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Sclience Mission Q

o sSPHENIX Goals (LRP): 1) Probe Inner structure of QGP
with jet probes of wide range of Q? and color
charge/ flavor 2) Explore T-dependent QGP
Structure by observing directly comparable jet
modifications of “More T- “ QGP @ RHIC vs LHC
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Schedule

Commissioning Data Taking in ~3 years!

2015 2016 2017 2018 2019 2020 2021 2022 2023
sPHENIX DOE CD-0 DOE CD-1/3A Installation
science “Mission need”  Cost, schedule, and
collaboration approval advance purchase commissioning
roval
approva Start physics
ta takin
o 2024 2025 2026 2027 data taking
< > < > -
First data taking campaign Second campaign
p+p, p+Au, Au+Au p+p, Au+Au Towards the EIC

999999

In this talk | would like to give a sampling of the many on-going
activities that are increasing exponentially to ready for Day 1

rantz - Ohio U




Detector

b Hermetic Uniform 2w ¢ Acceptance:
o |n| < 0.85 Base DOE MIE

o |n| < 1.1 EMCal recent funding from Chinese
Consortium!

V o

OUTER HCAL

SC MAGNET

Steel plates & scintillating tiles
38A
AnxAp~01x01

Also serves as a flux retum

Aluminum Frame

025 A

Potential to be instrumented
for increased performance

Tungsten-Scintillating Fiber
18 Xo, 1 A
An x A ~0.025 x 0.025




OHCAL
Production sectors started
arriving at BNL in Sep 2018

SPHENIX Build Undeétway

Sector 0 production
underway

SC Magnet
Full field magnet
festat 1.4 T at BNL

in Feb 2018
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Beam Tests

SPHENIX has done multiple beam tests since 2014 to confirm performance
expectations and optimize design options — reaping benefits now

i
1) 5! i

) _ _ y *® Feb 2014: Proof of Principle
Sy | e | o Apr2016: n~0 prototype
Rar 007 (g W
Beam St = — arXiv.1704.01461
— e Feb 2017: n~0.9 prototype
¢ Feb-May 2018: Final n~0.9 prototype

First results already available

ay change prior to final publication. Citation information: DOI 10.1109/TNS.2018.2879047, IEEE
ience

Design and Beam Test Results for the sSPHENIX
Electromagnetic and Hadronic Calorimeter
Prototypes

.

C.A. Aidala, V. Bailey, S. Beckman, R. Belmont, C. Biggs, J. Blackburn, S. Boose, M. Chiu, M. Connors,
X A. Franz, J.S. Haggerty, X. He, M.M. Higdon, J. Huang, K. Kauder, E. Kistenev, J. LaBounty, J.G. Lajoie,
§§§¢ M. Lenz, W. Lenz, S. Li, V.R. Loggins, E.J. Mannel, T. Majoros, M.P. McCumber, J.L. Nagle, M. Phipps,
C. Pinkenburg, S. Polizzo, C. Pontieri, M.L. Purschke, J. Putschke, M. Sarsour, T. Rinn, R. Ruggiero, A. Sen,
AM. Sickles, M.J. Skoby, J. Smiga, P. Sobel, P. Stankus, S. Stoll, A. Sukhanov, E. Thorsland, F. Toldo,
R.S. Towell, B. Ujvari, S. Vazquez-Carson, C.L. Woody

o




“MCal

SPACAL Tower
w/ fibers displayed

EMCal Half Sector
(fibers simulated but hidden
from display)

97.5 om

" 5 @
8 GeV photons in full EMCa
Side view/beam view .
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Full Calo Stack

o Very unigue and

complementary calorimeter
design

| o Unique at RHIC: full Hcal
o Inner/Outer

. o Currently Inner descoped to be
replace’ w/ uninstrumented Al/Fe  OUTERHCAL

o Photon/EM Measurements Very
Important in SPHENIX

o EMCal Located Inside Magnetic
field region
INNER HCAL

o SiPM Light Collection

o Readout/SiPM temperature L
control inside field 10l




Y Response & C

. o
o Average response is  Goanta: Embedded «
good in simulation 5t p:8to 40 GeV
- e -0.5 to+0.5
o Well connected to WP e to
Beam Tests *FAU+AU

o Current work on 20f- SPHENIX QM”16

understanding
position dependent
response

o Tilt angles (add slight

of RO
non-projectivity) £ m I
added tO Inltlal dGSlgn n:flll'lllllII|IIII|IIII|IIII|IIII NN EN NN E NN

