 \ Charged b jets, Anti-k;, R=0.4, |njet|<0.5 £ = charged b-jets, anti-k, R = 0.4 3
v‘: \ E 10_3 E_ _E
© el = 3
-8 Q'_ tp -2 o =l
© 10 \ el =
© = =]
B i
10 \ R E
—+- bjet - .
SJe \ e
yst. Unc. (Data) - ——Data ]
o =Wty 8 25 spsenacuncarainy :
Sl L . - —— POWHEG dijet EPPS16 =
- - — POWHEG systematic uncertainty 3
£ 4 2 15K T
Q 1 2 - =
oF g 1 M =
O = =
0’.‘; 8: 0.5 —
O 0. B =
o 0' N 01 s e L e | 1o o [ B (4 1 o4 i (e o G G | VB o [ o o v
8% W OO EE SO a0l S0 ol BEOE o0 T o0 0

—_
~
—

ALI-PREL-339149

p?"‘jet (GeV/c)

ALI-PREL-323637

The measurement of b-jet the production cross section agrees with POWHEG calculations
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The measurement of b-jet fraction in pp collisions %

0-12l'l""l""I""I""I""I""I""I""I""_

- ALICE Preliminary -

0.1- pp, Vs =5.02 TeV -

- Charged b jets, Anti-k;, R=0.4, [n_[<0.5 .

c i jet -
S 0.08[~ & bjet fraction P
S r Syst. Unc. (Data) i
L 0.06 — POWHEG+PYTHIAS dijet, with CT14nlo —~
‘*ﬂ.l [ []Syst. Unc. (Theory, Scale variations) i
< 0.04F ]
0.02f -

The measured b-jet fraction is consistent with the POWHEG predictions within the
uncertainties.
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Measurements of charged b-jet R -

ALICE

P e e I I B B I R R 2‘2:' """" L e ' ! i

21_ ALICE Preliminary E o E ALICE Preliminary =

185— p-Pb, (s, =5.02 TeV E - 18E p-Pb, {5y =5.02TeV E

5 |5 1' 65 Charged b jets, Anti-ky, R=0.4, [, |<0.5 3 T |5 1 gE Charged b jets, Anti-kr, R=0.4, I1,,1<0.5 3
~l~-1.0 - o "~ E ]
o = 3 Q. ]
T |3 145 3 SR 14 E
= ""L1_2:__ 1 1 é b‘l bo_1.2 -
'8 'g E + ¢ & I } I 4 °I°  BELMYEeS] { ............. =
-.—|q: 1:_ ------------------------------------------------------- [ ''''' _: I ]
I 0.8F — _."D ) 5 bjel A, CMS =

E -+ bejet A, ] v 06 E. PPb =

0'65 Csyst Une. (Data) E o 04E [CJSyst. Unc. (CMS) E

0.4E  POWHEG+PYTHIAS hvg, EPPS16/CT14nlo E 0'2 - brjet Ryp, ALICE 3

0.2 ;_ Syst. Unc. (Theory, Scale variations) —; ‘D - DSVS[ Ulnc {ALIGE} | » | - =
R T T 50706150206 250" 300 0 oo
Pranje (GEV/0) Prani (52119

No strong CNM effects present in p—PDb.
CMS measured full anti-k; R=0.3 b-jets within -2.5 < n < 1.5.

12" Lomonosov conference

Isakov Artem

12



Summary

ALICE

* Results of differential production cross-section and b-jet fraction in pp collisions
are compatible with POWHEG simulations

« Within the current precision the ALICE measurement of charged b-jet R, does
not show to be affected by cold nuclear matter effects.

« The ALICE measurement of charged b-jet R, is compatible with the analogous
CMS measurements for full-jets.
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ALICE

Backup
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Bjet Analysis settings &,

ALICE

Event selection
® Minimum bias trigger (VO scintillator arrays)
® |z |<10cm
® Pileup rejection

After event selection we have 6 - 108 minimum bias events (pPb)
9.2 - 108 minimum bias events (pp)

Track selection
® |ntrack| < 09

Jet selection: Background density correction:
e Charged-particle anti-k_, R=0.4 Two leading k jets are excluded

e p_recombination scheme corrected RAW

® D, . > 0.15 GeV/c pT,charged jet ™ pT,charged jet P Ajet
, constituent Ch Faw
® [1,]<05 A physical jet . Pr,je
jet = physical jets % medlank { ,J }
A T physical jet A .
all jets jet
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