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A

A ba n d Com odi ty ha dwa e nam ing É e open souree operating sy--m IAnuz m playing vm ous important mlm m the ad d d hid z

m ergy physics . Ä is pape degcr± , ² e PC- I Anux-based Da a AC× iBi6Þ System d STAR 'IU Fp deü ctor - It is based ¶ the conven-

UOZEal solutions ì ú æOnt-end eleeÃ nic, made d NIM m d CAMAC modules eonuoHed by a PC mm iE18 U m z . Ò 2e sé tem had been

c£" m isaim ed MM É e £ AR DAQ -ya em , and wo» ed auccesd BHy h the , eCOZEd yea d s r AR physics nuts -

data acquisi ti on system , 'IU Fp . Iainm

1 hEtroduction

u e T i m e Of n i ght pat ch . ( 1W Fp ) i s a su b - detec tor

of th e ST A R ( Sol enoi daI T rac k er A t m zi c ) d etector at the

R elat i vi st i c H eavy I on Col l i der ( R EE C ) ó Bm okh aven

N at i on al L ab orato® , U SA . T he goal d t hi s detect or i s to

p m vi d e i nform at i on É M F eatl y ex tend s th e hadm n i c Pm

c ap ab i l i t i es d t he exped ment .

'IO F p D A Q i n teEf ace i nc l udes spec ´ c el ect m i c

equ i p men t , su ch as a pemonal Ø mp u ter . comm eEæial

modu l es f or th e in teEf ac e to th e TO Fp det ector i nf o rm ati on

and oth er ST A R sub eystems ( T d ¿ er and DA Q ) . 113e

goal d t he D A Q system is to con tm l th e hmd w age and

m ad ou t th e data , mfom at and send data pm per i y to the

ST A R DA Q sy stem , COEE" £ l m m U O ree ster mod ul es to

p m p eE4y eom m m i c ate wi th th e 113F p h eal T d gger and

ST A R T a gger , an d vi su al i ze th e raw data . 'n m h th e

D A Q Sé tem i s veÉ i mportan t Ø the 'IO Fp pmj ect .

'IO Fp detect or Þ m i sts d total 47 Photo M ul t i p l i er

m bes ( PM B ) . Ea ch tu be have two si Á ah to h di g -

t i m d : one for m al og si P Eal , th e oth er º r t i m e si g Eal . Ò Ee

anal og si Á d i s d i e ti m d by a 16 b i t CA M A C A D C m d ul e

( I a Cm y 22A 9 A ) , m d the t i m siÁ al by m 11¤¤bi t CA M -
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A C TD C nmd ul e ( I E Cm y 222S A ) . Ò 1em i s a 60 H z c lo -

ck [ 1] i npu t to the A D C modu l e . A 32¤chm nel sc an ni ng 16

bi t Aj D oonven er i s used as tempem tum and t hm 81101d

vol t age mon i tor . TTm s , th e t otal dat a vol u me i s veÇ smal l .

I Anux , th e h e opem HEEg system , and m In tel X 86 pemon -

d compu ter É ü ehoeen ó the develop mental p l ad on n for

the DA Q sy8¹ m . A l th ough u nux i e not a hard Red T i me

sé tem [Ì , i t i s su i tab le for ou r smal l data vol ume .

2 Architecture of the DAQ system

Ò 2e TO Fp DA Q system eOE18i8ts of both had wam and

sof twam . × 1e haId waË, system consi sts of a CA MA C crate

and m Intel X 86 PC . ÓE e soh ¼" is developed on the

Li mnE operating system . C is the mai n pmgramming l m -

guaF ¤ Fig . 1 i s the schematic diagram of the ÓW Fp DAQ

system .

2.1 Hardware

Ä Ee die timuon d the sip al fmm fmnt-end electmv

ics is done in a CAMAC cmte . u em m 4 IaCmy 2249A

ADCSM d 6 IaCmy 2228A TDCs in the crate . A Ki neHC

System 3922 pamllel bus cmte controller in the CAMAC

cmte com mmicatm ÷ × a k ineHc System 2915 PCI Inter-
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FEe-1. 10 Fp DAQ sebem tie di-e m .

fa£e in the PC' s PCI bus .

111e I O Fp DA Q sy± em needs to £omzmmi cate ÷ ×

both h eal t ia er and STA R td a ô , m m m u o reg a er

is necessazy . A Bim 2AO1 24 bi ts I/ O me ster is choeen Ø

comm nica e m É STA R tEta per , a Jon Û Ç ´ put zeg-

ister and a self -made L AMG nmdule wi th h eal trigger -

L AM G is a Sind e width CAMAC modul e which cm ä eept

a td gger siÁEal and generate a IA M sig zal to CA MA C bus

d er a pm et delay .

A system moni tor ie also very i mPOEtant for the nor -

maI syMem mEMEing . × Ztas , A cmte veda cat ion modul e in

the CA MAC crate is used for checking the CA MA C opem -

ti ons z a U IM -299 di splay m ai tm for pme m dd um ap

a Ki netic System 35 16 32¤channel à m A/ D conven er for

teë emtEBE- and ttEEØ hold vottù e mom torime -

Ò1e data madout and tmm h r is done by a PC wiÉ a

16 29 15 PCI cad and two NIC cards . 11Ee fuzzCHon d

k5 29 15 is to communicate ÷ × CA MA C crate and read

out the data . One of the NIC cazd s is used for communi -

em ng wi th STA R DA Q in DA Q' , priÕ e m bnet . m other

tor openud s eonu ol h STAR subZEe- -

2.2 Sofw aEºe

Ú m sohwan is m impoztant and eompl icated paa d

tbe 10 Fp DA Q sy± em . It com mu of both tbe DAQ £ode

and a local moni tor system .

