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ToF basic’s

Detector concepts

Readout concepts

Why RPCs for ToF ?

Working principle

How are timing RPCs operated
Future ToF ideas

Concluding remarks
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Units I will use

Energy - electron-volt

= 1 electron-volt = kinetic energy of an electron when moving through potential
difference of 1 Volt;

« 1eV=1.6x 1019 Joules = 2.1 x 106 Wes
= 1 kWehr = 3.6 x 108 Joules = 2.25 x 1025eV

Mass - eV/c?
= 1eV/c2=1.78 x 10-36kg
« electron mass = 0.000511 GeV/c2
= proton mass = 0.938 GeV/c2
= my mass (85 kg) = 4.8 x 1037 eV/c2

Momentum - eV/c
= 1eV/c=53x 1028kg m/s
= momentum of a soccer ball at 128 km/h = 5.29 kgm/s = 9.9 x 1027 eV/c
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A rorl 4

Particles through matter

When passing through matter,

. particles interact with the electrons and/or
nuclei of the medium;

= this interaction can be weak, electromagnetic
or strong interaction, depencfing on the kind of
particle; its effects can be used to detect the
particles;

Possible interactions and effects in
passage of particles through matter:

. excitation of atoms or molecules (e.m. int.):

. char?ed particles can excite an atom or molecule
(i.e. lift electron to higher energy state);

« subsequent de-excitation leads to emission of
photons;

. ionization (e.m. int.)

= electrons liberated from atom or molecule, can be
collected, and charge is detected

= Cherenkov radiation (e.m. int.):

« if particle's speed is higher than speed of Ii%ht in
the medium, e.m. radiation is emitted -- “Cherenkov
light” or Cherenkov radiation, which can be
detected;

= amount of light and angle of emission depend on
particle velocity;

05.10.2006

transition radiation (e.m. int.):

when a charged particle crosses the boundary
between two media with different speeds of
light (different “refractive index”), e.m.
radiation is emitted -- “transition radiation”

amount of radiation grows with
(energy/mass);

bremsstrahlung (= braking radiation) (e.m. int.):

when charged particle's velocity changes, e.m.
radiation is emitted;

due to interaction with nuclei, particles
deflected and slowed down emit
bremsstrahlung;

effect stronger, the bigger (energy/mass) =
electrons with high energy most strongly
affected;

pair production (e.m. int.):

by interaction with e.m. field of nucleus,
photons can convert into electron-positron
pairs

electromagnetic shower (e.m. int.):

high energy electrons and photons can cause
“electromagnetic shower" by successive
bremsstrahlung and pair production

hadron production (strong int.):

strongly interacting particles can produce new
particles by strong interaction, which in turn
can produce particles,... “hadronic shower"
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” Why do we need ToF

ToF can improve the particle id of a detector setup.
Especially:

ToF bridges, rather cheap the gap in between the dE/dx measurement

TRD I | o identification
ToF ]
TT/K separation
dE/dx EEE
RICH ——]
—
10-1 100 101 102 103 104
P (GeV/c) Intuitive sketch
05.10.2006
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&
‘L Why do we need ToF

log10{dE/dx{I70}){keV/cm)} versus log10{p(GeV/ic)) for Tpc TrackLength = 40 cm

TdEdxP70

Entries 2.804747e+08

Logl0(dE/dx)

0.3

1— e -8% 170

e
p
—p +8% I70
T
T

O S BN e N SRR W PP

K-8% 170 o2*

0.422

K +8% 170} 03032

0.08626

+8% 170
-8% 170

-8% 170
+8% 170

[l
r.

-
[

0.250
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Measurement idea :
Simple, measure time difference between

start and stop for a given distance x.

Distance X
>
Start t, Stop t,
v\

f(x) 4 AX

FWHM V= o
fnax T

oW L TN ONONRROONS  ———

X

Resolution :

Gauss distribution
FWHM:

Sigma: ¢ =FWHM/2.35
Integral:

+1c = 68 %
+26 =95 %
+36 =99 %

For a clean separation
we need 2-3c difference.

-3¢ 26 -lo
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Typical setups for ToF
i detectors

Fix target accelerators Colliders
SIS (FOPI,HADES) L L)
RHIC (STAR)

AGS (E895) LHC (ALICE
SPS (NA49) { )
Advantage: el
L flight 5-10

ong flight pass ( m) CM system
Disadvantage: i

! : Disadvantage:
High I

igh granularity Shorter flight pass (2-3m)
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Typical setups for ToF
i detectors

17.2 AGeV NA49 (158 AGeV)

19.9 AGeV STAR
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ionization

scparation

Particle id @ LEP e +e*

Nearly ideal case

ALEPH
8 7
] dE/dx
6
1] 700 MeV/c
24 %?'W
.
10" 10
¢ momentum (GeV)
4__ e/n
2 i
_ T——
p/K
O0+—— 77— 77—
0 5 10 15 20
momentum (GeV)
05.10.2006

Particle id with ALEPH TPC
R.Settles MPI-Munich

W.Blum MPI-Munich
G.Rolandi CERN

Good dE/dx resolution requires
long track length
large number of samples/track
good calibration, no noise, ...
ALEPH TPC resolution
up to 334 wire samples/track
truncated (60%) mean of samples

5% (330 samples)
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ToF kinematic’s

How to calculate the ToF difference between 2

10

~

3
.

e/n

/K
K/p

Path length 1 m

1 P, (GeV/c)

At 1GeV/c we would need.:
c(e/m) <10 ps

c(1r/K) <100 ps

c(K/p) <275 ps

o,(p/d) <900 ps

particles of mass m, & m, 2
_ g
y= e 51
1 2
p=1-— =
¥ ;1
Br=+r -1 =
p = ypm,
E2=p2c2+m2c4 1
I
t=—
e
c’t?
= -1
m=p 12
d_m:d_P+7z(£+ﬂ)
m p t 1
[{1 1 [ lc
Af=o| —— = =21 2 2 2 2 2 2 ). 22
t C(,Bl ,BJ c( +m;c”/p \/1+m2c /'p ) 2 (ml mz)
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i =

Beta

)
I= 5=l

I
;

0.8: A Pt

There is an optimal range for
ToF measurement !

