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sPHENIX, and | personally, want to convey
our deepest appreciation to
C-AD and particularly to Kiel Hock!

Very positive items to build on...
* Meetings starting exactly on time
* Organized plan & coordination

* Always available to explain / discuss
 Careful, expert checks and tests
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sPHENIX had people from 43 mstltutlons
In person at Brookhaven
on shift, as experts, as coordinators
Shift takers come from other labs and
universities for 8 days of shifts
4 people on each shift

We left nothlng In the tank

—dsh A YRR T, T

Check out our sPHENIX young heroes'

Y & htps: //WWW sphenlx bnl. gov/node/1751378401 Mo



sPHENIX plan going into Run 2024:

BUP proton-proton goals

* 45.0 pb within |z|<10 cm sampled with photon, jet, Upsilon triggers
* 4.5pb™ within |z]<10 cm recorded (10% streaming) for open heavy flavor physics

BUP gold-gold goals

e Commission sPHENIX for high occupancy collisions
* Understand beam backgrounds in MVTX and mitigate them

Available: 3T couth
7. Outside
e 19 (FY24)+ 6 (carryover FY23) = 25 cryo-weeks N
 Planned -2.0 mrad crossing angle to get E 0. é >
needed luminosity and 6, ., ~ 10 cm X
_z-g Inside
yellow trajectory = —— blue trajectory
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sPHENIX Shutdown Complete

sPHENIX requested delayed cooldown to complete
TPC High Voltage mitigation, reinstall silicon detectors and beam pipe,

and check everythlng out with cosmic rays
R [ o R TG
“1 ; 2%/ R 2 e s Huge multi-month effort by sSPHENIX
A% Rl S SR AN ‘o B technical crew, detector experts,
and many C-AD personnel.

John Haggerty

Jim Mills

Kin Yip (Not in the picture)
Jimmy Labounty Sal Polizzo

Tom Hemmick Bill Lenz

Evgeny Shulga Damon Miraglia
Frank Toldo Kevin Mandracchia
Jeff Hoogsteden Marianna Albanese
Aaron Allen Rob Pisani

Joel Vasquez Bob Azmoun

Dan Cacace Many more...

Mike Rau

Mike Lenz Retiring/leaving group

Sean Stoll 5




SPHENIX Detector Guide
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A long and challenging and fun sPHENIX Run 2024

CAD Sca

1 MHz

SPHENIXZDC Coincidence Rate

pp, 0.0 mrad
Calorimeter jet data pp, +1.5 mrad

TPC w/ isobutane

pp, -2.0 mrad

startup

00000

April28 May10 June 21 August 14 October 7
October 21
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Run 24 in a nutshell

Prolog Aug 1, 2023 - Feb 20, 2024

 sPHENIX maintenance: TPC HV reconstruction, removal and re-insertion of MVTX and INTT
* Introduction Feb 20-May 10

* Shifts begin, cooldown, magnet turned on, rare triggers commissioned, detectors see beam on Apr 19

* Chapter 1 May 10-Jun 21
* p+p at-2 mrad crossing angle; high backgrounds, limited luminosity

* Chapter 2 Jun 24-Aug 14

* p+p at 0 crossing angle; calorimeter jet data taking
* Begin tests with isobutane Jul 27

* Chapter 3 Aug 14-Oct 7

* p+pat 1.5 mrcrossing angle; isobutane in TPC enables full physics program

* Chapter4 Oct 7-Oct 21
* Au+Au test with many beam conditions to study operation of MVTX (and the rest of SPHENIX)

* Epilog Oct 21-Feb 25(7?)

* Detector maintenance; new TPC HV power supplies

11/15/24 sPHENIX Report at RHIC Retreat



Z SsPHENIX ZDC Coincidence Rate

pp, _2-0 mrad

startup

00000

April28 May10

11/15/24 Chapter 1

p+p at -2.0 mrad crossing angle
G z-vertexN 12 cm
Very high beam backgrounds
Luminosity limited

All sPHENIX physics-ready except
TPC HV unstable (cannot operate)

Projection to reach 45 pb™
was still 50+ weeks

June 21

August 14

sPHENIX Report at RHIC Retreat

Au+Au

+1.0 mrad

0/01 10/07 10113 10/19

October 7
October 21
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Backgrounds and SiPM Damage

sPHENIX EMCAL IB5
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Radiation 4000[—
damage on the i
EMCal was 3000
correlated with B

the blue 0001
injections: with -

the negative

1000(—

crossing angle
configuration
03/27/24 05/23/24 07/19/24 09/14/24 11/10/24
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

Note that this level of radiation damage is consistent with expectations
The surprise was the non-uniformity
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X (cm)

