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The sPHENIX Detector

« 2015 - sSPHENIX noted as “essential” for |
completing the RHIC mission of probing B
the QGP at microscopic length-scales

LINAC - LT E
- EBISZRIF e
There are two central goals of measurements planned o _.eéo?.k
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 The 2() 1 5

complementarity of the two facilities is essential to this LONG RANGE PLAN
goal, as is a state-of-the-art jet detector at RHIC, called for NUCLEAR SCIENCE

sPHENIX. (2) Map the phase diagram of QCD with
experiments planned at RHIC. 2015 Long Range Plan

-
N

7/26/23 Anthony Hodges — UIUC, NSF Ascend Fellow 1
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The sPHENIX Detector

« 2015 - sPHENIX noted as “essentia
completing the RHIC mission of pro &
the QGP at microscopic length-scalg

There are two central goals of measurements pla I SRS e :
at RHIC, as it completes its scientific mission, anC SRR TSHRE=tE 2 2 P—

LHC: (1) Probe the inner workings of QGP by re S Sl F U8 g T ————
its properties at shorter and shorter length scal ! - /B RS e SRR B T

goal, as is a state-of-the-art jet detector at RHI l’ \

sPHENIX. (2) Map the phase diagram of QCD

experiments planned at RHIC. -
/’(

complementarity of the two facilities is essentig

o
&( l\*' \"
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The sPHENIX Physics Program SPHERIX

Jet structure Parton energy loss Quarkonium spectroscopy Cold QCD

vary momentum/angular scale of probe vary mass/momentum of probe vary size of probe

study proton spin,

transverse-momentum,
and nuclear effects

u,d,s >
C Y(1s) 0.28fm
b Y(2s) 0.56fm

Y(3s) 0.78fm
7/26/23 Anthony Hodges — UIUC, NSF Ascend Fellow 3



Jet structure Parton energy loss

vary momentum/angular scale of probe vary mass/momentum of probe

sPHENIX Heavy Flavor:
Antonio da Silva

8/1/23 Anthony Hodges — UIUC. NSF Ascend Fellow 4
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Jets in Heavy-lon Collisions SPHE

 Jets — valuable probe of partonic energy
and parton-medium interactions

Heavy lon Collision

7/26/23 Anthony Hodges — UIUC, NSF Ascend Fellow 5



Jets in Heavy-lon Collisions SPHE

Inside the medium...

gluon
radiation

-

collisional
broadening

R

Heavy lon Collision

7/23/23 Anthony Hodges — UIUC, NSF Ascend Fellow 6



The sPHENIX Run Plan SPHE
sPHENIX BUP 2020
Year Species JSnn Cryo Weeks Physics Sampled Lumi
(GeV) Weeks
2023 Au + Au 200 24 9 4.5 nb1

« Commissioning and first physics
« Understanding detector performance

7/28/23

Anthony Hodges — UIUC, NSF Ascend Fellow
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https://indico.bnl.gov/event/7881/attachments/30176/47160/sPH-TRG-2020-001.pdf

PHE
The sPHENIX Run Plan .
sPHENIX BUP 2020
Year Species JSnN Cryo Weeks Physics Sampled Lumi
(GeV) Weeks
2024 p'+p! 200 24 12 45 pb-
p' + Au 0.11 pb-"

 Cold QCD studies

* Spin

 Cold nuclear matter effects

« Commissioning of calorimeter triggers

7/28/23

Anthony Hodges — UIUC, NSF Ascend Fellow
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https://indico.bnl.gov/event/7881/attachments/30176/47160/sPH-TRG-2020-001.pdf

The sPHENIX Run Plan SPHE

sPHENIX BUP 2020
Year Species JSnN Cryo Weeks Physics Sampled Lumi
(GeV) Weeks
2025 Au + Au 200 24 20.5 21 nb-

« Archival, large-statistics
 Invaluable for precision "
measurements of rare probes

7/28/23 Anthony Hodges — UIUC, NSF Ascend Fellow Heavy lon Collision 9
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sPHENIX Calorimetry

» High-granularity Electromagnetic Calorimeter
for precision neutral meson, direct photon,

Cluster Energy

and Y measurements

2003.13685
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Measured Ener

=

sPHENIX Calorimetry

« EMCal complemented by
first HCal at mid-rapidity
at RHIC!

