Universality of jet energy loss in quark- UNIVERSITY OF BERGEN

gluon plasma using Bayesian inference

Alexandre Falcao™, Konrad Tywoniuk

University of Bergen

A data-driven perspective on jet quenching *alexandre.falcao@uib.no

ABSTRACT

Experimental data on a wide range of jet observables measured in heavy ion collisions provide a rich picture of the modification of jets as perturbative probes and of the
properties of the quark-gluon plasma that is formed in these collisions. However, their interpretation is often limited by the assumptions of specific quenching models, and
it remains a challenge to establish model-independent statements about the universality of different jet quenching observables. In this work, we address this issue by
proposing a treatment that is agnostic to the details of the jet-medium interactions, and that relies only on the universality of quark and gluon jet quenching in different jet
observables. We use Bayesian inference to constrain the parameterization of the energy loss of quark- and gluon-initiated jets in a data-driven manner. We fit the model
using the inclusive jet pr spectrum, which we can then use to predict di-jet and boson-jet measurements, providing evidence for the universality of quenching effects in
heavy ion collisions, free from the assumptions of specific models.

Jet quenching and energy loss Bayesian inference . -
In heavy-ion collisions, quark-gluon plasma is formed. Meanwhile, jets The parameterization of the | normal dist.
are created from hard scatterings. Contrary to what happens in proton- energy-loss is constrained by 07:_ ;Oaiﬁ;ﬂifm'
proton collisions, these jets evolve while interacting with the hot training the model with data from | 4+ [arLas201g)
medium via strong force, which changes the jet structure, and makes it inclusive jet observables. |
ose energy via medium-induced radiation that might end up outside the A successful global fit is 50'6; =
jet cone. This is known as jet quenching. achieved for the different |
observables, which have different |
Quark-gluon , i) gluon-/quark-jet fractions. This |
plasma SR a2 ki indicates the validity of the 4

A o factorization, given that we know — 300 400 600 R0 1000
R By : '. &y | - 5 040 . jet
- : ’ e, he jet initiating parton. pr [GeV]
. . . - : : ' yle [0.8,1.'2] | | ' 1.05} | | | ye[l.'2,1.6] - TR | | ye[1.é,2.1] - Lol —'; | |
) el e Jk e | R
. ' WAL\ " - 1.05} & 1 = | = 0.8}
L : ;4 - ‘ | L3 Y309 E— | i3
| - & 951 ] 2 <
" | ‘ By “31.00} - s} | 206
. . . - ~ N & [ 1 & &
... ‘. - -

0.95¢ - 0.85 ' ' ‘ y € 21,28

Y y<0.3
RAA/RAA
(@) S
O
Ot

o
S

0.6¢
200 300 400 500 200 300 400 500 200 300 400 500 200 300 400 500

P [GeV] P [GeV] i [GeV] P [GeV]

High density interval of the posterior distribution for the training data: inclusive R, 4 (top right); and ratio of R, ,’s for four different rapidity bins of
from MADAI collaboration, Hannah inclusive jets (bottom).

Petersen and Jonah Bernhard

Analyzing the posterior 40000 [——————————————————————

. o uark jets

Modeling the jet energy-loss From the posterior distributions, we can | eluon jote |

The difference in energy scales of the plasma and the hard scattering, access the mean energy.IO.SS Of the jets. ™™ _
and consequent jet evolution, allows for the following factorization of The method is able to distinguish soo0o|
the jet spectrum in heavy-ion collisions, between the energy loss of quark- and |
gluon-initiated jets, with the jets initiated |

do44 00 do?ac by gluons being more probable to lose | |

-~ = f de 2 D;(¢) dZ;T . more energy than the ones initiated by ol E oL

0 : ) [Ce
pT lqug pT+8 quarks (as EXpeCted from theory) Posterior ditribution of the mean energy loss of quark- and

gluon-initiated jets, when a gamma distribution is used.