0.2

wof-—/]-| TOF possible
04: /
f

Nowadays we can limit this

' w0 range for the 1T,K,p
Gamma ion bel 5

——— separation below P < 2-4

s GeV/c
© depending on the detector
e ol resolution and flight path.
—
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Example: Separation of
‘-LTr/K for Tm flight path

80 ps 100 ps 120 ps

At (ns)
At (ns)
At (ns)

1047‘ ‘\
L I I L
0.2 0.4 0.6 0.8

1
P (GeV/c)

P (GeV/c) P (GeV/c)
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Principle sketch of signal
creation and forming

REEE. SIGNAL START

PARTICLE|

DETECTOR

AMPLIFIER

our -

I sTop DELTA T INFORMATION

DISCRIMINATOR TIME DIGITIZER

I Primary signal

IT Amplification & discrimination I1I Digitizer & DAQ

05.10.2006
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Signal properties

M.Ciobanu
Walk: Jitter:
Possible to correct for Impossible to correct for
On
Ot = v ‘ Ideal
b dt IVrur
T‘SIT‘OIP t
UI]_ -
R
i dt ‘ Virur

t t

CLEAM SIGNMAL APPLIED TO DISCRIMITNATOR MOLSY S1IGNAL APPLIED TO DISCRIMINATOR
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Measurement principle

<, Particle Trajector
A 50 0 ns | jectory
Sto . \
Disc O ‘ / ¢,
= \ ‘
Start Disc \
Cm
/V
e $
Scintilators \ O
An organic S e
Organic 7
Op cm
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ToF Detectors 1

Electrodes

photomultipliers (pmt) + scintillators (standard solution)

Gain ~ 106 - 107

Photocathode

05.10.2006

Dynodes
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\ Scintillators in use for ToF

Organic

] LICIU|d

Economical
Hard to handle

= Solid

Fast decay time
Long attenuation length
Emission spectra

= Inorganic

= Nal, CsI
= Excellent y resolution
= Slow decay time

= BGO
= High density, compact

Typical plastic scintillators use anthracene plus wavelength shifter
and can reach ¢, < 60 ps.
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ToF Detectors II
gas based detectors

Gas based ToF detectors
Pestof (PToF) spark mode
Parallel Plate Chambers (PPACs)
Resistive Plate Chambers (RPCs) }avalanche mode

ly maistive e * minimuc ionizing  spedk gap:
p=10% —10l0 Do tticle d=10ti5p
adout .

|
i
T i L, atd ; r." v
Y =y
| I I I I-Illll'f I I I I I caltmld.cl ?H‘l’
Fi

C‘,E',‘
Al
i
-gr.-
i

PTOF 50-100 ps
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Resistive Plate Chamber
history

C.~5 ns

Trigger RPC developed 1n 1981
by R.Santonico and R. Cardarelli

Development of Resistive Plate Counters

Nucl. Inst. and Methods 187 (1981) 377-380
Multi Gap RPCs started

Gt"'3‘4 NS || A new type of Resistive Pate Chambers :

by E.C. Zeballos et al

The Multigap RPC
Nucl. Inst. and Methods A 374 (1996) 132

Timing RPC started

By P.Fonte A.Smirnitski, M.C.S. Williams

A new high-resolution TOF technology
Nucl. Inst. and Methods A 443 (2000) 201-204

0,~50 ps
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| Why RPCs for ToF

Common ToF-systems
used plastic scintillators
and

PMPs with 6,<60 ps.

Advantage:
Z2 ~ dE/dx

Simple detector system .

Reliable system.

Disadvantage:
Price
Granularity

05.10.2006

For large scale or high
granularity experiments
price is an issue.

Examples :

FOPI TOF:
Size ~5 m?
Channels ~5000
0,<100 ps
G(P<0.5 cm

ALICE TOF:
Size ~160 m?
Channels ~160 000
0,<100 ps

HADES:
Size ~ 3 m?
Channels ~1000
<100 ps
81<600 Hz/cm?

Solutions :
Gaseous detector
systems like:

PPAC 6,<250 ps
Pestov 6,<50 ps

RPC (T) 6,<2ns
MRPC (t) 6,<100 ps




Trigger RPC
Cathode
T 10KV
' x=2mm
0
k
Anode OkV
05.10.2006

\ How do RPCs work ?

Timing MRPC
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\ How do RPCs work ?

JU

-12kV

JU

-6 kV

OkV ! [

-6 kV
okV /’ v A
Single stack configuration Double stack configuration (often used)
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How to build a timing RPC ?

Glass:

Typical window glass (float glass)
Thickness 0.2-2.0 mm

Surface resistance 1012 Qcm

Glass iE{V

Readout:
Single ended 50 Q
Differential 100 Q

05.10.2006

HV cathode:
Glass plate with an carbon film
Aluminum plate

Glass plate with a copper tape
HY cathode

Spacers:
Fishing line 0.1-0.3 mm

Spacers

Anode:

Pad 2*4 cm

Single strip 2 cm
Multi strip 16 1.96/0.6 mm

2/ Multistrip anode
T Y

—_—
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Avalanches in high E-fields

Through-going charged particle creates
cluster of electrons and positive ions

Electrons avalanche in high electric field
N=N e

I
A
—

In avalanche mode - only avalanches that
start close to cathode grow big enough to
induce signal in external electrodes

Cloud of positive ions (n.b. same number
as electrons in avalanche) drift slowly to
cathode (large distance therefore large
signal)
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The avalanche

_ = N(x)=N,ee*
- = oo = Townsend coefficient
< = n = Attachment coefficient
- o-n = Effective townsend coefficient
< y > X = Distance