» Powerful tool for full-jet

b : b 2 - bv‘\?' \ 1
1 & Outer Hadronic Calorimeter

\\ d P 4N
* \ 74 4 N — =
N2/ : L

Measured Energy (GeV)

reconstruction / Inner Hadronic Calorimeti#e =%
F A PHENIX Calorimet
S0F . & SUCALHoALIHoaLoUT v ®  EMCAL+HCALIN+HCALOUT IS-I ) alorimetry -
- eco— 1+ u w
55 - m HCALIN+HCAIl.hOUT (EMCAL MIP) o ! AE/E = 2%(3p/p) © 13.5% & 64.9%/\E anpu Jiang
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Preparing for First Jet Measurements  sPHE

 Early jet measurements will be fully calorimeter-based
* Access to full jet energy and less susceptible to fragmentation bias

« Commissioning focused on tight correlation between calorimeters and other
critical subsystems

T T ' I T
_SPHENIX Preliminary . 1
" AU+AU s =200 GeV .= . ] 10°

—

08 gl

06} . 5 J . { =

0.4 s .

0.2 S’ :

Total Inner HCal Energy [arb. units]

A R B B B S
0 02 04 06 08 1 1
Total Outer HCal Energy [arb. units]

8/1/23 Anthony Hodges — UIUC, NSF Ascend Fellow 12



Preparing for First Jet Measurements

 Early jet measurements will be fully calorimeter-based

SPHE

* Access to full jet energy and less susceptible to fragmentation bias
« Commissioning focused on tight correlation between calorimeters and other

Total Inner HCal Energy [arb. units]

critical subsystems

—

0.8

0.6

0.4

0.2

T T ] \ T T ]
__SPHENIX P
" Au+AU \sy, =200 GeV . .==. .

reliminary . 1
1 410°

Ll
0 0.2

PRI I ST NS ST B
04 06 0.8 1
Total Outer HCal Energy [arb. units]
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Total Inner HCal Energy [arb. units]

—

0.8

0.6
0.4

0.2/1"

L L L L I L L

- SPHENIX Preliminary L.

" Au+Au |sy, = 200 GeV L
. [y 1

| I I_.. 5 F "

AR RN T ST NN SRS SO AT H! |
0.4 0.6 0.8 1
Total MBD Charge [arb. units]

Anthony Hodges — UIUC, NSF Ascend Fellow

14102

Total Outer HCal Energy [arb. units]

0.8

) [R—

- SPHENIX Preliminary ,, o af2 -
" Au+AuU \[Syy = 200 GeVorpisl i 5
| . fap

0.6/
0.4/ .

0.21% -

ol .
o o

PRI K T SR N S S S N SR R
04 06 08 1 |

Total MBD Charge [arb. units]
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The sPHENIX Jet Reconstruction Process

lterative Subtraction
Procedure

1) Reconstruct R = 0.2 Seed Jets

pu

2) Determine event v,, excluding regions near seeds

-

3) Determine UE (E) away from seed jets and

Subtract with flow modulation

pu

4) Repeat (1-3) with new seed jets from subtracted towers

¥

5) Run jet reconstruction on subtracted towers

-1
-1.5

-2

7127123 Anthony Hodges — UIUC, NSF Ascend Fellow 14



Early sSPHENIX Measurements



) N
Early Measurements: Neutral Mesons SF’HE@

« ¥ — statistically abundant, calibration source

7/30/23 Anthony Hodges — UIUC, NSF Ascend Fellow 16
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Early Measurements: Neutral Mesons sFPAE

« ¥ — statistically abundant, calibration source
» Reconstructed via n° — 2y decay process

7/26/23 Anthony Hodges — UIUC, NSF Ascend Fellow 17



Early Measurements: Neutral Mesons  sPPEgX

« ¥ — statistically abundant, calibration source
- sSPHENIX already measures visible ° peak in early datal!

