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RICH in reality

[Ring Image CHrenkov counter (RICH)]

Contents:
RICH in reality
Gas, Mirror, PMT and Electronics
What can we do with this detector?
How do we analyze data?

/\Nhat a large detector!!\

I hope Large gas volume!
you will be interested Iin - 40 m3/arm
electron measurements -arge mior
and will be a subsystem So many PMT's!
assistant after this talk. \_ - 2560 /arm )
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Integration of RICH

Purpose of this section
Be familiar with RICH components

e Gas vessel

e Mirror

« PMT and arrays
 Electronics
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How do we use gas?

« When a particle travels in gas volume,
— If particle speed exceeding the speed of light in gas (c/n)
— Photons are radiated
— Cherenkov lights!

\\ Kl'hreshold of light emission \

B>1/n

Particle M 0 Emission angle
(B>1/n) S cos6, =(pn)-1

\A\A Light Yield
Proportional to L and sinZOy

\_
L

GAS (radiator) If momentum is known,

Index:n we can IDENTIFY particle using
Cherenkov light measurements.

-
<

A 4
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Specifics iIn PHENIX RICH

 Threshold depends on the reflection index of gas.
— CO, : n=1.000410, vy,,= 35
e Py, = Mass * y4, * By, = Mass * y,,, /n
e Electron: 0.02 GeV/c, n: 4.9 GeV/c

= We can identify electron from 0.02 to 4.9 GeV/c.

=» RICH is Primary electron ID device of PHENIX.

« Maximize Light Yield
— the length of the radiator.
— We need LARGE gas vessel.

The vessels are designed and fabricated
at Florida State University
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Mirror and ring

« Cherenkov photons emitted in
parallel.

e Using spherical mirror,
photons are focused on PMT
surface.

— Photons make a ring.

Tsie BICH

& B s w5 o 5 T
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PMT and arrays

Photon detection device
— Hamamatsu H3171S

e Cathode Diameter: 25 mm

e Tube Diameter: 29 mm

e Cathode: Bialkali

e Gain: > 107

* Operation Voltage: -1400 — -1800V
 Rise Time: < 2.5ns

Transit Time Spread: < 750ps
A Winstone cone

— shaped conical mirror is attached to
each PMT

— Entrance: 50 mm, Cut off: 30°

Supermodule (2x16 PMTs grouped)

— 40 super-modules per one side

— 4 sides * 40 * 2* 16 = 5120 PMTs ~,
8 PMTs share the same HV channel
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pixel size
1 degree x 1 degree
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Electronics

Readout Signals from 5120 PMTs
* 0~10 Photon Detection with 10 bits
« Time Resolution: ~ 200 ps

 (For Background Rejection)

Compactness
 Processes 640 PMT Signals per Crate
« 9U VME Dimensions
« One Controller Module
« Two Trigger Modules
« Two Readout Modules
« Ten Analog Modules
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Summary of hardware

 Electron go thorough
the RICH gas volume, Most hadrons

do not emit

— Cherenkov photons Cerenkov light

{ =
mirror

emitted

— Photons are reflected by
mirror and focused on

Cerenkov
photons from
etore are

l‘ detected by
— array of PMTs

the PMT surface
— PMT detect photons

Electrons
emit
Cerenkov
photons
in RICH.

Identify electron
from 0.02 to 4.9 GeV/c.
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What can we do with RICH?

. "'-'E'Ct DDDDDDD DEh}fE'
Measure several kinds of proposed
- )
QGP signals. }ﬁi&
. | ¥ !{IJ:E}E
— Deconfinement g dy
i-Meson Chiralty +,.- |sospin
® J/LP to e+e- s | 2mev I::S:ur:atm" Nao ot Llucguatiun
. . idt ih,p
— Chiral Symmetry Restoration %ﬁ . } T
. . ) l | L y-ger £
« Mass, width, branching ratio of R
¢ to e+e-, K+K- with M < 5 MeV ¢
— Thermal Radiation of Hot Gas . e e (o7 < 1GeY) ot Gas thormal
° * _ S Enhancement .
Prompt y * to e+e | ot o | 20 fm
— Strangeness and Charm Production — N
- 1 . T
e Production of ¢, J/¥, D mesons O e o

e Single electron

[Electron ID Is essential for above measurements.]
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Charm production

* production mainly via gg fusion T/
In earliest stage of collision K ™

— sensitive to initial gluon density

e additional thermal production //’ -
at very high temperature

— sensitive to initial temperature

~
<™
<™
-

Indirect Measurement
heavy flavor semi leptonic
decays contribute to single
lepton and lepton pair spectra

