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Jet and jet mass (M)

> Jet

* Algorithmically clustered final state particles

(bunch of stable hadrons)

* Useful tool to study pQCD in pp collisions and
properties of QGP in AA collisions

» How to calculate the Jet mass (M,.,)?

* Miet = [Sigjetlsl = VE> - D+ P
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Jet constituents
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Why do we measure jet mass?

?

» > Substructure

e Jet 'invariant mass’

> Jet mass cross-section

 QCD radiation induces the momentum transfer
(~virtuality) to the massless parton

« QCD radiation assigns peak and width to
O'(Mjet)

0 (Mjet) contains radiation pattern info in jets

Semi-inclusive jet mass (jm KANG)

p+p Vs =200 GeV

o
D
||l||||

20 < pTJe' <25 GeVic

=
w
T T

1/N dN/dM [c%GeV]

°
=

S f STAR M,
W, % STARM
CIE
% 0.3 20<p  <25GeVic
Z !
Z 0.2:

0.1F
-

Tl Lew X 4 Lo [ oo &k ST 63 X
anti-k, jets, mjetl <1-R i
SoftDrop z .= 01,3=0 2
30<p. <40GeVic |

T.jet

wsxs PYTHIA-8 parton jets

=i PYTHIA-8 SD parton jets
E= Lee et al.
(T Lee et al. SD

30<p_  <40GeVic

T,jet

My, [GeV/c?]

2
M, [GeVic?]

STAR, Phys. Rev. D 104, 052007 (2021) 3




Jet mass in heavy-ion collisions

»The goal of this study
»Measuring M, in wide pr;.; range

»Searching modification of final-state radiation
pattern in AA

»Searching modification of parton virtuality evolution

* pp : gradually decreased

e AA:7?
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Difficulties of jet measurements in AA

» Combinatorial background

*  Lage background particles uncorrelated with hard scattering
are created in AA collisions

*  We cannot clearly distinguish signal jets and background jets
on an event-wise basis, especially at low py and large R

*  Mjand prje of signal jets are distorted due to the

background particles

» Chellenges

« How do we subtract the contribution from background jets?

« How do we correct the distorted signal jets?
Jet from heavy-ion

background
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Semi-inclusive recoil jets measurement

»How do we subtract the contribution from background jets?

The components of the same-event (SE)
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» We can’t distinguish signal jets and background jets in data
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Semi-inclusive recoil jets measurement

»How do we subtract the contribution from background jets?

The components of the same-event (SE)
N
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‘ » Many of background jets can be easily discarded by selecting recoil-side jets from the hard trigger particle \
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Mixed-event technique

> Mixed-event technique can further remove
the background jets

Same-event

(SE)

» Toy study example :

« Signal : A single high p; (15 GeV/c) particle
in each event

» Background : Thermal model

* Then, (p*r;,) = 15+0 GeV/c

Semi-inclusive jet mass - JM KANG

> SE can be decomposed by two parts
» SE = Smeared signal + bkg

* We need to subtract bkg in SE



Mixed-event technique

> Mixed-event technique can further remove
the background jets

» Toy study example :

« Signal : A single high p; (15 GeV/c) particle
in each event

» Background : Thermal model

* Then, (p*r;,) = 15+0 GeV/c

Same-event

(SE)

> SE can be decomposed by two parts

» SE = Smeared signal + bkg

* We need to subtract bkg in SE
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» SE = (Smeared signal) + (bkg in SE)
» SE - (bkg in SE) = (Smeared signal)
» But we don't know (bkg in SE)

» Can we make a proxy of (bkg in SE)?

