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ALICE TOF requirements

Requirements (ALICE TDP CERN/LHCC/95-71):
~150 n? area

granularity (determined by occupancy) ~9*¢a60000 channels)
system time resolution <= 100 ps

Existing (and discarded by 1998) technologies
Plastic scintillators + PMs The Pestov spark counter
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ALICE TOF candidate technologies (autumn 1998 — spring 1999)

 Parallel Plate Chamber (PPC)
Being studied for calorimetry since the early 199Qainly by the ITEP group.
This was the baseline solution and had been ureleabment for a long time
(see V.A.Akimov et al., Instrum. and Exp. Tech. 4&2802) 493)
Time resolution ~200 ps (already a big step forwaedpne to sparking...

* Melamine or glass multigap RPC (MRPC)
Based on the muon trigger RPCs that were beingedtua the LAA group for

ATLAS/CMS since 1996.

» Metal-glass symmetric multigap RPC
Proposed by the Coimbra group. Inspired by thedvesgiark counter and by both
detectors mentioned above.

There were two beamtimes: autumn 1998 and sprif§.19
The spring 1999 beamtime was supposed to demonstrdtee “1m?” prototype as
the final step for the elaboration of the TOF TDR,which was due in July 1999

The ALICE TOF R&D effort was coordinated by Frarg&iuz and Wolfgang Klempt.
4
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Double PPC

Autumn 1998 Spring 1999
20 cm
Gas box
HV supply N :;_1____&
Preamplifier ﬁ# } /PCB

5cm

| PPC (2 gaps, 8/row*2%2=32)

Main amplifier
Discriminator

Figure 2.21: 32-channel TOF module.

Chromium-coated ceramic plates 32 channels prototype

/

Ceramic Metallisation Electrical
plate Contact

ALICE TOF TDR CERN-LHCC-2000-012 5
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Melamine/glass MRPC
Autumn 1998 Spring 1999

(a) 5 gaps of 340 um MRPC

5 gas gaps of 220 micron Schott 8540 (2 mm thick)

Anode electrode 3 x 3 cm?2

High voltage plane 0.34 mm gap

Cathode electrode 3 x 3 cm2 \ |

0.34 mm gap

% Schott A14 (0.5 mm thick) . Schott A2 (0.5 mm thick)

- 5cm »‘

0.34 mm gap

0.9 mm thické
melamine -
phenolic laminate

0.34 mm gap

0.34 mm gap

I

0.34 mm gap
I Single-channel glass MRPC

Read out strips 3 x 24 cm?2

Active area 24 x 24 mm?2

ALICE TOF TDR CERN-LHCC-2000-012



RPC2024 Timing RPCs: 25 years P. Fonte
Metal-glass symmetric MRPC

Autumn 1998 Spring 1999
32 channels
Spacers Conductive prototype
(GBIIIIII} g!ass (b) double 2 gap of 300 ym MRPC
7 é_ /‘;—U“’mh‘ak
Ceramic Metallisation Electrical -ms
plate Contact — 0:::(:1
H C—
1mn[:] E]wn 1T
1 ] ] 1
L L
230 pF 230 pF -
; Designed to allow to place shielding between

the cells to minimize crosstalk.

The metal plates were borrowed from _ _
the ceramic PPCs. New dedicated electronics was produced.

A CERN/Coimbra/ITEP collaboration
P.Fonte et al., NIM A (2000) 201
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Results of the autumn 1998 beamtime

Nuclear Instruments and Methods in Physics Research A 443 (2000) 201-204

Letter to the Editor The following colleagues, from our home insti-

A new high_resolution TOF techno]ogy tutes, contributed to this work: A. Akindinov, E.
Cerron-Zeballos, R. Ferreira-Marques, V. Go-

P. Fonte***1 A. Smirnitski®, M.C.S. Williams*¢ lovine, D. Hatzifotiadou, J. Lamas-Valverde,
*CERN, EP Division, 1211 Geneva 23, Switzerland A M'drtemi'dIlOV, V. PetI'OV, F. PiuZ., A PO]iC&I’pOj

