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STAR @ RH IC
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So leno ida l T racker at RH IC

STAR detecto r :
● Operat ing s ince 1999 ( t i l l  2025)
● 22 subsystems and g row ing
● Detector Cont ro l System is EP ICS-based, 

hav ing over 60k process var iab les
● Data tak ing r ate : ~2kHz (star ted at 1Hz ! )
● Co l l i d ing spec ies : AuAu , CuCu , pp

STAR Co l labo rat ion :  
69 inst i tut ions f rom 14 count r ies , w i th a tota l 
of ~680 co l laborators .  
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My cur rent respons ib i l i t ies
● STAR Databases

– On l ine : Cond it ions , RTS , RunLog , Sh if ts
– Of f l ine : Ca l ib r at ions , Geometr y (+AP I )
– F i leCata log
– Sof tware Inf rast r uc ture

● STAR Ser v ices
– MIRA : SCADA F ramewor k
– SKM: SSH Key Management
– PhoneBook : Co l labo rat ion Record Keep ing
– Sh if t S ignup & Account ing
– Exper iment 's RunLog
– On l ine Event D isp lay

● Misc Too ls and Inter faces
– DB Inter faces: Mon i to r, Browser, Exp lo re r
– Author too ls : author l i sts (LaTeX, Insp i re)
– On l ine Ser v i ce Aggregator
– j obStat : n ight ly tests U I
– dbP lots :  Cond i t ions DB arch ive v iewer
– dbS l i ce : db read iness checker
– ta lkstats / s imstats
– On l ine-to-Of f l ine data mig rat ion scr ipts & 

moni to r i ng too ls
– Drupa l modu les : STAR papers , meet ing , 

conference etc
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On l ine Databases

STAR
detecto r

DAQ

RTS

EP ICS ,
M IRA

DAQ, Tr igger
DB

RTS , RunLog
Shi f tLog

DB

Detector
Cond i t ions

DB

DAQ, Tr igger
DB

RTS , RunLog
Shi f tLog

DB

Condi t ions
DB

Migrat ion
Scr ipts Of f l i ne DB

Repl icat ion

Wr i te-on ly Masters Read-on ly Rep l i cas

“Onl ine” Databases: used dur ing data tak ing , opt im ized for fast wr i tes, not fu l ly st r uctured . MySQL : two master 
ser vers contain ing four independent db instances, four s lave ser vers . Each rep l i ca contains al l  on l ine databases. 
New RTS database is a three-node MongoDB c luster .

+Backup , A rch ive

DAQ, Tr igger
DB

RTS, RunLog
Shi f tLog

DB

Detector
Cond i t ions

DB

CAD
CDEV

On l ine
Ser v ices
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Of f l ine Databases
“Of f l ine” Databases: Cal ib rat ions and Geometr y Databases used dur ing data product ion . H ighly st r uctured and 
opt im ized for fast reads. Rep l icated setup: single MySQL master, 15 MySQL s laves (three groups) . Load Balancer is 
bu i l t into the c l ient DB API (StDbL ib , cpp) . Database is not a f i le lookup ser v ice but data dist r ibut ion ser v ice 
(+descr iptors) . H ighly opt imized for per formance: peak load of 150k quer ies per second was handled w i thout 
inter r upt ions. Rout ine average load is ~20k quer ies per second.

Cal ibrat ions
Geometr y, RunLog

DB Master

Migrat ion

Cal ib rat ions
Geometr y
DB Repl ica

Ca l ibrat ions
Geometr y
DB Repl ica

Embedding Poo l
DB Repl icas

Ca l ibrat ions
Geometr y
DB Repl ica

Cal ib rat ions
Geometr y
DB Repl ica

User Pool
DB Repl icas

Ca l ibrat ions
Geometr y
DB Repl ica

Cal ib rat ions
Geometr y
DB Repl ica

Product ion
DB Repl icas

Repl icat ion
User 

Ana lys is
CodesStDbL ib

DB API
+Load Balancer

+Backup (MySQL-ZRM)

Data
P roduct ion

Codes
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Of f l ine Databases : format & AP I

TTable
Descr iptor

IDL

DB
Descr iptor

Data

DB
Schema

DB data ent r y
+ IOV

V i r tual Path
StDbL ib

St_db_MakerStDbBroker

STAR DB stores Data and IOV !

standa lone

ROOT-based● Ever y data bi t has i ts own Val id i ty Range
● Data is requested v ia Event T imestamp + /ful l/path/to/the/entr y
● Three t ime tags: beginT ime, ent r yT ime, deact i veT ime
● Complete reproduc ib i l i ty : const ra in ent r yT ime and get db state as i t was at t ime X
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Of f l ine DB : c luste rs & c louds
● KEY FEATURES :

● Easy to mainta in : just one ser v ice to maintain – MySQL master + N repl i cas. No separat ion between f i le 
ser vers and IOV ser vers . Mainta inable by just one person bottom up (onl ine to product ion) .

