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Bevalac

S13H D HEL

Lawrence Berkeley Laboratory (LBL)
Bevatron (R FDERK—/ —NJLE) + Hilac
Emax = 2.1 (2Z/A) A GeV

19705 LR
~1980F KDDLV
mIRIF—FEA 4>
EERERDFER (T

— F\HEOS O—/N)LITEEE
- BRI T7A4T7

— BHERE




AGS

Brookhaven National Laboratory (BNL)
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SPS

CERN - European Organization for Nuclear Research
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The Relativistic Heavy lon Collider at BNL

Two independent rings 3.83 k in
circumference

— 120 bunches/ring
— 106 ns crossing time

Maximum Energy
— s~ =500 GeV p-p
— s~ =200 GeV Au-Au

per N-N collision

Design Luminosity
—  Au-Au 2x1026 cm2s!
—  p-p 2x1032cm32s! (polarized)

Capable of colliding any nuclear
species on any other nuclear species




the lay of the land

12:00 o’clock
PHOBOS  — BRAHMS

10:00 o’clock 2:00 o’clock

RHIC
PHENIX

8:00 o’clock STAR 4:00 o’clock
6:00 o’clock

Design Parameters:
Beam Energy = 100 GeV/u
U-line 9 GeV/u No. Bunches =57
High Int. Proton Source BAF(NASA) 0 — 479 No. Ions /Bunch =1 x 10°
() Q=
LINAC T, = 10 hours
BOOSTER L _ 2 1026 m'2 1
Pol. Proton Source - T ave * ¢ bee
HEP/NP
1 MeV/u
Q=+32 TANDEMS
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The PHENIX Collaboration

12 Countries
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Welcome to PHENIX
Tale of the Tape: e e 1 I U
»Begun Operation June 2000
»>12 Detector subsystems
>4 Spectrometer arms
» Total weigh = 3000T
» 315,000 readout channels
» >125 Varieties of custom
printed circuit boards
»13 ASICs designed
specifically for PHENIX
» Pipe-lined DAQ Front-end
»500, GHz Optical Data Links

The PHENIX Experiment is designed to probe fundamental features Of
the strong nuclear force including:
*The detection and characterization of the Quark-Gluon Plasma
*The spin structure of the nucleons
The Configuration:
*2 Forward Muon Arms
2 Central Spectrometer Arms to measure photons, electrons, and hadrons
*Event Characterizing Detectors
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The Physics of PHENIX

QGP: e
« Temperature and Energy Density 200 mev {8 Plaama
— dN/dy, E;, Single particle 5 10-100 AGeV_
spectra 8 o s
. Jet Quenching ’ @pr
— High p; jets using leading n°, n* " ooty g e
« Space -Time Evolution .
— HBT(nm, KK,pp), Flow —*Q*'}@/‘*Q‘—
— Event by Event Fluctuations /
 Deconfinement °
— JI¥, ¥’— ete-,utp-, Y—=pu Nucle041:
« Chiral Symmetry Restoration « Gluon spin: AG
— ¢p—ete-,K+K-, ¢,0,0 width/shift — Directy, high p; ’s
— DCC’s n°/n* « Sea quark spin: Au,-Ad
 Heavy Quark Production — WH*/W- production
- Kimn,¢,J¥,P,Y, D,B mesons _ Drell-Yan
 Thermal Radiation Polarization
— Y, Y*—>e+e-, utu-




Challenges for the Detector Design

N,
%
A Vi

D

N s
« High Particle Multiplicity/Event > I\
(dN./dy = 1000) BN

- Maintain performance over large dynamic
range in E and pt ( 300 MeV - 50 GeV)

- Significant particle ID rejections

1/e/n=1o—4,u/n:=1o—4, n/Klp =10 -3

-\ DAQ/Trigger operates in varying : Energy Resolution of

Cod Pb Scin EMCal

environments

— Event rate O(10 kHz), Particle muilit.
0O(1000/evt) T

— Event rate O(1 MHz), Particle muilit. o

Qm_m\ T Y R
— — z 1 10 Gevt0®
PHENIX High Resolution TOF - _
7 p; Resolution |

— 8 \ q
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T | . Interacti . .|| REIC R t
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E 4 K g s
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- 0 & - Linux Farm i i 250pm TEC hits resolution
~600 CPU's ’ =
-2 “ i -
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The Detector’s Design Strategy

