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Two large and very similar
collider experiments needing
large-area TOF coverage....

area’s too large to even consider
using PMTs and plastic.

1998 to present:

LAA detector development project
(A. Zhichichi et al.) and M.C.S.
Williams et al. develop a new
technology for TOF for ALICE called the |
Multi-gap Resistive Plate Chamber (MRPC) STAR

Magnet Coils Magnet Steel

Silicon Vertex Tracker

1999-2001: A\ nde - ElectroMagnetic Calorimet
Rice group develops A T T
version for STAR... : - v Time Projection Chamber

Central Trigger Barrel/
Time of Flight
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TOFp/pVPD WIL et al., NIM A 522, 252 (2004).

. 3 slats 21-29
in Run-II g 1.7<p<1.9 GeVic 2.8<p<3.0 GeVic
S 2
=~ T 2 n+K
slat&PMT system
long cables
digitize in CAMAC K
p
Start resn (pVPD): o
~24PS 1 105 1.1 1.15 1.J2 0 095 1 105 1.1 1.15 1.2

>99% efficiency

1/ Bmeas

Total resn:
~87ps (all slats)
~79ps (best 25)

\
\
(for central Au+Au)
| I | | 1 | |
0.5 1 1.5 2 2.5 3 3.5
With STAR’s geometry & tracking & a 100ps TOF system: p (GeV/c)
e w/K/p direct PID: ~ ~0.3 GeV/c <p < 1.7-1.9 GeV/ But:
TP 1re.c FYEsP e 50 m?2 of this, w/ granularity s.t.
e (m+K)/p direct PID: ~0.3 GeV/c <p <2.8-3.0 GeV/c occupancy is <15%, is >20 M$

e w/ TPC dE/dx, also clean electron PID at “low” momenta...



Resistive Plate Chambers

(in avalanche mode)

(a) MONO-GAP RPC
Cathode

Detectable
avelanches from

1mm elosest to
Cathode

Figure 2. Schematic representation of a
monogap RPC (top); a double gap RPC

(middle) and a multigap RPC (bottom).
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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

wider single gaps?
enhanced streamer-free range of operating voltage
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
— fluctuations in avalanche development dominate

many narrow gaps!

» characteristic distance for primary ionization decreased %"
— decreased jitter from primary ionization step %‘_m b

* N-independent avalanches, hence an averaging s
— decreased jitter from avalanche fluctuations " a0 |

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

20! 1)

0 8] 0.2 0.4

Single gap (2 mm)
Double gop (2 X 2 mm)

Multi gap (3 X 2 mm)

< quml1g)>=0.34pC
< qQum(29) > =0.68pC

< gm(3g) > =0.37pC

Fig. 3. Monte Carlo charge specira for single- double- and multi-gap RPCs,



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
glass

Gas gaps ~ 250 um

glass —

T E—p

e

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
* Gas in gaps is typically 90-95% Freon R-134a, rest being isobutane and/or SF6
* signals are small: R/O requires careful amplification.




O P Fonte et al. / Nuclear Instruments and Methods in Physics Research A 443 (2000) 201}204

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

better PID performance

250 v
g 200 - .
S 150 - MRPC
o \
‘» 100 A
L X Pestov Counter [2] m
O 50-
- O Qur data
0 T I I
0 0.2 0.4 0.6 0.8 1.0 1.2
Gap width (mm) >
bigger signals
(FEE easier)

Fig. 6. Tests performed with other detectors featuring different
widths of the gas gap suggest that the main contribution to the
time jitter 1s 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 tGChnquCS apply (ALICE prototype, figures from M. Spegel, NIM A 453, 308 (2000).
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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 um operated at 12 kV (109 kV/cm). The width of the
Gaussian fit is o = 88 ps.



MRPCs are chambers w/ resistive plates but are not “RPC’s”

1.Float Glass vs. Bakelite 2. Avalanche Mode vs. Streamer Mode
+linseed oil
resistivity Vs integrated charge FlO at GlaSS o
20
e ~eaiicl. Has a stable resistivity (hopping conductivity)
D 16 . $GLASS p=10!2-10!3 Qcm at normal temperature
i r
S 14 = /’
% A Resistivity depends only on temperature
. e — T-20)/25
= P=p2010(T29)
i Bakelite:
\\‘
I~ p=10"-10"2 Qcm at normal temperature
0 10 20 30 40 50 60 resistivity increases with the integrated charge (ionic
integrated charge (mC) conductivity)
resistivity Vs T Need a surface treatement with linseed oil
100
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C.Gustavino, 20-22 october 2003, Clermont-F errand 2




more on (M)RPC Aging..