. . : 0 5,10 15 20 25 30 35 40 45 50
iImproves uniformity — b TruthE (GeV)

L]

Reconstructed E (GeV)
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y Response & C

o Average response is
good in simulation

o Connected to Beam
tests

o Current work on
understanding position 6
dependent response

Tilt angles (add slight
non-projectivity) added
to initial design improves
uniformity

2D (¢p-n) projectivity
Improves uniformity at
large n

UL L L L L L L L L L L L L L |

SPHENIX Prafmnary
dx4 cm region within one SPACAL biock
# 10° incidant Angles, Hodoscope Conectad
— . E —'ﬂ.mﬂxE"m
e 10° n&dent Angle. Postion Correctad
—Ft.tE -00016xE"
el LLth]

Measured Energy [GeV)
i

2017 sPHENIX Testbeam
n = 0.9 2D Projective
(A technical first-ever!)

[

E o I

nergy

Massumd Enengy
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Ey Resolution

o EMC Resolution at all n Confirmed with Test Beam
0 2016 Testbeam publication results (mid-rapidity 1D)
0 2017/2018 Results at n = 0.9/2D Testbeam Results:

o Well below “UPP” DOE Perf. Param.

Single photon resolution (central Au+Au)

R AL AR RAREE AR LARRE IR LA T Ty 0-2:'-..'" L L L L L
_ SPHENIX MIE simulation | o 0.18F% SPHENIX Preliminary

. “E’ C ot 4x4 cm region within one SPACAL block I

u 0-4 fm Au+Au _: ﬂjﬁf_ ¢ 10° Incident Angle, Hodoscope Carrected _E
- * 2D Projective 3 014 ---- Fit, AE/E = 2%(3p/p) ® 1.6% @ 13%//E

:_ —3.85% @ 1?_2W1|'E _: 012 ® 10° Incident Angle, Position Corrected .

- } - ---+ Fit, AE/E = 2%(8p/p) @ 1.3% @ 13.6%/E ]

A- UPP: 8%@ 15 GeV 0.1 __ GEANT4 Simulation E

. E 0.08F AE/E = 2%(8p/p) ® 25% @ 12 7%/E 3

| 0.06 -

—— 0.04F- —

_: 0.02 -

, ] b Ll b L L e L LT
NP DTS BTN FETEE FRTTE PRSP 0 2 4 6 8 10 12 14 16

5 10 15 20 25 30 35 40 Input Energy [GeV]

Eruth [G - ; ‘Frantz - Ohio




y Isolation

o Prompt Photon Isolation depends on UE event
subtraction performance

o Same UE subtraction as for the jet analy3|s

: u 15 _I LI | LI | LI | LI I LI I LI | I LI | LILELI :
8§ £ R . sPHENIX G4Simulation -
E 01E ot Pythia8 y-+jet with b=0-4fm sHijing -
E o2 o O Subtracted R=02 _—
L= - o ¥ e R-=02 7]
b i O  Subtracted R=0.3
A 1y + N B R=03 -
008 EE v Roa ot 4
E ﬁ?vﬁ 'Ih. - -]
0.06 — 999 E LA R . —
004 o W . . . ‘.,**""*"r* =
— o v :--r' v -
0.02— v o) T, =

tx i T : ) B0
4[ \ W / Reconstructed £7° [GeV]

UE events UE events

subtracted not-subtracted



\Sim detalls and d

e Calorimeter tower jet through full Geant4 simulation

e PYTHIA8 QCD dijet for pp, PYTHIA8+HIJING for Au+Au
PRC 86 (2012) 024908

e |terative UE subtraction algorithm based on ATLAS method

* Reconstruct R=0.2 jet using 0.1x0.1 calo cells
¢ Find seed jet with Max(Erower)/Mean(Ettewer) > D