» Detector Redundancy

» Fine Granularity, Mass Resolution

» High Data Rate
» Good Particle ID
» Limited Acceptance

Charged Particle Tracking:
Drift Chamber
Pad Chamber
Time Expansion Chamber/TRD
Cathode Strip Chambers
Particle ID:
Time of Flight
Ring Imaging Cerenkov Counter
TEC/TRD
Muon ID (PDT’s)
Calorimetry:
Pb Scintillator
Pb Glass
Event Characterization:
Multiplicity Vertex Detector (Si Strip,Pad)
Beam-Beam Counter
Zero Degree Calorimeter

PHENIX Detector

ZDC South
-

||| |]]]I |

West Beam View
PHENIX Detector
% Central Magnet

ZDC North
-]



Some Unique PHENIX Technologies

Large Area Cathode Strip Chamber with 100 um position resolution
Fine-segmented EMCal (0.01 &, 0.01 ) with 0,<0.5 ns

Time Expansion Chamber that combines tracking, dE/dx and TRD
Drift Chamber configured as focusing —jet chamber

Ring Imaging Cerenkov Counter readout with 5000+ PMTs

Low mass, non-projective pixel-pad wire chambers covering ~100 m?
Time of Flight system with c,< 100 ps

Fully data-pipelined front-end electronics

All data, timing, control and serial communication between detector
and counting house is via optical link.
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Event Characterization Detectors
Beam-Beam Counter and Zero Deqgree Calorimeter

- BBC is 2 arrays of 64 PMTs with quartz
radiators

— Provides TO for PHENIX. o, =41 ps

« ZDC is Cu-W calorimeter with fiber readout.
— Common centrality measure for all 4 RHIC

experiments
- Combined they provide the PHENIX LVL1
centrality trigger \
- | % €

BBC vs ZDC analog response
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Event Characterization Detectors

Multlpllmty Vertex Detector

« Two concentric barrels of 300um
Si strips

« Two endplates of Si pads
« Total coverage of -2.5 <n<+2.5

« 28,672 Si strips, 6048 Si pads

 Determines event vertex and
measures particle
multiplicity/event

[MVD inner barrel cluster position for one event |

SN
- Electronics is bare die on ceramic | h In
Multi- Chip Module S
—
. / : - |
‘Zm 90— 2 betwoon YD and DOS verle | §10 f"_ﬂl/ |Number of cluster distribution : ! ‘ \ L H L
.,g - o : r‘ L -30 -20 -10 0 10 le]glerz(cm;m
8 8ofVertes resolution | 5 mm RMS 2'[ NHLI:\
70:, 10 ; 'L‘n“vﬁm \MVD er position for one even
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Tracking Detectors:

Drift Chamber

« Jet -chamber anode/cathode
structure modified for HI high
multiplicity

« Joint Russia/US design &
construction

« All Titanium frame

* 0,=120 um , two-trac

N

K sep = 2mm

PHERITX preliminary PFHENIX prefiminary
WL 5% Au-Au., 130 GeV| 1L 5% Au-Au . 130 GeV|
‘Y positive ‘L negative
< L' e L
> 10 . > 10| .“
[} ':1.‘ ¢} L
o - PO ']
<L L 2 9L L
Z " 3 ‘
2 . 2 M
£ £ 1 +
S0t + Sw0'E }
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Identified particle =
spectra using tracking
system and TOF

racks in D
Central Au-Au collision

V2 - plane

U2 - plane
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U1 - plane
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==
C wires with kapt
wire dividers
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Tracking Detectors:

Pad Chambers

Cathode wire chambers using fine granularity pixel
pad readout

— 2-D hit position, o, = o, ~ O( mm)
— 173k channels total, ~ 100 m?2 detector coverage