ALICE TOF prototype tested at GIF over 200 days
7x10? events/cm2 at 50 Hz/cm2 — 54 years Alice running at 30days/year

)
INFN

L/ 1 Fsica Nuclears

Chemical analysis (Chromatography) of the
from MRPCs (CH1, CH2) by CERN EST/SM-CP :

measured concentration of Fluorine under the limit of
detection (0.02 ppm), l.e.

- Active detector volume is 2% of the total volume of the gas box;
- Diffusion for the gas exchange between strip and the surrounding gas.

- No sign of degradation;
- No increase of dark current;
- No degradation in efficiency;

- No degradation in time resolution;

E. Scapparone RPC2003



MRPC:s are (relatively) easy to build!

Big change in gap size — small change in

operating voltage. Large ‘plateau’ region
where efficiency high, time resolution

excellent and gap can vary by + 30 um
\ gap Yy by u Y,

Efficiency [%]

100

0
@)

D
)

40

20

® Strip 6 (250 micron gaps)

44
- v Strip 7 (220 micron gaps)
_ Strip 8 (280 micron gaps)
| N I R B
14 15 16 17

|
18 [kV]

v
Thus device with this excellent time resolution can
be built with very ‘relaxed’ mechanical tolerances &
&
=
o)
3
[a% —
40 ® Strip 6 (250 micron gaps)
] v Strip 7 (220 micron gaps)
20 - . .
_ Strip 8 (280 micron gaps)
0 | T T T T T 1
14 15 16 17 18 [kV]
Quark-Matter 2001 ALICE TOF project Crispin Williams 22




MRPCs apparently aren’t very sensitive to tolerances on the gas gaps....

cathode

/
/

/ Charged particle passes through gas gap and
creates clusters of electrons and positive ions
electrons avalanche towards anode —fast signal
L on external electrodes - etc

<
vyl

7/

/ anode

Now consider smaller gap
cathode

lE increased (same V - smaller gap)

Thus Townsend coefficient higher - bigger avalanche
(i.e. higher gain)
g anode however gap smaller therefore less distance for
avalanche to grow (i.e. lower gain)

Apparently we are working in region where both effects
cancel (by ‘magic’ it is rather an exact cancellation)

Quark-Matter 2001 ALICE TOF project Crispin Williams 25




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

‘ Honey comb length = 20.8 cm |

electrode length = 20.2 cm

pad width = 3.15cm . 1=03 -
d int =0.3cm
padinterva ¢ honey comb thickness = 4mm

(not shown: mylar 0.35mm)

touter glass thickness = 1.1mm

O
(]
—:} inner glass thickness = 0.54mm
O

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
— B pad
electrode (graphite)

glass

H ] i
113 74 8.41 89 94 Position (cm)
1.1 8



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

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

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

 very difficult to compress...

Glass plates are just common float glass...

Edge of external glass plate

Edge of internal glass plate

& @

O

|

O

Plastic posts to hold ‘fishing line’ spacar

Looking down on stack of glass plates

70 mm
clive arsa

Edge of active area

fibre spacers (280 pm diameter)

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

o O=0=0 O=0=0

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



Rice 10 pad 3 center (pad 31.5mmx63mm) K.card 7GeV/c JUNE/2001

[
[—
[—

\o
<

80

Efficiency (%)

70

60

50

40

30

20

10

13 13.5 14 14.5 15 15.5 16 16.5 17

R e SraEe A

A

.\‘_/.
[ J
O |“ \ \lllenc y

A Mean ADC
® Time resolution, sigma

13 135 14 145 15 155 16 165 17
Voltage (kV)

[y
()
=)

ju—y
o
(—]

[—y
=
(—)

\o
—]

80

70

60

50

40

30

20

ADC (bins)

Time resolution (ps)

June 2001:
“final” cern test results...

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

“TOFr”

a “tray,,
-1<n<0
A¢ ~ 1/60t of 27

with ~30 MRPCs



STAR TOFr .