PLIP-Coimbra, Coimbra, Portugal K. Voloshin.
ITEP, Moscow, Russia
YINFN Bologna, Bologna, Italy

Received 24 March 1999; received in revised form 27 August 1999; accepted 2 September 1999|

180 - 100
160 - o -
— 1 4{] - 8 D 8 T 98 ?_E,,
a s >
| g0l 8 . to6 £
Spacers Conductive % 2
(0.3mm) glass % 807 + 94 ¥
w 60 - :
O 40 - ®TOFsigma |1 g0 ©
A/ 20 - 0 TOF efficiency =
Ceramic Metallisation Electrical 0 . | | . . -+ 90
plate Contact 0 400 800 1200 1600 2000 2400

Counting rate (Hz/cm?)

Fig. 5. Timing resolution and efficiency as a function of the
counting rate per unit area. For counting rates below
800 Hz/cm? a|resolution better than 120 ps sigma|was achieved
with efficiency above 98%.
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Results of the spring 1999 beamtime

EUROPEAN LABORATORY FOR PARTICLE PHYSICS (CERN)

CERN-EP 99-166
| 28 October 1999 |

A four-gap glass-RPC time-of-flight array
with 90 ps time resolution

s
Wl L .
readout card mounted on the prototype. The card car-

A. Akindim}vl, P. FDHTEE‘B’*, E. Fﬂrmentiz, V. Golﬂvinel, W. Klemptz, A. Klugez, Figure . One ci
A, Maﬂemi}ranﬂv', P. Martinengﬂz, 1. Pinhio®, A. Smirnitski',
M. Spegelz‘i, P. Szymanski2‘4, J. F_’,alipsl-:a2+5

anne!
ries amplifiers made with discrete components, discrimination logics and voltage regulation.

I, EP. Moscow, Russian Federation, 2 CERN, Geneva, Switzerland, 3 LIF, Coimbra, Portugal,

4Inst. for Nuclear Studies, Warsaw, Poland, 3 Univ. of Warsaw, Warsaw, Poland

* On leave of absence from ISEC, Coimbra, Portugal

T corresponding author, Marko.Spegel@cern.ch

Later published as IEEE Trans. Nucl. Sci 48, 5 (2Q@H8 9
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Results of the spring 1999 beamtime
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A. Akindinov et al., CERN EP 99-166 (28 Oct. 1998BEE Trans. Nucl. Sci 48, 5 (2001) 1658 10
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Results of the spring 1999 beamtime

200 100%
V=5800 V N
160 . 90%
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0 ' ' 50%
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A. Akindinov et al., CERN EP 99-166 (28 Oct. 1998BEE Trans. Nucl. Sci 48, 5 (2001) 1658 11
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Results of the spring 1999 beamtime
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A. Akindinov et al., CERN EP 99-166 (28 Oct. 1998BEE Trans. Nucl. Sci 48, 5 (2001) 1658 12
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Results of the spring 1999 beamtime
2 12kV
|{]3 ; Gaussian fit o=77 ps Sas g2ps of 220 micron Anode electrode 3 x 3 cm2 hot( 8510 (2 mm thick)
= il of Iate storml D0
- anl of late signals . e ——
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‘E E % Schott A14 (0.5 mm thick) ) Schott A2 (0.5 mm thick)
6 10 ; - 5cm A
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= 1 Iy B B 0 _ALICE
-2000 -1000 0 1000 2000 3000 50 Hz/cm? HV.=12kV
t‘ T . . ].l:]{} LR L rrwrar || T T ErTen 25{}
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ALICE TOF TDR CERN-LHCC-2000-012; A. Akindinov et.aNIM A (2000) 16 13
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Results of the spring 1999 beamtime
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Figure 2.23: TOF module test results (10 PPCs shown):
a — TOF resolutions;

b — efficiency plateau widths:

¢ — efficiencies in the plateau centres.