* Mixed-event (ME) technique




Mixed-event technique

Same-event Mixed-event
(SE) ,'fo,?\\) (ME) " oY . (Bkg in SE) vs ME

N jets

single particle ® thermal bkg
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> Mixed-event

« Synthesizing uncorrelated events from real data events within the
same class 10

 ME ~ bkgin SE
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Mixed-event technique

Same-event Mixed-event (SE-ME) vs Smeared true
" o~
(SE) 'l'g:‘\) (M E) I 5 30000
II \_{3', f >  single particle ® thermal bkg
- .. B
l' (’%“,\;3 25000 [~ Y <2 p{*=150GeVic | smeared
] ,,\,:.\’ | - A >0.35 R=0.4 BSE_fidealME
- B ideal
~ - f%"=06158 f=0.6119 -
i 20000 - 7002 < 400 o] SE - fmE
B T -
I How to subtract this? | 15000 |- .
S | N .
10000 {— i
5000 [— .
o oo
g E —o— (SE-fidea'ME)/sn':ared
2 ? —— (SE-f”a'ME)/smeEred
15 =
* Yield corrected spectra (SE-ME) 1 o S ::####H H-
Sub ME i d of (bkg in SE) i bel level 05:—”‘:
ubtract instead of (bkg in SE) in ensembel leve . 0 2 20 e 30
) pre-co
« SE-ME = (Smeared true) + (bkg in SE) = ME ~ (Smeared true) "
11

Semi-inclusive jet mass - JIM KANG



Uncorrelated background

»How do we correct the distorted signal jets?

effect

Each jet has it's own background jet 4-vector
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> Jet reconstruction has been applied in event-by-event

> Proxy of background jet four-vector (p{)‘kgj ot)

* Calculated by prjet and mrje; density (p, p) based on
median value estimation

reco reco

» Reconstructed Prjet and Mjet (pT']‘et; jet )
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» Smearing effect (uncorrelated background effect)

reco __ signal
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Unfolding

»How do we correct the distorted signal jets?

Previous pr ., measurement

with this analysis chain
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» Correction of uncorrelated background effect using RooUnfold package

signaly _ RPke(prSee, 15 GeV/c)

> Response matrix RP*8(piSee, py oy
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Closure test for (prje; M

) measurement

» Semi-inclusive jet mass measurement with ME

technique
* Extension of previous prjet measurement

* Prjett0 (Prjet , Miet) measurement

» MC closure test

 PYTHIA events are embedded to thermal

background model and tested

Semi-inclusive jet mass - JIM KANG

‘ Analysis chain \

Signal event gen Embedding ﬂ J%gﬁgg \

2D unfolding

Signal vs
unfolded

1D unfolding
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P1jet Closure test result

» Raw pr . distribution > Fully corrected pr, distribution
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P1jet ClOsure test result
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> Fully corrected pr, distribution
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M;e Closure test result (PYTHIA and SE)

Signal (PYTHIA)
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Smeared signal + bkg
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1. Signal distribution (PYTHIA) was distorted by bkg

2. Distorted PYTHIA was hidden in SE
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M;¢ Closure test result (SE and ME)

Same-event (Smeared signal + bkg) Mixed-event (bkg)
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3. SE-ME (subtract bkg in SE)
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M;.. Closure test result (SE-ME and unfolded)
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4. (SE-ME) -> Unfolding -> PYTHIA
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M;e closure test result (PYTHIA vs unfold)

> Fully corrected M, spectra
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Validation of closure within 5%

> Projection into M. integrate several prjec bin

e [0,5] GeV/c (PYTHIA ~ unfold)




M;e closure test result (PYTHIA vs unfold)

> Fully corrected M, spectra
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Validation of closure within 5%

> Projection into M. integrate several prjec bin
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M;e closure test result (PYTHIA vs unfold)

> Fully corrected M, spectra
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Validation of closure within 5%
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> Projection into Mje, integrate several pr et bin
e [0,5] GeV/c (PYTHIA ~ unfold)
e [5,10] GeV/c (PYTHIA ~ unfold)
« [10,30] GeVc (PYTHIA ~ unfold)
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Summary

> Jet is a useful tool to study QGP and we can access to the parton virtuality evolution in AA by

measuring precise jet mass in heavy-ion collisions

> As a correction of combinatorial background for jet mass measurement, framewrok of semi-

inclusive measurement as a function of (prjet , Miet) is developed and tested via PYTHIA embedding
» Both prjet , Miet closure tests are showing reasonable closure result

» Next step

* Apply to the data (200 GeV Au+Au collisions with STAR collaboration)
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