A=1/ ot b)) e

(x’= GionisationNA/VmOI @ D
E.=E,
Eq

T-RPC 0(~10/mm z
MRPC 0~100/mm /v/ \\ E3>Eg
v -

T-RPC C,F,H,/isobutene/SF, 97/2.5/0.5
MRPC C,F H,/isobutene/SF. 85/5/10
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Avalanche Size

s

- B

-1

T

5= 5 5 5 5

[}

al= 13/mm
e M= 3.3/mm)| . //,
e
%
Ry
5%
i

0 025 05 075 1 L25 15 175 2
Distance {(mm)

W .Legler Die Statistik der Elektronenlawine

In elektronegativen Gasen bei hohen Feldstirken
Und grosser Gasverstiarkung, Z. Naturforschg.16a
(1961) 253-261




i
.
; i
- |
|
| .

ba ’E
-

& Townsend and Attachment Coefficlent { Limm)

|I O F H,-C H [{5F, Bise10 AE}

100 |

20 |

60 f

40 F

20 F

Elect?t Fleld (kV,

T-RPC E~50 kV/cm
MRPC E~100kV/cm

05.10.2006

RPC timing & gas theory

E

C 1L L 158, 9T12.30.5 '
C,F,H -0 H, JSF, RSSM0

F

2

Tmift Veloclty (pandms)
B

%

o= 1.28255/(a-n)v

o= Townsend coefficient
n=Attachment coefficient

a-n = Effective townsend coefficient
v= Drift velocity

T-RPC G, ~ Ins
MRPC G, ~ 38ps

v 20 % A 8 ' 120
Fleetrie Tleld (K'Viem)

T-RPC v~130 wm/ns
MRPC v~220 um/ns

W.Riegler et al: Detector physics and simulation of

resistive plate chambers. NIMA 500 (2003) 144-162
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@ Isobutane (IB)
C2H2F4 (TFE)
B TFE+IB+SF6 <«

)
= S Wl

%]

¢ Methane

> [p.Font
0g . LP-Fonte
& 07 3
o i
> 0.6 -
=
.a_, 05 [ °
= 04 - @
W o3 - ®
0.2 | N
0.1 -
0
0O 0.1 0.2 0.3 04
Gas gap (mm)
05.10.2006

_ NGap
total 1 (1 Gap)

Ngaps  9aAP(mm) €, Etotal

2 0.3 0.7 0.91
> 4 0.3 0.7 0.99
2 0.2 0.65 0.88

4 0.2 0.65 0.98

> 6 0.2 0.65 0.99
4 0.1 0.4 0.84

6 0.1 0.4 0.87

8 0.1 0.4 0.98

> 10 0.1 0.4 0.99
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The charge problem

charge di

(r'z'¢)

C.Lippmann (PhD)
W.Riegler

05.10.2006

+

1 =

within timing RPCs

Mean values deviate by a factor 2.
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10

)
= S Wl

T Lo

Reminder: This has to be compared with a factor 107 difference without inclusion of SCE in simulation!
= We consider this good agreement!

SCE Is cause of observed ‘small’ charges and of shapes of charge spectra

HV =23 kV, <Q>=022pC
HV =25 kV, <0Q> =088 pC
HvV =28kV, <Q>=292pC

C n

L.

0 2 4 6 8 10 12 14
signal charge [pC]

a) Simulation



The Hardware
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9
=N
YAy o
\ For_

Tlmlng RPC branches

ALICE FOPI HADES
Pad-Anode Strip_ Anode Slngle'Stﬂp
MRPC MMRPC

Capacitor block

Multi-pin connector Multi-strip anode

6,<50 ps G,<60 ps 6,<60 ps
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HELITRON
PLASTIC WALL

400MeV/c

P (GeV/c)

1.93 AGeV ®Ni+°8Ni
\\\‘\\\\‘\\\\\-\\\h T TT

Central Au-Au collision

at 1.45 AGeV has ~60-
particles in the acceptance

of the proposed MMRPC barrel
This needs a granularity of

700 cells (2500 strips)

05.10.2006 IRTG Lectures Heidelberg
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MU'tIStI‘Ip -MRPC (single ended strips)

HYV cathode A
GS ﬁli _ —L -10000 V
z ! —

/
]

///// Multi-strip anode: ﬁ -10000 V

::::::::____ Xpos: (tl_tZ)/z .Vs

2/ // Multistrip anode tm - (t1+t2)/2 Tlmlng
&= y o, = 1.28255/(c-)v
7 a-n = Effective Townsend coefficient
v = Drift velocity
Global MMRPC parameters:
Gas . C,F,H./isobutene/SF, 85/5/10 a-1 ~ 100/mm

E-Field ~ 100 kV/cm
Spacing ~ 220-270 um
Glass ~ 0.25-1.1 mm G, ~38ps

vV ~220 um/ns
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ALICE-TOF has 10 gas gaps, each of 250 micron width
Built in the form of strips, each with an active area of 120 x 7 cm?, readout by 96 pads (each 2.5 x 3.5 cm?)

Cathode pickup f _/\_
electrodes
: /‘A = | Anode pickup
: i s electrode
Differential signal to | / /

F
front-end electronics Jf \ f

=P

Timing depends on individual gap

Efficiency depends on total gas gap (10x250 um) M.C.S.Williams INFN Bologna
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““| MMRPCs parts

Capacitor block

Multi-strip anode

FOPIs MMRPC parameters:
90 x 4.6 cm2 active area

1.1 & 0.5 mm 10 glass plates
8x220 upm gaps (fishing rope)

16 strips

1.94/0.6 mm strip/gap

~10 kV applied voltage
Gas:

C,F,H,/isobutene/SF6 85/5/10

Multi-pin connector

05.10.2006
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5 MMRPCs in a Super Module (SM)
30 SMs within FOPI

K.D.Hildenbrand
M.Kis

X.Zhang
Y.J.Kim

Interface between MMRPC & Electronics

SAMTEC 50 Q multi-coaxial cable
0.8 mm pitch. In total 80 connections

(16 used).

