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Dijet momentum imbalance

e anti-k7 Particle Flow R=0.4 jets balanced x|

« UE subtraction with iterative noise/
pedestal subtraction technique

* Dijet selection:
In|<1.5
p71>100 GeV/c !
o7.>40 GeV/c 0 <xy> 1
Ad+ ->21/3

imbalanced x;

* Dijet imbalance
X)= P12/ P11

* Dijets are not perfectly balanced
even in QCD

e t+detector resolution effects

0 <XlJ> 1
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Combinatorial background subtraction

Combinatorial background jets are

uniform in |Ag|

Sometimes the background jet is
higher than the true subleading et

* true pair is replaced with

combinatorial

We subtract such events with the

Ao sideband

signal jet

e
background et

* selected pair

¥
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Combinatorial background correction

404 pb™ (5.02 TeV PbPb)

e After subtraction the true pair is r e
% CMS

lost o Preliminary
S 09 -
» subleading jet finding efficiency € | —025%
can be derived from the £ osgf —57.5% -
. O I —7.5-10%
spectrum of the background jets 2 | 10-15% |
. . . 0.7 15-20%
e correction is applied to account 3 20-25% -
. = —25-30% -
for the lost duets § 0.6 —30-100%]
s d ]
EPPNNL o 0.5 .
&gnauet L Lo b b b b b b Lo L

— 40 50 60 70 80 90 100 110 120 130 140
background jet p_ [GeV]
*selected pair  w |1 L
] e’ e e.g.40 GeV jets in most central bin are
. -3 lost 50% of the time, so we correct x2
1\ 4 whenever we find pair with subleading
" 40 GeV jet
\
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b-tagging

e we are defining a b-jet as a jet which has b-hadron in the vicinity of jet axis
* b-tagging = b-hadron reconstruction

* there are two ways to perform identification of b-hadrons:
* weak decay into leptons
e b-hadron lifetime results in a displaced vertex

The tagging of b-jets in this analysis is performed with identification of
secondary vertex and displacement of tracks in the et

O b-hadron
orimary secondary
vertex vertex

Stas Lisniak



D-|et discriminator

Combined Secondary Vertex
(CSV) discriminator is
constructed from

the vertex information (if there
IS one)

* flight distance significance
e nvariant mass
from tracks

e Impact parameter
significance

Purity = fraction of b-jets in
the selection

Efficiency = fraction of b-jets
selected
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b-tagging In PbPb collisions @ 5 TeV
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Heavy flavor production
@ NLO Pythia

Flavor Creation

gluon fusion or qQ hard scattering
annihilation

heavy quarks are
back-to-back

o

g

g b

g b

Flavor Excitation

b e sea bb pair is excited ISR
by gluon or light quark
heavy quark is back-to-
back with light parton

g g

Sl

g

Gluon Splitting FSR / parton

b * glUOﬂ SplItS into bB Showerlng
small angle between

heavy quarks

J g
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b dijet Imbalance In pp
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Flavor process reweighting

* The two highest pT jets are b-tagged and back-to-back ( |Ad1,2|>2m/3)
* The first and third highest pT jets are b-tagged and back-to-back ( |Ad+3|>21/3 )
* The first and third highest pT jets are b-tagged and nearby ( |Ad1,3|<T11/3 )

¢ /3
/3 /3

211/3

21/3 21/3

Category Category

|Ad1 2|>2m/3 |Ad1,2|>2m/3

|Ad1,3|>2m/3 |Ad1,3|>2m/3

|Adp1 3|<m/3 |Ad1,3|<m/3
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Flavor process reweighting

before after
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* Result: FCR fraction in analysis selection 50% — 70%

e Pythia overestimates the FEX contribution to back-to-back topologies.
o After reweighting - same data/Pythia agreement as for inclusive jets

e Similar conclusion in CDF PRD71 (2005) 092001
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https://arxiv.org/pdf/hep-ex/0412006v1.pdf

Systematic uncertainties

Source pp | 30-100% | 10-30% | 0-10%
Combinatorial subtraction - 0.001 0.006 0.014
Subleading jet finding - 0.002 0.004 | 0.004
Energy scale 0.001 | 0.006 0.010 | 0.013

Jet resolution 0.007 | 0.008 0.010 | 0.012

total 0.007 | 0.010 0.016 | 0.023

Table 4: Absolute systematic uncertainties on (x;) for inclusive dijets.

Source pp | 30-100% | 10-30% | 0-10%
Combinatorial subtraction - 0.008 0.008 | 0.008
Subleading jet finding - 0.002 0.004 | 0.004
Tagging efficiency 0.002 | 0.003 0.003 | 0.009
Signal mistagging 0.002 | 0.004 0.006 | 0.006

Jet energy scale 0.001 | 0.006 0.010 | 0.013

Jet resolution 0.007 | 0.008 0.010 | 0.012

total 0.008 | 0.014 0.018 | 0.023

Table 5: Absolute systematic uncertainties on (xj) for b dijets.

