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Introduction

4 Analysis of jet production require:

Jet reconstruction and
background subtraction as
close as possible as the
experimental analysis

Generation of medium-
modified jet events and a < >
realistic background

/

How to (de)couple the
hard event from the
background?

How to model a realistic
background?




Introduction

4 Analysis of jet production require:

Jet reconstruction and

modified jet events and a & »| background subtraction as
close as possible as the

realistic background : .
experimental analysis

— N

Generation of medium-

How to (de)couple the Need to understand
hard event from the different ingredients
background? used in jet analysis.
How to model a realistic How do they affect the
background? different observables?




Introduction

4 Analysis of jet production require:

Jet reconstruction and

modified jet events and a & »| background subtraction as
close as possible as the

realistic background : .
experimental analysis

— N

Generation of medium-

How to (de)couple the Need to understand
hard event from the different ingredients
background? used in jet analysis.
How to model a realistic How do they affect the
background? different observables?

Necessary for a more precise extraction of medium properties!!!



Introduction

4 Analysis of jet production require:

Jet reconstruction and

modified jet events and a = ,| background sul:_Jtraction as
close as possible as the

realistic background : .
experimental analysis

— N

Generation of medium-

How to (de)couple the Need to understand
hard event from the different ingredients
background? used in jet analysis.
How to model a realistic How do they affect the
background? different observables?

Necessary for a more precise extraction of medium properties!!!

4 Ingredients:
4 Hard Event: quenched or unquenched (e.g: Q-PYTHIA,...)

4 Background: different modelings (e.g: PSM, Thermal,...)

4 Background subtraction: different techniques (e.g: FastJet, Pedestal,...)



Introduction

4 Analysis of jet production require:

Jet reconstruction and

modified jet events and a = ,| background sul:_Jtraction as
close as possible as the

realistic background : .
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— N

Generation of medium-

How to (de)couple the Need to understand
hard event from the different ingredients
background? used in jet analysis.
How to model a realistic How do they affect the
background? different observables?

Necessary for a more precise extraction of medium properties!!!

4 Ingredients:

4 Hard Event: quenched or unquenched (e.g: Q-PYTHIA,...) Play with them and
check the influence on
different observables.

Centrality class: [0-10]%

4 Background: different modelings (e.g: PSM, Thermal,...)

4 Background subtraction: different techniques (e.g: FastJet, Pedestal,...)



Background Models

4 Two different background models:

4 Parton-String-Model (PSM): (arXiv:hep-ph/0103060)
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Background Subtraction

4 Two different background subtraction techniques (p = ™minP2" = 1GeV):

4 FastJet
4+ kr-jets with R = 0.4;
4 Subtraction with active areas on the jet level.
4 Pedestal
4 1) Define a grid resembling the calorimeter segmentation of CMS;
4 2) Background estimation in each cell:
tower(|) = Ethwer ; tower(l) = = iEtower(! )2" ! iEtower(! )"2
& $ bins 5 p
4 3) Correct each cell by:
Etower' = max I_—__tower | tower(l) ! % #tower(|) ’06
4 4) Using only non-zero E"*"feconstruct jets with Et > E rgad.R = 0.3;
4 5) Removing the particles contained inside the previous list of jets, repeat 2);
4 6) Do 3) with the new background parameters but initial values of EZ/57)
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4 Two different background subtraction techniques (p = ™minP2" = 1GeV):

4 FastJet
4+ kr-jets with R = 0.4;
4 Subtraction with active areas on the jet level.
4 Pedestal
4 1) Define a grid resembling the calorimeter segmentation of CMS;
4 2) Background estimation in each cell:
tower(|) = Ethwer ; tower(l) = = iEtower(! )2" ! iEtower(! )"2
& $ bins 5 p
4 3) Correct each cell by:
Etower' = max I_—__tower | tower(l) ! % #tower(|) ’06
4 4) Using only non-zero E"*"feconstruct jets with Et > E rgad.R = 0.3;
4 5) Removing the particles contained inside the previous list of jets, repeat 2);
4 6) Do 3) with the new background parameters but initial values of EZ/57)

Two parameters in the method: # and E  tjets
We need to fix them
(CMS: #=1.0, Etjets ! [10,15] GeV)
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Background Subtraction

4 Fixing the parameters of the background subtraction technique:

4 Fixing # = 1 and find the best E Tjets by estimating the background density and fluctuations:
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4 Fixing the parameters of the background subtraction technique:

4 Fixing # = 1 and find the best E Tjets by estimating the background density and fluctuations:
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4 Fixing the parameters of the background subtraction technique:

4 Fixing # = 1 and find the best E Tjets by estimating the background density and fluctuations:
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4 Problem: Bad reconstruction of the single-jet inclusive spectra...
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Background Subtraction

4 Fixing the parameters of the background subtraction technique:

4 Fix Etjets = 30 GeV (closer from CMS value), and find the best  # by constraining the single-jet
inclusive spectra:

! PbPb 2.76TeV, ptgen = 5-302 GeV S PbPb 2.76TeV, ptgen = 5-302 GeV O PbPb 2.76TeV, ptgen = 5-302 GeV
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Pedestal and FastJet subtraction with similar results, depending on the parameters...
PSMvs. T = 0.7 GeV: Identical " but different % | Differences in the soft part of the jet
spectra.



