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STAR baseline: charged hadron PID using TPC dE/dx:
can identify pions and Kaons up to ~0.7 GeV/c, and protons up to ~1.0 GeV/c
electrons “cut through” the low-momentum charged hadrons...

Roughly half of the charged hadrons in any given event thus cannot be directly identified...
(and this “PID-blindness” is in the harder halves of the spectra)



STAR with a Time Of Flight (TOF) completely surrounding its TPC @G U D D
p from TPC tracking

s from TPC tracking, & STAR geometry
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Then, with the TPC tracking & a At = 100ps TOF system:

» 7/K/p direct PID:

e (m+K)/p direct PID:

~03 GeV/ic<p<1.7-1.9 GeV/c
~0.3 GeV/c<p<2.8-3.0GeV/c
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Suppress Misidentification...
\

s Rare particles in single running periods
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Critical Point Search (Run-10)
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concentrating here in the K+/mt+ “Horn” seen at AGS/SPS energies

also of interest: vl & v2, v2 fluctuations, <pT> fluctuations
100 K events

10° .
without ToF ‘/SNN=8-77 GeV
10*
with ToF
2.
c 107 B
= =
8 - (Paul Sorensen)
107
10;—
L . Simulations
0005 0.1 015 02 025 03 035 04 045 0.5
(K*+K)/(n*+n-)

0.5% mis-identification suppresses width by 5%
“signal” is of order ~4%

20 — e —
- (Gunther Roland) Simulation -
15 o Statistical errors only ]
o & -
\?. L c‘ —
~ 100 ~% Fluctuations B
5 L ~ “only at | E
3 C . ,T‘c.)n y at low p i
: Ty, O i
5_— Fluctuations ﬂl" ’ =
- at all pr D .
0_ 1 1 l 1 L1 11 | 1 1 L 1 L1 1 I 1 L ]

1 10 10°

\[swy (GeV)

These assume the (2) benefits of a collider environment but also a nearly complete direct PID



The MULTIGAP Resistive Plate Chamber

I
Essentially a stack of resistive (glass)
plates with electrodes stuck on the outside

Pick-up electrode
Mylar
Carbon layer — -H.V.
glass

glass

Gas gaps ~ 250 um

glass

T E—p

—|
glass —: ]
—
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glass
glass —
Carbon layer -
Mylar
Pick-up electrode

+ H.V.

Note 1: internal glass plates electrically floating - take and keep correct voltage by electrostatics
and flow of electrons and ions produced in gas avalanches
Note 2: resistive plates transparent to fast signals - induced signals on external electrodes is sum

of signals from all gaps  (also, equal gain in all gaps...)

Quark-Matter 2001 ALICE TOF project Crispin Williams 7

e HV differential: ~10-15 kV
e Gas in gaps is typically 90-95% Freon R-134a, rest being isobutane and/or SF6
e signals are small: R/O requires careful amplification and careful RFI shielding...




Chatge Spectra

Why does 1t work? E. Cerron Zeballos, I. Crotty, 5 —— Simulstion | 5 - — Simulation
D. Hatzifotiadou, J. Lamas Valverde, s L0000 = 1" cluster & , : 1"(;:;3;5;
S. Neupane, M.C.S. Williams, {enabric) - '
and A. Zhichichi, NIM A 374, 132 (1996) n =9 mm- - % =18 mm"
g=2mm g=9mm

E. Cerron Zeballos, I. Crotty,

D. Hatzifotiadou, J. Lamas Valverde,
R.J. Veenhof, M.C.S. Williams,

and A. Zhichichi, NIM A 381, 569 (1996)

(a) MONO-GAP RPC
Cathode

. 1 narrow gap 1 wide gap

Detectable
avalanches from
1 mm closest to
Cathode

I L ' L | ' L I
o 0.5 1 1.5 2 8} 0.5 1 15 2

(a) 9 (pC)  (b) A (PC)

Fig. 1. Comparison between the simulated charge spectra for single (a) narrow (¢ = 2mm) and (b) wide (g = 9mm) gap RPCs.

narrow single gaps don’t work well in avalanche mode

___________

Anode
wider single gaps?
(b DOUBLEGAP RFC\  Cathode enhanced streamer-free range of operating voltage, & bigger signals...
: i but time resolution suffers...
e primary ionziation is a stochastic process
— timing jitter from location of ionization in RPC

e avalanches from single primary clusters tend to merge & interact with each other
— fluctuations in avalanche development dominate

many narrow gaps!
e characteristic distance for primary ionization decreased
— decreased jitter from primary ionization step
* N-independent avalanches, hence an averaging
— decreased jitter from avalanche fluctuations

350 Single gap (2 mm)

Events/0.02 pC

Double gop (2 X 2 mm)

optimizes the timing performance,
yet leads to signals that are
“large enough” to work with...

