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The STAR
Collaboration at RHIC

STAR is:
753 collaborators
70 institutions / 14 countries

RHIC collides protons, gold
and anything in between.

Maximum energy:
200 GeV / nucleon
500 GeV for protons

Heavy lon & Polarized Proton
Programs
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2017 RHIC run
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Proton / Proton 500GeV
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e Complex Trigger

i Radiation Issues
* Detector Failures
* Detector Omission
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Bunches:

* The ions / protons travel in bunches (~10%11 particles per bunch)
* The bunches arrive at STAR every 109ns (9.3MHz)
* The trigger and detector electronics are driven by this RHIC clock.

* The bunches tend to be fairly long. The width of the vertex distribution
can be from ~20cm to 1m depending on the running conditions.

* There is a gap of unfilled bunches in each ring.

* During polarized proton running the bunches have different polarization which
means we must track the luminosity bunch by bunch.
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Time Scales:

STAR Physics << 1ps
Time for particles to exit STAR ~ 10ns
Time between bunch crossings ~ 109ns
Average Time between collisions ~ (1us — 200us)
TPC Drift Time ~ 40us
Time to read out event (TPC) ~ 300us
Time to flush event out of system ~ 1s
Time to flush event out of event buffer ~ 1day

Original Conception Of
STAR Trigger:

LO decides within ~1.7us

L1 can abort during the
drift of the TPC (40us)

L2 can abort during the
Readout of the TPC
(originally up 10ms)

L3 can abort before
Building events (1Hz)



The Trigger Detectors:

Barrel Electromagnetic Calorimeter

(BEMC)
- — Forward Meson
Time of Flight | Spectrometer
(TOF) NPT (FMS) Zero-Degree
. i /[ | | Beam-Beam Calorimeter
E— /‘ = [, LA Counter (ZDC East)
Detector / .
(FPD West) ‘u' [ [
; |
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| Beam-Beam

ZLero-Degree Counter
Calonmeter (BBC West)
(ZDC West) Endcap Electromagnetic Calorimeter

(EEMC})

Vertex Position Detectors
(VPD)

Trigger detectors are capable of reading out every bunch crossing!
- Some read out all of their data each bunch crossing (ZDC, BBC, EPD, VPD...)
- Others read out a useful portion of their data each bunch crossing (EMC'’s, TOF)



The Brains of the LO Trigger (Trigger Control Unit):

128 Input Bits From
Trigger Detectors

16 Busy Signals
From Detectors

TCU

20 bits to the DAQ

>
(+16 bits specifying
which detectors)

detectors

UPC4psi-zdc condition 0 toggle enabled

[»

MTD_thl EBC-TAC BEMC_HiTwrth0 rewtick 1 FMSsmall-ES3 m
MTD_thz EEMC_HiTwrthl rewtick 2 FMSsmall-BS2 Laserfire
RP_ET BEMC_HiTwrth2 rewtick 2 FMSzmall-251 Lazerlamp
TOF-UFC EPD-TAC EEMC_HiTwd-th2 rewtick -4 FMslarge-E52 Laser-diode
TOFmuko EPD-E BEMC_HiTwrthd Tellow filled FMslarge-E52
TOFmukl EPDHY Unuzed OLINKAT-1 FMslarge-251
IDC-TAC Unused Blueilled FMS-DIES
TOFmuk Urused OLINKAT-2 FMS-P2
MTDL-T-Cosmic L Unused OLINKAT-4 FMS-JPL
TOFsectord_3 e-En _ OLINKAT-5 FMS-JPO
TOFsectorl_4 Minimum-Bias Unused TTUN-O FMS-Dijet
TOFsector2 5 Preceded Unuzed EPD-CR-Trigger Unused
RP_T VPD-TACZ Unused TTUN-2 Unused
RP_EOR ¥PD-TAC EEMC_HiTwrth0 TTUN-2 Unused
RP_WOR VPD-E EEMC_HiTw rthl TTLIN-4 Unused Zero-bias
MTD-Cosmic VPO unused TTLN-5 Unused Rendom
UPC-Jpsi-zdc condition 1 toggle enabled
oo scac e s merees N0
MTD_th2 EEMC_HiTwrthl rewtick-2 FMSsmall-B52 Laserfire
RP_ET EEMC_HiTw rth2 revtick-2 FMSzmall-251 Laserlamp
TOF-UPC EFD-TAC EEMC_HiTw4-th2 revtick -4 FMslarge-852 Laser-diode
TOFmuk0 EFD-E BEMC_HiTwrthd Tellow fillad FMSlarge-BS2
TOFmukl EPD-W Unused GLNKAT-1 FMslarge-B51
IDC-TAC Unused Blue-illed FMS-DIiES
TOFmuhk2 Unused GLINKAT-2 FMS-JP2
MTDL-T-Cozmic Unuzed GLINKAT-4 FMS.JF1
ot e T conwer= s
TOEgmetar] 4 i Urnmed TTLIN-0 EMS-Niil =t