C-AD changed + 2 mrad has the same + 0 mrad has a wide

DO magnet polarity z-vertex width as -2 mrad z-vertex distribution
c~12cm o ~50-60cm
3 South ) North
21 Outside g [ MBD ONLINE MONITOR l [ MBD ONLINE MONITOR I
1 Run #46456 Events: 3533 Date:Sat Jun 22 12:54:56 2024 . Run #46623 Events: 18678 Date:Mon Jun 24 16:35:15 20
0 8 | MBD zvertex_ns, main trigger | 5 i MBD zvertex_ns, main trigger |
1 N I_I m:_ NOT Sending Vertex to MCR :saf_ NOT Sending Vertex to MCR
_z-g Inside "’;_ 2::
3 yellow trajectory = —— blue trajectory :_ 3
-20 -10 0 10 20 of l:
s (m) E
OJLIJ. 1 ' :_|||||||||||||||l||||||
. —60 —40 —20 0 20 40zverlex [crﬁo "E!O "40 -20 0 20 40zverlex [ 0
i MBD ZVertex (south<-->north) ] WBD ZVertex (south<-->north)
+2 mrad crossing, — — '
Ztrgs= 0.4 £0.2¢ 6=12+0.1¢cm = z =58 +0.6 c=51+08cm

All Trigs

Instead of earlier
-2 mrad crossing.

 —
MBD North Hitmap |

_Yyem)
o
Ly (em)

June 24, 2024,
started running
sPHENIX at
0 mrad crossing.




SsPHENIX ZDC Coincidence Rate

fo p+p at 0.0 mrad crossing
pp, 0.0 mra

Calorimeter jet data G, vertex ™ 20 cm =
High luminosity (2 MHz)
All of sSPHENIX
taking physics data

pp, -2.0 mrad
|
|
00000
O Hz s
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except TPC
Calorimeter jet program

April28 May 10 June 21 August 14 October 7

‘ ’ October 21
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TPC Status

Heavy lift by many people to safety approve isobutane in the TPC
Special thanks to Ray Fliller, David Mohamed, and Joe Levesque

(Kin) An “all negative” USI (Unresolved Safety Issue) — concerning our usage of
iIsobutane in TPC — has been signed by C-AD this morning, after the AESRC
(Accel. & Expt. Safety Review Com.) review on July 17, 2024. This is good news.
« A walkthrough has been scheduled on Tuesday, July 23, 2024, at 11 am.
« We also need isobutane delivery, finish testing and procedure revision etc.

Table 1: Scenarios Requiring Isobutane Valve lsolatlon
Location Scenario Engineered inistrative Control/R

Flowing isobutane in TPC of L s e RS

I Detector Hall i
with a total safety factor over 30. In the event the supplied airflow is compromised R8 (sPrenx or k) Bh? e gif'q'l"‘ﬂ Eers 100 c&n No Change

isobutane supply will b I e
SP I I I 'NI x TR (sPHENIX Detector Hall Celllng VESDA HSSD Smoke No Change
” SPH alignment with utiizing cu dge safety for cutting Detect
edge scence and i 5 loss Is 2 Y. lysis © 5

cion of isob mely IR8 (sPHENIX Detector Hall) Bore VESDA HSSD Smoke Tum off Isobutane No Change
semi-quantitative hazard analysis shows the controls implemented and mamntained Detected Supply (KGT) and

Swctof 10 G 031 ey migets e heird & ccepistle tevs IR8 (sPHENIX Detector Hal) | Bore isobutane detected alarm sPHENIX Control | Alarm MCR; Resume after handheld flammable gas survey
USI Evaluation Criteria Gas Mixing House GMH Vent Fan Fail Room No Change
1 1 anned | Gas Mixing House | Isobutane Shed Vent Fan Fail _| | No Change
e Agreement to lmplement the July 1 2 version Bl i iy St bicd sy o [ Gas Mixing House GMH Isobutane Detecled Alarm MCR; Resume after gas survey
current SAD and approved ASE? Gas Mixing House >6% Iscbutane Mixture No Change
()f the USI, Yes BNo Gas Mixing House Emergency Stop Bution No Change

Justification: (use attachment If necessary

* There will be an AESRC review tomorrow The g achty oss ot o ;;”.,: e * We are implementing the above controls necessary for sSPHENIX to flow isobutane

and after that, the USI would be ready for S il gt st b from the Gas Mixing House to the IR.

signatures. e e Tt o iy SEvessa . . .
g A e M 4 o o MO * The firmware and software implementation/changes are done by an outside

* We are also updating procedures, alarm i company as well as a BNL software engineer.

activity or discovered condition introduce a new of prev ‘eusy

Justification: (use attachment f necessary)

instructions and necessary training.

