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Goals of the new RHIC detector

RECOMMENDATION |

The progress achieved under the guidance of the 2007

Long Range Plan has reinforced U.S. world leadership

The 2015

in nuclear science. The highest priority in this 2015 Plan
is to capitalize on the investments made.

.. other facilities ...

® The upqraded RHIC facility provides unique

LONG RANGE PLAN
£ NUCLEAR SCIEN O capabilities that must be utilized to explore the
o i properties and phases of quark and gluon matter in
O the high temperatures of the early universe and to

explore the spin structure of the proton.

From sPHENIX Cost and
Schedule Review:

9/16/2016

There are two central goals of measurements planned

at RHIC, as it completes its scientific mission, and at the
LHC: (1) Probe the inner workings of QGP by resolving
its properties at shorter and shorter length scales. The
complementarity of the two facilities is essential to this
goal, as is a state-of-the-art jet detector at RHIC, called
sPHENIX. (2) Map the phase diagram of QCD with
experiments planned at RHIC.
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Length-scale probes of QGP

Jet evolution

and structure Partonic probes Upsilon states
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Scale [1/fm]

[Jet Virtuality Evolution /| a0 : r‘.rer_r”'Cl,, IIIIII —
RHIC E, = 20-80 GeV / 4t i vacuum | Scenario
RHIC QGP Medium Influence [ 4 — '\ | dominated | To =300 MeV
— LHCE, = 100-1000 GeV >3k \ j pt =30 GeV
| HC QOGP Medium Intluen{a? 2 ______________________________________
S 2f medium dominated
Little QGP |~ | S —
10— . . [T T e
. Interaction ok -
i 0 | 2 3 4 5 6
i ] t [fm/c]
i Interacts with QGP | —— .
||||||||||||||||||||||||I||||I|||||||||||||||||||| 8_:_ “LHC”SCenario -
100 150 200 250 300 350 400 45_Fem'5]gﬁlutufe5-?ME$ll]ﬂ ; To = 390 MeV
> pr = 200 GeV
O |
Lower energy jets, jets at RHIC S
have increased sensitivity to
QGP interactions

Complementary measurements at RHIC & LHC
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Partonic Composition of Jets

Higher quark-jet fraction at RHIC  LHC gluon-jet dominated until
significantly higher jet energies

Quark Jet Fraction (LO)

c 1 RHIC @ 200 GeV _ {HC @5.5 TeV (solid), 14 TeV (dash)
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Complementary measurements at RHIC & LHC
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Heavy quark—medium interactions

slower bottom quarks

Heavy Flavor jets

* Collisional vs radiative energy loss
— Separate g and é

6
e Dead cone effect antertorenceiucl | )B
Upsilons < 14 LA AL N Sl
= : lyl<2.4 CMS
e Sequential melting & color screening 1'2:\' e
=2 Ty ~30% higher Tryyc 0;' Y(1S) :
* Reduced coalescence at RHIC 0'6: A :
— Lower Y rates, compensated by RHIC : U n [
luminosities T - B g
— Compare J/y and Y'(2S) similar size and 0'2;+ | 2 .
binding energies %50 700 150 200 250 300 350 400!

N
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The 3 Pillars of sSPHENIX

e

Three-legged Buddha by Zhang Huan at'StormmKing Art Center, NY
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Physics driven detector requirements

Physics goal Detector requirement

Accept/sample full delivered luminosity (15kHz rate)

Figh statistics for rare probes Full azimuthal and large rapidity acceptance

. . Hadron rejection > 99% with good e*- acceptance
Precision Upsilon spectroscopy Mass resolution 1% @ my
Full hadron and EM calorimetry

High jet efficiency and resolution Tracking from low to high pT

Precision vertexing for heavy flavor ID

Control rt
ontrol over parton mass DCAwx < 70pm

Control over initial parton pr Large acceptance, high resolution photon 1D
Full characterization of jet final High efficiency tracking for 0.2 < pt < 40GeV
state Uniform, constant tracking efficiency
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SPHENIX
Design

Outer HCal

Superconducting coil
Inner HCal
EMCal

Vertexer/ Tracker
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Outer Subsystems Radi

* HCal: Tilted Steel-Si plates (;TS)
— Inner and Outer HCal
—ApxAn=0.1x0.1
— Single particle: o/E < 100%/VE OUT?;?&
* 1.5T Superconducting magnet i
— From BaBar, cold tested at BNL et N
 EMCal: W powder-Sifiber INNER HOAL
— Ad x An = 0.025 x 0.025 1;;)0?'1_0 1 el ] ”:
— 6/E < 15%/VE i
— R&D on 1D or 2D projective EMCAL + HCAL ~ 5.5

modules
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EMCal

Lightguide and
Si-photomultiplier

readout
9/16/2016

Calorimeter R&D

2D projective (1, ¢) modules HCal

Polystyrene
panels
embedded
with 1mm
wavelength
shifting fiber

1D projective (¢) modules

Sarah Campbell - Hot Quarks
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Test Beam at FermilLab

GEANT4 simulation of hadroni_psh_Q_Wer

120 GeV/c proton
1-60 GeV secondary

9/16/2016 Sarah Campbell - Hot Quarks



Early Test Beam Results
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Meets design goals of <100%/E and <15%/VE for EMCal
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Tracking Subsystems

MAPS

INTT
* 4 layers Si strips

3 layers Si sensors
Based on ALICE
ITS upgrade
DCA,, <70 um
|zvtx|< 10 cm

Reuse PHENIX
FVTX electronics
Pattern recognition, DCA,
connect tracking systemes,
reject pile-up