— - - i / - — / y Y —— / - ’ 6/ va Y/ 9 0 %'T

T [
| Jifi i) [ Sl . - - 95.000" [241.3cm]

7 A First Prototype for Large-Area MRPC TOF for STAR

e 28 MRPC modules fabricated at USTC and CERN
* 33 FEE boards fabricated at Rice
* Tray design and construction at Rice

 Construction completed February 16, 2002
» Extensive testing at AGS radiation area, Spring 2002
e Installed in STAR before RHIC Run-III, Fall 2002

— Realistic test of viability of this technology in
an actual collider experiment......

* Ran throughout RHIC Run-III...
no failures, under continuous HV for months...




MRPCs TO FI‘

(Run-3)
Tray (gas box)

Testing at Rice

TOFr FEE & F/T plates
(will come back to these)



TOFr+pVPD in RHIC Run-III (d+Au)
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total ~120ps — 1t/K/p to ~1.6 GeV/c, and (m+K)/p to ~2.8 GeV/c

First physics result from an MRPC-based TOF System
on hadron Pt-distributions & the Cronin Effect in RHIC d+Au collisions
(J. Adams et al., STAR Collaboration, nucl-ex/030912, submitted to PRL)



TOF in STAR also allows effective electron PID...

most powerful in (low) momentum regions where STAR EMC-based e-PID is difficult....

o
N
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STAR Preliminary
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The second-generation prototype
for RHIC Run-1V:

STAR TOFr’

similar module arrangement...

new “showbox” tray design...
vastly simpler fabrication
better gas hermiticity

FEE layer now closes the box...

same camac digitization
over long cables into TOFp DAQ

test implementation of “Jalepeno”
based on CERN HPTDC chip
separate path to STAR DAQ




TOF’ (Run-4) runs hotter than TOFr (Run-3)...

large number of components on FEE layer that also seals the gas box heats the box interior

Dark Current (nA) vs. Temperature Noise Rate (counts/30s) vs Temperature
16
1800
14 4 [ - . ~
1 (results for STAR MRPCs, 1600 S0Hz
o 12 Y. Wi et al., Tsinghua) 1400 ] e /.
) - _ 1 ® Pad2 -
= 10+ & 1200 ~ A Pad3 :
Z S
* £ 800 :
8 6 3 ;
] S 600 -
- 2 -
4 1 =
] / 400 - e
- o T I S ~5Hz
0 — 1 T — T T T T I T T T 1 0 T T T T T T T T T T T
28 30 32 34 36 38 40 42 44 20 25 30 35 40 45
Temperature (°C) Temperature(°C)
= 3

Au+Au @ 62 GeV
25

preliminary analyses from Run-4 indicate
that timing performance not significantly degraded...

heat improves the rate capabilities

but overall this is unattractive (for us) 1.5
Run-5 Design addresses this 1
now under construction C 5
0-50I Ll I0-|5‘I L1l 1| 111 I1-|5I Ll 1 é L1l I2-|5I L1l I L1 1 1 I Ll 1 1

3.5 4
p (GeV/c)



A gmg temperature tests
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C.Gustavino, 20-22 october 2003, Clermont-F errand



STAR has officially adopted (our variant)
of MRPC:s for its large-area system...

e cover entire cylindrical surface of TPC
Ap=2m, -1<n<l1

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

* Digitization on-board
(major R&D now is on electronics)

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

Proposal now under review @ DOE....

Proposing construction during FY05—FYO07
...project complete 2/15/07.

increasingly larger patches each RHIC run
until full system there...

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

October 27, 2003
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The ALICE experiment at the LHC will use multigap resistive
plate chambers (MRPCs) like this in its time-of-flight (TOF)
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SINGLE STACK

Edge of active area

4// Resistive layer (cathode)

cathode pick up pad

Mylar insulator

L

ﬁ‘% Internal glass plates

6 gaps —»

s

Resistive layer (anode)

ALICE MRPCs
single and double stacks...

long and narrow...

anode pick up pad

DOUBLE STACK

Edge of active area

cathode pick up pad

L Resistive layer (cathode)

|
|
3 i . — = Resistive layer (anode)
3 gaps —p : 1 :
: p ' £ =f anode pick up pad
3 gaps —P ' Resistive layer (anode)
|
|

