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Phase diagram of nuclear matter

T, GeV

Quark Gluon Plasma

critical
point

CrOsSSover

0.1
hadron gas
quark
vacuum 'J]Hﬂhﬂ Ir],;] ]:nl,:., CFL
0 | WA, GE\'.F

Quark Gluon Plasma — a liquid of quarks and gluons created at

Core of neutron stars?

temperatures above ~170 MeV (2:10"°K) — over a million times hotter than

the core of the sun
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How to make a Quark Gluon Plasma
%
Comtress

> e

nucleon boundary
irrelevant

nucleus

3

Christine Nattrass (UTK) WIPC. Julv 2017



The phase transition in the laboratory
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Relativistic Heavy Ion Collider Large Hadron Collider
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ptp, d+Au, Cu+Cu, AutAu, U+U
Vs =9 -200 GeV i

Geneva, Switzerland
8.6km diameter

p+p, p+Pb, Pb+Pb

Vs =276 GeV, 5.5 TeV

crossover

critical

point
0.1
hadron gas
~\ Quark Core of neutron stars?
Jnuclear} matter CFL
vacuum matter | phases
0 1 Wg, GeV

Christine Nattrass (UTK) WIPC. Julv 2017



e | o gy

P S e o e
e e s e
I
|l

Magnefic Field ~ #Tesla

s Beam-Beam Counter
Silicon Vertex
Magnet ~Tracker
Muon Tracking
Chambers
E-M |
K ~”Calorimeter 3
. - 5 — / MUON-NORTH
> Time Projection | 4 MAGNET
N — Chamber - R v

Muon ID Steel
1

Muan Identifier

Muon ID Steel (/
7
Cherenkov Detector
Chambers - -
o]

Electronics Ring-lmaging

Platforms i — A
Forward Time Projection Chamber

STAR

Christine Nattrass (UTK) WIPC. Julv 2017



Size: 16 x 26 meters .l
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pt+p collisions

3D image of each collision
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Pb+Pb collisions

\/! / Pb+Pb @ sqrt(s) = 2.76 ATeV
/% )
N— % / 1 2010-11-08 11:29:42
—Z I\ | A
AN s Fill : 1482
/ I | Run : 137124
7 Event : 0x00000000271EC693
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Chemistry - equilibrium
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https://arxiv.org/abs/1701.07065

Phase diagram of nuclear matter
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Quark Gluon Plasma — a liquid of quarks and gluons created at
temperatures above ~170 MeV (2:10"°K) — over a million times hotter than

the core of the sun
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Measuring temperature
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Thermal photons

Phys.Rev.Lett.104:132301.2010
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Building a quarkonium-thermometer

CMS-PAS HIN-11-011
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Clear hierarchy in R,, of different
guarkonium states
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How can we estimate the energy

density?

Transverse energy (E.)

— sum of particle energies in transverse
direction

Volume V =A_1c

e T = formation time

e Energy density ¢

_1dE;, J dE;
" V.dy A;tcdn

 QGP formation for € > 0.5 GeV/fm3
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Probing the Quark Gluon Plasma

Medium

Probe

NN O
\ )\ )
AU

Detector

Want a probe which traveled through the collision
QGP 1s very short-lived (~1-10 fm/c) —
cannot use an external probe
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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
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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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Yy
Jets — hard parton scattering leads to back-to-back quarks

or gluons, which then fragment as a columnated spray of
particles
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nucleus
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Phys.Rev.Lett. 105 (2010) 252303

Calorimeter
wers
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http://prl.aps.org/abstract/PRL/v105/i25/e252303

Quenched jets

nucleus

nucleus

* One of the jets 1s absorbed by the medium

* The quark or gluon has equilibrated with
the medium

« Phys. Rev. Lett. 105, 252303 (2010)
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Calorimeter
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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 1s
evidence of jet quenching

14
R F Enhancement
1.2
1O = =---
08 "hard”
06 - R 1 :
- Suppression
0.4k
_ | "soft”
02+
=2 3 4 5 &6
Transverse Momentum (GeV/c)
R dzNAA/ded?]
AA

- Tapd?oPP [dppdn
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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 1s
evidence of jet quenching

Chlorophyll A

oA

Amount of light absorbed

~— Chlorophyll B

00

— Carotenoids (\
400 6 700

Wavelength of light (nm)
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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

» Strong probes — significant suppression — medium is opaque to
them
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Nuclear modification factor RAA at LHC

Fully unfolded inclusive jet R,,
pp 2.76 TeV reference

CMS-PAS HIN-12-001
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p. [GeV]
L|ke for charged particles, !

high-p; Jet R,, flat at = 0.5
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Take home messages

e If we get nuclear matter dense
enough, we make a new phase of
matter, which we produce in high B
energy heavy 1on collisions. '

_ | 7rv015)

% (2

P)
)
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U‘U‘lu

%1P
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e This medium is extremely hot and
dense...

e ...and opaque to colored probes and
translucent to electromagnetic probes.
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About me

BS, Colorado State University, 2003
PhD, Yale University, 2009
Postdoc, University of Tennessee, Knoxville, 2009-2012

Assistant prof, University of Tennessee, Knoxville 2012 — |

e Active on 1ssues related to women in
physics

 Working on being a more effective
ally for people of color

e Parent

* Brew beer & wine, keep bees, avid
cook, cyclist

e Talk to me about: strategies for
dealing with harassment, careers
outside of physics, choosing a
mentor, having kids and a career
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