* Define background in each layer and n-ring
after excluding seed region (AR < 0.4)

e Determine W> and vz from n-rings with full ©

* Subfract background tower-by-tower modulating
by determined flow

» Jterate the above step (seed jet with Ex > Erthreshoid)

Run jet finder with chosen resolution parameter R
on background subtracted event to find final jets
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\Overall Jet Perf

Jet Response Jet Energy Resolution
e L o B O L U RN I R {\ L L L L L L BRI RN I I
= - p+p Au+Au b=04fm 3 5, 08 p+p Au+Au b=0-4fm
g 085 OR=02  ®R=02 1 = o70e OR=02  ®R=02 E
®  08F O R=04 ® R=04 E . - O R=0.4 ® A=04 -
{l-l? - 3 s 06 =
§ orsp i
= 07 i_ —.——.—+_D_$ _!__i '-'_ 0.4 E_—‘—_._ _E
~ ﬂ_ﬁﬁz - = —h— 3 _E, ﬂ_a_:ﬁ: -
i, ose— T = 02F : P
4 []55;—_D__+_ E s I
T SPHENIX MIE 2018 3 0'15_ sPHENIX MIE 2018 E
0 QR R
truth p_[GeV] truth p_[GeV]
e Expected ordering in R e At large R and low prt: dominated by
e Similar response in p+p and Au+Au fluctuations in UE
— independent of UE level ¢ At small R or high pt: dominated by a

intrinsic resolution of calorimeter
* Response at EM scale
(before calibration at jet level)

rantz - Ohio U
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Njet W/ NO Flow Subtract

Flow Dependen

o Flow dependent bkg subtraction
necessary — big resolution variation

o Using recent studies to study
Impacts and possible ways to
provide additional event plane
information if needed (in addition
to BBC MinBias Detector MBD) LN A

Jet Stucture TG --Perepiltsa - truth W,

35

30

. i) /.,..

“slkivmore fakes .
: in plane

reconstructed jet ¢

0.08F
5 Jet Response 08 Jet Response
Without Flow} "B With Flow-
o dep. Bkg aoeE dep. Bkg
005
in-plane WE_
- ' 1{ mid-plane E
[ Jr-'Jr)Ir h WL out-of-plane oo
a0 e
i ++£g+ -_|_++§F 0-20% ootE- - . 0-20%
:uiIE:hT-'I_-'—I”IIIHIIH%HHTi# i6 18 00:” l:IIB ‘Illlir.fj%%m_
. I I I . : . Ffrﬁ'rp:“f ; I . . . . F‘rfﬁ“’i,hf




Jet Calibration Q

o Jet Calibration for purely calo jets:

o Account for different scale for hadronic
showering in EMC vs EM showers

EMCAL IHCAL OHCAL

ERECO — [)- (EEM(:N_E“ + A Egmcal"+ B-Epcal + C+Eoncal ) hadron —% A
B||lIC
ey =%
» Flow chart for EMCAL cluster selection @
: Y

= 3o from uni | had

Cluster has Y = = or ty EemcaL
an associated track N Track p < 1 GeVic N , =

(1dni<3o, Id¢l<30 ) .| EEmcaL

—y
Mo

LN L L L L L LR B L L
SPHENIX Preliminary

e EMCAL+HCALIN+HCALOUT
AE/E = 2%(ép/p) @ 13.1% @ 73.6%/NE 7
m HCALIN+HCALOUT (EMCAL MIP) h
AE/E = 2%(p/p) @ 11.3% @ 86 3%/NE -
a  HCALOUT (EMCAL+HCALIN MIP} i
AE/E = 2%(dp/p) & 15.2% @ 821 %/\NE ]

Key Component HCal

=
o

\Il
Resolution (o /(E))
=] T TT | T T | T | | I I__I:J_l_l...

Testbeam performance

o
@

=
N

o
na

=

11 111 111 11 11 111 1 | 11 11 | 1111 | 1111
5 10 15 20 25 30 35 40
Input Energv [GeV] ¢




Jet Calib (cont.)