» Walkthrough will be scheduled in ,
consultation with AESRC. e MR o s e * Ventilation in the IR bore (~ inside Magnet doors) needs to be maintained

3 Does the planned nvnmas«cov«mcmmm require additional credited

" 2 wols, modificats xisting credited mmsovpncessesamu 3
* Target date for operation: earlier next week. S e oot v o e continuously.
e/ cEm®o Yes @No O/ cEnd®d

* Fans in the isobutane shed and the Gas Mixing House are being restored.
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Got lsobutane? Yes!

2024-07-29, Run 49547
Event #0

SsPHENIX Internal

200 GeV pp

2024-08-04, Run 50440, Event #0

TPC HV: (GEMs - 3.3 kV, CM - 42.3 kV), 0 mrad crossing angle.

Cosmicray

sPHENIX Report at RHIC Retreat 11/15/24




Z SsPHENIX ZDC Coincidence Rate

p+p at +1.5 mrad crossing

~ Au+Au
cSz-vertex 1 5 cm pp, +1.5 mrad +1.0 mrad

Run-15 pp Luminosities TPC w/ isobutane

6 09/01 09/07 093 09/19 09/25

April28 May 10 June 21 August 14 October 7

All of sSPHENIX
startup taking physics data!

Full sSPHENIX physics program ©
+2 cryo-week extension granted ©
(NB - this comes out of F¥25) ©

00000

‘ , October 21
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TPC Streaming Fraction [

= 30% Streaming

- : 1:‘ . -

24% - !?:l 'j}.‘i inl

el IR A D

N LR Rk B LRI LB

: g! ‘: !‘ t ;l. : i ] | ? . . i

IR e | R

-8 O iRl sPHENIX exceeds goal of 10% streamlng by X3,
10% 8} Tk : i . -i

.| i [ lenabling very rapid open heavy flavor statistics
o% 4 {
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pp inelastic collisions

sPHENIX Run 2024 pp /s=200 GeV

12
X10 ‘o‘o‘o“o‘o

'vO- 'vo-18 'VO-19 'vo-20 'vo 'voO- 'vO- 'VO=-24

Calorimeter Data (crossing 0 mrad, all z-vertices)

-
X
(<]

= Photon / Jet Trigger Sampled = 107.4 pb™

Currently 238.6% of Run Goal

1100

All Detector Data (crossing +1.5 mrad, 1zl<10 cm)

80

- Y / Photon / Jet Trigger Sampled = 13.28 pb™

Currently 29.5% of Run Goal

Tracker Streaming Data (crossing +1.5 mrad, I1zl<10 cm)

= Open Heavy Flavor Recorded = 2.90 pb™

Currently 64.5% of Run Goal

| = : - :
Jul-02 Jul-1 Jul-25 Aug-05" Aug-16 ~ Aug-28 Sep-08 Sep-19

2|IIII|IIII|III|IIII|IIII|IIII|IIII
|
-

Luminosity [pb™]
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SsPHENIX ZDC Coincidence Rate

Au+Au at +1.0 mrad crossing
Au+Au

Cyz-vertexN 20 cm +1.0 mrad
Good Luminosities

All of sSPHENIX
taking physics data!

startup

Tackling background issue for
Inner silicon (MVTX)

00000

April28 May 10 June 21 August 14 October 7
October 2

11/15/24 sPHENIX Report at RHIC Retreat




Au+Au 3 weeks in a nutshell

69% 93% 54% 83% 72% 80% 77% 75% 80% 62% 33% 75% 78%

i d MR B | LA LA B LA I L AL B L I BNV (L L R | LA L N BN |
=, — Lots of specialruns.|.. 4
% 20000:_° Different crossing angles (mostly +1 mrad) —
Q —* | Field on/off i
|+ | Vernier Scan 1l
150005 Steering vertically out of collision il
—« | Zero supp. / no zero supp. —
10000 — | TPC voltage scans |
—* |[MVTX background study rupns I

5000 [— | N C
ol l || ol DN DR ||||‘ OO0 0 Ul (10 A

ct-07 Oct-09 Oct-10 Oct-12 Oct-13 Oct-15 Oct-16 Oct-18 Oct-19 Oct-21
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Au+Au inelastic collisions

sPHENIX Run 2024 Au+Au \s,, =200 GeV

X1 OCrvo 26

Crvo 27 The End
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sPHENIX Data

ct-05

Oct-07

Min.Bias 1zl<150 cm = 0.239 nb™ ./

Min.Bias 1zl<10 cm = 0.201 nb™ j
@

Min.Bias w/ Trackers Izl<10 cm = 0.121 nb™’

Includes MVTX and TPC test configuration runs

Oct-09
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RN | e |
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TPC Summary  [EEEE

6.5 kHz
The TPC charge load appears to
be dominated by beam
background (not collisions)

Charge load is directly related to
TPC distortions.