| Cancel H
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The Configuration File:

- The TCU supports up to 64 independent triggers running at the same time
- The concept of a trigger in STAR requires that ALL of the conditions LO /L1 /L2 and HLT
be fully specified.
- Rates are specified by a single prescale for every run, but that prescale can be specified by a program.

production_isobar_2018 (on rts02.starp.bnl.gov)

CFG.TRG_SETUP -
triggers id% | used id ' name detectors | definition L1 L2 ' L4 | stream plot grp | extra ' ps
, SUpTakp o | ¥ |600711  |uPCYPsi custom +(TOFmult.. |accept  |accept  |accept  |upc UPC |Expected...| =]
[Featasireanitan: ) v] 600712 |UPCpsizdc custom +{ZDC-E,E.. [accept accept |accept lupc uUrcC [Expected...
plotGroupNames 5 =
labels 3 =
| contaminationDef a ]
extra 5 =
IS o
P | W
8 [ ] 600003 vpdmb custom +(ZDC-TA... |accept 12-emc-ped accept |Physics MEBE '_Expected... 1
o [ [0 '\.rpd'mb—hlt none +(ZDCTA.., accept accept 14_hltgoo... physics MON 1
10 vl 1600031 \vpdmb-30 custom +{WPD-TA... |accept I12-emc-ped accept |physics MBE [Expected...
(11 v] 600042 vpdmb-30-hit none +{WPD-TA... |accept accept 14_hltgoo... physics MB -
L2 b 13 \vpdmb-20-itpe nore +{WVPD-TA... |accept iTPC_data |accept litpe MB
13 | @
14 | L | | | |
15 | ¥l |600231 bhtl-vpd30 custom |+(vPD-TA... |accept |accept laccept \hf |HF |[Expected...
16 vl 1600232 |bht1-+pd100 custom +{ZDC-TA.., |accept accept |accept \hf HF [Expected...| | |
17 | ¥ |600213 bht2 custom +(BEMC_H...|accept accept \accept hf HF Expected...
118 |
19 | [v] 600214 "bh't2”-lzgamma custom +(BEMC_H...|accept I2-btow-g... |accept [rf HF ;Expec'ted...
120 L
21 v| 600601 |dimuon custom +{MTD_th... |accept accept -accept |mtd MTD ?EHpected...
122 fal
[23
24 | [
25 | W
26 b |27 lepd test +{EPD-TA... |accept accept |accept Iphysics MON [Expected...
(27 v] |28 epd-west test +(EPD-W) ... |accept acce'pt |accept -"sih'gles MON |Expected...
128 b 120 |epd-east test +{EPD-E) ...|accept accept |accept |singles MON [Expected...
29 ¥ |30 bbc-west test +(BBC-W) ... |accept accept accept |singles MON Expected...
30 M |31 |bbe-east test +{BBC-E} ...|accept accept \accept jsingles MOMN [Expected...
(31 ] |32 BECW-notBBCE-ZDCW-lowTOF test |+(BBCW.... atcept 'acc'ept .a'écept Zsinéies Mo :Expe'éted'... !
132 1 bl (33 \BBCE-notBBCW-ZDCE-|owTOF test 1+{BBC-E.Z...laccept accept laccept isinales MO [Expected,.. | 1Y)
status: [move] ctrlto copy