Figure by
A% J4 R. Averbeck
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Single electron

Au+Au @ '-.JSH = 130 GeV : minimum bias

o= 10 ;[T I'I""'I_I' T 1 |'—r"r TT T T T 1T 1 I'I TT T 12

 Electrons from photonic source

g N i Is subtracted from inclusive
= spectrum.
810" — Electrons from non-photonic
2 source is consistent with PYTHIA
&10'- results normalized by N_binary.
10} %‘ 11,5 ' IFHEI-:IIHIprI‘Iiminar_\l;.
E ;;m E- 1'||.'-¢ IDE"J'_H'TW':""!
o'l g i) 8 fe oo
i -l
107 Emr
10"l m:,_r .
¢ : 3 F I:'n:.-'-..hfu"]":
P; [GeVic] e T T T

Py i)

We will soon have a similar results for dAu data.
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J/V¥ to ete-

o J/Y¥Y suppression

— Predicted by Matsui and Satz
 Phys. Lett. B178, 416 (1986)
 Debye screening mechanism

— Consider normal nuclear absorption

e J/¥Y enhancement
— Effects of recombination

We have to measure J/Y yield carefully.

Electron pair Invariant Mass

Run?2 results
WL /¥ peak
JFJ( J( P (M = 3.09 GeV)

PHENIX Focus, K. Ozawa

Perturbative Vacuum

1 |

Color Screening
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J/¥Y Results iIn Run2

£ 0.5E Au+Au—J/¥Y—e+e- at

2 045 40-90 % central Vg = 200 GeV |

@ o4 N_. =45 nucl-ex/0305030;

e U accepted for PRC

= 0.35 - \_ Y,

.E Py

m 03 | 20-40 % central gm l—l =
8 0.25 Ny =296 B S
T ¥ oaf

~ 0.2 . ) ;u_mi "

B ote 0-20 % central T T

Z - 7 Neon = 779 PR A " oonos, SRR
i 0.1 5 1 E ~HE=

m = 0.5 ||‘r

E‘ lll}E 1 - 1 * ° o ET] rtln 150 mnm:.::-r:r-n:.rbﬂals:m-

N 3

normal nuclear absorption

50 100 150 200 250 300 350
Number of ParticipantSgns \a50 normalized to

.7_». p+p point
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Low mass e*e- pair

e Chiral Symmetry Restoration

— Mass, width of p, o, ¢ to e+e-
 Thermal Radiation of Hot Gas

— Prompt y * to e+e-

|__Unlike-sign Pair mass __| HmassERT2 T L L L L L
Entries 9612 (3 0.5 1 15 3 25 3 38
- Mean 0.6634 Invmriant Mass (Gl
220 , 0) RMS 0.5068 1
200

We did not yet get
significant results in AuAu.
NEED more statistics

- ' Recently, we have an
Y. Tsuchimoto

E vawN /\ ™~ indication of peaks in

85 —12 dAu data.

e*e |nvr|ant mass [GeV/cz]
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How to analyze data?

adc6
e Purpose of this section o
— Be familiar with electron ID "
parameters
10 E
+ Calibration ] ADC histogram
— Number of photo-electrons of |
each PMT -
— Timing of each PMT ' QHHHMHX N
— Mirror alignment 800 B0 pevand®
v ey ab | |$ E
£
E .
b
- Correlation of RICH T0 and BBC TQ
Before 7 : After s 4 3 -2 a9 8 1 2 thH[m:i

12/16/2003 PHENIX Focus, K. Ozawa 16




How to identify electrons?

 Main parameters in RICH

EMC
— Distance between ring center and PC3
track projection (disp) pC2

— Number of hit PMT in a region (n0O)

— Number of photo-electron in a
region (npe0) —

— Ring shape (chi2/npe0) / D e

PMT Plane

1. According to the track information,
projection point is calculated.
2. Find PMT hits near projection point in

the region (3.4cm <r < 8.4 cm)
Numbers come from position resolution of PMT hits.

3. Above parameters are calculated using .
projection point and PMT hit information | Projected track 'on PMT plane

Y, Predicted Minimum ring size (r-3.8cm)
“Predicted Maximum ring size (r~8.4cm}

RICH PMT Plane
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Track-Ring association

 Distance between projected
track and ring center (disp)

— RiIng center is calculated
weighted mean position of hit

PMTSs.
- R

center

= (En.p.e;* R) Zn.p.g

— Also, npeO = %, n.p.e
e Number of hit PMTs in the

region (n0) ..