.

Main amplifier

Discriminator

ALICE TOF TDR CERN-LHCC-2000-012

Gas box

PPC (2 gaps, 8/row*2*%2=32)

Figure 2.21: 32-channel TOF module.
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Results of the spring 1999 beamtime

Nuclear Instruments and Methods in Physics Research A 449 (2000) 295-301

P. Fonte®™*! R. Ferreira Marques™*, J. Pinhdo®, N. Carolino®, A. Policarpo™®

High-resolution RPCs for large TOF systems |
R

"CERN, Ewropean Laboratory for Particle Physics, CH-1211 Geneve 23, Switzerland

‘Departamento de Fisica da Universidade de Coimbra, 3004-316 Coimbra, Poriugal

Received 31 August 1999; accepted 17 December 1999 |
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Results of the spring 1999 beamtime (study of single gaps)

P.Fonte Recent developments in very high time resolution RPCs CERN 1999
RECENT DEVELOPMENTS IN ;
Event by event ratio of fast/total charge
VERY HIGH TIME RESOLUTION RPCs (fast chargc):(clc ctron component) g
Standard mixture
P. Fonte Methane - 0.1 mm  Isobutane - 0.1 mm 0.1 mm
CERN-EP 0 ad 08 _ f _ 08 a(Q) d '
and 06 ; : 08 ' 06 .“’
LIP-Coimbra, Portugal 0 __:“ 04 / 0.4 5
oz ozt 02 ;
) |4 |

. Methane - 0.3 mm  Isobutane - 0.3 mm  Standard mixture
g 6 2 0.3mm
-g 25 ﬁ . 5 '
E ) l - . . 1.5
E’ 1.5 s 3 1
o - o 0.5
g |

- L]

EP Detector Seminar o S S R
t
CERN 27/9/99 otal charge (pC)

Fast charge vs. Total charge

*» Electronic charge/total charge should be a constant
[1/( & d)] but for most mixtures (except methane in a
0.1 mm gap) there is a strong non-linearity
= space-charge effect.

Later published as
P. Fonte, V. Peskov. NIM A 477 (2002) 17 16
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ALICE TOF 2 x8 pads MRPC prototype

Strip design of MEPC tested in| November 1999

3.2 mm Schon Ald

\  Graphite layer

N Mylar 3500 im

Figure 2.48: Artist's view of strip detector used in the November 1999 test beam. - board

B2 cell stap detector 125KV

& b
5 -
Mean 96.1 % . )
uw?_! L igure 2.49: Cross section of the strip detector used in the November 1999 test beam.
i3 Crosstalk not measured
T Final ALICE TOF design was
I + .
i 5 | symmetric double-stack
n?ﬂ a2 Q4 06 af 100 20 40 (i1 BD 100

Efficiency [%] Tirme resolution [ps]

ALICE TOF TDR CERN-LHCC-2000-012 17

Figure 2.52: Efficiency and mesolution of the 16 cells of the stip chamber.
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The HARP experiment The first experiment to use timing RPCs.
10 kOhm registor .
Gh:lylar:{:;ﬁum - — Symmetl’IC dOUbIe'gap MRPCs
a53. U, mr_l:l‘._-’?_éfbln ‘/"f _ N =
e Tk - - 4 4x0.3 mm gaps
T e 4[\ . . 7 All electrodes glass
Spa_crer.-'Fisrr':ill'lT?-"'" = I a
e . — . 368 pads of 28106 mn? = 30.7 cm
tape: 100 pm 41— .
Active area: 102 mm readout on one side only
Fig. 3. Cross-section through the glass stack. TOtaI area ~6 m2
Preamplifier & summing PC board Built in 5 months from December 2000!
R | ot et e | {
I
29
240 '
220 Electrode layout: 64 pads
! 1920

Fig. 4. Layout of the readout electrodes; eight pads are connecied to the same prea

M. Bogomilov et al.,. NIM A 508 (2003) 152 18
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The HARP experiment The first experiment to use timing RPCs.

