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Scale [1/fm]

Jet Evolution and Virtuality

[ Jet Virtuality Evolution 7 ;" I,-" , ' *RHIC" scenario |
RHIC E, = 20-80 GeV = / 4 vacuum To = 300 MeV
RHIC QGP Medium Influence [~ / — dominated e
LHC E, = 100-1000 GeV o1 e > pr =30 GeV |
LHC QGP Medium Influence |77/ ~
i - medum dominated
Little QGP | B
10— . .
B Interaction . —
B l 'll]’l o l
! Interacts with QGP )
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

“LHC" scenano
To = 390 MeV

pr = 200 GeV

100 150 200 250 300 350 400 450 500 550 600
Temperature [MeV]

Lower energy jets, jets at RHIC

have increased sensitivity to
QGP interactions

Complementary measurements at RHIC & LHC
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Jet Partonic Composition

c 1 RHIC @ 200 GeV _ 1I_HC @ 5.5 TeV (solid), 14 TeV (dash)
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Higher quark-jet fraction at RHIC
LHC more gluon-jet dominated

Complementary measurements at RHIC & LHC
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SPHENIX
Design

Outer HCal

Superconducting coil
Inner HCal
EMCal

Vertexer/ Tracker



Subsystems i
HCal: Tilted Steel-Si plates |

— Inner and Outer HCal
—ApxAn=0.1x0.1
OUTER HCAL

1.5T Superconducting magnet ...
— From BaBar, cold tested at BNL

EMCal: W-Si fiber 14 %

— Ad x An = 0.025 x 0.025 NNER HOAL
1.0

Tracker: vertex + outer tracker 5 1o, | e

264.5

173

140

113.5

90

<4 —

— Options still being considered,
including MAPS inner tracker with EMCAL + HCAL ~ 5.5 5.
gateless TPC
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Specifications for Jet Measurements

* Jets * Gamma-let
— Energy resolution — EMCal resolution o/E < 15%/E

» Single particle: o/E < 100%/E — EMCal trigger in p+p and p+A,
e Jet: 0/E < 120,150%/E in p+p, A+A rejection > 100 for E > 10 GeV

— Measure R=0.2 jets  Heavy Flavor-Jet

E9A¢XAIH=0-1>;Q-%( < 39 — Electron ID at p; > 4 GeV/c
— ENErgy Sca f uncertainty < 37 — DCA < 100 pm for e- at
— Reject (>95%) high p; charged p; >4 GeV/c
track backgrounds = HCal : L.
. Diiet * High statistics
e 750(y NP - 15 kHz DAQ rate
— > 70% containment for R=0. : : L
dijets > 0< b < 2, |n| < 1 — Trigger with no jet bias

* Fragmentation Functions

— Ap/p < 0.2% p tracking resolution
out to 40GeV/c

— Independently measure E and p
for z = p/E = Tracker
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https://github.com/sPHENIX-Collaboration
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Test Beam at Fermilab

GEANT4 simulation of hadronlc shower

120 GeV/c proton
1-60 GeV secondary
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gwm bin

Preliminary Test Beam Results

HCaI energy dlstrlbutlons well descrlbed by S|mulat|on

4 GeV E 8Gev Sl 12 Gev 1 Zfi6Gev i ? 20Gev z
Ll 3 3 F . 1 3~
e R B | AN TNEEE
'I+ - : '. \,_; L] _:. ..'.. - . .: .... 1 sobe i .. 1 ”
m‘—‘*“h‘" ... _-. e " :'j - \‘ ‘.J ™ & A
AE/E = [70.6% - 95.7%]/VE Electron Resolution
mﬂ" 1 ' T 1 T I T T I. T | T T | LI L | T T I T T T wAG-E: L T I T T T T T T T T | L -I T | T T T T
Vst Combined EMCal + HCal 3 oasf O T-1044, MIP calib. £
w g . 1 w E —— AE/E = 5.4% ©® 14.2%/\E
<ogfl Energy Resolution E =
07F P T ! = u.mf & T-1044, e-shower calib. ]
: reliminary | - :
o5k Y 1 oiFly —— AEE=3.2% @ 12.7%//E
ﬂ.5:— —E EI.1: : H —:
: Preliminary -
04E = 0.08f , E
0.3F = 0.06F -
02F _—: 0.04F
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Meets design goals of <100%/VE and <15%/\E for EMCal
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Jet Reconstruction
Inspired by ATLAS & CMS heavy ion jet reconstruction:

Determine set of seed jets
-R=02 :
-h"l'.maz

1% pass: towers 1n jet: < Er > 3 €
2™ pass: jet Er>20

v

Run jet reco algorithm on
0.1x0.1 calorimeter cells

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
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Jet Reconstruction

Fluctuations in the underlying event create ‘fake jets’

