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Motivation

QGP (quark-gluon plasma): a hot and dense medium predicted by QCD
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Motivation

What properties does the QGP have?
v The most perfect fluid n/8 2 (1 — 2) /AT 5 Romatschke and U. Romatschke, Phys. Rev. Lett. 99, 172301 (2007)
v The most vortical fluid w / T ~ 0.001 L. Adamezyk et al. [STAR Collaboration], Nature 548, 62 (2017)
v The most opaque medium (j/T?’ ~ 4 — 8 K. M.Burke etal. [JET Collaboration], Phys. Rev. C 90, no. 1, 014909 (2014).

How to probe the QGP?

Soft probes: hydrodynamics, ...

Hard probes: large transverse momentum,
such as jets, hadrons and heavy flavors

Jet quenching: jet energy loss and transverse
momentum broadening due to jet-medium *
interaction
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Fig: An illustration of jet quenching.
D. d'Enterria & B. Betz, (2009). 10.1007/978-3-642-02286-9_9.
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Motivation

Jet quenching observables:

v Inclusive jet nuclear modification factors R4 =

T T
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Fig: Inclusive jet nuclear modification factor.
ATLAS, Phys. Rev. Lett. 114 (2015),072302 arXiv:1411.2357,
ATLAS, Phys. Lett. B 790 (2019) 108, arXiv:1805.05635

1 doy
et
<Ncoll> d pi)

0-10% .
30-40% .



Motivation

Jet quenching observables:

S — 1 doy,
v Inclusive jet nuclear modification factors R4 = a4
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Fig: Inclusive jet nuclear modification factor.
ATLAS, Phys. Rev. Lett. 114 (2015),072302 arXiv:1411.2357

ATLAS, Phys. Lett. B 790 (2019) 108, arXiv:1805.05635
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Jet quenching leads to a suppression!



Motivation

Jet quenching observables:

v

«+ Gamma-triggered jet transverse momentum imbalance =z, = p'/p).

v
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How to extract jet quenching information from experimental data?



Bayesian extraction of jet energy loss distributions
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Bayesian extraction of jet energy loss distributions
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What can we do with jet quenching?



Gradient tomography of jet quenching

The Boltzmann equation for elastic scattering:

ka0t =3 I / 1(2 S U = £uf) > Mol ks ko)

bed i=b,c,d

Small angle approximation without flow or drag:

li’ 7 Aa = 2 7T S
Drift-diffusion equation: _a,ufa(ka T) = q4 Vi, fa(k, T)
A d3k 7 \2 2 Vb 4 ¢4
qe = Z H fb( )( al — kcJ_) |Mab—>cd _(277) 4] (ka+kb_kc—kd)
vt icteq) 2Ei(2m)° 2

For constant ¢, one can obtain the analytic solution:

o dw \? — _E 212 M
fa(kj_,'l_""J_,t) :3( - t2) e (TJ_ t) qt3 dgt
qd,

Diffusion width: V(KR = /gt (r?) = t4/(Gt/3)/w
Drift: 71 = (kL /2w)t
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Gradient tomography of jet quenching
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Summary

v Jet energy loss distributions and averaged jet energy loss can be extracted from
experimental data with the state-of-the-art Bayesian analysis.

v On average only a few number of out-of-cone jet-medium scatterings take place when
a jet traverses the medium

v The gradient of ghat in the medium leads to jet transverse momentum asymmetry,
which can be used to localize initial jet production positions

Outlook

+ How to extract jet quenching information, such as the path length dependence of jet
guenching, with multiple jet quenching observables from the experimental data?

+ How to localize jet production points with machine learning technique?



Thanks for your attention!
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