Bkg & Bkg Subtraction

4 Similar results on the dijet asymmetry...
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Bkg & Bkg Subtraction

4 Similar results on the dijet asymmetry...

4 ...but some differences in the dijet azimuthal correlation with increasing
fluctuations:
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Flow

4 Thermal model:

. - . dN !
4 Azimuth particle distribution modulation: gt 1+ vn(pr)cos@!)
: n

4 Integrated p T values (peripheral collisions): & 2(pT1)=<&> = 0.1 and &3(pT) = <&3>=0.03

4 Effective values of " et (GeV):

Temperature (GeV) | v»o=0.0,v3=0.0 | v»=0.1,v3=0.0| v»,=0.1,v3=0.03
T—=0=7 7.69 9.16 9.26
B — 10.74 13:3% e = A
T ==iit2 15,14 19.36 19.67




4 Thermal model:

4 Azimuth particle distribution modulation: ar 58 s

dN

vn(pr)cos(n!)

n

Flow

4 Integrated p T values (peripheral collisions): & 2(pT1)=<&> = 0.1 and &3(pT) = <&3>=0.03

4 Effective values of " et (GeV):

Temperature (GeV)

v2=0.0,v3=0.0

V2:0.1, V3:0.0

V2:0.l, V3:0.03

T—=0=1
T=0.9
Tz

7.69
10.74
15.14

9.16
13:3:k
19.36

9.26
13.47
19.67

Effective value is
increased!



4 Thermal model:

<
> 2

Azimuth particle distribution modulation: al

Effective values of " jet (GeV):

dN
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Temperature (GeV) | v =0.0,v3=0.0
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No effect on the dijet asymmetry, but on the dijet azimuthal correlation (for large "
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Integrated p T values (peripheral collisions): & 2(p1)=<&> = 0.1 and &3(pT) = <&> = 0.03

Effective value is
increased!

jet )

PbPb 2.76TeV ptgen = 70 GeV
Etmin =1 GeV
Etl =120 GeV
Et2 = 30 GeV
R=0.3
4=0GeV?fm*
T =1.2, mult = 2100
Pedestal bkg sub

Etiets =30GeV, k=22

-------- v2=0.0,v3=0.0
----- v2=0.1,v3=0.0
v2=0.1,v3=0.03
—4— CMS data

—4+— CMS MC

i




4 Thermal model:
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> 2

dN

Azimuth particle distribution modulation: al

1+

n

vn(pr)cos(n!)

Flow

Integrated p T values (peripheral collisions): & 2(p1)=<&> = 0.1 and &3(pT) = <&> = 0.03

Effective values of " jet (GeV):

Temperature (GeV) | v»o=0.0,v3=0.0 | v»=0.1,v3=0.0| v»,=0.1,v3=0.03
=0 7.69 9.16 9.26 Effective value is
T-=8z9 10.74 130k 13.47 increased!
T=1.2 15.14 19.36 19.67
No effect on the dijet asymmetry, but on the dijet azimuthal correlation (for large " jet )
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4 Thermal model:

Bump near

"1 #0
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Azimuth particle distribution modulation:
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Flow

Integrated p T values (peripheral collisions): & 2(p1)=<&> = 0.1 and &3(pT) = <&> = 0.03

Effective values of " jet (GeV):
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No effect on the dijet asymmetry, but on the dijet azimuthal correlation (for large "
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4 Thermal model:

4 Azimuth particle distribution modulation: a =

Y 2

dN

vn(pr)cos(n!)

n

Flow

Integrated p T values (peripheral collisions): & 2(p1)=<&> = 0.1 and &3(pT) = <&> = 0.03

4 Effective values of " et (GeV):

Temperature (GeV) | v»o=0.0,v3=0.0 | v»=0.1,v3=0.0| v»,=0.1,v3=0.03
=20 7.69 9.16 9.26 Effective value is
T=0.9 10.74 13735 13.47 increased!
TS 15.14 19.36 19.67
4 No effect on the dijet asymmetry, but some on the dijet azimuthal correlation (larger " jet ):

g t No Flow

-6 l.l I h "

5I-5-.'

Strong correlation between A j;and ( 12!