] T T T T T T T 1
— 10 Au+Au @ 200 GeV, 0 - 10%1 > 1k - N e i
< 1be - HIJING True Jets ] S B * = i ]
3 ® sPHENIX Recon. Jets E S B * g i T
h— 1 '-. — sPHEMNIX Recon. matched 1 — = i 1
= 1 h -~ sPHENIX Recon. not matched 3 “g 08* m =
g 102 R = 0.2 Anti-k; Jets 3 . * ]
= - 'y o
ig.m‘& E 0.6 HIJING Jet Reconstruction Efficiency—
Cp 10 E . Au+Au @ 200 GeV, 0-10% -
21 1 04~ *R=0.2 7
< 10° + : ) i
E = =R=0.3 .
107 E 0.2 —
[ ) T, E B sR=04 T
*r ‘Fake jets E 5 i
] 3 NPT BRI RS BRI PRI
10 S ARIRESY e e b e L o L= %9 15 20 25 30 35
- 10 Au+Au @ 200 GeV, 0 - 10%1 Ertre [GEV]
’5‘1 - HUING True Jets —_— T
(3 .. ® SPHENIX Recon. Jets 1 11— Y . ]
= 10" .. — SPHENIX Recon. matched 5 2 - LT < -
ur “w ===+ sPHENIX Recon. not matched E 5 B ]
Y 102 R = 0.3 Antik; Jets S osf -
£10° ] - B i
¥?1o E B i
0 107 NG . 0.6(— —
g Ty E - HIJING Au+Au 0-10%, Anti-k_R=0.2 -
zs 10°% e ‘! — .
£ - ~ _; o. 4__ ——@— Ideal Detector w/ Underlying Evt :
107 / ; : ——@—— G4 Detector Res w/ Underlying Evt :
10 ,F .: 0.2— ==:£=k-=+ |deal Detector w/ Underlying Evt [Shifted] —
a ke ets s -
10-8 . » J i liiiiliiiilis r.I_.; B «==f=p-== G4 Detector Res w/ Underlying Evt [Shifted] |
T T T T R T R 0,_""""""'""""""""'-
5 20 25 30 35 40 45
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E; Reconstructed [GeV]
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Jet Energy Resolution and Unfolding

0.4 w Aut+Au Central Real Stats with PYTHLA-8 Jets
B Ea'lﬂ'i = FastJat anti, R=0.2 truth
E 0.35 - " HIJING + PYTHIA + Geantd, anti® R=0.2 o E . * sPHENIX measured with res. @ underying evt.
-‘g . :— . NG + PYTHIA + Goartt. anik Fotd 107 = sPHEMIX measured and Unfolded (Bayes Method)
o  r T -
% 0.3 o PYTHIA + Geantd, anti-k_R=0.2 B
- = ' ‘IDEIE—
E [ PYTHIA + Geantd, anti-4_R=0.4 =
& 0.25— ! -
0.24— -
N e
0.15 :— -
Qo 100
EmmmEmEDDDDEDD o o §
D.1__ T Ta mngQEmEEEEE N
[ 10° =
0.05 :— E
: ID]II.IIIIIII.IIIII IIIIIII||IJIIII!IJII.IIIIJII.III
1111 | | I I | | | I I | I L1 11 | L1 1 1 | | I I . | | 111 H g_
25 30 35 40 45 50 51 60
P e (GeV) |
; 0 5 30 35 a0 a5 50 55 B0 5 70
E; [GeV]
Unfolding corrects for the resolution and
underlying event fluctuation effects
6/8/2016 Sarah Campbell - RHIC/AGS User's Meeting 13




Integrated nucleon-pair luminosity Ly, [pb™']
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Increased Luminosity at RHIC

Heavy ion runs - time evolution of Aut+Au

2014 Au+Au

2011 AwtAu 20 Autdu

2007 AutAu

2004 AutAn

ﬁfml AutAu

4 [ S 10 12 14 16 18
Time [weeks in physics]

20

22-weeks 200 GeV Au+Au
—> 100B MB events

— 6008 rare trigger events
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C-AD

Luminosity projections from

luminosity (10°% em™ 27"

avy lumi over 10 hours for zl<s [1{r‘ué'cm 29 1:1
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PQCD Jet Rates

~ 10
32 = Hard Processes pQCD @ 200 GeV
22 WeekS AU+AU E. 1; NLO pQCD W. Vogelsang
- 20B 0-20% events | S i Light q + g jets
g § Direct y
é 10'2-;— Fragmentation vy
. = - "(R =0.2
107 jets p; > 20 GeV/c 3107k T (Ry,=02)
: N
106 Jets p_l_ > 30 GeV/C ----?g----1-l}'-4-§—" ........
o F
- 10 g_ DAY
4 = -
10 Ygir P> 20 GeV/C ‘:10,45%_ .................
Q —
> 107 .
T \
£ 10°g \\\
- i
O 9 NN
© 107 W
10-1ﬂ_|||||||||||||||||||| 4 | AR
10 20 30 40 50 60 70

o
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Increased Kinematic Range
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10 20 30