● MySQL repl i cat ion al lows near-per fect hor izonta l scalab i l i ty , so i f per formance is a bott leneck , just add 
more ser vers to the poo l to accommodate for the increased load. Commodi ty hardware is f ine, no need for 
a super-beefy ser vers .

● Cl ient-based load balanc ing a l lows simple local LB conf igurat ion setups
● MySQL Query Cache is the only cache, and i t is update-aware , no cache expi rat ion t ime inconsistenc ies, 

~95% ef f ic iency
● CLUSTERS :

● MySQL is fai r ly easy to setup ( inc l . repl i cat ion) , so new c luster setup is not too compl icated. Instant 
rep l i cat ion ensures 100% real-t ime data propagat ion across ser vers ;

● Load is not an issue: add as many db rep l i cas as needed in no t ime;
● CLOUDS :

● ( f rom STAR exper ience) Br ing DB ser ver a long wi th your jobs, use i t as loca l ser ver. . One year of STAR db 
data is ~5GB, no exasca le-s ized db needed i f proper ly maintained ; ) 
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F i leCata log & SoF i databases

F i leCatalog
DB Master

Onl ine and

D isk Index
F i leCata log
DB Repl ica

F i leCatalog
DB Repl ica User

F i l eCata log
AP I

+Backup (MySQL-ZRM)

“F i leCata log” Databases: conta in locat ions of a l l  BNL-hosted f i l es (HPSS , XROOTD , D ist r i buted D isks)
MySQL , one maste r, two rep l i cas , opt im ized for f requent updates .

“SoF i ” Databases: va r ious Sof tware Inf rast r ucture databases. Loggers , mon i to r ing , web ser v ices , SKM, 
f i l e stat ist ics , user act iv i ty stats etc . MySQL , severa l pa i r s of “one master, one rep l i ca” setups .

SoF i
DB Master F i leCatalog

DB Repl ica

SoF i
DB Repl ica

SoF i
DB Master F i leCata log

DB Repl ica

SoF i
DB Repl ica
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MIRA : SCADA Framewor k
● Featu res :

– Sca lab le a rch i tectu re
– I n te r-operab le ,  low-over head protoco l
– Pay load-agnost i c messag ing
– Qua l i ty of Ser v ice regu lat ion

● Or ig ina l ly des igned to imp lement bette r 
meta-data co l lec t i on (a rch i v er )  and prov ide 
bas ic ser v ice messag ing bus

● Imp lemented us ing Message-Queu ing ser v ice 
bus - AMQP, late r MQTT

● Suppor ts Comp lex Event P rocess ing (CEP)
● With t ime , expanded to the Cont ro l System 

rea lm and A la rm Hand l ing

Messag ing Inter face and Re l iab le A rch i tecture

MIRA: basic components overview
D Ar kh ipk in and J Lauret 20 15 J .  Phys. :  Conf . Ser.  608 0 12036 
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MIRA : Scada F ramewor k

TPC
detector

TPC
detecto r

TPC U I

MQ
Ser ver

HW U I

MQ
Ser ver

ALH U I

STAR
detector

HW IOC

ALH

DB

Arch i ve r U I

Web
Desktop
Mob i le
… . .

DAQ networ k protected networ k int ranet exter na l

MQTT

EPICS CA

EPICS CA WebSocket + MQTT

Vendor-specific
protocol

MQTT
MySQL, MongoDB

HW Contro l le r

RTS

CEP

CDEVDAQ

EP ICS
B r idge

HTTPD

mod_proxy_ws
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MIRA : Arch ive V iewer
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Exper iment 's PhoneBook
● MySQL database backend (EAV model , schema-f ree) which has detai led 

histor ica l informat ion on ever y member of STAR co l laborat ion, back to 
y1998. New f ie lds could be conf igured on a f ly w i thout any inter r upt ion 
of ser v ice or database schema updates

● Modern user inter face, which is more than just inter face. I ts HTML5 
f rontend is a c l ient app, wr i tten in JavaScr ipt

● Ser ver core , exposing RESTful AP I (s ing le source of data) for al l  
poss ib le c l ients : PhoneBook , Sh i f tS ignup, D isk Space al locators etc . .

