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Layout of one quadrant of CMS. The slots RE3/1 and RE4/1 are to be instrumented by iRPC chambers

To improve on the muon detector
performance.

To improve on the muon trigger efficiency
athigh1.8<|n|<2.4

iRPC should be able to withstand high particle rates with safety factor: 2kHz*cm2
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Layout of improved Resistive Plate Chamber

awnvnrrrrrrerrrrrry e Time Difference of Arrival Method
Time of Arrival (Proposal Solution) .
St Y=L/2—vx(ty —11)/2
e | L S lt
N — T oY) =vko(T - T1)/2
Determine position along a strip of the hit P4 B

with a resolution given essentially by the readout timing. 4



RETURN & COAX redout of PCB-strip panels

Solution COAX Connect with coaxial cables. Cable impedance = 50 Q..

Solution RETURN Connect with a return line within PCB (same impedance 45 Q).
strip

strip
return
line

PCBVO

coaxial
cable

|FEB | FEB

To minimize signal reflections, the stripline impedance must be controlled up to the asic.
3 methods were used to measure strip impedance :
* Direct measurement of line parameters with a RLC meter (at 2MHz)

Side | C_(pF) | G_(uS) [ L. (nH) [R,(mQ) | Z_(Q)

Wide 244 934 482 467 43,5

Narrow 244 934 487 461 44
* Direct measurement with potentiometric line adaptation
27860 . B
O e
* Reflection Method R, @
R,V —smp
Z ==2_= =410
=Eov Z ETQ;; 5




Front-End Electronic: ADC and TDC

ASIC PETIROC: Analog Digital Converter

channel 31 Number of Channels 32
Signal Polanty Ppositive or negative
Sensitivity Voltage input amplificr, 200 Ohm matching
Channel o Timing Resoluion ~ 18 ps RMS on trigger output (4 photoelectroms injected)
Vth time z Dynamic Range 160 fC up to 400pC
6-bit DAC Packaging & Dimension | TQFP 208 (28x28x1 4 mm) TFBGA 353 (12x12x1 2mm)

| Power Consumption

& mW/channel

required

32 analogue inputs, N !
RS latch e Inpus D lovel custable
32-channel trigger outputs
’\ ASIC level general trigger (OR of all channel)
Qutputs ASIC level second level general trigger (OR of all channels)
input ly e e
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8-bit p B %
10-bit :
input Vth_time :
DAC thrg:;rgld 32 trigger
outputs
I P =
= Common to the 32 channels OR32 time
The Front-End Electronics Board (FEB) that hosts one PETIROC ASIC and the FPGA that
includes the TDC and the schematics of the PETIROC ASIC
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Final iRPC Trigger
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Output data from iIRPC
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Cluster Size and Clustering Algorithm

w
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Time Resolution along the strip and absolute time resolution
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Efficiency study
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GIF++ Study of rate capability (FEBvO)

14 TBq 137Cesium is used in GIF++ with different attenuation coefficients is used to obtain different gamma
irradiation levels.
To test our chambers a rate of up to 2 kHz-cm~2 needs to be seen in our chamber.
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Prototypes of FEBs for iRPC

FEBVO tested in 2018 (Cosmic, GIF++, H2line)

A board that contains:
> 1 PETIROC2A ASIC + FPGA CYCLONE 2
> Ethernet-based communication was conceived to read out the strips FR4 PCBV.0 (44 strips)
THR=~80fC with DeadTime=10ns
Efficiency at ~2kHz cm-2 of background 95%
Resolution: Along strip ~180ps;

Absolute ~370ps

FEBV1 is testing from spring 2019 (Cosmic, GIF++)

This was intended to come closer to the final board to be compatible with CMS DAQ:
> 2 petiroc2A(B) + FPGA CYCLONE V

> Ethernet-based communication is used to read out the strips FR4 PCBv.1 (48
strips)

THR=~50fC with DeadTime=10ns

14



Summary of test for only FEBv1.1 in GIF++

This study can only be considered in terms of the behavior of electronics because level of
background rate on study area ~10 time smaller than average value of rate.

COSMIC904B: Schematlc Position of Scintillators (Approx) FEBv1 1B48R D:10.19
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Summary

A method was proposed for measuring the efficiency of the detector when using
signals from two ends of the strip.

A new clustering algorithm using time information was proposed and successfully
tested.

The linearity of the TOA time measurements and the time resolution of the TOA are
verified on CERN SPS-H2 beamline tests. Along strip resolution ~180ps.

Calculated absolute time resolution ~370ps for a 2-gap chamber.

Measurements of the detector characteristics equipped with FEBvO were carried out
at the required rate of 2kHz*cm-2 of the background. The efficiency of more than
95% was obtained. Also, we showed that FEBv1 (only FEBs performance study)
has the same characteristics as FEBVO.
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Thank for Your Attention!

