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e High-p, hadron suppression - extensively 1_55
measured at RHIC and the LHC

e Reconstructed jets - broader exploration
of jet quenching mechanisms
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e Different jet measurement channels:

STAR preliminary

inclusive, coincidence, heavy flavor
e RHICvs. LHC
e This talk:

o First inclusive charged-jet measurements in Au+Au at \/sNN =200 GeV
{arXiv:xxxx}
o First look at fully-reconstructed inclusive jets in Au+Au at \/sNN =200 GeV
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STAR Experiment

This analysis utilizes:

EEMC Magnet

e Time Projection Chamber (TPC)

o Charged-particle identification and precise
momentum reconstruction

e Barrel Electromagnetic Calorimeter

(BEMC)
o Detection of neutral and charged particle
energy

o Fast detector used for triggering

e Vertex Position Detector (VPD)

o Minimum-bias trigger
o Fast detector for pile-up event rejection

Full azimuthal coverage; || < 1
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Dataset and Analysis

Data sample: Au+Au at Vs, = 200 GeV:

e 2011 minimum-bias, L =6 ub™ (charged jets)
e 2014 minimum-bias and BEMC-triggered, L. = 5.2 nb™ (full jets)

Centrality: Determined from charged-track multiplicity within |5, _ | < 0.5
e Central (0-10%)
e Peripheral (60-80%)

Event selection:
° |VZTPC| <30 cm, |VZTF’C - VZVPDl <3cm

Primary track selection:

|ntrackl < 1
e Number of TPC hits > 14; ratio of used to maximum possible TPC hits > 0.52
e DCA<1cm

p+p reference: PYTHIA 6.428, Perugia 2012, STAR tune | petais in: sTAR, PRD 100, 052005 (2019)
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Jet Reconstruction

e Charged jets: charged tracks from TPC

e Full jets: charged tracks from TPC + neutral energy from BEMC clusters,

corrected for hadronic energy deposition in BEMC [ petais in: sTAR, PRL 115.002002 2015)

e Anti-k; algorithm, R = 0.2,0.3,04
e Fiducial acceptance cut: |”jet| <1-R
e Constituents:
o charged: 0.2 < p.<30.0 GeV/c
o neutral: 0.2 < E. < 30.0 GeV

e Inclusive jet analysis: two-step correction (event-by-event, ensemble)
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Inclusive Charged Jet Spectrum Analysis:

Event-by-event Step
Areacut: A  >=0.07/02/04srforR=0.2/03/04

o
e Approximate jet-wise background subtraction (FastJet)
raw,i % j: STAR preliminary
reco,i raw,i i . . T,jet S 2014
P Jet = P Jet AJet , where p = median Ai S 40, AusAu 'Sy = 200 GeV 10°
jet § .- Charged jets, k,R=03
e Combinatorial jets suppressed by imposing a cut on 10°
leading hadron transverse momentum (pT’Iead) 102
10

Imposes bias on jet fragmentation and breaks
> 5 GeV/c)

O
collinear safety

— as low threshold as possible (p;,,,

>7 GeV/c

o Measure bias using p,__,
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Inclusive Charged Jet Spectrum Analysis:

Event-by-event Step

Raw charged jet spectra
reconstructed in central and
peripheral collisions with
various P jead thresholds

R=0.2

High p- ., cut preferentially
suppresses yield at low and

negative p

combinatorial jet contribution

is largest

reco,ch
T,jet

, where
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Inclusive Charged Jet Spectrum Analysis: Ensemble

Step
e Unfolding: iterative Bayesian and SVD
(systematic uncertainty estimation)

e Factorize background fluctuations and
detector effects

e Background fluctuations: embed different
jet-like objects

o Variations of fragmentation pattern:
Single Particle (SP),
PYTHIA light-quark jet (PYIq)

___reco,ch emb
OPT = Prjet — Pr
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Inclusive Charged Jet Spectrum Analysis: Ensemble

Step
e Unfolding: iterative Bayesian and SVD

(systematic uncertainty estimation)

e Factorize background fluctuations and
detector effects

e Detector effects: parametrized PYTHIA

detector RM ) P RM d p_ RM Xdetector RM
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Fully-corrected Inclusive Charged Jet Spectra