Low-mass , rigid honeycomb/circuit board
construction

All signal digitization takes place on-board in
detector active region. Solves interconnect

(2] #Pad Chamber Event M
pﬂ G 1 Elle Beconstruction
;10' :—'. ] P ?}”ﬁ %M g’g 72 ¥ Chamber | pod o] vod 1 | Moo 2| v 3| Mod 4] o 5| Mod 6 | Mod 7| Rec. Pads | Rec. Cals
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L ] R oh Maodule § ":‘ ire v
1E = ROC 8 o @
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Number of tracks z ;93 Tt e 5
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Tracking Detectors: Time Expansion Chamber

« 24 TEC Chambers arranged in 4, 6-Chamber sectors
« Used for tracking and PID (dE/dx,TR). o, = 260 pm

« dE/dx: e/t = 5% at 500 MeV/c (4 pls), e/t =1.5%
(6pls) Important for momentum resolution pr >
4.0 GeV/c

* Designed for TRD Upgrade . High momentum e/
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PHENIX TEC/TRD Electronics

Up to 20,500 Instrumented TEC/TRD Channels

32 CHANNEL TEC-PS

i
I
I I 25X GAIN dE/dx I
i
1

ANODE |'_ §-9 METER -
SIGNAL i TWISTED PAIR CABLE
! 5X GAIN TR .
| PREAMPLIFIER "
i I

DUAL GAIN SHAPING AMPLIFIER WITH
! TAIL CANCELLATION CIRCUIT

=
64 CHANNEL TEC-FEM

=
@

-----
tH
------

TWISTED
PAIR CABLE

nnel Preamp/Shaper PCB
w/ remote calibration control

and ~1 fC RMS system noise

DATA OUT 1
TODCMs VIA
OPTICAL LINK1
1

TIMING AND

SERIAL ‘
MODE BITS IN COMMUNIC ATIOQN

3 ASICs designed for TEC/TRD:
*Octal Preamp/Shaper w/ tail cancellation and dual gain /V
for both dE/dx and TR. Full serial control of gain, -
shaping time and tail cancellation.

*Non-linear, 40 MHz, FADC with 9-bit dynamic'range, d
9-bit precision and 5-bit encoding. /
*Digital Memory Unit for data formatting with 64 channel Front End Module(FEM)

programmable delay and memory depth. w/ (.llgltlzmg , data f:or.mattlng and
optical data transmission




Tracking Detectors: Cathode Strip Chambers

« First cathode-strip chambers (CSC) used in an
experiment

« Low mass honeycomb-printed circuit board
and etched metalized-mylar design

« Each CSC station has a position resolution of
0,=100 um

« 20k electronics channels/spectrometer arm
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Particle ID Detectors: Time of Flight

1000 finely segmented slats readout w/ 2000
PMTs

Combines with BBC timing for an overall
time resolution of oo < 96 ps

K/r separation <~ 2 GeV/c

| TOF Hit Slatin Y-Z |

p/K separation <~ 4 GeVlc
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Particle ID Detectors: Ring Imaging Cerenkov Counter

- Gas radiator CO, e/n separation for p <35
GeV/c

« 5120 PMTs sensitive to single
photoelectrons, o,<1ns

* Ring resolution ~1°in both ® and n

Al

 PHENIX electron signal
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Particle ID Detectors: EM Calorimeter

« 60 m? of calorimeter (6 Sectors Pb Scin, 2 Sectors PbGlass) 313?;1‘; veluesand Widhs ol
- Very Fine Segmentation .01 x .01 (A® x An) R
- Timing o, ~ 400 ps Pb Glass o~ 400 ps Pb Scin
. g =8.2%I/ E+1.9% Pb Scin, o = 5.8%// E+1.0% Pb Glass—|
24,768 channels total, all PMTs e

Bvent in EMCal Sector E1

Event in EMCaf Sector E2

Clusters in
EMCal
from
Central Au-
Au
Collisions

TOF Calibration
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Particle ID Detectors: Muon ID