: W -RPC43, ch.3 | ] 5 :
EED _"""HPC-}&."{"‘I’"‘*’" ............... . ............................. ..._. ..............
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bl o S e T —8 GeV/c beam.

0.4 _.¢ ............... .¢ ............... . ............................. .¢ .............. Resolutlon 140 to 170 pS

i ™ < . < . U S SR S

Efficsency
|

R - "B
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€, N

Fig. 7. Time resolution and efficiency as function of the impact the performance of the deteCtor in the

point of the beam. The x direction is along the RPC, one experiment_
readout channel covers 240 mm; the boundarv between the
pads read out by two different preamplifiers is at x = 750 mm.

M. Bogomilov et al.,. NIM A 508 (2003) 152 19
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Extension to large area/channdinspired by the needs of the HARP experirr

Active area = 10 cml60 cm = 0.16 rh Pestov-style readout (both ends)
(400 cni/electronic channel)

1,6 m HV
< > :____|_
channels | .
B e  ————
Top view ‘Cross section

= Ordinary 3 mm
“window glass”

s CoOpperstrips

A.Blanco et al., arXiv:physics/0103086 (26 MarchQ2p
A.Blanco et al.,. NIM A 485 (2002) 328
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Extension to large area/channdinspired by the needs of the HARP experirr

Efficiency and time resolution Longitudinal resolution
100%
4 T
99% 1€ =9510 98 % 5 cm o, =12mm
5 % 3601 4
g 980/ o o o g 8 8_8_SAD_D_D @éooo% 8 ?8 a o o? 300
-..L:) 97% O o o O O O g O 2
o 96% I . O Strip A &
-E 95% O Strip B EZDO‘
94% A Strips A+B @ 150
93% T T T T T T T T T T T T T T T
-80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 1001
Center of the trigger region along the strips (cm) sof
100
(Z,QO_G:SOto?SpS 0000 s00 "g{ | 500 1000
= Atf2 (ps
S 80 -
= 70 d A o Long strlps are not to be seen as
S O : :
2 0 S — Vs 0 o L capacitors but as (multiconductor)
O . . .
°§’ 50 6 B 84 2 8T¢ oo H B 5 - transmission lines
|_
40

-80 -70 60 -50 -40 -30 -20 -10 |0 10 20 30 40 50 60 70 80
Center of the trigger region along the strips (cm)

No degradation when the area/channel was doublédq@@channel)

A.Blanco et al., arXiv:physics/0103086 (26 MarchQ2p
A.Blanco et al.,. NIM A 485 (2002) 328 21
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The FOPI experiment

The FOPI experiment (GSI) had been already forrs¢years pursuing the Pestov
spark counter technology, but quickly adopted Re@ approach owing to its
enormous practical advantages over the very tealyichallenging Pestov counters.

T
T o wy

Several kinds of glass electrodes
4x0.3 mm gaps

4x90 cnt active area

12 strips

Pestov-style readout

Final resolution 70 to 80 ps
M.Petrovici et al.,. NIM A 487 (2002) 337 Limited multihit capability 22
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Use of tRPCs In physics experiments

