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Fast precision trigger with ( RPC) for
high rate

* Fast precision trigger for high rate requirements :
- Precision spatial information from the
front-end electronics of RPC ( few mm strip pitch

and sub-millimeter spatial resolution)

- Fast trigger decision (50 —200 ns)
- High noise rejection

- High performance front-end electronics



RPC for high rate

* The rate capability of a RPC is limited by the
voltage drop ( V, ) in the resistive electrode

* The voltage drop in the resistive electrode is :
V,=1*R with:
| = counting rate * average charge
and

R = resistivity * thickness of electrode



Strategy to increase the RPC rate
capability

* Decrease the resistivity and the thickness of the electrode
* Decrease the average charge per count

The ageing of the RPC is proportional to the current.
The power consumption is also a function of the current.

For this reasons we choose to decrease the average charge
with a high performance front-end electronics



Efficiency and charge studies with cosmic ray
New vs present front-end for 2mm gap RPC

> New electronics tested by Roma at GIF
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BJT Si v.s. SiGe

* B JT performances d'ffus'on / BJT S

* B=t./T, Fermi energy
e f=1/tr, = - :"':’/

* N=K*T, e

T = base life time acceleration / BJT SiGe
T, = base transient time Fermi energy
T, (Si) >> T, (SiGe)  —----- < ----- —
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Amplifier, AC, (BJT SiGe, BFP740)

Voltage supply 3 Volt
* Sensitivity 6 mV/fC
* noise 500 e RMS
* |nput impedance 10 - 100 Ohm
* B.W. 30 - 100 MHz
* Power consumption 10 mW/ch
* Low cost 2 —3 eur./ch
* Rise time §(t) input 100 - 300 ps
e Radiation hardness 50 Mrad, 10> n cm™




1 fC signal with SiGe aplifier
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Simulation of the efficiency at different rates as a
function of resistivity and front end electronics [1]

Extracting from experimental data the efficiency and the charge as a function of V4 and
using the relation

I{qas=VA_R'I:VA_,D'd'CI)'Q(VgaS)

It is possible to simulate the behavior of the RPC at different rates

Efficiency at 200V after Va4 ¢ for a 2mm gap RPC
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[1] Simulation done by L. Paolozzi using experimental data from a cosmic ray test.



Simulation of the efficiency at different rates as a
function of resistivity and front end electronics [1]

Efficiency at 200V after V.4, o for a 2mm gap RPC (AMP signal)
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[1] Simulation done by L. Paolozzi using experimental data from a cosmic ray test.



Rate capability GIF test of RPCs equipped with the
new front-end electronics

MDT-RPC integrated set up

RPC of 18x18 cm? sensitive area
with strips of 13 mm pitch

2 mm gap, Atlas standard
New front end electronics
Atlas gas mixture

Rate capability increased above
7 kHz/cm? (limited by the GIF
intensity) with very modest
voltage shift

Further improvements foreseen

RPC rate = 7 kHz/cm?

from about 1.4 x 10°® gamma cm s°!
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Efficiency * acceptance at closed and full source with

new front-end
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Strategy for fast spatial information

* Decrease the pitch of the strips
 Minimize the distance from strip and gas gap

For a strip pitch as small as 2mm the physical cluster size

tends to increase and a very fast way to find the cluster
center is needed at the trigger level

* This task is accomplished by a purposely
developed Maximum Selector circuit



RPC based fast trigger scheme

Y| t]gr l.charge er strlp

The RPC charge distribution among
contiguous strips is given by well known
relationships which in principle allows a
spatial resolution of the order of 100
micron based on the classical chare
centroide

However the required calculation time
would be incompatible with the
requirement of a very fast trigger

An alternative method is to select the

’ ]hh

maximum of the distribution with an TPPAs e g,

. . . 12131415
appropriate circuit Strin coordinate (mm) 16171819 59
A general satisfactory solution of this 4
problem requires to focus the following o(x,x) = —
points cosh[(x - x)/ 6]

— If two (or more) strips are near to the maximum
the second maximum ha s also to be selected

— The large amplitude variability requires to
normalize the charge distribution

=> Integrating over each strip

A
< =~£cosh[(x—)_c)/5]=

cC = A °arctg[(e(x_f)/5) )]12

CERN, 9 March, 2011 ACES 2011 15



Charge spot on the pick up plane
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Maximum Selector

decoder

40 mW x channel
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= lOgZ(nlnput)+l
Including the case
of cluster size=2