* pp results have been smeared according to the jet resolution In
PbPDb in order to make data-based reference

Stas Lisniak



dijets

iInclusive

b dijets

Event fraction

Event fraction

Inclusive and b dijet imbalance @ 5 TeV

PP

30-100%

25.8 pb™ (5.02 TeV pp)

404 ub™ (5.02 TeV PbPb)

10-30%

404 ub™ (5.02 TeV PbPb)

0-10%

404 ub™ (5.02 TeV PbPb)

0.4 YTY‘YYYY{YYYY{TYTY‘YTTT{TYTY{YYYY{YTYT{TYTT‘TTT TTT‘TTTT‘TTTT‘TTTT‘TTTT{YYYY{YYYY{YYYY{YYYY{YYY TYT{TYYY{YYYY‘YTYT{TTTT‘YTYY{YYYY{TYTY‘YTYT‘TTT"E TTT‘YTYT{TYYY{YYYY‘YTYT‘TYTY‘YTYY{YYYY{TYTY‘YTT
ECMS Inclusive dijet Inclusive dijet 1 CMS Inclusive dijet T CMS Inclusive dijet ]

0.35 - Preliminary clusive dijets clusive dijets “F Preliminary clusive dijets “F Preliminary clusive dijets 3
C e Data e Data T e Data T e Data ]

03 E —— Pythia6 —— pp-based reference | —— pp-based reference + —— pp-based reference

0.25 - + - =

02 . - - . -
C U T e o T ° ]
C ° L T ° T . ]

0.15 - ‘I_.J_'_'—'—\_L . o — ﬁ? E
C i 0 =N ° ]
C ° N - o ° ]
01 - ¢ °
C ° C T

0.05— ° - i
C C T °

0 \\:l\lllell'l—ﬁlllllllllllllllllllllllllllllllll\ \\\\lllell‘l_!_h1111ll11lllllllllllllllllllllllll\ \\=l\lllelli_!_!!rflllllllllllllllllllllllllllllllll\i\\\\“!‘W1111}1111llllllllllllllllllllllll
0 0102 03 04 05 06 0.7 08 0.9 0.1 0.2 0.3 04 05 06 0.7 0.8 0.9 0.1 0.2 03 04 05 06 0.7 0.8 0.9 0.1 0.2 03 04 05 06 0.7 08 09 1

X, X X Xy

04 25.8 pb™ (5.02 TeV pp) 404 ub™ (5.02 TeV PbPb) 404 ub™ (5.02 TeV PbPb) 404 ub™ (5.02 TeV PbPb)
. TTT‘TYTY{YYYY YYYY{YYTY‘YTYT‘TTTY‘YYYY{YYYT{TYT TYT{TYTY{YYYY YTYT{TYTY‘TTTT‘TTTY‘YTYT{TYTY‘YTY YTY‘YTTT{TYTY YYYY{YTYT{TYTT‘TTYT{YYYY{YYYY‘YTY"E YTY‘TTTT{TYYY TYTY{YYYY{YTYT{TYTY‘YTYT{YYYY{YYT
- CMS - CMS - CMS T CMS ]
C . b dijets r g b dijets r gy b dijets T+ . b dijets E

0.35 = Preliminary — Preliminary — Preliminary - Preliminary ]
C e Data C e Data C e Data T e Data ]

0'3; —— Pythia6 - —— pp-based reference —— pp-based reference + —— pp-based reference

0.25 - - - - .

0.2F - + - + -

0.15 - + '+ T

0.1F - + + + -

0.05 - | I T

7\\\\lllll“_f_#f_f_‘lllllllllllllllllllllllllllllllll\Ai\“““‘“lTQ—A‘lllllllllllllllllllllllllllllllll‘:k"\\lllllw

0
0 0102 03 04 05 06 0.7 08 0.9

Xy

Stas Lisniak

01 0.2 0.3 04 05 0.6 0.7 08 0.9

Xy

01 0.2 03 04 05 0.6 0.7 0.8 0.9

Xy

01 02 03 04 05 06 0.7 0.8 09 1

Xy

14



(x)

Results summary
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* The increase of imbalance of inclusive dijets from pp to
central PbPb collisions has been confirmed @ 5 TeV

* The imbalance of b dijets has been observed for the first time
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Conclusions

e Dijet measurement is
improved compared to |
previous results with |

_CD
-4 O
1 O,
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e Back up
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heavy quark production @ NLO

flavor creation (FCR) _,4/_

2 b-quarks from hard scattering /

flavor excitation (FEX) —> 4

1 b-quark from hard scattering /

gluon splitting (GSP)

shower, fragmentation
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CSV variables

The following set of variables with high discriminating
power and low correlations Is used:

e the vertex category (real, “pseudo,” or “no vertex”);

e the 2D flight distance significance;

¢ the vertex mass;

e the number of tracks at the vertex;

e the ratio of the energy carried by tracks at the vertex with
respect to all tracks In the jet;

e the pseudo-rapidity of the tracks at the vertex with
respect to the jet axis;

e the 2D |P significance of the first track that raises the
invariant mass above the charm threshold of 1.5 GeV when
subsequently summing up tracks ordered by decreasing
IP signiticance;

e the number of tracks in the jet;

e the 3D signed IP significances for each track in the jet
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process reweighting Ag
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b-jet / inclusive jets

; 25.8 pb™” (5.02 TeV pp) + 404 ub™ (5.02 TeV PbPb)
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pb-quark production in Pythia

arXiv:hep-ph/0201112

ppbar

Integrated b-quark Cross Section for PT > PTmin

1.0E+02 - b-quark Rapidity Correlationsl
Pythia Total -
PYTHIA ——O——Flavor Creation .
CTEQ3L —=—Flavor Excitation 0.70 Pythia CTEQ4L 1.8 TeV
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e [he total single b-quark  FEX sends recoll quark
Cross section is described outside of acceptance
well by Pythia © region
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