First publication on full detector

Experiment/detector |Host institute/country | area (m®) | Channels | year Ref Status MNotes
HARP TOFW CERN B I6Bl 2004|10.10164 nima. 2004.04. 250 Teminated
FOPI TOF Barrel GS| Gemany B 4800 2007|10.10164 nima. 2011.02.076 Teminated
10 PHEMIX TOF-West BHNL USA B 1024 2008|10.1088/0954-38535/ 10V104002 lActive
HADES inner TOF GS| Gemany E| 2232  2009|10.1016/ nima. 2008.12.090 Lﬂcti'ure
WLICE TOF CERN 150 153000 2010(10.10164 . nima. 2010.01.004 Active
|5TAR TOF BML USA &4 23040 2012|10.1016/.nima. 2010.07.086 Active
STAR MTD BHNL USA 107 2928 2014|10.10164 nima. 2014.05.075 Active
BESI endcap TOF BEPCII PRC 13| 1728| 2016|10.10B8/174B-0221/11/07/COTO05 |Active
BGOegg-RPC SPringd Japan G4 256 2016|10.1088/1748-0221/11/11/C11037 |Active
EEE [taly 230| 8640 2018|10.1088/1748-0221/13/08/POB026 Lﬁ.ctive
HADES forward TOF GS| Gemany 2 256 2023|10.1016/ nima. 2023.168182 Active
B GS| Gemany 2 82| 2023|10.10164 nima. 2023.168445 Active
BM @M TOF400+700  JINR Russian Fed. =5 =3136 hittps: ifbmn.jinr.rw/detector/ Projected
project! BMMN_project. pdf
CBM TOF GS| Gemany 120 106608 GS1-2015-01939 Projected |Large rate range
Up to 50 kHz/cm=
CEE eTOF HIRFL PRC B 1536 10.1088/1748-0221/15/08/C0B022 |Projected
}CEE iToF HIRFL PRC ? ? 10.10164) . nima. 2023.168455 Projected |20 ps
7 MARD TOF J-PARK Japan ? ? This conference Projected
MARD TOF-tracker J-PARK Japan 10} ? 10.10164 nima. 2023. 168581 Projected  |< 1 mm position
resolution
MPD TOF JINR Russian Fed. ? 7 10.10164) . nuclphysa.2018.10. 082  |Projected
HiP Timing Detector  |[CERN 50| 1689 CERN-SPSC-20159-049 Projected |Mot baseline
[techinology
SolLlD Jlab USA 10 7 SoLID Updated Preliminary Projected |20 ps
Conceptual Design Report
AR eTOF BML USA 7 5184 10.48550/arXiv. 2308 . 16556 Projected

Except for HARP, in all cases the time resolut®typically between 50 and 100 @s

Clearly the future directions are:
* large count rate density
e super resolution ~20ps
 simultaneous accurate position resolution (TOEkiea)

(please suggest
corrections/additions tp
this list for the paper)
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Overview of detector structures - chambers

Single-sided Symmetric
Read out -v- g _ _ _ _ _ _ W

Insulator s
.'lll 1'" "\L
;

Cinn ik - -
Ill," f,rf ) .I".__ aa flaw
Carbon S =7 Resistive -
frlafe
- L
ano | |
Insulato

sivlar laver  Floesoenk FOR with Ciraphite Ulaze Myl lise St Sealig
“ Head DLJT irmnikatiom readoud abripe EIV bryer =lares qacer fraree

Triple-stack (MPD TOF)

Honeveom panel (5 mm)
PET scrue

B G G B G e G T G C O T T
ye— AANANARANASASARAR PARRAARAAADANANANAN
Outet PLB (1.5 mm) Rm B ASASASASASASASAS atatadadatatatatata lin:
Mylar {100 pm) 1 _ B HV-
Outer HV glass (400 pm) _— —

Inner glass (280 pm)
Splll!L‘r {nlonuj‘l]mcnl 2{]” Hn..} l—_ _— HV+

Inner PCB with strips (1.5 mm)

Typically 4 to 12 gaps with width in the range 2.3 mm. 24
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Overview of detector structures - readout 5, hads (ALICE)
Multistrip (most — OK for low occupancy)

f—— G0mm ——.

TOF-tracker (X+Y thin strips)

Ground

PCB
Readout Stirp (X)

T HV Electrode

—— Acrylic Case

S Glass (400 pm)
Fishing line (260 pm)
Readout Strip(Y)

.QDF.