DB Ser ver Core

User Inte r face

Admin Inte r face

Sh i f tS ignup

RESTfu l AP I
over HTTPS

MySQL Web Ser ver

C l ients : cpp , php , js , python
JSON

https ://www.star.bn l .gov/pnb/c l ient/
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PhoneBook U I
https ://www.star.bn l . gov/pnb/c l ient
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Sh if t S ignup & Account ing
● Features:

● H igh ly-conf igurab le Sh i f t S ignup and Account ing too l .  
Integrated wi t h STAR phonebook . P rov ides deta i l ed 
over v iew of STAR sh i f t crews and On l ine QA sh i f ts , 
conta ins exper t l i st .

● Admin ist rat ive Features:
● Semi-automat ic sh i f t dues ca lcu lat ion per STAR 

inst i tut ion for each RH IC Run . Manua l over r i de fo r sh i f t 
ass ignments . Va r iety of summar y tab les .

● Account ing Features:
● Automat ic checks for BNL mandator y sh i f te r t ra in ings , 

stat ist i cs of sh i f t dues per inst i tut ion , spec ia l  sh i f t 
dues ca lcu lat ions for exper ts

https ://on l ine .star.bn l . gov/Sh if tS ignup/

Shi f tS ignup
DB

Web Inter face

User

PhoneBook Ser v ice

PhoneBook
DB

Sh i f tS ignup Ser v ice

RESTfu l AP I
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Sh if t S ignup & Account ing U I
https ://on l ine .star.bn l . gov/Sh if tS ignup/
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Exper iment 's RunLog
● Featu res :

● Extensive web inter face for a l l  STAR runs, taken 
dur ing RHIC data tak ing Runs.

● Prov ides r un stat ist ics (t ime, events, t r iggers, 
f i les etc) f i l ter ing, moni tor ing logs, condi t ions 
over v iew and other informat ion

● Co l lects and organizes informat ion f rom a 
var iety of sources: Run-T ime System, DAQ, 
Cond i t ions, S low Cont ro ls etc ;

● Composed of a ~dozen ser v ices, three database 
instances and a web inter face.

● Archived annual ly , to prov ide histor ica l records 
for past Runs

● Web inter face was fu l ly re-wr i tten f rom scratch 
in 2010 as Model-V iew-Cont ro l ler app l icat ion

https ://on l ine .star.bn l . gov/RunLog/
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SSH Key Management
● Features:

● Complete ly automat ic SSH key management 
ac ross mid-s ized L inux c luster (on l i ne domain) .

● A l lows to sat isfy CyberSecur i ty requ i r ements for 
sens i t i ve domain access .

● Enab les user f inge r p r in t ing v ia persona l SSH keys .
● E l im inates the need for password-protected 

shared accounts (aka st icky-note passwords)
● Admin ist rat ive Features:

● User, Host , Pub l i c Key o r Pub l i c-P r i vate Key 
management .

● Ass ign user keys to accounts , enab le/d isab le 
of fend ing users o r hosts , rece i ve not i f i cat ions of 
new requests , approve requests .

https ://www.star.bn l . gov/star keyw/

SKM
DB

Web Inter face

User

Node 1 Node N

SKM Ser v ice SKM Ser v ice

...

XML-RPC Ser v ice
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SSH Key Management
https ://www.star.bn l . gov/star keyw/
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SSH Key Management
https ://www.star.bn l . gov/star keyw/
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On l ine Event D isp lay : ser v ices

DAQ

Event
Poo l

FAST
RECO

MEMCACHED
SERVER

WEB
SERVER

STAR
CONTROL
ROOM

RHIC
CONTROL
ROOM

ANY WebGL
BROWSER

SLOT 1

SLOT 10
...

