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Motivation

Jets and heavy flavour are produced at the early stages of Hl collisions
and propagate through the hot and dense matter created in those collisions.

Both jets and heavy flavour are excellent tools to study QGP properties.

- How does the color charge interact and lose energy in the medium?
- How does the hadronization process work?
- Is there a flavour or mass dependence of the energy loss?

- and many more...



Inclusive jet production in pp and Pb+Pb

Phys. Lett. B 790 (2019) 108-128
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y-tagged jets

Do quark/gluon-initiated jets have the same energy loss?

- y-tagged jets are dominated by quark-initiated jets

- remove survival bias

- go to lower p;
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v-tagged jets (continued)

ATLAS-CONF-2022-019
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b-tagged jets

Is there mass dependence of energy loss?

Dead cone effect:
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b-tagged jets (continued)

arXiv:2204.13530
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Suppression vs jet structure

What is the resolution scale of the medium?
Identify the first hard splitting in a jet’s parton shower.




Jet structure analysis

Measure R,, vs “splitting”

Track-Calo-Cluster :> Anti-k, Cambridge-Aachen re-cluster :> unfold
constituents (p;>4GeV)

R=0.4 with soft grooming (z=0.2, 3 = 0) Py Iy
soft-drop condition:
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— I 0 — jet has substructure
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I'g - AR12 - \/Anlz T A‘;blz - r,= 0 — jet does not have substructure



Energy loss vs jet substructure
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- Jets with larger opening angle loose more energy
- Internal jet substructure more important than p;



Di-jet balance
X; = P12/P11
Study energy loss vs path length

Constrains contributions from:
- path length dependent energy loss
- energy loss fluctuations

Provides enhanced sensitivity to
small amount of jet quenching

¥
Pr2

Per jet pair normalized x; distributions: 1/N ., dN, ../ dx,
- Enables direct comparison of the x; shape across centrality in Pb+Pb and in pp

Absolutely normalized x; distributions: 1/ (N, (T ,4)) dN ,;./ dx;
- Enables evaluation of the di-jet per event yields as a function of x;
- Provides insight into the dynamics of di-jet energy loss 11



Di-jet analysis overview

ATL-COM-PHYS-2022-192
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Di-jet balance

ATL-COM-PHYS-2022-192
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Di-jet nuclear modification factor R

Zjl (p7,) quantifies the suppression _ -
of the leading jet in a di-jet 2
szlr (p7-) quantifies the suppression

of the sub-leading jet in a di-jet
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palr( TZ)/ palr( Tl)
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ATLAS heavy flavor measurements

Heavy flavor (b/c) measurements provide information complementary to jets.

e Heavy quarks are produced in initial hard scatterings
- carry information about all stages of the collision
- production can be calculated with pQCD (m, > m_> Ayp)

e Probe QGP through energy loss mechanisms
- collisional + radiative
- mass hierarchy, flavor dependence.

e Keep identity after hadronization

e Quarkonia can serve as a “QGP thermometer” (sequential melting)
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HF suppression (R,,) vs anisotropy (v,)

Phys. Lett. B 829 (2022) 137077
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Charm is more suppressed than
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Significant centrality dependence
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- Large uncertainty due to c/b anti-correlation

- Charm is more suppressed at low p;, compatible at high p;
- models underestimate charm R,, (and double ratio) at low p; in central collisions

- Mass ordering consistent with dead cone effect
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Back-to-back muon pairs

Back-to-back muon pairs from semi-leptonic decays of HF quarks:
_|An| > 0.8 - remove the near-side jet peak. Invariant mass cuts to remove J/i, ¥ etc.
bb dominate the same-sign pairs (neutral B mixing)
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Di-muon correlation: yields
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Di-muon correlation: width
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- No centrality dependence (both collisional and radiative loss should lead to broadening).
- Comparable width between pp and Pb+Pb
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Upsilons in pp and Pb+Pb
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Comparison with models (Upsilon R,,)
1]

arXiv:2205.03042

[1] N.Brambilla et al.,
Phys. Rev. D 104 (2021) 094049

[2] M. H. X.Du and R. Rapp,
Phys. Rev. C96 (2017) 054901

[3] X. Yao et al,,
JHEP 2021 (2021) 46

e Models use different approach
to Y suppression, but include
deconfinement as key
ingredient.

e Good agreement with the data.
Previous Y suppression data
available to authors.
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Conclusions

Jet suppression in Pb+Pb vs pp:
e y-tagged jets (quark-initiated) are less suppressed than inclusive.
e b-tagged jets are less suppressed than inclusive.
e Split jets lose more energy, jet substructure is more important than p-.
- Energy loss depends on parton flavour and mass, and jet substructure.
e Significant di-jet imbalance observed at low p; in central collisions.

- Sub-leading jets are more suppressed than leading jets.

Heavy flavor and quarkonia:
e Muon from c-quarks are more suppressed than muons from b-quarks at low py.
e HF back-to-back muon pairs: no significant open angle broadening is observed.

e Sequential suppression for the three Y states observed.
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