Extended reach 2 2
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X+Jet
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Overlap with LHC

ot RHIC Today [ RHIC Tomormow

A, HC Tody I L HC Tomomrow

|r1|||| IIIIII| 1T 7 1T 1T

WM— Hadrons

Mrﬁﬁﬁm-

ISP IIIIIIIIAIIII S, |
A H A S I F A AT S I A IS

D Mesons

B Mesons

o

Ensemble-based
measurements
and x+hadron

correlations
add low pt reach

Y m— 1 07

7 7°+lets (p%)

z .
Mﬂ Dijets (Pr,) —

ﬂ Double b-Tag (pr,)

10 10°
pr [GeV/c]
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Path Length Dependence
OF | | | | IhOftljﬂ - F | | | | IhOftlfJH -
101 i 11 ‘ i | |Important constraint
< | 1 | |toenergy loss models
- i 1r 30°< A0 <60° ”‘J’Et-

"‘ TR '45— L | L ] -
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Jet Fragmentation Functions, D(z)

‘ Energy distribution within the jet > Dynamics of jet quenching ‘

z [=p/E] (Jet Measured E>40 GeV

10°

10

o 2 _
F Fragmentation Function ~ sPHENIX FF Modification 40 GeV Jets X=0.70
True D(z) Jet E>40 GeV a5 1.8} Theory E _=E,.,, x [X=1.0,0.95,0.90,0.85,..] X=0.75
I+ N [P B | _
E Reco D(z) _E1.6] b Projected Uncertainties X=0.80
F * Unfold M
C O 1.4fF
I 1.2
1= . ®
F " = N
B : T, D.E: X=0.85
L 0.6F
; 0.4f X=0.90
L i ] 0.2f X=0.95
2 : :I L1 1 L1 L1 | | | I | | L1 L1 T T T Tt | ) .| :
0 0102 03 04 05 06 07 0.8 09 1 % 05 06 07 08 09 1 X=1.00
z(=p/E) z [= p/E]
X = fraction of parton energy retained in jet cone
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"7 Gamma-Jet

‘ Advantageous y,, -to-1° ratio at RHIC

pQCD Rates
n’ (LHC 2.76 TeV) [RM suppressed]

Directy (LHC 2.76 TeV)
n* (RHIC 200 GeV) [R ” suppressed

Direct y (RHIC 200 GeV)
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Displaced
cks

Secondary
Vertex

distance of
closest approach

* b-Jet tagging:

b-Jet

10% c-, b-jets
p; >20 GeV/c

— Multiple large DCA tracks

— Secondary vertex mass

— B-meson tagging by
semi-leptonic decay or
m,,, tagging
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b-jet suppressio
>

n

p_> pT(cut) [AuAu 0-20%]

T

Counts/Event with

Hard Processes pQCD @ 200 GeV
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Conclusions

* sPHENIX design
tailored to jet physics

RHIC and LHC perform
complimentary

?é 1.2 + LR L
[ﬁé[%% PHENIX: |
—= direct y
% |
R
(% A—A—h—p—A—A

measurements 05—

Rich future of jet
physics with
SPHENIX

A RHIC Today [ RHIC Tomorrow
II'] T T T ]--'l

2 ////////////////////////M//
VA,

80

- I | -
70

P (GeVic)
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Hadrons

e

R
//////"4// 77777 Piets (Pr.) gy

— Dijet, Frag. Func., Ensembie.tas
1 : © and x+hadron
V+J et; b+J Et, etC. : correlations
X

add low pt reach
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q Double b-Tag (pr;)
1 1 1 1 - ! 1 1 L | -
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10

largest SDG "

2 p+p Real Stats with PYTHIA-B Jets
g - FastJet anti-k, R=0.2 truth
0 10°E — 107 & ] sPHENIX measured with res.
o g light jets = sPHENIX measured and Unfolded {Bayes Method)
:{: - charm jets C ;
% L bottom jets 10° - E
MRS - -
E 10° E =
10 E_ 10° = -
10°
1 E E
E |
= LS
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Vdir
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SPHENIX timeline

Initiation Execution Closeout

Critical L_E;'.:.]v.p CD-1 CcD-2 *Ep[:?-ﬂ
Decisions D Approve Apprive Installation ., bprove
Misgion Need Alterhative ~ Perforjance complete Start :1f I::pe Al ons
Selection  Baseline (PB) or Project
and Cost CD-3b C:u"nd: etion
Range  Apprové Start of :
Constriction or !
CD-3a Exeqgution :
APEFOVE  Requeést/Receive .
procurement of Constryction Funds |
Long lead- | :
time’jtems ; !
I I I I I I I
I I I I I I
I : I I I I *
I I I I I I I
Y 2017 2018 2019 2020 2021 2022 2023
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