Getting The 128 Bits
Tothe TCU (The DSM/ QT Tree):
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Getting The 128 Bits
Tothe TCU (The DSM/ QT Tree):

- DSM are programmable FPGA based boards with el o
128 inputs bits and 32 bits outputs. —

- The QT have a similar role, but can handle some _— _— J QT/DSM Tree
analog input data. 2014

- They receive the data directly from the electronics GaDine
Of the various trigger detectors. - — o |—

- They are arranged in 3 layers, and the boards ‘ ._I—
within a layer have no information from e A
the other boards in the same layer. N - e — e e

;J board —| Tcu e

- They can have different code running each time E]— _— m B
A run is configured, so we have a protocol | Vool [—
To group the firmware with along with appropriate E— ol H I: :|
Labels in the run control software. ) -~ stor ]

- The DSM crates are connected to a computer 00112 Po0ss —

called L2 using a custom network called STP.
L2 gathers the data from all of the DMS/QT boards 1222
And ships it to DAQ.

i

FM101 —l

FMO009:12 FM103

FP201 p—

]

FM023:33

FM034:44 FE001:10 FE101

j-engelge 8/9/2013




After the TCU decides to trigger an event:

\
\
20 Bits
Trigger Info 20 Bits R
TCU Trigger Info
16 Bits _ TCD I Detectors
Which TCD” | *

The Trigger Info is:

12 Bits Token. A unique identifier for the event until
the all of it's components can be assembled.

4 Bits Trigger command (laser / pulser / configuration evt/ physics)
4 Bits DAQ command (read raw)

*** The detectors have no information as to what trigger fired!



Not So Random Detector Example (TPX — the outer part of the TPC):

- 96 RDOQO’s contain a fiber back to
TPX DET computer.

a0k 0 2t bt i S L B

- 18 FEE's / RDO
- Black Event ~50MB

- The fee’'s use ALICE’s ALTRO chip
* digitization
* pedestal subtraction
* tail cancellation
* zero suppression

- Electronics alone reduces event
Size to about 2-12MB

- 36 TPX DET computers perform
2 dimensional cluster finding to

Reduce data volume down to
.25 — 2 MB/event.




The Event Building Network:

* The computers that receive the data from
The detector fibers are called DETS. There
Are roughly 75 DET computers.

* The event builders consists of 14
computers. Each containing 10-24 TB
of buffer disk.

* The event building network is a hybrid of
Gb and 10Gb ethernet. The Event Builders
and HLT computers are on 10Gb ports.

The DETS use Gb ethernet, though the
Switches have 10Gb uploads to the event
Builders

* The HLT trigger (Hongwei’s Talk!) is on
A separate 10Gb network along with the
Event Builders. The EVBs send fully
Assembled events to HLT, and receive
An appropriate trigger decision.

* The aggregate bandwidth of the system
|s about 2000MB / second.

* Completed events are shipped to a tape robot system called HPSS.



Monitoring / QA / Databases:

Live: Run #20024009 (running for 1024 seconds)

File Input
Summary | CritcaishinPiots | DAG | Trigger | Centraity | Bunch Crossings TPC | epa | ToF | €ToF | MTD | BBC | GMT]
TPC Global | Clusters per Bunch | Sector 1-12 | Sector 12-24 | Ev Sector 12-24 | Ev Sector 12-24 Inner Charge Step 1-12 | inner Charge Step 12-24 | Outer Charge Step 1-12 | Outer Charge Step 12-14 | >> |