Event D isp lay hand les fu l l  event l i fecyc le :  f rom raw DAQ 
data to the fu l l y reconst r ucted and v isua l i zed event in 3D . 
C l i ent :  web browser.  Used dur ing RH IC r uns by STAR , RH IC 
MCR , and a lso for pub l i c out reach (DOE events , Un i ve rs i t ies)

Fu l l y reconst r ucted TPC t racks , EMC h i ts JSON

JS , WebGL

2 kHz

10 Hz

https ://on l ine .star.bn l . gov/d isp lay/
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On l ine Event D isp lay : t r ack reco
1 .  Raw H its impor t : 3D spacepo ints f rom DAQ. Convers ion f rom 
HW coord inates to x ,y ,z – T0 app l ied

2 . Patter n Recogn i t ion / Seed F ind ing v ia 
t r i p lets + fast KD t ree search

3 . Track Cand idate Fo l low ing & F i t t ing
(c i r c le f i t , sz f i t => fu l l y reco 'ed momentum

4. Ve r tex Seed F ind ing
Cent ro id found by pro ject ing 
t racks to DCA(POC) to z-ax is

1

2

3

4

C++ 1 1 :
  kdf inder.hpp
  nanof lann .hpp

Per fo rmance :
0 .5s to reconst r uct 
cent ra l  event w i th 
~5000 t racks

https ://on l ine .star.bn l . gov/d isp lay/



2019-05-24 22/29

On l ine Event D isp lay : Web U I v 1

EVD : STAR Cont ro l  Room, RH IC Cont ro l  Room
E IC Event D isp lay , sPHEN IX Event D Isp lay

https ://on l ine .star.bn l . gov/d isp lay/



2019-05-24 23/29

Event D isp lay Web U I v2
● Geomet ry Input Format :

– l atest GDML vers ion suppor ted
● Event Input Format : JSON
● Geomet ry Shapes :

– 100% coverage of GDML/G4, TGeo, 
VecGeom

● I nteract iv i ty :
– Subselect ion of vo lumes
– Automat ic vo lume posi t ion ing

● Phys ica l Ob jects
– Tracks: hel i x , set of points
– Hi ts: 3d points a- la TPC, calo r imetr ic h i ts

● Extensive ly used by ITPC exper ts: debugging !

https ://www.star.bn l . gov/~dmit r y/g ide_new/
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DB Mon ito r
https ://on l ine .star.bn l .gov/Mon/

Custom moni to r ing too l , spec ia l i zed for la rge r ep l i cated MySQL setups . Mon ito rs a l l  STAR databases,
P rov ides extens ive automat ic inventor y , rep l i cat ion status and per fo rmance tun ing h ints .
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DB Browser
https ://www.star.bn l .gov/B rowser/

Custom database brows ing too l .  P rov ides gener i c database v iewer capab i l i ty , and spec ia l ized 
database v iew ing for EMC and EEMC subsystems.
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DB Exp lo re r
https ://on l ine .star.bn l . gov/dbExp lo re r/

Auto-documentat ion system for STAR Of f l i ne Databases and AP I . P rov ides web-based inte r face fo r 
database schema and st r ucture , p rov ides samples for DB read and DB wr i te fo r each tab le .
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j obStat : n ight ly tests
https ://on l ine .star.bn l .gov/ jobStat/

Web inter face to STAR n ight ly tests system. P rov ides fast p lot t ing capab i l i t i es for a l l  n ight ly tests .
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Drupa l Deve lopment
● Features:

● Dr upa l is modu la r, easy to extend 
content management system

● Prov ides STAR wi t h web-based 
document management , b logs , 
ca lenda r of events , conferences , 
STAR paper/note arch ive and many 
more s ince 2003.

● Custom modu les :
● STAR conference and meet ing
● STAR pub l i cat ions and notes
● STAR presentat ions and thes is
● STAR s imu lat ion requests
● STAR news and po l ls
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Summary
● Cur rent Dut ies :

– A l l STAR databases – ma intenance , suppo r t , backups , per fo rmance tun ing , deve lopment 
fo r 30+ se r ve rs , 50+ MySQL instances , 3 MongoDB instances

● Major RHIC Run Tasks :
– On l ine Databases , m ig r at ion sc r ip ts , RunLog se r v ice , Sh if tS ignup se r v ice , MIRA ser v ices 

(data co l lecto rs ) , Event D isp lay ser v ice
● Major Out-of-Run Tasks :

– Of f l ine Databases , StDbL ib (DB AP I ) , F i leCata log databases , DB- re la ted sof twa re 
upg rades , D r upa l deve lopment and maintenance , R&D deve lopment (not ment ioned he re )

● Common ly-used Languages and Techs :
– C++ , JavaSc r ip t , PHP, she l l , SQL , RPC , XML , JSON , HTML , CSS etc .
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