« 5 layers of steel absorber plate interleaved
with 5 layers of larocci tubes (2x,2y 4
planes/layer)

 Muon low energy cutoff off 1.9 GeV/c

 Active cross section of each wall 10m x 10m

Reconstructed muon
In Au-Au Collision

Number of hits/event

BBC Charge
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h101
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Blue: HIJING simulation
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Interaction region

Data Acquisition System/Trigger

Missing:
* ARCNET Serial Interface to FEMs
= High and Low Voltage Control and
associated control systems
= Alarm system

‘trigger’ is a placeholder
for a much more complex
‘Local Level 1° trigger system

Data packets
over fiber

~350000 ch

S

EA PRI

Data Packets

over Parallel
FIFO Interface

GL1 Global Level 1 Trigger
GTM Granual Timing Module
MTM Master Timing Module
DCE Drata Collection Board
DCM Data Collection Module
FEM Front End Module

SEE 5Sub Event Buffer

ATP Assembly Trigger Processor

RHIC
Computing
Facility

Countingroom

I3)B[ SII M) B

tape
storage
1.2PB

20MB/s
n.
%Sym 250TB/yr



Data Acquisition System/Trigger

| Run Control Display |

[=1[=] (%]
ad BB LL1 Status
Configured North Glink South Glink
J Run Number: 31058 Run Control Log
B Data Taking Mode: Production Issuing cormmand: set runtype physics -
5 L0 Eomirl Shafme A0 e Issuing command: scaler read activate B
Granule State: GTM.MUID.5 Started 9 :
[ Qutstanding Granule Count: @ Issuing command: scaler etattach
Time In Run: 0:08:01 Issuing command: start
pe —— Data Path: none Issuing comrnand: scaler write activate
- Data File Directory: /bufferfeventdata
Data File Name: EVENTDATAxxx PO 1-00000310 58-'"SEQ#' .PRDFF
Buffer Box: phnxbox2.phenix.bnl.gov
GTM 5tatus DCM Status SEB Status ATP 5tatus EBC 5tatus
L1 Run Busy OK L1 Busy Glink OK Name #Events Event Size Data Rate Busy OK HName #Events #L2Accept #Read Err Assem Rate Ave Data Rate ATPOK ET OK EEC.0
116316 [ [ (. ( [ e (I SEE.BE.0 117325 1.692 KB 0.413 ME/s . ATP.O 40289 1599 1 8.502/s 1.523 ME/s | s EEC OK
116322 [ S T ¢ [ T [ 5EB.ZDC.0 117221 0.192 KB 0.043 MBfs [ (B ATP.1 4021 1951 [} 8.833/s 1.4795 MB/s [IlEm [ #Recieved 116263
116330 [N [ . (0 (S [ (s 5EE.MVD.0 117301 8.725 KB 1.908 MEfs . ATP.2 4090 1996 2 7.084/s 1.336 ME/s [ — s #Assigned 116265
O [ (. (N SEE.MVD. 1 117254 7.260 KB 1.967 ME/s . ATP.3 3817 1894 1 8.282/s 1.382 ME/s | s #Completed 116178
