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The phase transition in the laboratory
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p+p collisions

3D image of each collision
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Pb+Pb collisions

\ (! W, Pb+Pb @ sqrt(s) = 2.76 ATeV
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f Event : 0x00000000271EC693
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Probing the Quark Gluon Plasma

Medium

Probe

Detector
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Want a probe which traveled through the collision
QGP is very short-lived (~1-10 fm/c) —
cannot use an external probe
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Probes of the Quark Gluon Plasma

nucleus

Want a probe which traveled through the medium
QGP 1s short lived — need a probe created 1n the collision
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Probes of the Quark Gluon Plasma

nucleus

nucleus

Want a probe which traveled through the medium
QGP 1s short lived — need a probe created 1n the collision
We expect the medium to be dense — absorb/modify probe
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What is a jet?
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What is a jet?

p+p ! dlj et : CM5 E |:| riment at LHC, CERN
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What is a jet?

ptp — dijet

at LHC, CERN

CMS E |:| 3ri M r1
(MS Data rded: {'J "':1???1?1? CEST
I __' Ru"-Fw-:llI ?l."‘l 1 [ 5250823
T Lumi section: 32

“I know 1t when I see 1t”

US Supreme Court Justice Potter Stewart,
Jacobellis v. Ohio
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Jet finding in pp collisions

 Jet finder: groups final
state particles into jet
} o candidates

- Anti-k; algorithm
JHEP 0804 (2008) 063 [arXiv:0802.118

scattering ;:‘:er S o ] .
NG } w2 ¢ Depends on hadronization
S . * Ideally

Parton  Hadronization

IDateien/Zeppenteld-3 pdf

- Infrared safe
— Colinear safe

Snowmass Accord: Theoretical calculations and experimental
measurements should use the same jet finding algorithm. Otherwise
_they will not be comparable.
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A jet Is what a jet finder finds.
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Jet findingin AA collisions

* Jet finder: groups final state
particles into jet candidates

— Anti-k. algorithm
THEP 0804 (2008) 063 [arXiv:0802.1189]

Combinatorial jet candidates

Energy smearing from background

tteri ey o e :
TR, Sy W } .., ° Large, fluctuating, correlated
T e
1, background
. v AN v J o o
Parton  Hadrongation . Sensn.lve to m;thods to suppress

e e s s OIS s oz o combinatorial jets and correct

energy

* Focus on narrow/high energy jets
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Nuclear modification factor

* Measure spectra of probe (jets) and compare to
those in p+p collisions or peripheral A+A
collisions

o |f high-p; probes (jets) are suppressed, this is
evidence of jet quenching
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Nuclear modification factor
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* Charged hadrons (colored probes) suppressed in Pb—PDb
* Charged hadrons not suppressed in p—Pb at midrapidity

* Electroweak probes not suppressed in Pb—Pb
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Nuclear modification factor RAA
RHIC LHC
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* Electromagnetic probes — consistent with no modification — medium
IS transparent to them
e Strong probes — significant suppression — medium is opaque to

them - even heavy quarks!
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Jet RAA
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« Jet R,, also demonstrates suppression
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Di-hadron correlations
p+p — dijet

1/Npy g ger AN/(A0)

— p+p min. bias .

* Au+Au Central ESF TAR

-1 0

A ¢ (radians)
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Di-hadron correlations
p+p — dijet

0.4
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Updated to include latest information about background
25
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Fragmentation




Fragmentations from y-hadron
correlations
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* Enhancement at low z

* Slight suppression at high z
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Modified fragmentatlon
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* No modification/enhancement at high z?
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Jet-hadron correlations vs reaction plane
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* No modification of constituents relative to reaction plane

— Jet-by-jet fluctuations more important than path length pLs 735 1572014y
- Also needed to explain high p; v, [PRL 116 252301 (2016)]
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Jet-hadron correlations
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e Jets are broader, constituents are softer

 Also seen In:

— Di-hadron correlations [Lots of papers]
- Jet shapes [arXiv:1708.09429, arXiv:1512.07882, arXiv:1704.03046]
— Dijet asymmetry with soft constituents [PRL119 (2017) 62301]
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Modified fragmentation

Jet-hadron correlations
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PHENIX Au+Au, |sy, =200 GeV, 0-10% most central
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Bayesian Statistical Analysis

Models and Data Analysis Initiative
http://madai.us
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JETSCAPE

Event generator

Jet Energy-loss Tomography with a Statistically and Computationally Advanced Program Envelope
http://jetscape.wayne.edu/

Experimental
techniques

!

JEVILAFPE
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Event Generator + Bayesian Statistical analysis
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Undergraduates
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Left to right: Ricardo Santos (Berea), James Neuhaus, Jerrica \bilson,
Mariah McCreary, Christine Nattrass, Austin Schmier (UTK)

7 *And one beginnipg graduate student with rﬁ)rogramming experience.
We acknowledge substantial support from the US NSF and the JETSCAPE Collaboration




Course-based undergraduate
research experience

CBE—Life Sciences Education, Vol. 15, No.2 | Articles
Early Engagement in Course-Based Research Increases Graduation
Rates and Completion of Science, Engineering, and Mathematics
Degrees

@I Free Access

Stacia E. Rodenbusch, Paul R. Hernandez, Sarah L. Simmons, and Erin L. Dolan

|lennifer Knight, Monitoring Editor:

Published Online: 13 Oct 2017 | https://dolorg/10.1187/che 16-03-0117

‘= sections ¥ View Article A Tools < Share

Abstract

National efforts to transform undergraduate biology education call for research experiences to be an integral [l‘ﬂmponent of
learning for all students. Course-based undergraduate research experiences, or CUREs, have been championed for engaging
students in research at a scale that is not possible through apprenticeships in faculty research laboratories. Yet there are few
if any studies that examine the long-term effects of participating in CUREs on desired student outcomes, such as graduating
from college and completing a science, technology, engineering, and mathematics (STEM) major. One CURE program, the
Freshman Research Initiative (FRI), has engaged thousands of first-year undergraduates over the past decade. Using
propensity score-matching to control for student-level differences, we tested the effect of participating in FRI on students’
probability of graduating with a STEM degree, probability of graduating within 6 yr, and grade point average (GPA) at
graduation. Students who completed all three semesters of FRI were significantly more likely than their non-FRI peers to
earn a STEM degree and graduate within 6 yr. FRI had no significant effect on students’ GPAs at graduation. The effects were
similar for diverse students. These results provide the most robust and best-controlled evidence to date to support calls for
early involvement of undergraduates in research.
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Phys 494 — Course-based Undergraduate Research Experience in Relativistic Heavy Ion Physics

Instructor:

Dr. Christine Nattrass

Office: SERF 609

Phone: 974-6211

Email: christine.nattrass(@utk.edu
Office hours: TBA

Teaching assistant: N/A
Class time & Location: TR 12:40-1:55 SERF 210

Course Description:

This course will incorporate undergraduates into a research project in high energy nuclear physics in a
course setting. Each student will be responsible for implementing a heavy ion analysis in the program
RIVET so that it can be used by the JETSCAPE collaboration to make comparisons between Monte
Carlo models and data. Each student’s project will be incorporated into a public software repository so
that it 1s available to the field and, if possible, it will be validated by the relevant experiment and
incorporated into the official RIVET software.
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Analyses (almost) implemented in
UTK copy of RIVET

. Spring 2019 UTK
T <— research class, RHIC
= 15 dihadron and gamma
g hadron analyses
o 10 I 2018 UTK summer
E students, reconstructed
ﬁ 5 jet analyses
f_g <¢— ALICE implementations
e

0 10 20 30 40 50 60 7O

Months since Lisbon Accord
https://github.com/cnattras/rivet-hi

Need to be finalized! Hold me to it!
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