05.10.2006
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The Electronics

05.10.2006
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Output voltage (mV)

Electronic Gain

400 ¢
35Q.§...
300} !
250 !
200!
150!
100!
50"

TR R SRR N
10 12

Input voltage (mV)

120} !
100}

]

MA

0 2 4 6 8

05.10.2006

10 12

Input voltage (mV)
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100 -

80

60 -

40

20 -

107 kV/cm

60 fC

S W
EQ 0

H_q::ir: signal (fC)

.
2 3 4 5 6 7 8 9

Primary signal (mV)

Strong non-linear dependence
of FEE-gain with a saturation
at 370 mV.

The charge for a signal is
40-100 fC which is in our case
between 1-7 mV




[—2
[ —
—

GSI+HD+I3HP - =2
M.Ciobanu - =
Upper limit for FEE -
electronic resolution % . D%T
S'E ==
FOPIl-threshold |, 7 I N == - 1T
FOPI-combined | £ BE=SS T =
"noise level" «“ = I I [ T — =

U, ~50-60 mV = = e

Input voltage (mV) t Input voltage (mV) N©1§ Input voltage (mV) Input voltage (mV)

Electronic gain for MRPCs in avalanche mode is between 130-180
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GSI+HD+I3HP
M.Ciobanu

FEEA4:
9.5e14.5cm?
6 layer PCB
16 ch. T/Q
Gain 160
T/Q~2

0.55 W/ch
c:<18 ps
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GSI-ELEX

R.Schulze.R.Hardel
K.Koch,E.Badura

Input—circuit . (N S

TACASIC ¢
#1 ch.
o,<10 ps

05.10.2006
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16000 —

14000 +

12000 4

10000 +

8000

6000

4000

2000

0

| FOPIs digitizer (TACQUILA)

o, ~10ps

diff. of two ADC channels on one card

TACQUILA:

Size: 9.5 ¢« 25 cm?
#T ch.: 16 TACs
#A ch.: 16 ADCs
0.5 W/ch

On board Z.S..
Daisy chain 30 TQ
1 >GTB-SAM4




Free running common stop system at 40 MHz.
Individual TAC resets 0.2-2.0 ps.

FEE + TAC/QDC-Digitizer
16 ch.
G ~ 50-250
of ~1.5GHz
P~ 0.56 W/ch P;~ 0.5 W/ch

TAC ~10 ps/ch
Zero-suppression

05.10.2006

2 ofF ENTRIES 14307
2 s 0.00 13.0 0.00
= .02 0.00 0.143E+05 0.00
8 .00, 0.00 0.00
0.4 F T
0.6
.08
Co v v e e
30
time diff. (ns)
500
12.58
7.157
““““““““““““““““““
30
sssss (ns)
Entries 25000
I Mean -0.3962
4000 - RMS 0.2135E-01
X°/ ndf 4599 | 7
I Constant 5391.
2000 Mean -0.3962
3 Sigma 0.2109E-01
ol i v i NG
0.8 0.7 0.6 0.5 0.4 0.3 0.2 -0.1 0 0.1
time diff. (ns)

T

Full system electronic resolution

og <25 ps
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. Forl_g

Full readout system

Free running common stop system at 40 MHz. Electronic resolution
Individual AC resets 0.2-2.0 pys. FEE ~ 18 ps
el - TAC ~ 10 ps
o ~15ps
o | _ TAC < 2ps
- e i A + FEE <3 ps
e . 8 | N + Card => 10 ps
e + Clock = 10 ps
= B X=> 6t ~ 15 ps

T

Full system electronic resolution
og <25 ps
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Input stage, DC condition and Gain is obtained by 4 cascaded

{G=6, BW=500Mhz)

» Using 0.25 ym CMQOS IBM technology
> Full differential 8 ch design with ToT
» Low power 40 mW/ch

> Resolution below 6,<20 ps

‘L ALICE-FEE (NINO)

P.Jarron
F.Krummenacher
M.C.S. Williams
Entries
300 F
2 [
it i Measured 50.8 ps
i remove 30 ps jitter
200 | of scintillator gives
i 41 ps time resolution
F for MRPC TOF detector
150
100
50 [

07..\.‘.|4 L AL AT R B
-600 400 -200 0 200 400 600

Time with respect to start scintillators [ps]
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F.Anghiolfi

Clock |
N .

:D 1PLL 160MH2
40MHz
_

FzoMHz

o |

STy T | o]
v

r Trigger
i X4
Hit o
Rl T 1 Resets
Hit register 0 H
* H!t reg!iterw * : ]
Hit it register + T
rigger interface
cont Hit register 2 | 99
Hit register 3 ]
X8 __Eventcuum
offset adjust
=
e FIFO
258
16
Trigger matching Trigger matching
Reject counter Search window| | control
JTAG Error monitoring: =
JTAG | Boundaryscan Wemories V-
-+ »| Programming State machines Readout FIFO 258
M *| Monitoring fdeasurements Eneacoll TP =

Pragrammin
i Sl

Readout
intertace

‘-I

+ +
[ Parallel | [Bytewise| | Serial  lwsomie
52 = 2

Token in Read-out Token out

05.10.2006

ALICE-digitizer (TDC)

HPTDC is fed by a 40 MHz clock giving
us a basic 25 ns period (coarse count).

A device
inside the chip does

clock multiplication by a factor 8 (3 bits)
to 320 MHz (3.125 ns period) .

A DLL (Delay Locked Loop) done by
32 cells fed by the PLL clock acts a

5 bits hit register for each PLL clock (98
ps width LSB = 3.125 ns/32).

4 R-C delay lines divides each DLL bin
in 4 parts (R-C interpolation)
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2 _ 2 2 2 2 2
G° = G"pgg + O 19 + 20 1pc + O lock T O clockTRM

Reference values

M.C.S. Williams
F.Anghiolfi

(TDR addendum):
FEE 20 ps
7, 50 ps
TDC 25 ps
CLOCK 15 ps
CLTRM 10 ps
Total: 62 ps
36 ps
05.10.2006

—

—

total ALICE TOF resolution (ps)

o
o

[ L]
o

o0
L=}

~l
o

(23]
o

—_
L)
TT

50 [

- From board to board
r Within board

NEEEENI SRR SN T ERE N AT SR AR R
10 15 20 25 30 35 40 45 50
HPTDC resolution (ps)

IRTG Lectures Heidelberg




Detector performance
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Rate (Hz)

700 —

600

500

400 [~

300 -

200=

100

Darkrate 90cm-4gap RPC

DaL(14S4G)—11q
L@ 01.09.03
[ A 02.09.03
| ¥ 03.09.03

~ 1 Hz/cm?