Resistive layer (cathode)
cathode pick up pad

Connecting pins to transport
cathode signals to centre PCB

Plastic screws to position
fishing-line spacer

TR
fs |@/
! B J

Cross section of double-stack MRPC

/ 130 mm \
N

le—active area 70 mm ———=]

|

[IIRTRETITEITEITRITH TR AT

i

m[ummmmmmmmmmnm

honeycomb panel
(10 mm thick)

flat cable connector
differential signal sent from

PCB with
cathode pickup pads

strip to interface card

external glass plates
0.55 mm thick

e

i

X777 77 1

=

internal glass plates
(0.4 mm thick)

| PCBwith

anode pickup pads

Mylar film
(250 micron thick) |

5 gas gaps
of 250 micron

PCB with
cathode pickup pads

M5 nylon screw to hold
tishing-line spacer

honeycomb panel
(10 mm thick)

\

connection to bring cathode signal

Silicon sealing compound

to central read-out PCB




ALICE

TOF module g
gas inlet manifold %

. 8l 2

gas outlet manifold 8 &

Figure 3.4: Central TOF module showing the positions and tilt angles of the MRPC strips.
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Figure 3.5: Intermediate TOF module showing the positions and tilt angles of the MRPC strips.
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Figure 3.6: External TOF module showing the positions and tilt angles of the MRPC strips.
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1

Efficiency ||

ALICE performance
(from proposal addendum, 2002)

Qo 140 800
. 120 - v 220 micron gaps
80 - = _ 600 - ¢ 250 micron gaps
i 100 - E _ o 280 micron gaps
| z 2
60 - = 80- £ 4001
40 - g 60 & 200 -
i v 220 micron gaps E’ 40 - v 220 micron gaps % -
20 ~ © 250 micron gaps - 0 250 micron gaps g 0 -
_ o 280 micron gaps 20+ o 280 mieron gaps _
O —T—7T—T1T—T1T T T I O——7—T—1— 1T T T 20T T T T T T T T 1
14 15 16 17 18 [kV] 14 15 16 17 18[kV] 14 15 16 17 18[kV
Voltage Voltage Voltage

efficiency near and above 95% for HV in range 16 — 18 kV.
time resolution in this range is 60-80ps for 220 wm gaps

time walk reasonable...



HARP TOF

two implementations
barrel around target TPC to reject out of time tracks...
forward wall for PID...

looking for ~200ps or better...
10 kOhm resistor

Mylar: 1775 pym  — 1 &2 - =——r—— Ground
Glass: 0.7 mm .,_72%7 | T HV:-6kV
L B 1 T3 9!
_ . |
Pickup electrodes: 120 ym <N ¢ Q 0 Ground
Carbon tape: 120 ym — Signal

\_\_'{:\ 8] 8] 8!
Spacer/Fishing line: @ 0.3 mm T +| ~ o] 0 )|
| S ] . — HV:-6kV
Adhesive paper tape: 100 ym E !l_J - = === Ground
- Active area: 102 mm
- Glass width: 106 mm
Preamplifier & summing PC bDarl:I ; ! | | r;:;
| 220 | Electrode layout: 64 pads

| 15820
I

Fig. 4. Layout of the readout electrodes; eight pads are connected to the same
preamplifier



HARP TOF Prep. of plates: long
Stacking easy: =1 hr

Ko

4 fishing lines
as spacer

.'- - ---J'Ji--. o ...:
T - i e - e -- -
f--—-——-— —= . S L~ Ty -

/ Noryl end pieces position glass plates
" and hold fishing lines N

HV test in air before
integration in housing

Stack -> box + test: 2 hrs

e Jorg Wotschack/CERN
27/11/2001 RPC workshop Coimbra, 25-26 Nov. 2001 13

Glass stack placed in
aluminium housing with
removable cover (O-ring)

Box: 2m x 10mm x 150mm

64 signal feedthroughs along
edge on one side

8 plug-in preamplifier cards
HV supply on one end
Gas in/out on two ends

By s Jorg Wotschack/CERN
2711/2001 RPC workshop Coimbra, 25-26 Nov. 2001 14



HARP TOF showing here the barrel TOF (@target)

also have forward wall w/ same MRPCs
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HARP TOF

Efficiency
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PHENIX TOF - First prototypes (J. Velkovska, T. Chujo, et al.)

!
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S ——

FEE from TOFr (Run-3)
Digitization in CAMAC

Tested at KEK.....
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e Strip and pad versions tested....

* /5ps resolution achieved...