116336 [ . S ([ S [ SEE.DC.W.0 117243 10.471 KB 2.825 MEB/s (I [ ATP.4 4133 20186 1} 7.431/s 1.376 ME/s [Baa [EEm Avg Fvent Rate266.617/:
O [ (. (N SEE.DC.W.1 117321 5.237 KB 2,425 ME/s [ (B ATP.5 4116 2020 1} 10.312/s 1.742 ME/s | [ Avg Assem Lat 0.330 s
116336 [ [ (. 0 [ (S (I SEB.PC.W.0 117284 8.498 KB 2.128 MBfs . ATP.G 4110 1983 1} 7.856 /s 1.404 MB/s [} s Avg ATP Load 0.000
116356 [ (I s 0 (S [ (s SEE.RICH.W.0 117332 2,622 KB 0.610 ME/s . ATP.7 4159 2030 1} 7.752/s 1.435 ME/s [— —
116345 [ . 0 [ s (I SEE.EMC.W.EB 117214 6.328 KB 1.2585 ME/s (I (B ATP.S 4187 2063 1} 5.988/s 1.652 ME/s ___} [
116347 [N I T ¢ [ S [ 5EB.EMC.W.T 117243 7.122 KB 1.751 MBfs [ I ATFP.9 4160 2057 [} 8.492/s 1.491 MB/s [ [N
116347 [ [ s ( (S (s (s 5EE.DC.E.0 117323 11.664 KB 2.910 MEfs mmm [l ATP.A 35821 1919 1} 8.363/5 1.467 ME/s [ — —
O [ (. (BN S5EE.DC.E.1 117235 10.664 KB 2.958 MEfs IS (I ATP.B 4112 2059 1 5.932/s 1.663 ME/s | [
116352 [N I T ¢ [ T B SEE.PC.E.0 117331 6.939 KB 1.648 MBfs [ [l ATP.10 4111 196 7 0 9.3004/s 1.587 ME/s [ [
116357 [ [ (e (¢ [ e (I SEE.TEC.E.O 117254 6.854 KB 1.80 8 MEfs  ATP.11 4202 2005 (1} 5.3859/s 1.620 ME/s I [
O [ (S (B SEB.TEC.E.1 117254 6.592 KB 1.726 MBfs . ATP.12 3887 1860 2 8.364/s 1.457 MB/s [} [
0 [ s (e SEE.TEC.E.2 117280 7.245 KB 1.524 MEfs . ATP.13 40 40 1936 1} 5.469/5 1.543 ME/s [ — —
O [ (S (s SEE.TEC.E.3 117284 7.524 KB 1.876 MEfs . ATP.14 3504 1896 1} 10.2584/s 1.692 ME/s ___} [
116360 (I I T ¢ [ S [ 5EB.TOF.E.0 117345 4.537 KB 0.905 MB/s [ [ ATP.15 3903 1891 [} 10.431/s 1.638 MB/s [ [N
116363 [ (I s ( (S (s (s 5EE.RICH.E.0 117294 2.595 KB 0.659 ME/s . ATP.16 3976 1937 1} 10.973/s 1.732 ME/s [ — —
116376 M 0 [ N (B SEE.EMC.E.T 117243 6.705 KB 1.655 MEfs . ATP.17 35934 1512 1} 7.759/s 1.435 ME/s | [
116381 [N S T (¢ [ S [ SEE.EMC.E.B.0 117252 4.671 KE 0.957 MB/s [ [ ATP.13 4024 1937 [} 7.683/s 1.396 ME/s [l [N
O [ (. (S 5EE.EMC.E.EB.1 117323 5.298 KB 1.358 MEfs . ATP.19 3834 1882 1} 8.255/s 1.463 ME/s I [
1163587 [ [ (s [ (s [ SEB_MUTR.5.5TI1.0 117323 7.603 KB 1.810 MBfs . ATP.1A 3864 1505 1} 8.397/s 1.405 MB/s [} [
0 (s s (s SEE.MUTR.5.5T2.0 117283 11.352 KB 2.914 MEfs s ATP.1E 4990 2445 1} 11.897/s 1.976 ME/s [— —
O [ (e (e 5EE.MUTR.5.5T3.0 117314 4.849 KB 1.053 ME/s [Immm (I ATP.1C 458189 2412 1 11.727/s 1.965 ME/s ___} [
0 [HE. S B SEE.MUTR.5.5T3.1 117310 4.343 KB 1.201 MB/s [N I ATFP.1D 5011 2438 o 10.744/s 1.812 MB/s (I [N