Voltage (kV)

Darkrate of MMRPCs

RateMcmz)

0.5¢
‘sl Dal 20.0

0.4]
0.35/

<> ES
@ ao oo

3 days under high voltage to get optimal
conditions.

03]
0.25]
0.2
0.5}

01, SM 0 2005

0.05

Voltage (kV)

SM 0 shows in Dec. 2005 darkrates
well below 0.5 Hz/cm? for all counters
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Rate (Hz/cm?)

0.8

0.6

0.4

0.2

i Darkrate vs E-field

Average darkrates for SM (HV—upgrade)

a SMO4
. SMO6

SMO09
o  SM10
SM14

SM29
« SMO7
e SM27

Il Il Il Il Il
110 120

Electric Field (kV/cm)

MRPCs E-field range

E-field = App. Voltage / Gap size
Exp:

4x0.22 mm = 0.088 cm

8.8 kV = 100 kV/cm

Trigger option:
Normal < 0.2 Hz/cm2 = 80 Hz/counter
Typically FEE5+TAQ =>» 40 Hz/counter

05.10.2006

Needs =» Multiplicity or Mor for 1 SM
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Slewing correction (walk)

N
£
L
(®)
-

i T e T

600
Charge (ch)

Slewing correction

Uncorrected TOF spectra
for all strips.

TOF (ns)

Determined walk correction
Tyak < 100 ps

600
Charge (ch)

ey

o
2]

o

A
o
2]

TOF norm. (ns)

Corrected and normalized TOF

[
=

05.10.2006

‘ 600
Charge (ch)
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§ Differential
o non-linearity
&
%]
7
%]
.§
H
TAC
Back Bend
<,_:_ 25 ns !
I (clock) :
1
1 (3 %) C2 (0.5 %) :
1
TAC-yield §
. >
lower limit upper limit TAC (ns)

Principle ' 8fbration

z 20.075
g £
=0.075 |- < 0.05
i o 3
.05 F 0.025
0.025 |- 0
o -0.025
-0.025 0.05
05 [ -0.075
-0.075 F 0.1
Y ) S R BRI -0.125 &
500 1000 1500 2000
’Clock cycle (bins)strip="3
"g‘ 01 Entries. 2100 2‘
E 0.08 | j‘:?’
el 3 -
© 0.06f e
0.04 |
0.02 |
of
-0.02 |
-0.04 |
-0.06 |-
-0.08 L

2004/09/28 16.10

2100

L | L | L L |
500 1000 1500 2000

’Clock cycle (bins) strip="3

L | L | L L |
500 1000 1500 2000

"Clock cycle (bins)strip="4

TACQUILA 1
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500 1000 1500 2000

'Cloclj cycle (bins) strip="4

TACQUIQA 2
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P
i S
L2

Time difference (ns) ||

L B e TR R R AR T R A R AN AR RPN R
300 350 400 450 500 550 600 650 700 750 800

1065*

10 7

Charge (ch) s 1286 / 42

Constant 658.0
Mean 0.2227E-02
Sigma 0.9912E-01

A

i
-1 75 -05

05.10.2006

Az EE%
-0.

025 0
521.PROY

0.25 0.5 0.75 1

Time difference (ns)

Walk, wiggle and tail

RPC 90cm-8Gaps-16Strips

After combined corrections
for MMRPC B at 108 kV/cm
(9.5 kV).

Final resolution plot below
90 ps with a tail < 1%.

Rest tail is from non-perfect
wiggle and walk corrections
not from the detector itself.
When the counter is in
avalanche mode.
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What is the operating point -
i of a Multistrip MRPC ?

Timing 2 o0,<100ps

Efficiency 2 e > 98%

' . I 1.96 mm strip
: : 0.6 mm gap
Double hit capability: mm) | @ U

Small cluster (avalanche) size on the anode

Low reflection probability =» Optimal adoption to 50 Q
Small crosstalk (strips, cables ) = Below 5 %
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m What to optimize for what ?

Glass plate thickness
and gap thickness for rate.

HV HY cathode
Glass ﬁ

Gap size for timing and

\ ‘ f cluster size.
=§\_ Spacers

ll\\-
// Number of gaps for efficiency
======:==== and charge distribution.
/
i - Multistrip anode
<
i Y

Electronic gain in relation to threshold
and detector gain for optimizing the timing.
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Top View Front View Side View

PMT 2 PMT 1

PM\;I' 2 P‘/MT 1

< - ® < Beam =, p,d

PMT 3

PMT 3

RPC
Trigger => PMT1 & PMT2
RPC Efficiency & PMT1 & PMT2 & PMT3
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Efficiency (%)

Gap size universality

for timing and efficiency

—_ T
I i
100 i
80|
60
40
:EE ggg mu Deuteron!Beam 2 AGeV
20 CEMEgomu luminated Area X %O
o, 220 mu Total Rate 150 Hz/cm®
- Do 270mu FEE-Gain 77 .
C b b e e b by ]
%O 85 90 95 100 105 110 115 120 125

180

160
140
120

Field (kV/cm)

—200
180
{160
f14o
1120
f1oo

(sd) ‘o

Comparison of timing and efficiency
for ,250 and 270 pm gaps (8).