] ] | |
In Au+Au Collisions peripheral central
& 10 3 o 107 3
t Vs, =200 GeV
a S > 104k --e - R=0.3 — >: A0F K +* ..e- R=0.3 3
— [} E 3 () E * 3
N N e Q, 55 '0-‘ -4 -R=04 S?, il L= - 4-R=04 _
~ 107 - [ Jcorrelated unc. 3 ~ - F - @ [ correlated unc. 3
-gs 10 :r -_-‘-!‘! [ shape unc. 1‘5': 10°® 3 *.-_-— [ shape unc. 3
G- o =10 - - = )
pT,Iead > 5 GeVic %m 107 *_‘_ -— = E '8",5 7? o T e
= E E =107 — =
t I o Q ool sTARAuAU = et x10] S F sTARAMAU mem -l
L en ra = 0 an é 3 Vo =200GeV = E Qlti 10"3;r VS =200 GeV ke e
. 0 . . ;g 1079k chargediets, antk, - (et 1 3 10»95r charged jets, antiky ey E
peripheral (60-80%) collisions e M 1 € 7 omeimo ——
2107k Pre,, =5 Gevie e X 0.1 210k Pl =5 GeVic R
® F mJ<1-R 3 g E Mg l<1-R E
2010"”0' L é L lllol L .lls. L .210‘ L .2|5. L] it [ | N FUUEE FUU FUTE FETE ST T
N 30 b 0 5 10 15 20 25 30 35 40
ch h
P (GeVl/c) p;je‘ (GeVl/c)
o 10"3= o 102
<o E -4 - R=0.2 <o 3? -4 - R=0.2
> 104 --+- R=0.3 4 > 107°F --e- R=0.3 E
- <] 3 3 () E E
F -4-R=04 F - 4-- R=0. ]
e Spectra biased by p cut S b 1 € peme,
T’ |ead ’\E E e D correlated unc. ’\»ss E ""* [:] correlated unc. §
'gﬁ 106k S . shape unc. .gs 10°° 3 - -‘-‘ . shape unc. 3
Q;: % b *$ :10‘6; __ —— —:
U; 107 E -*__ [ 3 %ﬁi 107 ? *.*_ - === ;
e = 1 2107 - 3
p > 7 GeV/C E‘ 10‘8§_ STARAUHAL ey =$ X 10—5 a"_ E STARAUtAU  om = o) e §
Tlead S E (Sm=200GeV  wkm ] O 10°F {5u=200Gev emem e
= E i e E
JE 107 charged s, antky bl —— . ;‘Q 1oof. cheroediets, antikr ot 1
E e ] 3 g
PR ] %~ emepaw) = x01 |
2 10 Pricas Ee==s X 0.1 210 % Preas™ =
[ F hnl <1-R 3 o E m_|<1-R 3
231041....51)....1|o....1|5....2|0....2|5....:;0 231 no’ ........ [FFETE FETTY P FETIE RU STl PRare
= 5 10 15 20 25 30 35 40
. . ch ch
Robert Licenik. Hard Probes 2020 Pi e (GeVIC) Pl (GeVic) 10



Unbiased Region Determination

- : : , PTead > 7 GeV/c
e Unbiased region estimated from the ratio of yields with Praead > 5 GeV/c
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Charged Jet R,

e Strong suppression of central vs peripheral, weak p_-dependence

e Weak R dependence
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Charged Jet R ,: Comparison with LHC

e Strong suppression of central vs peripheral, weak p_-dependence

e Similar level of suppression as RHIC & LHC inclusive hadron R in the same
p; region, possibly different p_-dependence

e Suppression level and p_-dependence consistent with LHC jet measurements
at higher Prjet

R=0.2 R=0.3

1} T E
[ RHIC ch. hadrons: STAR, PRL 91.172302 (2003) ] : T ]

LHC ch. hadrons: ATLAS, JHEP09(2015)050
LHC ch. jets: ALICE, JHEP30(2014)013

Centrality selection different Au+Au sy = 200 GeV | Pb+Pb {s\=2.76 TeV |
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Charged JetR,

Details in:

STAR, PRD 100, 052005 (2019)

e p+p baseline: PYTHIA 6.428, Perugia 2012, STAR tune
e Significant jet yield suppression in central collisions
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Charged Jet R, ,: Comparison to Inclusive Hadrons

Only ~unbiased data points shown
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e Yield suppression consistent with inclusive
hadron suppression in central Au+Au collisions

at RHIC

PHENIX ch. hadrons: PRC 69, 034910 (2004)

STAR ch. hadrons: PRL 91.172302 (2003)
PHENIX % PRC 87, 034911 (2013)
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Charged Jet R, ,: Model Comparison

Only ~unbiased data points shown
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T,jet” " T, jet