- I ' '
- sPHENIX MIE 2018
[ PYTHIAS dijet, R=0.4

[ 20 <E"" <30 GeV

» Profile
=y =a+bx

a: 0.598 + 0.002
b: 0.378 + 0.004

JET

Reco
Jet

E

1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 0.2 0.4 0.6 0.8 1

Fraction of EM energy in truth jet

spHEM % Slide #17

o Response dependence on EM fraction ~removed.:

B | T T T | T T T I T T T | T T T I T T T I ]

55 sPHENIX MIE 2018 + Profile 7

" [ PYTHIAS dijet, R=0.4 =y =a+bx .

B Truth a 1.032+0004

2 '__20 R - <30 Gev b:-0.002 £ 0.008 _~

< I g L .
.%u@, C
= 1.5
8 _ C
T3 B
L 1~
0.5F
0_ |

1 I 1
0.4

1 1 1 | 1 1
0 0.2

Fraction of EM energy in truth jet

1 1 | 1 1
0.6

1 I 1
0.8




Jet Calib in p+p <) M

o Significant improvement in JER

04 04— e
sSPHENIX G4Simulation SPHENIX G4Simulation i

5“30'35 PYTHIAS dijet, anti-k_ R=0.4, nl <0.45 g’t 0.39F pyrHias dijet, anti-k_ R=0.4, ml <0.45
‘w’ 03¢ Instrumented Al IHCal “w 03F UN-instrumented Al IHCal
%ﬁ.ES %_’E.ES 4

'i.i' - - - - |
<~ 02 calibration Y - calibration
] .15 . 35 =

k_l:l ' —_—— —— . II.'ql__l AL _G_:.C'__=B= )

£30 _°_~—0—> £ 3504
i T

Dﬂ.l:lﬁ -s- Before calib. ©0.05 -s Before calib.

-5 After calib. (3par) - After calib. (3par)

-h‘.} 2[] 30 4[] 5ﬂ ﬁﬂ ?{} %..rl-l:ﬂjlIlgbllléallhldllgdlllﬁk}llll}rﬂ
Truth
P [GeV] Jet Stupture 1G pT [GeV]
-Perepiltsa

o Descoping of Inner Hcal Instrumentation makes big
difference ! > NSF MRI for re-scoping
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Jet Calib in AuAU 9

o Similar improvements in Central Au+Au

|||||||||||||||||||||||||||||||||_ IIII|IIII|IIII|IIII|IIII|IIIIIIII_
- sPHENIX G4Simulation ] - SPHENIX G4Simulation )
2 0-9F antik; R=0.2, i <0.45 4 & 03[ antik; R-0.4, Wi <0.45 B
EE [ Instrumented Al IHCAL ] %ﬁ - Instrumented Al IHCAL
gu:l- 0.4 7 g“-_o 4 C —O0— -
TR R=0.2 1 9° Au+Au . R=0.4 -
-V - Au+Au B Voo
.~ 03 o _
£t Q= 1 £ ¢ == ]
g T —o0——0— 1 =3 .t o
w 020 P+p ( e o o A gug_ 0.2F %= .
rj:§ g L e ®_ e | i 38 L P+P Cl—l—l_o_—o—_o_ i
L | -5 p+p before calibration ¢ . - H 0 1:-9-D+Phﬂfmecﬂhlﬂtim %
1) 01_+ after calibration ] e} - 'L _® p+p after calibration ]
: —e—iiuiﬂ.u {0-4 fm) before calibration : ™ —=- Au+Au (0-4 fm) before calibration
: & AusAu 10_4 ﬁn}mmmm : I_.I_IAI;HTI“I [(II_“IfT] rfferlcalibl'ai'xfll 11 | 111 1 | L1 11 | 1 11 I
% 1 1 1 I1 |DI | 1 I2|DI 1 1 I3|0I 1 1 I4-|0I 1 1 I5|0I 1 | I6|0I | 1 I70 % 1 0 20 30 40 50 60 70
pIih [GeV] Jet Stucture TG P [GeV]

TJt

-Perepiltsa




Jet Calib/UE -~ I

Subtraction Interaction?