Implications for Run 2025,
default is now
+1.0 mrad to start.

Tested 2 sectors w/ new CAEN
HV system.

Potential gas contamination
issue in last 10 days.
Under study.

+1.5
8.1 kHz

+1.0
11 kHz

+0.5
19 kHz

ZDC =
Coincidence:=-




MVTX Backgrounds .

No problems in proton-proton

Major background in Au+Au,
even with just one bunchin
the yellow ring
(i.e., no collisions)

Beam backgrounds... induces
auto-recoveries in MVTX
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North absorber installed on T M i
Thursday, October 10, 2024 i /o
Shielding for Yellow Beam backgrounds = G- /4 & < g

No impact on MVTX auto-recoveries...
Maybe not so surprising...
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X-Ing angle summary, 1x1 bunches

Crossing angle change
completely moves
where the
background hits.

C-AD has many test
results to develop a
mitigation.
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SPHENIX MVTX intended to run in 100% streaming
mode. That makes itsusceptible to 100% of
splash events - autorecovery (AR)

ALICE ALPIDE supports triggered mode with 2.5
microsecond latency. Reduces AR by x10-20.

sPHENIX default is 3.7 pus.
Latency scan yielded encouraging results,
But full analysis needed to understand efficiency

for low p; kaons and protons 107

Confident that next year running in triggered mode  10°°
and with C-AD improvements,

MVTX will be fully functional. 104

* Note streaming mode for future p+Au running
11/15/24 . sPHENIX Report at RHIC Retreat
may be an issue.
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Given many challenges,
excellent sPHENIX pp data set the result of
sPHENIX and C-AD smarts and true grit.

Run 2024 pp data set
» 230% BUP jets/photons
» 65% BUP open heavy flavor
» 30% BUP Upsilon/full program

sPHENIX and C-AD have the data needed to
solve remaining issues for a very successtul
Run 2025 Au+Au.
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Plans for Running in 2025

Shutdown activities

* After detailed discussions, including C-AD,
SPHENIX will not remove beampipe, MVTX, INTT in
attempt to re-align.

« TPC CAEN High Voltage system hooked up
(no more resistor swaps)

* Doubling number of DAQ Buffer Boxes for 2x data
bandwidth

* Enclosing cooling system on platform
(humidity issue in summer)

* sSPHENIXwill again need C-AD help!

11/15/24 sPHENIX Report at RHIC Retreat




SPHENIX FY2025 Shutdown

2024 Jan 2025 Feb 2025

A
Today

RHIC access [ oct 21~ var27
Watch shifts - Oct 14 - Nov 5
TPC HV rework _ Nov 5 - Dec 20
Detector maintenance _ Nov 5 - Feb 25
Winter break - Dec 21 -Jan 5

TPC HV test (Ar/CF4) [l Jan 21 - Jan 27

Pink sheets Feb 18 - Feb 25

sPHENIX shifts |, ren2s-sepan
rric cryo [ var27 - sep 20



Rosi Reed is Run 2025 Run Coordinator

11/15/24

* Rosiis a professor at Lehigh
University

* She was the manager of the
sPHENIX Event Plane
Detector

e She will be in residence at
BNL Feb-Oct 2025

sPHENIX Report at RHIC Retreat
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C-AD Au+Au prOJectlons for Run 2025

S
a

(7)) C rTr[rrrrprrrojprrr ]
E = _
(1] L Run 2025 AuAu Projections _]
Ko 40 — Run 2023 Best Store —
7] b s Scen.1 (2.0 mrad, all Z); <Rate> = 4.9 kHz _
({e] Immmmmmmms = Scen. 2 (1.0 mrad, all Z); <Rate> = 7.9 kHz o
[} 35 Increased Bunch Intensity —
o) C Scen. 4-1 (2.0 mrad, all Z); <Rate> = 9.3 kHz ]
— I Scen. 4-2 (1.0 mrad, all Z); <Rate> = 15.2 kHz -
-~ 30 C <Rate> from 15-300 minutes ]
'ﬁ' = No 56 MHz included in scenarios yet H
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With sPHENIX DAQ buffer box upgrade, can record all collisions within |z]| <10 cm.
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Plans for Running in 2025

* Exactrun plan for 2025 not fully determined yet
* Beam Use Proposal submitted

* PAC met Nov 7-8 https://indico.bnl.gov/event/25236/

* Closeout recommendation was “aim to collect a large 200 GeV AuAu data set”
* Need to remain flexible over the next few years

* MVTX background issue remains largest concern.

* Solutions will be a combination of background mitigation and MVTX triggered
mode.

* Additional monitoring devices being considered.
 Background Task Force w/ C-AD & sPHENIX working together is critical.
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