_sPHENIX Preliminary  6/13/2023
- Au+Au |sy, = 200 GeV 56k events

Counts
=~
O

% M = 135 Mev/c? 80 wﬂm
WM
405_ cluster ADC > 500 ;
205—’4, M oo <07 _
%~ ""100 200 300 400 500 600 700

Di-Photon Mass [ADC]

7/29/23 Anthony Hodges — UIUC, NSF Ascend Fellow 18
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Early Measurements: Neutral Mesons  sPPEgX

« ¥ — statistically abundant, calibration source

* 1 = high p; calibration cross-check
* Measure out to high pr — early energy loss measurement

14o_sPHENIX Preliminary  6/13/2023
- Au+Au |sy, = 200 GeV 56k events +

122—2 ADC, ey < 275,000 mﬁ Wﬁ % & $

Counts

% M = 135 Mev/c?

80— %

n,M = 547.9Mev/c? 60 wwm w;h
405_ cluster ADC > 500 ;
205—’4, M oo <07 _
% ~"100 200 300 400 500 600 700

Di-Photon Mass [ADC]

7/29/23 Anthony Hodges — UIUC, NSF Ascend Fellow 19
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Early Measurements: Dijet Asymmetry

* Recent ATLAS dijet x; shows x10°° 2205.00682

preferential suppression of
symmetric dijet pairs

* LHC-style measurements at

RHIC energies will probe

temperature-dependence of

suppression phenomena

7/26/23

SPHE

9 LIS L L L L L L L O LB
S - ATLAS :
. o 8 E
2 TEEo10% Po+Pb D = :
CZJ 7E_+20‘40°/o Pb+Pb© . —E
O - . E
;’3 55_ P11 _E
A P12 - —
2k o -
5 .y ¢ 3 ° ;
=3 . &
E o f

= 200 < p_ <224 GeV
O: l.lllllllllIlllllllll[]llllllllllll:
0.3 04 05 06 0.7 08 0.9 1
Sublead

x__PT
J p%ead
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- g ~
Early Measurements: Jet v 4
[ | 2 / \
I \
, B, 4 ]
 Jet v, probes path-length dependence of jet-energy loss /
. . . \ /
* Aided by high-resolution sPHENIX Event Plane Detector, ~ =, 7
newly installed! S-S~
Cartoon from M. Rybar
_‘QN 0-2:""1“"I""l""l""l""l""l“ ]
> 0.18F- SPHENIX BUP 2022 - sPHENIX, 10-30% = —
S oqef Years1-3, AutAu O ATLAS5.02TeV,10-20% - il v g ==
014F Res(¥) =050 O ALICE 2.76 TeV, 30-50% '
0.12F 2
0.1 =
L O -
0.08F ¢ -
0.06— W o @ Q .
L .,..._._._* 3 ]
0.04 + s =
0.02} -
Co oo e o o e o b s o B s by o .
%O 30 40 50 60 70 80 90 100

Jet P [GeV]
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Early Measurements: Jet v, 4

e Jet

* Aidg
new

jet
Jet v,

0
0.1
0.1
0.1
0.1

0
0.4
0.4
0.G
0.C

4000m—

07/28/23
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|
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e
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20001
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I
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Direct Photon-Tagged Jets

« Jet-energy loss study’s “golden channel”

» Challenges:

« Both measurements adversely effected by large
HI background

* No immediate, nice uncertainty cancellation
* Notoriously statistics hungry

7/26/23 Anthony Hodges — UIUC, NSF Ascend Fellow 23



Direct Photon-Tagged Jets

« Jet-energy loss study’s “golden channel”

» Challenges:
« Both measurements adversely effected by large
HI background
* No immediate, nice uncertainty cancellation

* Notoriously statistics hungry
* Previous measurements, sPHENIX

acceptance, and event rate will lead to
precision y —jet measurements!