Multi gap (3 X 2 mm)

< qul1g)>=0.34pC

< qum(29) > =0.68pC

Interplay between Townsend Coefficient
and room available for avalanches to grow
results in very weak dependence on gap width

Figure 2. Schematic representation of a (easy to build the detectors!)
mqnoF RPC (top); a double gap RPC 1y
(middle) and a multmgap RPC (bottom). M.C.S. Williams, NIM A 525, 168 (2005)

< qm(3g)>=037pC




O P.Fonte et al. / Nuclear Instruments and Methods in Physics Research A 443 (2000) 2013204

X  V.V. Parchomchuck, Yu.N. Pestov, N.V. Petrovykh, Nucl. Instr. and Meth. 93 (1971) 269.

better PID performance
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Fig. 6. Tests performed with other detectors featuring different
widths of the gas gap suggest that the main contribution to the
time jitter is associated to the amplification process in the gas.
The timing resolution seems to depend almost linearly on the
gap width, with a slope of approximately 40 ps/0.1 mm.



...acts just like the conventional technology...

..all the usual calibration techmques apply (ALICE prototype, figures from M. Spegel, NIM A 453, 308 (2000).

10000
8] L T T ] :
c I
|

420 L . —] —
- s 113 9 1 —
= z Slewing E O = 33ps
— 400 | -

- ] 100

380 - Late tail 27/29778

3650 =0.09 %

340 |- 10 ¢

320 | [

200 400 600 800 1000 | '
ADC—bIﬂS 1|”” _.Elﬂll
-2000 -1500  -1000 -500 0 500 1000 1500 2000

Time [ps] after TA corrections

Fig. 4. Correlation of raw time difference between MRPC

detector and reference counter and MRPC signal amplitude. Fig. 5. Time distribution measured with an MRPC with five

gaps of 220 pm operated at 12 kV (109 kV/cm). The width of the
Gaussian fit is o = 88 ps.



STAR'’s Variant... all components are more-or-less “off the shelf”

‘ Honey comb length = 20.8 cm |

electrode length =20.2 cm

(not shown: mylar 0.35mm)

fouter glass thickness = 1.1mm

]
e
—:} inner glass thickness = 0.54mm
]

gas gap = 220micron
-— PC Board thickness = 1.5 mm

‘ inner glass length = 20.0 cm ‘

‘ outer glass length = 20.6 cm |
PC board length = 21.0 cm

honey comb
.| PC board
—l pad
electrode (graphite)

glass

H ] »
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Spacing of inner glass plates is set by monofilament fishing line... (ALICE, HARP, & STAR)

 available in a variety of diameters in ~20um steps around 200um...

e gap size very uniform: =10 ym...

 very difficult to compress...

Glass plates are just common float glass...

Edge of extemnal glass plate

Edge of internal glass plate

i

|

Q

Plastic posts to hold 'fishing line’ spacer

Looking down on stack of glass plates

70 mm
ctive arsa

Edge of active area

fibre spacers (280 pm diamster)

v

Glass resistive plates

Side view






Readout Pads

region of pads above thin glass indicated by dashed box

hole to pass HV through to graphite layer

pins for signal output

OO0 Q0 O=0=0 Q0

@ O=0O=0 O=0 20 O=D=0 O=0 o0 O=Q=0 O=0 20 O=0Q O=0O=0 20 Q=0 O=0=0 20 O=0 O=0=0 0O

active area of each pad is 3.1cm (along phi) by 6.5 cm (along eta)



Rice 10 pad 3 center (pad 31.5mmx63mm) K.card 7GeV/c JUNE/2001
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June 2001:
“final” cern test results...

focus then shifted to a
full-sized prototype
system for STAR:

“TOFr”

a “tray,,
-1<n<0
A¢ ~ 1/60th of 27

with ~30 MRPCs



STAR full-sized prototypes (2002-2005)
optimize the mechanical design, simplify fabrication, improve tolerances
develop and optimize the electronics

TOFr (Run-3)

TOFr’ (Run-4) TOFr5 (Run-5)

Box built by hand “Shoebox” built out-of-house “Shoebox” built out-of-house

Gaskets + wrong sealant Correct sealant Correct sealant

Two layers of electronics One layer of electronics Two layer of electronics
long cables long cables local digitization (CERN HPTDC)
CAMAC DAQ CAMAC DAQ Precise MRPC positioning

Imprecise MRPC positioning Imprecise MRPC positioning “Integrated” water cooling

Each prototype completely new “from the ground up”
a few MRPCs used in all three prototypes to look for aging effects...