Results:
Fully efficient > 107 kV/cm (98 %)
Best timing > 112 kV/cm (75 ps)

Timing and efficiency depend

in the avalanche regime only on
the E-field. Both are directly
correlated to the field.
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Yield

Yield

Yield

o = E-Field ~ 110 kV/cm | 1}
0.75
[ 220 pm 0.5
10000 - < 8
[ 0.25 F
ol H | L L 0"
[u] 5 10 15
s 0.75
0 250 pm 05
500 g 025
0 I || " ] Lo Lo -
0 5 10 15
1500 [ E‘;ﬂ ,:;'E 1
i 0.75
Tove % 270 pm :
0.5
500 - F
“ 0.25 F
0 " -

Number of strlps

05.10.2006
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14
o

zAM

3 strip cluster

10

| Entries

3 strip cluster

3 strip cluster

6 8 10
D [F=TE:
Emriem 1o
Wean ZATT
= R 0733

Strips

10

<X9U.Ib/b> <X9U.Ib/b>

<X9U.Ib/b >



<nstr>

N bW W

SN NNy bRy
oo wagio

>

on cluster

Gap size dependence
Size and charge

—t

550

© 500

<

450
400
350
300
250
200

150t

RMS(nstr)

90 100 110 120
E-Field (kV/cm)

~

H 220mu
A 250mu
270mu

o’
~—
n
=
-4

_

90 100 110 120
E-Field (kV/cm)
05.10.2006

1.6

1.5
1.4
1.3
1.2
1.1

1
0.9

350
300
250
200
150
100

H 220mu
A 250mu
270mu

4

790 100 110 120
E-Field(kV/cm)

W 220mu
A 250mu
270mu

o

90 100 110 120
E-Field (kV/cm)

1.96 mm strip
0.6 mm gap

== = 1

Comparison of cluster size and
charge distribution for 220,250
and 270 um gaps (8).

Results:

Cluster size and charge distribution
strongly depend on the gap size.
Both are only correlated to the
E-field for a given gap size.
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RPC 90cm-8Gaps-16Strips

H 220mu
A 250mu
3 = 270mu

<Nstr>
w
N
(3 ]

-
(3))
T

Cluster size is

universal too,

1.6
1.5  m220mu

F A 250mu
1.4 ;7 270mu
1.3F
1.2F
1.1

RMSstr

for the charge
dependence

0300 150 200 250 300 350 400 450 500 550 600

<Q> (ch)

05.10.2006

Charge (ch.)
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Cluster size universality

RPC 90cm-8Gaps-16Strips

85 90 95 100 105 110 115 120

E-field (kV/cm)

2 350F
$ 3000
S 250
200
150 F
100}
v b b T b b b
85 90 95 100 105 110 115 120
E-field (kV/cm)
RPC 90cm-8Gaps-16Strips
£3.75 x
£ 3.5 = 220mu
335 L Em A
2.75¢ g
25F .
2.25-
2,
1.75¢
1.5¢ 1 1 | | |
85 90 95 100 105 110 115 120
E-field (kV/cm)
2 1.6
% 1.5
= 1.4F .
1.3F «
1.2F
11F
1,
0 s b e e b b b e e b b
'%5 90 95 100 105 110 115 120

E-field (kV/cm)



FEE-gain dependence

on timing & efficiency

Efficiency (%)

MRPC 19b 90cm-8Gaps-16Strips

— 200
100 "180
1160
80 1140
1120
60 - ]
1100
180
40 |
160
20| Single Hits {40
v FEE-Gain 220 4
' B Feecunia 120
| FEE-Gain 77
%5 90 95 100 105 110 115 120 125 130

E-Field (kV/cm)

(sd) ‘o

The timing and efficiency
dependence from the E-field
shift towards lower fields for
higher electronic gain.

We reach at lower E-fields the
same or better timing
performance.

Optimal range: 150 -170

Why not 200 ???
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FEE-gain

dependence on cluster size

MRPC 19b 90cm-8Gaps-16Strips

3.5¢
3.25|
3F
"Ea.75) _/ ...................
v 25F A
2.25§ _._.7‘7/4'?(? .................
2F
1 -75 ? v FEE-Gain 220
15} LoESE
1 .25 ? FEE-Gain 77
E ooy by
b5 100 105 110 115 120 125
E-Field (kV/cm)
1.8
= 1.6?
0p) o
s |14 T
Y 1.2;
1] S
08| . B
06;‘ "\HH\‘H‘\HH\FE‘E-G‘ain‘TI‘\HH
95 100 105 110 115 120 125

E-Field (kV/cm)
05.10.2006

The cluster size shows as well
a strong effect on the FEE-gain.

For the same cluster width (small)
we get at lower E-fields better
timing and efficiency.

That's why we will not use gain 200 !!
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110

100/

j/ff% 3 +—< 100 7
<~ 95 7]

90
280/
270
560}
W 50

40|

30|
20|
10|

Pion Beam 2 AGeV
llluminated Area 7 cm?
Total Rate 100-1000 Hz/cm?
FEE-Gain 150

Poo

105 110 115 120 12%

05.10.2006

E-Field (kV/cm)
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Rate dependence on

timing & efficiency

1200
180

MMRPC resolution
Single hits

Gap 220 um (8)

o, <60 ps 0.1 kHz/cm?
o, < 85 ps 1.0 kHz/cm?
e >98%

Tail < 3%

'Q\\\\QW‘“‘“\W‘“

/

/
0.6 0.8 1

=2\

3
o
s
L



Using this R&D information

1. Gap size set to 8x220 um for good timing and small cluster size
2. Electronic gain set to 160 at a discriminator threshold of 75 mV
3. Glass plates in a staggered configuration 0.5 mm and 1mm

4. Optimal timing at full efficiency around 105 kV/cm
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RPC 20b 90cm-8Gaps-16Strips 220 mu

We need a start counter with
50 ps or even better.