Strips tend to be <4 cm wide. MARQ but also useful for B
No strong length limitation (transmission linesynuon tomography, RPC-PET, etg
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tRPC physics - efficiency
An efficiency of 75% has been measured on sindarim gaps. Hw to understand this?

G(z)=¢e"% 3 kzﬂl

L| 1)/ «— Inefficient part of the gap
G(g) =G,

-
ool

¢« Efficient part of the gap

The probability that no charge is created on tlfieieht part of the gap is
P(0)=e'9"=0.25 where\ is the primary ionization density <~9/mm, se=*15 mm:

about half of the gap

The problem is that for an electron to generatécseimt charge on half the gap
(z,=9-g*~0/2), lets say, modestly, 16 (16 fC= ~0.25 mV signal in 3 ns on &0,
then an electron released from the cathode wouldrgée (18)?=10'° electrons!

Such avalanches were never seen. The famous Réaethés 10° electrons and that's
for wide ~cm gaps. For small gaps it will be less.

26
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tRPC physics — space charge
As the avalanche grows the first Townsend coefiitcgeets smaller and this limits the

final size of the larger avalanches. . Isobutane-0.3mm . Stan%a;dmmﬁt”m

Linear region

2 4 &
Total charge (pC)

o

There is rather direct evidence of this: uzzﬂﬂu V=2800V - Eff - 73.18%
Standard mixture V=2600Y - = bo.36% V=2500V - Eff = 55.1%
Methane - 0.1 mm  Isobutane - 0.1 mm 0.1 mm V=2400V - Eff =37.18% 10l V=2300 V - Eff = 18.86%
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* related to G,
Fast charge vs. Total charge e relevant for

Sometimes this same effect generatesa '° [ timing and
streamer and that defines the gain limit of "L ™02, _ | 2
the (avalanche mode) RPC 10 ‘0/ 10 10 10

Total/Ainduced charge (pC)
P. Fonte, V. Peskov. NIM A 477 (2002) 17 No space-charge 27
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tRPC physics — timing (theory developed by several people over ~a agcad
How can the excellent time resolution be understood on a gaseousdetaere the transit

time of the electrons across the gap is on the order of Brm@der explanation: the time is
determined already during the progression of the avalanchesp it doesn’t depend on the

position where they started. 4
log ()
Space-charge regime
1 Charge saturation .
d & level (V. .., v
g 2 y (assumed to be in Exponential growth
0 }ﬁ the Townsend (Townsend avalanche)
/ regime)
' v Deterministic behaviour &, (N )
T
F(aq Stochastic behaviour
( Ny )

Progression distance or time
A variable number of primary electrons is createdach gap (Poisson distribution): primary stassti

Each primary electron generates an avalanche wti@sge is noisy in its preliminary stages (expoiaént
distribution in the worst case): avalanche staissti

Avalanches started too close to the cathode dooiw @nough to contribute to the current at thellev¢he
timing threshold, so there is an effective gap wight(~g/2).

Above ~100 eeach avalanche starts to behave deterministically.

All these effects can be summarized by extrapaldtie deterministic part back to time 0 and growing
deterministically from there (red dashed lines). See P.Fonte,.JINST 8 (2013) P11001 and refs th@fein
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tRPC physics — timing (theory developed by several people over ~a agcad
The consequences of these (rather straightforveesl)mptions have been worked out

lytically:
anayHEaly VA g L (2 rAg* Lt‘,)

il _ In(r)+ST:.—ST
Fﬁ!-l—fD (ST) — “: ( rhgt _ 1) \/— y U=¢€ i F oL (sT)
Single-electron avalanche of g ={001,1,2,5,10)
fixed standard deviation = 1.28
a* = effective ionization density in the avalanche | | / _'fl\
A = primary ionization density /// NS \\\
r = probability of multiplication vs. attachment., -+t

S=a*v, is theionization rate in the avalanchEhis is the basic resolutlon -scaling
parameter. Therefore the famous formula for the tiesolutioro=1,28/(@*v,),
corresponding to the single-electron limit.

