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Big Question: Nature of matter at highest temperature?

Fermi
“Notes on thermodynamics and Statistics”, 1953
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Big Question: Nature of matter at highest temperature?
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Making QGP at High Energy Colliders

MIT Heavy lon Event Display: Pb+Pb 5.02 TeV
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Yen-Jie Lee, Andre S. Yoon and Wit Busza Acceleration
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QGP: Near Perfect Fluid
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Questions for the next decade

* How does the strongly interacting medium emerge from
an asymptotic free theory?

» Can we see quasi particles (quarks and gluons) in the
Quark-Gluon Plasma? What is the structure of QGP
probed at different length scales?

_—
ertigs of the medium?

How does QGP work?

h

* What are the transport pr
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New tools: Fast quarks scattered by QGP

- |Strong QGP stopping power; O(10x)
larger than normal nuclear matter
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Indication of medium recoil and QGP wake Photons or

/. bosons

Are jets deflected by QCD
quasiparticles in QGP?
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New tools: Heavy quarks as probe particles in QGP

-t ':v PR L ¥ Charm Quark
a Bl

Do

& WCharm Meson

« Charm and beauty quarks (heavy quarks) are produced before
QGP formation (<0.2 fm/c)

 Low momentum heavy quarks are then “kicked around” by
quasi-particles (Brownian Motion)
- A direct window on the in-medium QCD force!
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New tools: QCD Exotica as probes of hadronization

. PP CO||ISIOnS PbPb collisions
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D° — D*° molecule
Charmonium  Tetraquark (4q) - 2018 data: First evidence of inclusive
5 Ao @ | X(3872) production in heavy ion collisions!

B (statistical significance ~ 40)

Observation of X(3872) is expected (>5 o) in Run3
Run3+4: Enables more differential studies (vs. p; and centrality)
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New tools: JETSCAPE Theory framework

The JETSCAPE Collaboration

The Jet Energy-loss Tomography with a Statistically and
Computationally Advanced Program Envelope (JETSCAPE)

Ty
JEISEﬂFE collaboration is an NSF funded multi-institutional effort to

design the next generation of event generators to simulate the

physics of ultra-relativistic heavy-ion collisions.

Mission

The JETSCAPE Collaboration: an interdisciplinary team of physicists, computer el
scientists, and statisticians, from thirteen institutions, develops a comprehensive III" B E
software framework that will provide a systematic, rigorous approach to simulating A . v
the complex dynamical environment of relativistic heavy-ion collisions. To read @

more click here!

MITHIG is part of the JETSCAPE collaboration
developing a theory framework for nuclear collisions

CMS
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New tools: Al/ML

Department of Energy Announces $5.7 Million for Research on Artificial
Intelligence and Machine Learning (Al/ML) for Nuclear Physics Accelerators and
Detectors

Projects will advance understanding of atomic structure and the nature of matter and antimatter

December 3, 2021

@ enlarge

Schematic for the SPHENIX detector at the Relativistic Heavy lon Collider (left) and a preliminary concept for a future Electron-lon Collider detector (right).

WASHINGTON, D.C. - Today, the U.S. Department of Energy (DOE) announced $5.7 million for six projects that will implement artificial intelligence methods to
accelerate scientific discovery in nuclear physics research. The projects aim to optimize the overall performance of complex accelerator and detector systems for

nuclear physics using advanced computational methods.

"Artificial intelligence has the potential to shorten the timeline for experimental discovery in nuclear physics,” said Timothy Hallman, DOE Associate Director of Science
for Nuclear Physics. “Particle accelerator facilities and nuclear physics instrumentation face a variety of technical challenges in simulations, control, data acquisition,

and analysis that artificial intelligence holds promise to address.”

MITHIG + other MIT groups part of collaboration
developing real-time Al applications for sPHENIX and EIC

Hot QCD with MITHIG 13 sPHENIX
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New tools: MVTX HF tracker in sPHENIX

Built by team including
LANL, LBNL, MIT, MIT-Bates

Enables sPHENIX heavy-
flavor program

Camelia Cameron Yasser
(now in Paris) (HF convener) (just joined)

| N
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CMS + phase1/2 upgrades

Old tool with new tricks
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LHC, RHIC and EIC Timeline

| >
PbPb 1.8 nb-1 PbPb 7 nb-1 PbPb 7 nb-1

2018 2019 2020 2021 2022 2023 2024 | 2025 2026 2027 2028 2029 2030

SPHENIX construction '

SPHENIX Installation
commissioning

—
RHIC Run 1l

PP, PAU

AuAu 30 nb-1 AuAu 30 nb-1
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Physics Goal for the Next Few Years

Thermalization and Hadronization of Heavy Quarks
- Modification of Heavy quark hadronization with fully reconstructed D,, D, D*, B+, BO,
B, A\, A\,
« Extension to doubly charmed baryons
» Direct detection of charm diffusion: jet-D0 and y-D° angular correlation
« DD correlations: studies of heavy quark energy loss mechanism

Extraction of Medium Properties at Various Length Scales
» Photon- and Z-tagged jets and hadrons
+ Jet substructure as a tool for the study of QGP constituents (“Moliere scattering”)

Quark Gluon Plasma Formation in Small Systems

* Flow correlation in high statistics peripheral PbPb collisions
« Search for jet quenching in high multiplicity pp, pPb, pO and OO collisions
« Search for QGP signal in ete-

Studies of the Internal Structure of Exotic Particles

* Probe the inner structure of X(3872) with QGP
« Search for other exotic particle such as T,

CMS ! )
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Life iIn MITHIG as a PhD Student

« 2022: Join the group. Get started with CMS Run Il data and sPHENIX
simulation.

» Get involved in the sPHENIX construction, detector commissioning. Get
involved in the CMS data-taking strategy preparation.

« 2022 Nov/Dec: High Luminosity CMS data-taking at CERN
« 2023: The first sSPHENIX data-taking at BNL

« 2023-27 Physics analysis with high statistics CMS data and/or sPHENIX
data, prepare for graduation.

« 2027-28 Most likely, become a postdoc and stay in academia

CMS /| : b
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MITHIG in CMS & sPHENIX

US-CMS HI MIT CMS v
) sPHENIX
Program physics - co-spokesperson
manager XSCAPE co-PI = = > (2016-2019,2019-2022
HI Computlng HI upgrade mostly CMS Hot OGP with GMS and sPHENIX mostly, SPHENIX 2022_2025), ’
center contact e ——— JETSCAPE co-PI
CMS Jets M M Run CMS Trigger sPHENIX Calibration coord.
CMS XEB CMS HI PubCom | tracking architect
SPHENIX MVTX /
CMS Heavy CMS Photon-Jet SPRENIX MVTX Heavy Flavor
Flavor . Y
analysis
CMS Photon-Jet
analysis SPHENIX HF
reconstruction
CMS HF
analysis .
PHENIX tracking/ SPHENX
S racking readout
CMS HI HF MVTX/HCAL
Analysis CMS L1 trigger
SPHENIX HCAL :m-EXNIX
Tracking
< >
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