05.10.2006

E-field kV/cm

0 925 95 975 100 1025 105 107.5 110 1125 11300
L B B T
100 - . <~ 100 %] 180
f 2 <~ 95% |
Proton Beam 2 AGeV ® Ei. 1160
I G (AN |
80 - 1
o(RPC) {4140
? | B i (Start) ]
S~ ]
~ i 120
> |
8 60 - ]
2 1100
O 1
= |
Wl 80
40 .
N TR Je0
i 50 ps 94,.,.,.,.,.,.,.,.,.,4,,,.,.,.,.. ,,,,,,,,,,,,,,,,,,,,,,,,,, %Si
20 |- 140
FEE-Gain 160 12
- 100 Hz/cm? I |
e b b b b by ce b b b
%0 925 95 975 100 102.5 105 107.5 110 1125 1 18

(sd) 0

Single hit 78 ps

Start 50 ps
RPC, + Start 0,<96 ps
Start o,..<78 ps
RPC Oppc< 56 ps
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RPC 20c 90cm-8Gaps-16Strips 220 mu

05.10.2006 | E-field kV/cm

925 95 97,5 100 1025 105 107.5 110 1125 1 1300
L B B B L s S
100 3 < 100%;180
' e — 95% ]
Proton Beam 2 AGeV ® Ei. ] 160
i B G (Al) 1
80 . .
i a®PC) 140
/\o\ B s(start) 1
o i
~ | (ki) 190
3 |60 |
C ,
Q 100
O ]
= 1
| | 80
40 - l
’ |60
20 -40
-120
A R R R B AN BN SN RN R
% 925 95 975 100 1025 105 107.5 110 1125 1 12

(sd)}0

Stable scan with a

stable start. The start

IS very important.

saturation above 105 kV/cm

At higher rates ~ 1kHz
we see a decrease of
the timing 10-15 ps.

IRTG Lectures Heidelberg



FOPI - FULL CONFIGURATION

FORWARD WALL
- MAGNET

RPC ol

" Experimental setup III

U+Au 900 AMeV
2 MMRPCs + Mini

BARREL CDC HELITRON PARABOLA OUTER  pocace INNER

WALL WALL
TOF p/a P/a dE/dx TOF dE/dx  TOF
AE  dE/dx  dE/dx () AE ¢ AE
O.$ (O X ) V.0

Super Module

Scint+PMT  Mini
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Hit classification

90 cm

1.96 mm strip
0.6 mm gap

Single Hit Clean

=
@
T

Double Hit Clean -

Both signals arrive first =» 101 One sianal arrives second = 102
Both signals arrive second=» 202 One signal arrives second = 201
[ |
1 : f ‘ Af : 2
2 : 1T g : 1
| |
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Momentum (GeV/c)

i Timing & efficiency

[ U+Au 900 AMeV

L}

100

80

Efficiency (%)

60

40

P-v plot for fast pions
Small momentum
dependence.

20

o< 75 ps
€ >95%

. .

RPC 13a 90cm-6Gaps-14Strips
L L L L L L L L L

< 95% ]

#

Fast pions

05.10.2006

ol Lo L 1
50

920 100 110

0
150

HTYP
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Yield

- 150

—1125

0 1
Time Diff. (ns)

100

Yield

L}

o, </5ps
Tail <3 %

Single Hit Case

I U+Au 900 AMeV™™

0 1
Time Diff. (ns)




Timing & efficiency

RPC 13a 90cm-6Gaps-14Strips
T T T T T T

‘ Double Hit Case

RPC 13a-90cm-6gaps-14strips /

MRPC resolution
Double hits
o, < 100 ps
e >85%
05.10.2006

100 - )
<« 95%
T 7777777:777 ;150
5% > b FULRPC o ]
80 |- O¢Ots |
— Mini+RPC
Q oG |
o ths |
801700 ps —> e e
> L il
= ]
c ]
(D)} <75
= (4l )
O '
U— |
4 -150
L ]
20 Fast pions | |
| 25
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww i
150 160 170 180 180 200 210 220 230 240 250

| Runs 118-150

(sd)¥Q

08

06—

1GeV/c?

Momentum (GeV/c)

04

02—

Velocity (cm/ns)
]

P-v plot with MRPC
IRTG Lectures Heidelberg

12" Pions



>
e
©
-
qO
25
C.
aO
| -
+ O
c
=2 S
O g
c
c 5
23
=)
(@
on
c
(@]
| -
)
W

Protons ||

.

E |_/ X

|

——

| Pions

Protons

Mass cuted (GeV/c?)

R %

Zo
o
[ AN H
& 1
:V _
G
) o

| Pions

Background 2.5%

ﬂCkg round
E.Cordier

IRTG LectuFes Heidelberg

05.10.2006



Existing setups
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All overlaps, all pad rings

F/ndt 172277 5l
Pl

7058. + 41.4,
P2 7] .9476 + 0.7607
P3 2006 12
P4 9100+ 36.79

P5 5242+ 8.12

Iy
AN

PR

-1500 -1000 -500 o 500 1000 1500
Overlap time difference, ps

Number oi'tmcks
g

g e TR

% 09— .

S * ® positive tracks
L

Q<

T My ' ks
oss |y o +H++g@$%% 1ac
oty Tl
Barrel: 30 RPCs in 2 layers d o, oo AT ﬁ

+ 0.04
* Length: 2m %ﬁ

e Width: 150 mm ' 08 ols o s ds obs ds obs or

1 1 | 1 | | | | 1
0.3
[ 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 0.5

o Thickness: 10 mm Track transverse momentum (GeV/c)

05—
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Harp Results

1.2

0.8

Beta

0.6

04

0.2

positive tracks

a 01 02 03 04 05 06 07 08 09 1 1.1

05.10.2006

Momentum (GeV/c)

1.2

0.8

0.6

04

0.2

0
0 o1 02 03 04 05 06 07 08 09 1 11 12

negative tracks

Momentum (GeV/c)
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| Flow_MeanDedxNegaD |

[lent = 2690986 o

e T . .
I TR
=" o

-.-:.__:, Lo

x 0485
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& 03F @ Pr

¢ E R

e 0.25:_
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electrons
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log(momentum) (GeV)
e —

10 16

05 0 05 1 15

| Particle id @ RHIC d+Au

18
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14

12

STAR Preliminary
MRPC TOF (d+Au)

L\II‘III|\\\‘\\\|III|II\‘\\\‘

Wl T‘ .'m ; 10
1 o ¥
0.8
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Particle id with STAR
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PERFORMANCE OF STRIP 6 AT 4 POSITIONS