Fi mt , a device driver is needed for the KS29 15 PCI

ß Ü ï í ë å " í (HE & NP) Ú ¶ í

cazd . " Ee vendor does not provide a dd ver for IAnux , but
a dd ver for Li nux 2 .O has been developed by k EK M] and

JNA Id- h upg ading i t to 2 . 2 kernel M Il satisfy o®

mqui mmeat . Based on some documents ú £ut the change

d Limax devi ce driver interface between 2 .O and

2 2 [4JI) , thi s has been done successful l y . Also , the BUS

Master ( DMA ) hMEeti oa d the cad in the 2 .O dri ver does

not wok at all because of the lteREel m m Ç used are not

al located pmperty . Aher fk i ng du s bug , the speed d

mad ing the A DC/ TDC data increases signiEcand y .

Now tum to the DAQ code . Fig . 2 is the block dia-

gram . Ò 2em am 5 pmg m zs nznning on the DA Q PC . To

si mpli ty the opemtion pmeedum . they are spawned by one

proF m2 named tofp Mother - m e functions d the Eve pm-

8 Ûms am mn control , get -data- send--data, STAR DAQ

monitor and local DAQ monitor .

FEg 2 . 'IUFp DAQ block diaF am.

It is imp£" m t that DAQ cm store the event data in

the local memoÉ unti l ant her trigger infonnation arrived -

1Tm DAQ PC has a 128 M m mm . By d i t / etd l i lo -
em f . add a l i ne t append = " mem = 120 M " , the opemt -

ing system cm onl y see the 120 M m mo® , m about SM

RA M ( the actual sim depends ¶ the mother boazd ) cm

be used for event bta m-- Ä e pmÁ ï , can aece- - the

buEer by map system cal l on devi ce / deU ETEem . The

,emaphoÓ s aEü used to eont rol the operati on of the event

btEg er - TEey m eEÊ ,ed by tofp Mother pmF m 1. m al l

the proe 2nzs eaEZ ä eØ e them .

Two ehaM m m ® seÁ 1ents m al so ereated by td b

Mother - × Ee syMem EUEZEZi ng etatus infomEation am

1) Rhd a d Cooch- Ked APE Á azz, , h m 2.O to 2.2.
httpd mnw. sad - a h . gadpeoplej rF oeWIinu de-efpoø µ ttp2. 2.
had
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stoEª d here .

132e nzn eontml pmgmm communicates ÷ × STAR 3 Results of the DAQ system
DAQ , gets comm n d m d noti fEes other pmgmm , then Ó ¤

tum s the execution status to STA R DAQ . It M Il update

TW Fp 8ystem su tus inionnation tÞ . Ò 2e get -data prop Ûm

reads out the data and saves them in a shard btEger , m

the send-data pmF am cm send the data to STA R DA Q .

Ò 1e get-data al so communicates wiÉ both STA R tr igger

and TOFp h eal tri gger . Wh en the event bti ger is ful l ,

the get -data pmgtÚm m ll keep TOFp system busy , "

STA R td gger m l l not send fuEt her td Eger infonnation t0

1WFp . Each time m event arr ived or sent otl t , get/ send-

data proÁ!Öm wi ll update the informat ion stoÓd in the

shared memoÇ segment8 . 'n m Round Robin 8chedul ing

algori thm[2] is appl ied to til e get- and 8end-data pmF aEIh

so they have hi d 1er prtod ty than other pmm ms and cm

meet some t ime deadl i nes .

1TEe STA R moni tor pmÁ m j m t sends some RMEM e

status infom1at ion of the TOFp DA Q system to STAR DA Q

runti me system . Ò 1e local monitor pmgram sends a f rac-

t ion of the mw data to the local monitor system which M Il

displ ay some histoF ams of the raw data , m one cm get a

quick di splay of the m EMEi ng sta us of ÓW Fp detector .

× Ee local moni tor system is runni ng on another oper -

a i ng PC . A local moni tor sew er pmgram nInning m a

daemon mceive8 the data from the DAQ syMem , and M ves

them as hi stogram to a shamd mapped mot i l le . Another

pmgmm cal led as local moni tor di splay cm di splay the

histOF m s . A H these pmgmms am wr itten wiÉ RO´ U ]

l ibrar7 ¤
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DUEt ng the second physics m nni ng of REH C , 10 Fp

is one d the new detectom in the STAR system . Ò 1is m p

EZi ng l asted for about 8 months . h É e fl rst two months the

commi ssioni ng of both 10 Fp detector and DAQ system is

veÇ successful . A8 for the DAQ system , the test resul t

shows DAQ cm pmü õ up t0 280 events per second . Due

to the li mi t d other large data volume detector ( TPC ) ,

the maxi mum speed , ì ú whi ch STAR cm process , is

1Þ EfZ. Ú Ee TO Fp DAQ syMem i s far above thi s l imi t .

A l so , the l ocal moni tor program helps to monitor and m -

solve many problems d the 10 Fp detector , such as the

ADC fai lum because of the l aE18e F ound sh¤t in the 10 Fp

tmy . By the end of run i n late Jazzua® , 2002 , appmxi -

Enateiy 4 mil l ion AuA u coll isi on events and 22 mil l ion pp

coll i sion events were coll ected by the TO Fp system .

4 D i sc u ssi on

111e REnning mSUIt shows that the 'IO Fp DAQ system

[6]cm handl e the mqui mments of the 10 Fp system

is suitable for the smal l data volume DA Q system . For

large data vol ume , a cluster cm be considemd .
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