ﬂSDu

4DDu

(@) S mulatlon

Distance between

Rcen_te_r and hlt PMT m:: ; /i@f m
pOSItIOﬂ oo i

0 5 10 15 20 25 30 ?:'for fem]
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" oan pT =1 GeVic
E 018 © simulation
Do {’[q. real data
0.12
aaf -
0.08 dlSp
0.08
0.0
0.02
pe——_l 1. i I{}%
B 1 ¥ 3 4+ 5 & T 8
disp
w3
£ pT <1 GeVic
- 0.3 simulation
=
z real data =O—
o] ==
o2 NnO
0.2
—O—
LR | —
0.1
0.0 \ —
L P I | I =01 . 'ﬂ'LE_
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Ring shape
 Difference from expected ring shape are

evaluated using the parameter below.

— chi2 =%, ((Ri— Rp)?* n.p.e; )/ Z,n.p.e
— Ry =5.9cm

- Expected ring radius 8 o
_ IV pT <1 GeVic

— Also, npe0 = %, n.p.e E o sirmulation
« EID Efficiency is evaluated o

using both simulation and data.

":' —a “’q

,# - Effiency Calculation

using conversion peak .

P by S. Lebedev “o 2z 4 & 8 10 12 14 16 18 20
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How good It is.

‘r" H“’mh\

:Apply RICH cut

S

10

10

LA III
o
i

10

T

L S e O SRk "|+

nE -y Al Charged part|cle

02 04 06 08 1 12 14 16 18 2

Energy /7 Momentum

e Energy / momentum

— For electron,

it should be 1.

« RICH cut suppress back
ground by about factor

100.
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Summary

« RICH iIs a large detector and has very large gas
volume to identify electrons using cherenkov
lights.

 RICH is successfully constructed and operated
without major problems.

 Electron identification is an essential issue to
Investigate QGP physics experimentally.

 Electron identification parameters of RICH are
based on the charge information and the ring
shape.

| hope you are interested in these measurements
and RICH operations.
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Back Up from
the last year
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Look for the RICH in PHENIX Detector System

View From Beam

tor - First Year Physics Run

[ Installed
THL A pese B Astive

Cenirsl

b Magnet

Wear

View From Top

This, this!, this!!, and thisit =,

Central Arms
Coverage (E& W) : |
12019895 < 0.35, 300 <|¢ |< 1FHENX Focus t ] Souh  SideView  Nomh g LML




RICH PMT

Hamamatsu H3171S e
 Cathode Diameter: 25 mm o | -
e Tube Diameter: 29 mm ]
e Cathode: Bialkali =i
- Gain: > 107 =3
+ Operation Voltage: - 1400 ~ -1800 V ‘ Ty i
» Dark current: < 100 nA at Gain=107 S [ e 1]
e Cathode Luminous: >70 (mA/Im) e u:__.hm
* Blue Sensitivity: > 9(mA/Im) T \T e
e Quantum efficiency: >19% at 300 nm J |
>5 0% at 200 nM 4 HAMAMATSUHB1718
* Rise TI m_e: S e Each PMT ishoused in a magnetic
 Transt Time Spread: < 750ps shielding case
Total number of PMTsin RICH: 5120 _  First 900 PMTs Soft iron and mu-metal

— Other 4220 PMTs: FERROPERM (NKK)

* A Winstone cone shaped conical mirror is
attached to each PMT to collect Cherenkov
light

=NIX Focus, K. —Za\e—fﬁtrance: 50 mm, Exit: 25 mm, Cu%%)ff: 30°

M agnetlc Shleldlng Casedesign



Gas Vesse

Two RICH detectors
— Onefor each arm
— Weight: 7250 kg / arm
— Gasvolume: 40 m3/ arm
— Radiator length: 0.9-1.5m

Mirror system
— Radius: 403 cm
— Surfaceareaz  20m?2/ arm

Photon detector
— 2560 PMTs/arm

Radiation length EAT WhOo
— CO,: 0.41%
— Windows: 0.2%
— Mirror panels. 0.53%
— Mirror support: 1.0%
— Total: 2.14%

CTARBOM FIBER
MIFRDR SUPFCRT
BEAMS

F1 CETECTORS

COOLING PLATE

INFJLATION SHEET
anD BLOCHS

FMT FEED
THROLGEHS

The vessels are designed
and fabricated at Florida
State University.