e s e wectond | (Ve e Ve wecione? ] (e vt sy ] (e Ve e secioal ]
e -8dd’s & adcs ©
3 | oo 3 T T | e narn E :
] : E . : .
10000 F 2 E
B 574R DAQ Monitoring X + - mr g | -
.“: | il “E— i F 1 ’ [ .; i
& — C @ https//onlinestar.bnl.gov/dag/export/dag/ acof- Q) sl it— moal-
w— L 4 1 % a
i vall ectondt <G 1 IC 8 . sl LK TP 3 yeCloed
RUNNING [to RCF] 20024009 v s
E — |ﬂ-.— ——thestere
E , .3 J !
No beam in RHIC E E i
In progress... ; 3 E i
prog Physics OFF (25805358m) | = | E L
Monitoring . 3 -
Rate Charts 3
Current Rates -4 ! p—" d
LED Status Trigger E\I‘E Dead = 5 - 5o i e
SUSEEE gmi-cosmic 73563 117 73573 115 (125 170 170
Current Runlog . = O X
Today's ShiftLog Cosmicl openangle 40215 50 40228 47 61 3% 401900 [meesses|  H hites//onlinestarbnlgov/RTS/2 X 4
Citit Sungﬁ Cosmic2 openangle 80425 119 80437 114 116 4% 80381 0 € C @ httpsi//onlinestar.bnl.gov/RTS/2018/newphp/calendar.php# a W % e : ]
TPC Temperature Cosmic3 openangle 42640 48 42653 50 55 2% = 426220 = - RIS SSEEE N, . =
TPC Anode Scan | Year Summary
TPC Gating Grid ' i _ —
iTPC Web .|.||ISelect configuration type: Configuration StartTlme
e | |l produciion )65 (Details)/ (RunLag) CosmicLocalClock i 51.53 30916 i
ngﬁﬂlﬂ.ﬂ. e Corioaton e 200230 ils)/ (Runlo CosmicLocalClock [10:04 PM___3.58 (32.9833)
eyl
10 RUNRING S S % 237 221159 evbl 0023061 (Details)/ (RunLog) aser_localclock. 5.88 (5.4000) e
WId REAGY 0% O% B E_b &0 e BES 20023059 (Do CosmicLocalClock 08:36 PM .00 (4.4667)
g e i evb04
Trigger RUNNING 0 % % 220042 0 .305 0.7 0 |0 o 20023057 ( 1 ) CosHiitIoCIEIO0R 0733 M 30,
IPX  RUNNING 3 % ;: 220184 1 (332167.7 0 242  evb06é 20023055 (Details)/ (RunLog) CosmicLocalClock | 9.96 (29.2333) cf |
evh07? LR
(311
MID RUNNING 1% 13 220042 0 30403 0 |0 evhg e e 0023053 (Detalls/ (Runl og) CosmicLocalClock 30.16 (29.4333) |
- %
2002 eta Lo destal_rhicclock_clean 0.83 (0.3167)
GMT  RUNNING 1 % gz 73595 (1] 97 2.3 |0 3 L ([
20023049 (Details)/ (Runlog). CosmicLocalClock 30.21 (29.5833) e |
RUNNING 0 % 0 % 0/153898 4 219 351.8 0 RUNNIN‘ -
3 20023047 (Details)/ (RunLo CosmicLocalClock 0.81 (0.3500) |
ne Severity| Task Source#line (33 = Ictock
dﬂﬂﬂ 02:47PM 33413290000 |
15:04:48 dagman | OPERATOR  handler  handler.C:#1674 Got the run stop request for run 20023012 = 0023045 (Details)/ {Runl.og) Gasi e CALEM St 28000, rer |
14:35:20 |1 tofo1 OPERATOR |tofMain | tof.C:#548 TOF: auto recovery done. ‘325;’ 3510 720E 35 EISNE 20023 etails), CosmicLocalClock 02:36 PM 3.16 (0.1833) ref |
e, - ' i . . (35 1)|(362){(36:
14:35:06 1 | tof0l OPERATOR | tofMain tof.C:#472 TOF: powercycling tray 62, wait 13 seconds... =157 50023040 1 ) GoSPIEIOEIGIR 01:53 PM 1.01 (30.4833) |
14:35:05 |1 | tofol OPERATOR | toftain tof.C:#411 TOF: tray # in error: 62 -- auto-recovery, wait 6 seconds...
)4:35:04|1 tofdl | OPERATOR |tofMain | tof.C:#548 TOF: auto recovery done. AEAF 20023038 (Details)/ (Runlog) CosmicLocalClock .66 (2.1667)
14:34:58 | 1 | tof0l OPERATOR | tofMain tof.C:#411 TOF: tray # in error: 62 -- auto-recovery, wait 6 seconds... s ) '_ 20023036 (Details)/ (RUNLog). [CosmiclocalClock  [01:12PM___ [0.28(0.2333) _____________ |rcf |
14:34:57 1 tofol QPERATOR | tofMain tof.C:#548 TOF: auto recovery done. ) Al T e ETITEEE
CosmiclocalClock  Jl2:54PM  [11.9(100333)  Jrcf |
14:34:51 |1 tofol OPERATOR | tofMain tof.C:2411 TOF: tray # in error: 62 -- auto-recovery, wait & seconds... i )
)4:34:07 |1