Radius 20—78 cm
~250 um effective
hit resolution

Continuous (non-gated) readout

Pattern recognition, momentum
resolution, p; 0.2-40 GeV/c
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Single track efficiency

Detector capabilities
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Increased luminosity at RHIC

Heavy jon runs - time evolution of Au+Aun
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Luminosity projections from C-AD
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Increased Kinematic Range

Extended re

ach > i
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Overlap with LHC

LA RUIC Totay I RHIC Tomarrow /77, \HC Tocay [ LHC Tomorrow
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pPQCD Jet Rates

—~ 10e
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b-jet purity

Secondary
Vertex

/\

Ly

).do /

’
4
’

distance of
losest approach

- Tracks

Displaced

b-Jet Tagging
* Require 30% purity, 70% efficiency
* 3 Methods

— Multiple large DCA tracks
— Secondary vertex mass

— B-meson tagging by semi-leptonic

decay or by m,,, g =2 in progress

AL I v s oy A
ﬂﬂi' Truth Jet, p._> 20 GeV =

E SPHENIX GEANT4 tracking =
e MAPS+ITsTPC E
u&%— .g
05E- Large DCA methods: 3
”-‘*z_ one track cut _z
0.3 i— two track cut —i
0.2 f— three track cut —f
0.15— _E
co: S I Ta— ;E‘__ F T -
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b-jet efficiency
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b-jet purity
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Pythia8 p+p @ 200 GeV
Truth jet p')20 GeV/c, n|<0.6
sPHENIX GEANTA tracking
MAPS+IT+TPC

Secondary vertex method
No p:' cut
p:">0.5 GeVic
—_— p""'>1 .0 GeVic

b-jet tagging efficiency
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b-Jets
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Upsilon states

' Y(1S,25,3S) — e'e |
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First time Y'(1S), Y'(2S), Y'(3S) separation achievable at RHIC!
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Conclusmns

New RHIC experiment

needed to understand QGP

— Complement LHC results

— Extend RHIC results beyond
PHENIX and STAR capabilites

SPHENIX design tailored to

T(GeV/c)
jet, Y's, b+jet physics A
reparing for beam in 2022 T e - |

VA AT, W
e

IIJ}JIIILX'III'

- : L
Rich future at RHIC with B i
S P H E N IX | mmm— T M

V/

sy Piets (Pr)
Ensemble-based

http://www.phenix.bnl.gov/phenix/ messurements | Yoy 1115 (57

WWW/publish/documents/sPHENIX g o SR e
ouble ag (Pr.1)
proposal 19112014.pdf ._,

10 102 103
pr [GeV/c]

X+Jet

9/16/2016 Sarah Campbell - Hot Quarks 24


http://www.phenix.bnl.gov/phenix/WWW/publish/documents/sPHENIX_proposal_19112014.pdf
http://www.phenix.bnl.gov/phenix/WWW/publish/documents/sPHENIX_proposal_19112014.pdf
http://www.phenix.bnl.gov/phenix/WWW/publish/documents/sPHENIX_proposal_19112014.pdf

9/16/2016

Backup
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1D vs 2D projective EMCal modules

2-D Projective SPACAL, 0.9 < < 1.0, E =8 GeV 1-D Projective SPACAL, 0.9 < n< 1.0, E =8 GeV
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Jet Reconstruction

Inspired by ATLAS’ heavy ion jet reconstruction:

Run jet reco algorithm on Determine set of seed jets
0.1x0.1 calorimeter cells 4 Er max
1% pass: towers in jet: ; >3 [

< Ep >

2™ pass: jet Er>20

v

Determine v2 for event
- exclude towers within An <0.4

Determine background Er in 1 strips

Grseed jet - demodulate by v2
- exclude towers within AR < 0.4 of seed jet
Subtract background from jets Subtract background from event
tower-by-tower tower-by-tower
- first remodulate background by v2 - first remodulate background by v2
| 1
A

[ Run jet reco algorithm)

Output: background subtracted
Hanks et al. Phys. Rev. C 86:024908, 2012 | reco jets of various R values

9/16/2016 Sarah Campbell - Hot Quarks
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Jet Reconstruction

Fluctuations in the underlying event create ‘fake jets’
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energy resolution

Jet Energy Resolution and Unfolding

o ™ ™ Au+Au Central Real Stats with PYTHLA-B Jets
. |
B Eami E" o FastJat anti, R=0.2 truth
0.35 - " HIJING + PYTHIA + Geantd, anti® R=0.2 o F - . * sPHENIX measured with res. @ underying evt.
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B ! T ’ E
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a 10° =
[ PYTHIA + Geantd, anti+_FR=0.4 =
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0.24— -
- 100 =
N r =
0.15F -
B op 'Il:F'lE—
@ =
-"ocogapg OO0 -
01+ 333 -
- . —
N 10° ==
0.05 -
: ID]II.IIIIIII.IIIIIII.IIIIIJIIIIIIJIIII!IJII.IIIIJII.III
1111 | | I I | | | I I | I L1 11 | L1 1 1 | | I I . | | 111 H

25 30 35 40 45 50 5b 60
P e (GeV)

Unfolding corrects for the resolution and
underlying event fluctuation effects
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Path Length Dependence
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Fragmentation Functions, D(z)

‘ Energy distribution within the jet - Dynamics of jet quenching ‘
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X = fraction of parton energy retained in jet cone
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Ydir

Gamma-lJet
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Photon provides unmodified reference for jet energy loss
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Ydir

Gamma-Jet
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