Average charge

N strips are processed at the same
time (N can vary reasonably in the
range of ~10)

The threshold is chosen to have one
or two strips firing (cluster size 1 or
2)

The decoder transforms the simple
digital pattern into a number
representing the hit coordinate on
the chamber

The processing time of (7-10 ns) is
highlighted in figure



Vinl

Vin2

Vin3

Vin4d

MS working principle
(4 ch as an example)

Voutl=(((Vin1+Vin2+Vin3+Vin4)/4) *K — Vin1)*G
Vout2=(((Vin1+Vin2+Vin3+Vin4)/4) *K — Vin2)*G
Vout3=(((Vin1+Vin2+Vin3+Vin4)/4) *K — Vin3)*G

Vout1l
o4 Voutd=(((Vin1+Vin2+Vin3+Vind)/4)*K — Vind)*G

Vout2 IF Vin >(( Vin1+Vin2+Vin3+Vin4)/4)*K

Vout <0
Vout3

IF Vin <(( Vin1+Vin2+Vin3+Vin4)/4)*K
Vout4 Vout >0

O<K<?2
G>1

K = relative threshold (cluster size tuning)
G = Amplifier gain



solution of the MS contiguity problem

Vinl’ Voutl

Vin2’ Vout2

Vin3’ Vout3
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Vin3 Vout3 0<K<2

ving  © Vout4 G>1
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Analog simulation of Maximum Selector
Vcc=3V Vee=-3V Power Consumption=9mW/ch
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Maximum Selector features

0.1-500 mV input

0.4 mV output noise RMS; G = 8; BW =2 GHz
6 inputs — 4 outputs

50 ohm input impedance

200 ps computing time

10 mW/ch power consumption

Radiation hardness 50 Mrad, 101> n cm -2



Test of a precision spatial information from the
front-end electronic of RPC ( 3mm pitch)

strip
—> <=3 Ppitch 3mm

RPC




H8 10/2011: Test Beam layout (RPC only)

20cm
ROMA2 RPC = UMICH RPC
Scintillator
1% 0
t 2cm @] °cm -
123.5cm |
121 cm| |112cm
113 cm

115cm| 124 cm

Track average angular spread was measured in a previous run using sMDT.



Test Beam results: spatial resolution with Maximum Selector
(Preliminary)

Strip pitch: 3mm

Residues between Roma 2 RPC and UMICH RPC using Expected resolution achievable
maximum selector with cluster size information using cluster size information:
Entries 196 .
= Constant 45.55 3mm
45 Mean 61.27 o.>——=043mm
- - S —
- s 0.6176 \/
40;_ 'gma 2 12
3 UMICH RPC (pitch 1.27mm)
e position vs ROMA 2 RPC position
25 (assuming zero beam divergence)
20 Resolution achieved (preliminary):
°E o, = 0.62mm
10;—
S5 Raw data, to be corrected for:
0 50 60 6162 63 64 656 . UMICH RPC resolution:
Residues RPC roma2-RPC UMICH (mm) OUMICH < 0.37mm

. Beam divergence:
2 gaussian distributions
70% events,oq = 0.14mm
30% events,o, = 0.60mm



Strategy for high rejection of both correlated
and in correlated background

e decrease the width of the coincides
* |Increase the time resolution
* [ncrease the spatial resolution

For those reasons the need to decrease the gas gap
as much as possible and rise time of the front-end

as short as possible.



RPC time resolution with Maximum Selector

Time resolution no cuts

| Time Resolution (with maximum selector) | Entries 464
Constant  63.99
C Mean 152.2
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. Hit position extrapolated by charge centroid
on UMICH RPC (tracks are considered as parallel)

Time Resolution: 1.3 nsec

Raw data to be corrected for:
- Mezzanine rise time correction
-Deconvolution of the scintillator jitter



Readout and trigger scheme example

2 mm pitch micro strips
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Conclusions

 \We have realized the front-end electronic for
RPC working at high rate ( up to 10 kHz/cm”2)

 The prompt (few nanosecond) spatial
resolution of 0.5 mm is achieved with
Maximum Selector

 We have shown the scheme of a very fast and
high precision trigger at high rate with RPC