NLO pQCD: I. Vitev et al. , PRL 104.132001 (2010)
Soft-Collinear Effective Theory (SCET): Y-T. Chien et al., PRD 93, 074030 (2016),
Y-T. Chien et al., JHEP05(2016)023

Hybrid strong/weak coupling model of jet quenching: J. Casalderrey-Solana et al., JHEP03(2017)135

e All calculations consistent with our measurement

e Models predict similar R, ,: current precision does not enable us

to discriminate between models
Robert Licenik, Hard Probes 2020
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Medium-induced Jet Broadening

e Ratio of inclusive cross sections with different R at fixed ijet
measures jet energy profile ’
Significant uncertainties cancel
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See also talk
by Joel Mazer
on Thursday
(June 4, 13:50)

central

_—~ NLO pQCD and SCET

calculations are for
full jets

e Peripheral: No observed modification of transverse jet profile compared to p+p
collision reference (< 1 for both HERWIG and PYTHIA)

e Central: Dispersion of models is greater in this observable than for R, ,

- strong physical motivation to improve systematic uncertainties and study full jets
Robert Licenik, Hard Probes 2020
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Outlook: Inclusive Full Jet p. Spectra

e Raw inclusive full-jet spectra : :
jetsp charged jet, 2011 full jet, 2014
reconstructed from . ]
. g § © AutAu (s, = 200 GeV PR ™ E % 10- tpad s 0 GeV/c STAR preliminary
|arge'stat|st|CS = 1:2 Central (0-10%) .., ——0GeV/c E E , +S£€ad:3 e e, Au+Au s, =200 G'ﬁ;/v 0-10%
: € [ atk,R-02 - - 3GVl 3 > fop> 5 - Full jet t'E;( >F‘l‘?g\;
BEMC-triggered s ' © sceve T 807 ul e, anti-ky, R =0,
'gﬂ 1026 mgl<1-R S e gy 1% %1 L ipkesg ml<1-R
% B = ':. 3 H 0 T
G - o« = -, = ~Z° =
dataset g TR
R - 02 & 10%; SR % é 104? e
& 10 -3 3 107 . *r,*"
"o 10*72— ’ O ++*,* —z ‘°757§ - g .’."",’
5 100k t o, ot - 107 = AT Ty
z 8 t = B AN i
:_“;‘:; ‘ b L ‘ D 10*’5\”\\\#Tﬂ\jmumu TR B R . 3. 3%
"\G é Au+Au s, = 200 GeV Pl = g*‘ 14pad > 0 GeV/c STAR preliminary
- . - S N — > i Au+Au \'s,, =200 GeV, 0-10%
e Increase in kinematic 3 | cnows IOV DB el P e, e e
= antiky, R=04 . . p o T, Full jets, anti-k;, R=0.4
s, o . 5|5 lead o, 7 o oy Jets, al ™
reach for future STAR & [ nici-r &7 = o000 Fa e h<1-R
[} A d - - -
. . . 5 : .0 ...' -._'.:...
inclusive jet results & S, Y
‘o - o".‘f’"’"“‘::;‘q{
= 0p et
g szt o + M
= 2 - 0‘ i g,
R=0.4 : R . *:Mﬁ*
% =T "t‘o‘ S RS R R—_— — T
B 0 60
pIEee " (GeVie) b (Gev/
19

Robert Licenik, Hard Probes 2020




&
)

-~ R=0.2
- R=03
- +-R=0.4
- = [ corretated unc.

- - - shape unc.
"

=
e

i
.

Summary

Tiet
[
S o
L &> h b
Ak R L I |
*

1S
=)

B — x:10

O \5m=200GeV =

=
9

e First measurement of inclusive charged jet distributions
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e Quenching models largely consistent with inclusive jet
measurements but opportunities for higher precision
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e High-statistics measurements of fully-reconstructed jets
in Au+Au collisions in progress "
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Jet Area Cut

e Area>=0.07,0.2,0.4
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Jet Reconstruction Efficiency

e Estimated from comparing matched parton- and
detector-level jets generated by PYTHIAG

e Negligible difference on parton type (u/g)
e Dominated by TPC tracking efficiency

e \Variations used for systematic uncertainty

estimation
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Background Description - Parametrized Model

Robert Lic

Combines simple Boltzmann-distributed independent emission
with hard jets fragmentation based on PYTHIA simulations
Background well-described by statistical phase space,
consistent with previous event-by-event E_. fluctuation and
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Outlook: Inclusive Full Jet p. Spectra - peripheral

e Raw inclusive full-jet spectra
reconstructed from large-statistics
BEMC-triggered -
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