A remarkable feature of this distribution is thigtshape depends only on
r A g* = number of primary charges in the effective gapae that have not been

captured by the electronegative gafective primary charge}> related to the
intrinsic inefficiency of the detector.

|, is the modified Bessel function of first order.
See P.Fonte,.JINST 8 (2013) P11001 and refs th@gein
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tRPC physics — timing

(theory developed by several people over ~a agcad

The variance of this distribution is also knownIgeally (in series form)

1.4

Contribution of
primary statistics

w:

0.4}

0.2¢

0.0

Contribution of avalanche statistics

/ Combined contributions

A o LST

-nil::'

Therefore the asymptotic (i]arge plrimary4i

i i
12

6 . .3.. '_'16' .
onizatibehavior is
But beware that this a* is the one unaffected

o - 2 1 _ 29 1
" \Nrag av, [ra (g'/g) (a'9)
\ iz lmiedby

smaller gaps)

In MRPC the currents induced from all N
replacingh=>N A and all the rest will be th

for smaller gaps)(Will decrease for

by space charge. It is much larger than what
V. can be inferred from the observed charge.

In very thin gaps at some point electronics
and mechanics will start to dominate.

gaps adalagically, so this is equivalent to

e same.
See D.Gonzéalez-Diaz et al., JINST 12 (2017) C0302930
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tRPC physics — what is more or less done

Many other aspects of tRPC physics have been walednalytically and/or
numerically in more or less detalil over the lasy2ars:

e Timing

* Progression of avalanches, space-charge regimstegaimer onset
* Deterministic and stochastic voltage drops orefleetrodes

« Shape of the charge distribution (in Townsendmegonly)

 Signal induction in the presence of conductiveanals
see W. Riegler and P. Windischhofer, NIM A 980 (20264471

 Signal propagation in multi-conductor transmisdiaas
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tRPC physics — what remains to be done

A comprehensive simulation of RPC behavior, benckethwith reality. This is a
long term objective of DRD1 WGA4. Anyone interestedontribute is welcome.

All analytical models have been formulated in tlwaviisend regime...

There are 3 empirical analytical models of spa@gd It has been shown that for the
practical ranges of interest they are almost edemiaBut the comparison with reality
or even numerical simulations hasn’t been done.

The time resolution seems to be unaffected whemirtheg threshold lies in the space
charge region. Both analytical and numerical modglge on this. Why?

The comparison between analytical predictionsifoetresolution and experiment is
difficult owing to the large influence of technidaktors, It lacks a fundamental
measurement, free as possible of such complications

Is the time-charge correction correcting sometnaoge than the amplifier rise time?
Analytical calculation of the charge distributionthe space-charge regime.

Some prediction, even approximate, of where théaache-streamer transition will
occur. This is a practical limitation tor and therefore to the time resolution.

Clarification of the role of SHn streamer suppression and of Ar in streamer
enhancement.
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Conclusion

Timing RPCs have been invented in the framewotthefALICE TOF R&D program
iIn 1998/99 and opened a new era of large-area V/6terms for nuclear and HEP.

Have been or are being used in 10 physics expetanetih a total active area of
590 n¥ readout by almost 200000 channels. Typical timeloésns range from 50 to
100 ps.

Are being proposed for 7 future experiments, sontle rquirements beyond the
current baseline technology:

e large count rate density (~ tens of kHzfgm
e super time resolution (~20 ps)
 simultaneous sub-millimetric position resolutiorQRtracker)

The advent of the SiPMas brought the scintillator technology back int tange of
options. It remains to be seen a large area detedto resolution <100 ps, but it is the
baseline technology for the SHIP TD (56)m

Considerable progress has been made on the unaéngiaand modeling of tRPC
physics, but a lot still remains to be done. TH&X2 Work Group 4 welcomes
contributors on these matters.
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