Summary

TOF remains a viable technique for Particle Identification (or triggering) in modern experiments...
The conventional technology of Scintillator+PMTs is extremely well-understood...
The new MRPC technology is becoming well-understood, and is a lot cheaper...

Prototyping efforts underway at GSI, Nashville, ....

MRPC detectors

e are not “RPC’s”...

e are dirt cheap (parts <30$/module), and relatively easy to construct...
e  can outperform the conventional technology...

 slew, and have finite signal propagation times inside the pads, just like single-ended scintillator...
all the usual calibration techniques and software apply...

e  are sensitive to the local temperature
higher temperatures — higher current draw and noise rates, better rate capability...
degradation to timing performance not severe
detectors not damaged by high temperatures...

e  exhibit aging effects that are very small...
lengthy GIF-testing of ALICE MRPCs showed no significant effects...
more experience 18 still needed though... (TOFr5 and TOFr’ contain many modules used in TOFr)

Bottom Line: MRPCs worth considering wherever granular, low-cost, ~100ps timing is needed....
(how can 1 help?)



TOF in STAR
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...the STAR TPC an extremely powerful
tracker for a TOF system...
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PID reach for TOF in STAR (here assuming a 100ps TOF system)
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in STAR: TOF resolution by far the dominant contribution to total mass resolution...
better total timing resolution of course gives PID to higher momenta...



Counts/event in 50 MeV/c bin
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Examples from STAR (for full energy Au+Au collisions)
TPC dE/dx directly identifies ~60% of tracks it can reconstruct
w/ a ~100ps TOF system in STAR’s geometry,
— ~97% of reconstructed tracks can be directly identified

charged hadron PID at even higher momenta:
— Cerenkov detectors (Aerogel, RICH, ...)



A small-area TOF system is not enough though...

Numerous interesting/relevant topics requiring a large-area system:
Elliptic Flow for hadrons with no light valence quarks

Fluctuations/Correlations studies with PID 1Y o

Away-side jet fragmentation yields and spectra S

Yields and spectra of high-mass resonances © N[ T

Unlike particle correlations i © TReony T L

Charmed hadron flow and yield ratios o o e o B A

Exotic particle searches (pentaquark, H, ...)

Heavy quark jets; D,B-meson spectra at high pT 004 T

Lepton, di-Lepton spectra, Vector meson e+e- decays

e+e- production in ultra-peripheral collisions T I s s P e

T S S
Of i T
TOF PID significantly reduces backgrounds A PO R AU NV AU A A O

— higher-significance results in same-sized data set... 0 05 1 15 2 G2'5V7 35 4 45
— reduction of data set required to get same S/B... p; (GeV/c)
and reduces systematic errors from correlated backgrounds due to misidentified particles

BUT

Cost of a ~50m2 TOF system for STAR based on the conventional technology is >20M$
Simply can’t afford large area TOF systems based on scintillator.



STAR Time-Of-Flight Patch (TOFp/pVPD)
Start detector: pVPD, Stop Detector: TOFp tray
Conventional technology: scint+(mesh)PMT
On-board custom FEE
Camac digitization after long cables

41 total stop channels, An~1, Ap~6 degrees

good data from Runs 2 and 3, ready for Run-4...

(also see W.J. Llope et al, nucl-ex/0308022, NIM A in press)



TOFr’s Front-End Electronics

typical MIP hit in a STAR MRPC equivalent to ~25 fC (not a typo)
need to amplify first

rise time of [detector+FEE] practically limited only by bandwidth of this preamp
major breakthrough came w/ adoption of MAXIM 3760

then discriminate using standard components

6 channels, one per MGRPC pad

Maxim 3760 Preamplifier
Analog Devices 96687 Comparator (TOFp, pvPD, TOFr)



Initial Testing of TOFr just after construction...

TOFr First Power-Up  February 16-19, 2002
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Jose Lamas-Valverde et al., contribution to
Vienna Conference on Instrumentation 2001

Rice MRPC 2x6 cells, 6 gas gaps. Plateau curve, cell b
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Fig. 2. The efficiency and corrected time resolution (o) versus voltage for the pro-
totype with 2x6 pads and pad area of 3x3 cm?.



Position Dependence w.r.t. Pads

Rice versions 6, 7, and 8, Vertical Scan, Fall 2000 Test beam
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Rice version 6, 2x6, 3x3.1cm, 15.5 kV, Fall 2000 Test beam
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