Jet Quenching

4 Effect on dijet asymmetry and azimuthal correlation:

4 Q-PYTHIA (PQM geometry) with different ghat parameters:

J
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Jet Quenching

4 Effect on dijet asymmetry and azimuthal correlation:

4 Q-PYTHIA (PQM geometry) with different ghat parameters:

) —~
< 4 PbPb 2.76TeV ptgen = 70 GeV || "54-5[~ [PbPb 2.76TeV pigen = 70 GeV
> r #">21/3 g N Etmin = 1 GeV ’
> e Etmin = 1 GeV = 4 Et1 = 120 GeV. §
£3.5[ Etl = 120 GeV 3 Et2 = 30 GeV *
C G Et2 = 30 GeV 2360 R=0.3, Rbkg = 0.4
3 i R =0.3, Rbkg = 0.4 z [ T = 0.9, mult = 2100 i
;+_ 1 _{_ T =0.9, mult = 2100 A B FastJet bkg sub B
- ; FastJet bkg sub 3| q=0GeV*fm™
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Not a perfect description of data, but go in the same direction
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Jet Quenching;

4 Effect on average missing transverse momentum me;
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Jet Quenching;

4 Effect on average missing transverse momentum T‘D!T
4 CMS results: dijets events with large momentum imbalance
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4 Energy recovered at large angles.
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4 Effect on average missing transverse momentum T‘D!T
4 CMS results: dijets events with large momentum imbalance

4 Core of subleading jets is degraded in energy; Suggestion of large angle

4 Energy recovered at large angles. transportation of soft particles
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Jet Quenching;

4 Effect on average missing transverse momentum T‘D!T
4 Considering events with large asymmetry (A  ;>0.3):
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4 Effect on average missing transverse momentum T‘D!T
4 Considering events with large asymmetry (A  ;>0.3):
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Jet Quenching;

4 Effect on average missing transverse momentum ng;

# jets (p T > 8 GeV)

4 Considering events with large asymmetry (A
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4 Effect on average missing transverse momentum ng;

# jets (p T > 8 GeV)
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Jet Quenching;

4 Effect on average missing transverse momentum T‘D!T
4 Considering events with large asymmetry (A  ;>0.3):

_ R>0.8

§ 40 [PP 2.76 TeV ptgen = 70 GeV

e r §=8Gev?fm?

M F I 0.5-1.0GeV f \

v 35— |[11.0-20GeV
- |0 2.0-4.0Gev @ = .

Lol | HE 20-80Gev Soft emission

- [ I >8 GeV

at large angle
Ea from the sub-
leading jet

25}

20f

15F

Er<<En

Quenching effect CD

10F

E

o
: \_ %,
_57lll‘llll‘llll‘llll‘llll‘llll‘llll‘llll‘llll‘llll
0 005 01 015 02 025 03 035 04 045 05
AJ
- All R N\ [ R! 0.8 ) . R>08
S > S [ S f
o () ) L
o T O34 el , 3 F
o — [e¢] = 'r 0309*
A N L EREEEEEEEEE ,>\ " F
& 5 e _r e £y
f'>\ A N A 32— Q o081
) — 2] - 1 ~ -
s L 2 L : A ¢
O |g f ¥t O 2o7 g
@) 45/ 3= 0 &
co) i o A o8
N S 2.8 ~ F
4 PRIt r (&) 0.5~
= - ; i e -
Focemaooo - ! r e C
8 i E 26— . J = 0.4
3.5— - (2, E :
2 i : r ~— 0.3F : et
& C i pp 2.76 TeV pigen = 70 GeV 241 1% - L. .
o ; "
H FUTTTTTTTT O e G=0GeV?fm™ I (D) 0.2
3 A oo -
N R §=4GeV?fm? 22—
. . e - +* 0.1F
= —— 4 =8GeV-im L r
2_51\\\‘\H\‘HH‘HH‘\\H‘\\H‘HH‘HH‘HH‘HH le\‘\H\‘\\H‘\\H‘\\H‘\\H‘HH‘HH‘HH‘HH Ol\H‘\H\‘HH‘HH‘H\\‘H\\‘HH‘HH‘HH‘HH
0 005 01 015 02 025 03 035 04 045 05 0 005 01 015 02 025 03 035 04 045 05 0 005 01 015 02 025 03 035 04 045 05

\_ AN AJ Ay |3




Jet Quenching;

4 Effect on average missing transverse momentum ng;

# jets (p T > 8 GeV)
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Conclusions

4 Background models:

4 For jet level studies, a correct description of % and " et may be enough, but for particle
studies, we need a correct modeling of a realistic UE.

4 Background subtraction:
4 FastJet seems to give similar results to a Pedestal subtraction technique, but a pedestal
method needs fine tuning of the parameters (background dependent).
4 Even after subtraction procedures, background still has an influence on the observables.

4 More observables without background subtraction (like average missing transverse
momentum)?
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4+ OStandardO jet quenching models (like Q-PYTHIA) are not enough for a complete description
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4 Dominant energy loss mechanism: semi-hard emissions or transportation of soft
momentum particles? Multiple emissions + energy conservation?
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Thanks!