24
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Direct Photon-Tagged Jets SPHE

« SPHENIX acceptance + high acquisition rate excellent for high precision
photon-jet measurements

% 10|U E] T T I L l L l T 1 11 l T TT l LI l L | I L I LI | l LI ]3 _?; 4 T T T I T T T I T T T I T T T ] T T T I T T T ] T T ]
O 10°k o SPHENIX BUP 2022 p+p s 3 , 5 SPHENIX BUP 2022 E
o 10°E o Years13 0 Jets 3 ¥ 7L JEWEL220, T =260 MeV =
— = ® U O Direct Photons = >~ 3 ~ Years 1-3, p! > 30 GeV -
D 0 s <4 = - -
[ = o Da. 0 Charged Hadrons = g B m 62 pb Samp p+p =
> 10° = Os, Au+Au 0-10% . 2.5/ o 32 nb" samp. Au+Au (0-10%) =
5| o ¥ te. ® Jets = - -
10 gg DE}.Q 02 ® Direct Photons 3 2 = =
104 ? Dﬂgﬁ‘ Dﬁaa. ® Charged Hadrons : 15 S_ ++—¢— _f
103 D{:}!” e : _+_ ]
?_E =N Dga. 1E —o— "y =
110 ok Dgg'.” s 0.5 E e =
3 ’s * “EE o: —+- I S
e il T TR I ? ........ 0L e o . SR A A B = =
0 10 20 30 40 50 60 70 80 90 100 0 0.2 0.4 0.6 0.8 1 1.2 1.4
P, [GeV] . Jet Photon+Jet x
T
¥, =
J
14 pghoton
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sPHENIX Time Projection Chamber
First collision with TPC

n A 2023-06-13, Run 10771
S rackKing| <
i ~ 2 lll / ey ‘ : , :
S f

Calibration

IS LY \TPC
' Nl D ‘

July 21, 2023

\
2000~ SPHENIX Preliminary - -
Au+Au \/s, = 200, GeV
1 octant of INTT used ..~

\\ \‘

1500

l

Momentum Resolution
T

JNTETEIED ¢ S s \ /
[HTEETES ¢ T = = Y |

L

B PHENIX Tracking - i 7
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1000k i ]
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! x10°
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|
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Precision Vertexing
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Calorimeter + Track Jet Measurements

« Quantify parton mass dependence of energy loss
o Statistical precision will provide illuminating feedback on model predictions

12 ™ ' ' ' Vol ! 1 J L I I N O B B B

<
<
© - SPHENIX Projection 1 sPHENIX BUP 2022, Years 1-3
1 b-jet Anti-k_ R=0.4, 0-10% Au+Au, Year 1-3 JEWEL 2.2.0, T =260 MeV
~ p+p: 62pb ' samp., 60% Eff., 40% Pur. P>40GeV, z,,=0.1,p=0
0.8 Au+Au: 21nb" rec., 40% Eff., 40% Pur. T mopap
e Au+Au (0-10%)
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0.4 mget—— 1 & =
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sPHENIX Commissioning Status and Outlook

« sSPHENIX taking commissioning
beam data since May

« Subsystem teams working
diligently to understand detector
performance

* SPHENIX community looks
forward to making many quality
jet-related measurements in the
very near future!




Back-up



Heavy-Flavor Tagged Jets

* b-jet v, allows observation of

path-length dependent & 03— —
energy loss and its mass 0.5 SPHENIX BUP 2022, Au+Au, Year 1-3
dependence 0 2; b-jet, Anti-k_R=0.4, n|<0.70,Res(¥ )=0.5

- 21nb’'rec. Au+Au, 40% Eff., 40% Pur.

0155 —e— 0-10% Au+Au E
0-12 —4+— 10-40% Au+Au :
0.05— -
o-e+ ¢4 + + ® ¢ =
_0.05 =
0 T T e 3
15 20 25 30 35 40

P, [GeV]
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sPHENIX in the Physics Landscape

* Important opportunity to

bridge provide insight on S ' SPHENIX BUP 2022 -
conflicting LHC results 3 16 { 0-10% Au+Au, Years 1-3
x - O 4 62 pb'samp. p+p .
T 14 be | *T” }l 21 nb'rec. Au+Au -
x . | [ : i TL J .
mé 1.2 : - r W S o + )
15...L“+. .................................................. i..:
- |
08 | ’ L -= SPHENIX R™=05 ]
06 ¢ [ o7 ]| = AucER™=08 _
- | ' -e~ ATLAS R™ =05, R
o SN & CMSRT=06
102 10°
Py [GeV]
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