EMTRAMCE Yyl MCRIYyY

MIFFORS

HirH wGLAGE
| FEED THROUGHS




RICH Mirror

//TL L L 7 -.- ~...w -
Segmented spherical | e L 5,[: i
mirror e
Reflection surface ,,'__ T s h

— Aluminum made o N
_ Design of 3 points mirror mounts
Mirror mounts are

adj usted so that all Mirror, mirror, mirror-...

optical targets are within Mirror panels are mounted
0.25 mm of the designed by adjustable 3 point
spherical surface. mounts on the frame bars

— graphite fiber epoxy
Mirror support structure
— graphite fiber, Delrin

4 ply graphite-epoxy (0.7 mm thick)

/ Gel-coat (0.05 mm thick)

[ ]
| |

Rohacell foam core (1.25 cm thick) > Struc Nﬂ I $r&r: Ozalva :
[ Completed mirror array of the first RICH




RICH (mirror alignment)

« After mirrorsareinstaled, theRICH |
vessel isrotated up in the same
orientation as on PHENI X carriage

» Positions of optical targets placed on
mirror surface were surveyed with a
computerized theodolite system
(MANCAT).

BNL survey crew were measuring the optical
targets on the mirror during the mirror alignment.

Alignment calibration (Oncein RUN)
eAccumulate al the hit PMTs around tracks
for totally 56 mirrors

o14(mirrors)* 2(side)* 2(arm)

*Adjust mirror positions so that ring

centers match projected points of tracks




Front End Electronics (FEE)

Readout Signals from 5120 PMTSs:

o Zero~10 Photon Detection:
OpC~160pC (Signal Preceded
by Pre-Amp(x10) )

« Time Resolution of ~ 200 ps
(For Background Rejection)

Very fast Operation (In old days)
e 9.6 MHz RHIC Beam Clock

o 25KHz Average Trigger
Freguency
Transfer to Data Collection Module
(DCM)
o DatalLink using G-LINK
Compactness
e Processes 640 PMT Signals per

12576383
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Conceptual Design of RICH FEE

RICH FEE Backplane

AMU/ADC Module :
Trigger Sum |
Integrator ¢ g chip AMU/ADC chip
N
PMT VGA
@:%D%&EW S AWMU |- ADC
Pre Amp.
P crD [F-{macl+{ AMU |-{ADC| -
Stop Signal Read Add. Write Add.
_ from Beam Clock
Timing & Control
Signal through ~~~1 G-LINK wir | ALM
Optical Fiber
¢ Source Synchronous
Controller | DgY HE@s BTS |Burst Transfer Control
Module e
Charge
Optical Fiber _ FIFO
to DAQ ~~1+ G-LINK Timin
FIFO 2
Readout Module
Optical Fiber ___ Fixed Voltage
to Local LVL1 P G-LINK ——<Comp. ?
) ADC
Trigger Module
28



RICH-FEE Crate! . [iltaees

Ll T T

*OU VME Dimensions |
*One Controller Module }
*Two Trigger Modules § | 3
*Two Readout Modules . RRRES §heE e
*Ten Analog Modules = :

ke e e N M- N NrEm oS

Controller Module

» Heap Management of Analog Memory Unit (AMU)
 Controls FEE synchronous to Master Timing System
» Controls Burst Transfer

» Generate AMU Write/ TAC Stop Timing

» Slow Seria Control using ARCNET

Readout Module
» Transferring Datato PHENIX-DCM using .. 3 _
G-LINK at the maximum speed of 800 Mbps l f = F. $ EIL
| B o '

* G-LibNoghsansfer asynchronougtig\Blkg.ld angherdnside '
RICH-FEE using four FIFOs (Depth: 9 events) l .




Analog Processing (AMU/ADC) Module

*64 | nputs, 64 Charge, 64 Timing and 16 Trigger Sum
(4 PMT Sum) Outputs/Board

*Burst Transfer to Readout Module in 20-40MHz
» Seria Controllable ASICs on Board

* 8 RICH Chips (8 Inputs, 8 Charge and Timing, and 4
Trigger Sum, each)

* 4 AMU/ADC Chips(32 inputs, outputs, each: Random
accessible analog memory+ADC)

eEach Analog Sum is summed over 5 boards in
backplane, enabling RICH to construct the 4x5 PMT
signal sums (trigger tile) which capture rings.

LVL-1 Module

eAccept 16 Trigger current sum inputs from 5 AMU/ADC
boards

«4*5 PMT sum is already made in the backplane
«Convert current signal to voltage signal
«Convert Digital signal to Digital datausing FADC
-Corygagg&q@e digitized datawith thre@hgol (gsv@ ue
«Transter fr gger information to ERT Cratevia Galiink