o Calibration and current UE bkg subtraction
~Independent of one another

0.6_| T 1T | T TT | T T 1T | T 1T | T TT | T T 1T | T T I_ 0_6_| T TT | T T TT | T T 1T | T T 1T | T T 1T | T 1T T I_
T sPHENIX G4Simulation ] T sPHENIX G4Simulation ]
0.5 anti-k; R=0.2, Iyl <0.45 ] 0.5 anti-k; R=0.4, Inl <0.45 -
. L Instrumented Al IHCAL ] L Instrumented Al IHCAL i
~ [ Au+Au0-4fm i —~ [ Au+Au4-8im ]
0.4 - o044 —
3 - ] = C ]
B - ] e - ]
'<0.3F . '<0.3F .
“3" - 115 F —— .
B C ] B C ]
=021 - 7 =0 . E
B s i B —a— i
. 01_ f— e— ] 01__ ]
g | - pefore calibration ] [ B before calibration ]
§ | % after calibration ] [ —© after calibration T
§ O_||||I||||I||||||||||||||||||||||||_ 0_||||I||||I||||||||||||||||||||||||_
| 0 10 20 30 40 50 60 70 0 i0 20 30 40 50 60 70
| Truth Truth
pI [GeV] pI" [GeV]
a T S
Pr _ D D e Jet Stucture TG
pr  PT /PT -Perepiltsa

Moize Stochastic Constant
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Simulations required

for Jet background
o CPU Needs must be considered now: Simulations

o Simulating fake-jet bkg centralr z
_ - _ — 10? Au+Au @ 200 GeV, 0 - 10%—§
o Dominant simulation > 1 e -
o 1 e e — sPHENIX Recon: matched -
resource needed: '—|"_ 10 ? . ---- sSPHENIX Recon. not matched E%
-.'u'Ji 102 — *_ R=0.4Anti-k Jets —
110M central Au+Au Lo 3
L S0ty e
o Fake jets important up to 2 10°k
E; = 30-35 GeV " :2
5-0 Bkg Fluctuation! 0l
105 b b L U

5 10 15 20 25 30 35 40 45 50
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Dijet Asymmetry | ‘e —

Now go through some jet performance plots....

o Di-jet asymmetries, reco-level

""2_, 7_LI N I L B B B IJ__ A . pTl_ pTZ_l_XJ
% - sPHENIX MIE 2018 a J T N , - 1+ x
S F . T1 T
2 6 Dijets, R=0.2, p_ >50 GeV — P P J
= i . 1 1-A,  pr
25 5 i generator-leve i XJ — —
= r . —il— reco-level, p+p . 1+ AJ prT1
T A :""E —4— reco-level, Au+Au b=4-8fm
3 ;:'=-.-:='= —+— reco-level, Au+Au b=0-4fm_f
- e .
2 - -
_ : == N
1= '.'““:.ﬁ..= -
- "'"H-*_._ ]
0_| N I N T T YT A N A I M A A |-|--|"T--|-|-"|“|"Iﬂn_ .
0 01 0.2 0.3 04 0.5 0.6 0.7
UE Subtraction/multiplicity effects in A,

AuUu+Au under control

Eventually fully unfolded x; distribution




v I
Prompt y (1) '

o Keep probe flavor constant between LHC/RHIC
by looking at y-Jet

0 X3, (= Priet/Pry) distributions

1 II|III|III|III|III|III|III|II

u SR generator-level

SPHENIX UE

S | p'>a0Gev R | Subtraction/multiplicity
Z 08 F; 02 Jets b rocotovel usaubotem | €FfECTS in Au+Au under
; . : E i_“_i—é— reco-level, Au+Au b=0-4fm - Contr0| -Pbe
= | 4= | SPHENIX MIE 2018, - 0 pp (smeared)
-~ 0.6~ re - b Cent. 0 - 10% }
i | 1.2 CMS anti-k, jet R=0.3
- : | 1F o > 30 GeVic
sl & ¥ - :
I e ]
0.2 -
i e |
__.L_J..J;.Lﬂ‘:!i I R B ?“r'f |
8.2 04 06 0.8 1 1.2 14 16