Making predictions
ac dpr Assuming the validity of the factorization, measurements from different
spectrum 49 /de convuluted with an energy-loss distribution D (¢). hard processes can be predicted. This is done by integrating over the

obtained posterior, accessing the marginal distribution at each data point.

d O'AA

The medium spectrum IS given by the equivelent vaccum

This factorization picture leads to the non-dependence of the energy loss
on the process that created the jet, but only on how the jet interacts + | Iffrmaldi?ta-t“ ol ;b pemsigey | 1 J'rJr
with the medium. This means a universality of the jet energy loss across " Jr o di.

different observables and kinematic cuts.

Pl € [100,158] GeV

gamma dist.

+ [ATLAS2018] | <UOf

Pl € [63.1,79.6] GeV

dNA4 /dz;.,

A AR NS ] Quark- vs. gluon-initiated jets 02 02 .
T T = 1nc. jets _ | «
1.2:— - - T 1n(?.tjets— y bins The ratio bEtween quark_ and w 1.0 15 50 i RGN IR S - T I A . 0.75  1.00  1.25  1.50 .1.'75 2.06
e ! T - T -JELS ] e e, . . Z jiy Ly L jry
= - = T ” | gluon-initiated jets varies for | o - N
: 1.0y - = — r PYTHIA _ High density interval of the posterior distribution for unseen data: prediction for photon-tagged
EOSZ_ _Tf - ron d|fferent processes’ and for‘ jet spectra for three different photon pr bins.
=l diy =T T | different kinematical cuts. Conclusion
= | T — | Depending on the initiatin | . . o L
%’004”H+++++++++I S e ~|~ - T=__ P 5 L 5 With the information about the jet initiating parton, and after being fitted
+- ™ i parton, the jet interacts and . . . .
0.2f o L A . . . to inclusive jet observables, the model successfully predicts the
| - evolves in a distinct way inside . .
- e — , experimental data for different processes, for the three energy loss
100 200 300 400 500 600 700  the medium. o , , o _ , L
Pl [GeV] parameterizations. This validates the factorization picture in a minimal
C e . theory-dependent model and data-driven way, hinting for the universalit
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Energy-loss loss distribution £ ty P . o] I y,d'ff gt Y
. 1 . OT |etl ener OSS IN quark-giuon piasma aCross aitrreren Focesses.
sl ?Ofmal dllstd- 1 We consider three J &Y . & P P
| ognormal dist. . -
 amma dist parameterizations for the EFERENCES
0.06} energy-loss distribution D(&):
' ] ] ] Y. He, L.-G. Pang, and X.-N. Wang, Bayesian extraction of jet energy loss distributions in heavy-ion collisions, Phys. Rev. Lett. 122 (2019), no. 25
O e anormal distribution; 252302, [arXiv:1808.05310].
Q 0.04 . . . ) F. Arleo, Tomography of cold and hot QCD matter: Tools and diagnosis, JHEP 11 (2002) 044, [hep-ph/0210104].
° d |Ogn0rma| d|5tr|bUt|On, R. Baier, Y. L. Dokshitzer, A. H. Mueller, and D. Schiff, Quenching of hadron spectra in media, JHEP 09 (2001) 033, [hep-ph/0106347].
-_ ° a gamma distribution’ ATLAS Collaboration, M. Aaboud et al., Measurement of the nuFlear modification factor for inclusive jets in Pb+Pb collisions at \/syy = 5.02 TeV
0.02 | _ . _ with the ATLAS detector, Phys. Lett. B 790 (2019) 108—128, [arXiv:1805.05635].
the main d|fference bE|ng the ATLAS Collaboration, M. Aaboud et al., Measurement of photon—jet transverse momentum correlations in 5.02 TeV Pb + Pb and pp collisions with
- } - . . ATLAS, Phys. Lett. B 789 (2019) 167—190, [arXiv:1809.07280].
ooof * T = probability of losing a higher

£ ACKNOWLEDGEMENTS
€ [Ge\/] d mOUt OT ene rgy This project is in part funded by the Norwegian Financial Mechanism, grant nr 2019/24/H/ST2/00707.