TOFr+pVPD in RHIC Run-3 (d+Au)

(Lijuan Ruan)
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First physics result from an MRPC-based TOF System
on hadron Pt-distributions & the Cronin Effect in RHIC p+p & d+Au collisions



TOF in combination with TPC dE/dx also allows effective electron PID...
complementary to calorimetric measurements from BEMC/BSMD....
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STAR has officially adopted
MRPC:s for its large-area system...

e cover entire cylindrical surface of TPC
Ap=2m, -1<n<1

e ~50 m? total area
120 trays
32 MRPCs/tray
6 channels/MRPC — 23,040 chs

* 3840+ MRPCs contributed by China
* Tray fabrication & testing in Texas
e Digitization on-board

e US Cost: 4.7 M$
Chinese contribution: 2.3 M$ (US$ equiv.)

Construction now underway!

http://wjllope rice.edu/~TOF/TOF/Documents/TOF_20040521 .pdf

Proposal for a Large Area
Time of Flight System for STAR

THE STAR TOF COLLABORATION



Status of the Tray Assembly...... £ _— MRPC testing

\ FEE fab and testmg A Tray assembly . .
MRPCs from USTC and Tsinghua, China \\ TDIG calibration A Tray cosmics testing
Tray design and fabrication at Rice i THUB fabrication
TDIG and TCPU fab at Blue Sky, Houston RICE = Firmware
Cosmlcs testlng stand... Leak testing and storage....

e

38 trays fabricated and in various stages of test.... assembly rate is 2 trays/week...

deliver 24 trays to BNL in June, 36 more in September, and 25 more in November
...pushing for 90 trays (3/4 of total system) installed for Run-9...



Run-8 Installation
d+Au and p+p at full energy, plus a very short low-energy Au+Au engineering run

Upgraded Start-detector (upVPD)...
Five “final” trays installed on the East side of STAR...  (same sector as DAQ-1000 prototype)

STAR Level-0 trigger on hits on the start- and stop-sides to improve statistics in the p+p phase
B

i




R5946 PMT (bare bulb)

v . o lead wire
Upgraded Start Detector Al“ﬂ‘g;;:gf%;};‘ig%gﬂf';ﬂg{‘;i/ spacer

3 chs/side “pVPD” — 19 chs/side “upVPD” J] r———— gy
improves efficiency per event, and resolution due to averaging R

3 R5946 PMT scint |Pb[™

18

Pb + Scint + Mesh dynode PMTs
standard linear resistive bases

improves efficiency per event for a start-time in p+p from ~10% to ~35%...
improves start-time resolution in Au+Au by a factor of sqrt(6)...

provides inputs to STAR triggers to select primary vertex positions near the center of STAR
main input to STAR min. bias triggers in Run-7, 76M events collected with mb-vpd trigger

showed a ~60% efficiency per event in the Run-8 low-energy engineering run!!
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Total System Performance in Run-8 p+p (Zebo Tang)
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Statistics Starved (Stop-side channels grouped together, 24 chs/group)
TPC uncalibrated
Yet indicates pure-stop resolution around 85-90ps (final trays “work™)....




Summary

The era of Scintillator+PMTs TOF systems is over... The conventional technology is now obsolete.

From INFN (Crispin Williams) to Rice & China (~1998-2001)

now we have: STAR TOF (MRPCs from China, mechanics from Rice, electronics from Rice, Blue Sky, and UT)
STAR MTD (MRPCs from China, mechanics and electronics from Rice)
PHENIX prototype and TOFw (electronics from Rice, consultant on MRPCs and mechanics)
STAR “ringTOF” for Run-10?

...MRPCs are becoming a popular technology!

very inexpensive, components readily available, manufacturing tolerances are “loose”...

STAR-specific prototypes tested under “battle conditions” throughout several RHIC runs...
performed to expectations...
pure stop resolution of ~80-95ps achieved in all of the different phases of Runs 3,4,5, & 8

Final design now DOE-funded and under construction....

Start-detector for TOF upgraded....
increased channel count — increased efficiency/event and improved Tstart and Zvtx resn...

Increases STAR’s charged hadron PID acceptance by factor ~2, at <5% of STAR’s total cost....
90 trays for Run-9.... (3/4 of the full system)
system complete for Run-10 (the low energy scan)....