‘_L ALICE MRPC performance

30 CM APART ALONG LENGTH Resoluon ] Effcency [%
*—=a - * — g
98 W
L Z y f{
l/ 94
92 /// - stip1  ——
/ - strip 2
o strip 1 90 e strip b T —
-a- strip 2 = strip 5
30 - stip3 | ] 88 ! % > sir!p 6 ||
T e Dy 4
20 = strip 7 86 1 j - strip 9 [ ]
- strjp g 84 | . strip 10
G__———‘%}x,x - 10 i ngm — 82 |
——A %] 0 80
@::'—_:—__{___]_ 10 1 12 13 14 10 " 12 13 14
Applied voltage across 5 gas gaps [kV] Applied voltage across 5 gas gaps [kV]
| Efficiency [%] Resolution [ps] 96 readout pads
e position 1 —o— per strip
—— position 2 —H—
—h— position 3 —A—
—— position 4 —o—
10 1 12 13 14

Applied voltage across 5 gas gaps [kV]

C.Williams
D.Hatzifotiadou RPC 2003
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160

Time resolution (ps sigma)

40

140 -

120

100 -

80

60

800 1000 1200
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detection efficiency (%)

B, e 25 2R IETARIIC =1 ............... empty space

‘L HADES RPC performance

a Fraction of events with charge and time signal

¢ Intrinsic efficiency based on RPC/scintillator
‘s rates

between cells

0 200 400 600 800 1000 1200 1400
Rate (Hz/cm 2)

Gas admixture: 98.5% C,H,F, + 1% SF; + 0.5 iso-C,H,,

D.Gonzalez RPC 2003
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Summary, Conclusion & Outlook
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Conclusions on
gap size, FEE-gain and rate

e mrmrmrmmimimimmmmmrrmtemrmirmirmr] 200

T — e 19340 Universal behavior of
I . ] 00 0 g
— J1e0 timing and efficiency,
80| ]
I | 1140 MRPC 19b 90cm-8Gaps-16Strips g
< 1 R e only dependent on E-field.
c 1 r ]
60 1 Q Iy p
;?:): L 100ps = ; 1100 5 100 ] W ;20%‘:180
wo Q\%\ leo = [ i 1160
— 180 : ]
401 75 ps —> f 1 = 8ol ]
r ] > L 4140 RPC 20c 90cm-8Gaps-16Strips 220 mu
3 : % 25 95 ov5 00 1025 105 1075 110 1125 115,
20' :Eﬁ ggE EE Deuteron Beam 2 AGeV 140 S t 1120 1
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6, < 75 ps FEE (77) |
€ > 99 % Y6 92595 975 i66 1035 i05 1075 0 Tiz5 18

Field (kV/cm)

05.10.2006 IRTG Lectures Heidelberg



140+
120~
g™ I 11
—~ L
S g0 %
c 80~
=2 - 75 ps—>
b L
“f 2005
L o(RPC) =6, - o,
40 - 6,,=120 ps
o W Mg.>0
A M=t Al-Beam 1.9 AGeV
® Mgpc=2 (P1or P2) lluminated Area 414 cm?
20 Total Rate 4-5 kHzZMMRPC
Coincidence Rate 10-15 Hz/cm?
FEE-Gain 77

Conclusions on
double hits

MMRPC resolution
Double hits
o, < 100 ps
€ >85%

E-Field (kV/cm)
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Conclusions on
cluster size

RPC 90cm-8Gaps-16Strips MRPC 19b 90cm-8Gaps-16Strips
£3.75F T 3.5
% 3.5F wa2omu 325’
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3 E 270mu h2 75 =
078l Eopi- - S J
25¢ Loogl— . == ://r/‘._/. ............. -
2.25F 1 755
2 = . . ? v FEE-Gain 220
1750 Cluster size depends 1.5} s S
L S T S only on cluster charge_ o T
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2l Background & Timing

FOPI-RPC-Test-Nov/Dez03

10?2

3
momentum velocity correlation

025 a5 075 1

RPC mass

momentum velocity correlation

10 15 20 25 30

10 e
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0.25 05 075 1
RPC mass all cuts
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Conclusion on start timing

iming measurements with CVD diamonds at FOPT

ﬂ@@@ | LU | IIIIIII' | L | |II|II|| | LI

1 1 1 11

p@1.25Gev | 330 psS .
P — o-132.54E" 4217

1

A possible candidate for the start is a

B 100 _| single crystal diamond detector which
? N 1 has O;c< 50 ps for a C beam at 1 MHz.
s C@0.4AGeV il
- . — 2 2 2
i 40 ps | Oiotal= \/ 452 + 352 + O'tso PS
O,....= 75 pS o..= 50 ps
! 25 ps | T4@1.05AGeV ) total P s P
| | IIIIIII 1 1 IIIIIII | 1 IIIIIII 1 1 IIIIIII 1 | |
R 1 10 100 1000
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" Future applications
MRPCs for CBM

TOF

Interaction rate 107Hz (10% central collisions)
~1000 tracks /event
TOF wall at 10m from target from 3° to 27° (same coverage STS):
= Rate from 1kHz/cm?2 (27°) to 20kHz/cm? (3°)
= Hit density from 6.10-2/dm?2 to 1/dm?, more than 60000 cells to have
occupancy below 5%
= Total area >100m2: cannot use traditional scintillator with photomultiplier
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Pl

| MGranuIarity for CBM

URQMD AU+AU 25AGeV, MinB Concepts:

Different detectors types
in low and the high rate
environment.

—
o
(6]
T

I
~

Ml dist=1500cm (TOF

N
TTTT T T
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o
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o
w

Rate (dN/cm?/s)

Low rate <2 kHz
Pad anode
it Multi strip anode
Single strip anode
Hli High rate > 2 kHz
] Pad anode

H Single cells

«—— 2000Hz

—_
o
N

—
o

Different counters may need
0 10 20 30 40 50 different electronics.

1 L Problem:

O (deg)
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