1.8




Prompt y (2) '

o Keep probe flavor constant between LHC/RHIC
by looking at y-Jet

o y —-jet and Dijet performance same from p+p
through high multiplicity Au+Au

ﬁ 50¢ | | T | = 50 F T T T T T | T T =
RS E e generator-level ] - T generator-level =
b 45 Z__: —— reco-level, p+p = 45 ;_ —i— reco-level, p+p _E
g 40 N —4— reco-level, Au+Au b=4-8im 5 gQE —4— reco-level, Au+Au b=4-8fm -
B = ; —&— reco-level, Au+Au b=0-4fm 7 - —&— reco-level, Au+Au b=0-4fm 7
35?* ----- 3 35F = =
T g = p! > 40 GeV . = i < 0.45 E
‘R.I“ 255_ $ P >20 GeV _ 25§ = pfl > 30 GeV ]
Q = i R =0.4 Jets . - = R=0.4 Jets .
§ 20 ;_ E y j et _; 20 i -
- = = - E = —— = = .
| o - 1 15F | DI]Et =
- H 3 - *. .
100 —- ERLYS - E
5= SPHENIX MIE 2018 e = 5F - E
= = = - sPHENIX MIE 2018 el 3
0— Lo | ! 1 ‘I-.-"'l'_'*_.; 0: | Loy | -.-H_—_I & .:
107 1 10-1
Z Z
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Other
Observables?

o Evaluating capabillities for other observables

Jet Mass Jet Grooming
E=0=M,,,, =100 GeV
- m ||I'I'II" T TT11 JETSET 1.4: —————— 71—
B /“"'"--.. » ==  MATTER Vac. ; coherent 4 = 1-2 GeV?/fm
- ﬁ‘ | _
CN - = d=1Geviim o 3 L=5fm
-/ / N L=2fm S8 | :
. SIS ) B=0
— E;E - pr=140 GeV |
= L e pr=250GeV ]
E b ]
E
‘lc 1_0..__;'_"_“.....*.;. ,,H_H_,.:.:THMH_HH-H_H“-H'H—.,,H..n—n.---
T
=
- 091 ]
BT
. 0.1 0.2 0.3 0.4 0.5

1 10 100 %




First Look ”@
Alt Constituent UE Subtraction Method

Alternative background subtraction technique redistributes
subtracted energy to keep subtracted E > 0 everywhere

EM+IH+QHGCal

R I X Jet Mass?

- e

| Car b
Bl & ) wm el ]
4

-CS Removal of .
"‘negative mass i

=]

0.05—
0,04
003
0.02
- #iHy
0.01 hy
2 1

I R Y

SPHENIX Jet Structure

group first look -
Peripelitsa Absolute (ungroomed) mass response
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Conclusions

o sSPHENIX CD-1/3A Approval in 2018:

o sPHENIX Construction has begun and is already
ramping up into production mode for calorimeter
systems

o Design tweaks ~finalized through comprehensive
beam tests

o Software preparations such as calibration techniques
and background subtractions for calorimeters,
photons, hadrons, and jets, are reaching new levels of
sophistication matching the physical construction rate

o sSPHENIX poised to make exciting comparison of LHC vs
RHIC QGP as seen with jet observables !
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Backup
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> Exciting Jet and Prompt Photon Physics Opportunities Provided by

> sPHENIX at RHIC.

>

> The sPHENIX detector currently under construction at the Relativistic

> Heavy lon Collider (RHIC) will allow a larger kinematic reach and new
> measurement capabilities at RHIC for jet-related measurements.

> Precise tracking and superb hadronic and electromagnetic calorimetry
> will be allow for new observables that will be directly comparable to

> similar data at the Large Hadron Collider (LHC) and allow us to

> observe how jets with the same properties respond to a QGP created
> with different initial conditions. The different jet observables

> sPHENIX will measure will be discussed in this talk, such as those

> which focus on the jet fragmentation pattern and especially those

> which involve prompt photons. The properties of the relevant

> sPHENIX detectors, especially calorimetry, and their implications on

> their performance with respect to jet and photon-jet observables as

> determined through informative sPHENIX simulations, will be explained.
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