rts02 OPERATOR |rc ReActions.java: £718 | Starting run £20023012. Config file s CosmicLocalClock fiel 20023032 (Details)/ (RunLog). csmlr:Localclock 11:50 AM 30.38 (29.8667)
i 4 |

[SPIIRE IFE e e e L= e umene laiiss: o Sy g i aan



Full Trigger DAQ Data Flow:

Run Control
Handler

Monitoring
Server

Event Pool

Logging
Server

L4 Event
Pool

Database
Server(s)

L2 QA

AN




The future of DAQ at the Electron lon Collider (2030):

* The EIC will use one ion beam from RHIC and adds an electron beam in the
same tunnel

* The physics is far different

500 Khz event rates

Much smaller event size (~15KB / event)

Want to analyze all 500Khz of collision data

High resolution — Large numbers of channels

Readout Technology | Channel Count

Silicon Tracking Si MAPS 37B
GEM/MMG Layer GEM 217K
Cylindrical MPGD * GEM 60M
HP-DIRC MAP/MT 100-330k
ECAL SiPM 1.7K
HCAL SiPM 24K
HCAL imaging Si MAPS 480M
dRICH PMT/SiPM 350K
mRICH PMT/SiPM 330K

B0 Si MAPS 32M + 320K
Off-Momentum AC-LGAD (eRD24) 750K
Roman Pots AC-LGAD (eRD24) 500K
ZDC LGAD + ASIC eRD27 225+366

TOF AC-LGAD 15M



The future of DAQ at the Electron lon Collider (2030):

* The DAQ needs are different

The Available technologies are different

> Implies we need a different Architecture!

100MHz Clock — 500Khz rate means maximum trigger improvement is ~x200
The noise/compression requirements are 50B — 15Kb (~x2,000,000)

So concentrate on noise/compression and remove trigger system
> Trigger-less Streaming DAQ

(Front End Boards
on/near detector) Front End Processors
Detector

Front End Boards
(on/near detector) DAQ Network /

Clock Distribution Computing
Detector (COTS)

Front End Boards
(on/near detector)

Detector

(etc...)



Summary:

My goal was to give you an understanding what the STAR trigger / DAQ systems
are, how they work, and what they do.




Homework!

1. The time for an event to arrive can be modeled in a simulation by letting x be a
random number between 0 and 1, and applying the formula:

t=—Llog(1-x)
r

Where r is the average rate. Convince yourself this is true!

Hints: a. assume a constant probability per bunch crossing
b. use

(1—x)"=e ™™

for small x, large xn, to get the probability distribution for the time
between events

P(t)dt=re "dt
c. Think about the curve under the probability distribution as a
set of boxes numbered from t=0. Integrating to time t gives the
an index for that time
d. Solve for the time...



2. Using the small event simulation:

a. What is the source of the
linear deadtime below
1500hz?

b. What is the source of the
curved deadtime above
1500hz?

c. Why are the curves for ps=10
sharper?

d. What would the happen if the
number of TPC buffers were
increased or decreased?

Small Event Simulation of STAR DAQ TPC DAQ

Event Rate vs Event Presented Rate (ps=1)
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3. Data transfers typically are modeled as taking time:
TransferTime = Latency + ThroughputRate * sz

Choose a parameter:

a. Disk write speed

b. Disk read speed

c. Ethernet transfer speed

d. Memcpy() speed
And plot transfer time vs transfer size!

It's very likely that this will NOT result in solid results. Why?
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