116392 [ [ . 0 [ s (s 5EE.MUID.5.0 117334 0.963 KB 0.224 ME/s . ATP.1E 5090 2485 1 12.754/s 2.043 ME/s [ — —
Sum 172.585 KB 42.846 ME/s ATP.1F 1} 1} 1} 0.000/s 0.000 ME/s — —
Scaler Monitor
Trig Status Raw Live Scaled Raw Rate Live Rate Scaled Rate Live Time Live Time(RA)
BELL1>=1 Disabled 152768 (1] 0 304.853 Hz 0.000 Hz 0.000 Hz 0.000 0.000
ZDCNs Enabled 4305580 285803 28550 &77.161 Hz 595.906 Hz 55.586 Hz 0.664 0.679
BECLL1>=1"ZDCNS Disabled 1410592 (1] 0 282.745 Hz 0.000 Hz 0.000 Hz 0.000 0.000
BBCPhTubMult Disabled 1859746 ] [} 3.709 KHz 0.000 Hz 0.000 Hz 0.000 0.000
BECVertex Disabled 632477 1] o 1.242 KHz 0.000 Hz 0.000 Hz 0.000 0.000
BELL1>=2 Disabled 152768 (1] 0 304.853 Hz 0.000 Hz 0.000 Hz 0.000 0.000
MUID1S Disabled 1552604 ] [} 2.711 KHz 0.000 Hz 0.000 Hz 0.000 0.000
MUID25 Disabled 839441 1] 1} 1.390 KHz 0.000 Hz 0.000 Hz 0.000 0.000
MUID1D Disabled 500152 1] 1} 1.087 KHz 0.000 Hz 0.000 Hz 0.000 0.000
MUIDIDIS Disabled F12162 1] 0 909.502 Hz 0.000 Hz 0.000 Hz 0.000 0.000
MUID2D Disabled 586600 [ 0 611.134 Hz 0.000 Hz 0.000 Hz 0.000 0.000
DC.W FA Disabled 37771724 ] 0 78.188 KHz 0.000 Hz 0.000 Hz 0.000 0.000
DC.E FA Disabled 37771724 1] 0 78.188 KHz 0.000 Hz 0.000 Hz 0.000 0.000
PC.W FA Disabled 37397748 (1] 0 77.414 KHz 0.000 Hz 0.000 Hz 0.000 0.000
PC.E FA Disabled 37397748 ] 0 77.414 KHz 0.000 Hz 0.000 Hz 0.000 0.000
BECHIts*ZDCN5*MUID1 D Disabled 359469 1] 0 118.764 Hz 0.000 Hz 0.000 Hz 0.000 0.000
ZDCHS*MUIDID Disabled 359684 [ 0 118.907 Hz 0.000 Hz 0.000 Hz 0.000 0.000
MUID1D*BEECHits*'ZDCNS Disabled 520 53 1] 0 108.259 Hz 0.000 Hz 0.000 Hz 0.000 0.000
ZDCN5S*IEECHits Disabled 138154 1] 0 281.846 Hz 0.000 Hz 0.000 Hz 0.000 0.000
ZDCNS*BBCLL] =2 Disabled 141092 ] 0 282.745 Hz 0.000 Hz 0.000 Hz 0.000 0.000
BECLL1 >=2%1ZDCN5S Disabled 11676 1] 1} 22.108 Hz 0.000 Hz 0.000 Hz 0.000 0.000
MUID1D*BECLL1 >=2 Disabled 21556 (1] 1} 67.229 Hz 0.000 Hz 0.000 Hz 0.000 0.000
MUID2D*BEBCLL] »=2 Disabled 49 ] [} 0.000 Hz 0.000 Hz 0.000 Hz 0.000 -
BECLL1>=2(copy) Enabled 152768 97412 957412 304.853 Hz 199.492 Hz 1995.452 Hz D.635 0.654
PPG(Pedestal) Disabled 4806 [ 1} 9.8985 Hz 0.000 Hz 0.000 Hz 0.000 0.000
PPG(Test Pulse) Enabled 401 270 270 0.856 Hz 0.524 Hz 0.524 Hz D.673 0.611
PPG(Laser) Enabled 400 255 255 0.808 Hz 0.475 Hz 0.475 Hz D.635 0.5858
PPG(LED) Disabled a0 1 ] [} 0.856 Hz 0.000 Hz 0.000 Hz 0.000 0.000
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