Any questions:

PhD-student, Shchablo Konstantin
Institut de Physique des 2 Infinis de Lyon

Batiment Paul Dirac 4, Rue Enrico Fermi 69622 Villeurbanne Cedex, France
shchablo@ipnl.in2p3.fr or shchablo@agmail.com
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Additional material







Resistive Plate Chamber

system

Resistive plate chambers (RPC) are fast '™ |
gaseous detectors that provide a muon trigger ~ **'™ = iRPC RPC
Gas HY High Pressure 1.4 mm 2 mm
Graphite Laminate
. thickness
Two parqll_el plates. Redoutstrips __ o Num. of Gas Gap 2 2
pOSItlvely-ChaI’QEd anOde Spacer I + Gas Gap width 1.4 mm 2 mm
negatively-charged cathode Resistivity (Qem)  09-3x10  1-6x 101
both made of a very high resistivity and Shacs thrakod || SN0 0
m segmentation 2D readout 3 n partitions

separated by a gas volume.

Gas mix: 95.2% C2H2F4, 4.5% i-C4H10, and 0.3% SF6

For applications where high background
rates are expected, chambers have to be
operated in avalanche mode in order to keep the
total produced charge low with benefits in terms
of aging and rate capability. This is usually
obtained with suitable gas mixtures that prevents
the transition from avalanche to streamer modes
keeping the detection efficiency.

I
The thinner gap in the double gap RPC detector & comparison
between iRPC and RPC

1
3 241
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0.98[ 21
N o0
= AL L8[
& 097 + o L +
v
1.6
0.96.
_ Lo
095 €,=095---------m--------
i 121
0.94 L [T AR R ) S— I A
0 500 1000 1500 2000 0 500 1000 1500 2000
R, (Hz cm':) R, (Hz cm':)

Figure 1.18: Efficiency (left) and average cluster size (right) at the working voltage, as a func-
tion of the cluster rate for the 1.4 mm double-gap RPC. The data were measured at the fixed
threshold of 300 p/V.
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Electronic Petiroc: Noise

Three solution possible solutions
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Efficiency study

N N

EFFICIENCY N N_

€. Muon Efficiency; & =—"% N i
Nyig: Number of triggers;
N: Number of events for which at least N:.'?'z'g

a strip is fired (both ends);

Npg: Estimated by counting events for which at least a strip is fired (both ends) in a time interval of the same length but

uncorrelated with the trigger.

P=P_mu+P_bkg-P_mu.P_bkg (thisis the probability formula when you have sets that are not independent or disjoint)

where P = N/Ntrig, P_mu is the efficiency and P_bkg = N_bkg/Ntrig with N_bkg is estimated using a time interval with the

same length but placed at a time uncorrelated with the muon trigger.

From above the exact formula is then: P_mu = (P-P_bkg)/(1-P_bkg)
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Study of FEBv1.1A48R with cosmic ray for two position along the chamber

o
-

COSMIC904: Schematic Position of Scintillators (Approx) FEBv1.1B48R D:07.19

Area of Four Scintilators in Considence
(two above and two below)
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Summary of improving firmware and PETIROC ASIC for FEBv1.1A48R

PETIROC2B

new version of PETIROC

was conceived and produced with

Raz_ch
50fC.
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n efficiency
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THR=50fC DT=10ns Raz_ch

Examples of Re-triggering

750691: Petiroc2B THR=50{C DT=10ns HRprofile (Raz_ch)

THR=50fC DT=10ns (Raz_ch+Val_ch)

751587: Petiroc2B THR=50fC DT=10ns HRposition (Raz_ch + Var_ch)
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Rate defenition

_ numberO f Hits
hit Rate = i _ cwhere
sur face * time

numberO f Hits — number of triggered channels of FEBs of one run;
sufrace — active PC'B zone:
time — collection tume . (timeWindow * numberO f Events).

C'luster Rate
RATEHTLeff — numberO fClusters

€f f?jC?jSﬂ,CyHVeff cluster Rate = ,where

sur face * time
numberO fCluster s — number of clusters of one run;

sufrace —active PC'B zone:
time — collection time : (timeWindow * numberO f Events).
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https://drive.google.com/open?id=1IqnC0v7GqAdGpB5-0_lSCc3TL8n0x5YfJIFDrk7LYj0
https://drive.google.com/open?id=1cPXUTUszD8u31N4raAYFgaxMWdyRU0uNygu5EbUIclc
https://drive.google.com/open?id=1PMrBCxqFUB50GZ80isBiflT6c12PdE8z
https://drive.google.com/open?id=12m7kETbRrOKQ4eNfsJwvyAgtGAMIRvQD

Cluster Algorithm

O_D A Strip (strip Number, HR-time, LR-time)
start Inputdata f------- ! double time information. .
I - e Build clusters for HR:
o Space - Nearby Strips ; TiIme: Theshould
e Build Clusters for LR:
o Space - Nearby Strips; Tlme: Theshould
e Bulid AND clusters:
o Associate clusters HR and LR with a minimum dtime;

o Split cluster (HR, LR) if delta between signle strips
more than time cut for AND.

? ?
—» —
? ?
- o & —~ ]
I < *— I . g .
clus{?eﬁizljé{taLR) - . > o N =~ *
-+ > * — *
e — —o——
5 hits LR; and 7 hits HR 2 (CS:3,2) clusters LR,
3 (CS:1,4,2) clusters HR
o R _—
[ _ .
. - .
BEREY ST I - AND: 3 (CS:3,1,2)
— . OR: 4 (CS, 1*,3,1,2)
- . * - without y position
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Petiroc2C

PETIROC2 :
Trigger logic

VAL_EVT (Pin)

AND e ML OUT TRIGGER_b T J(—|—

RAZ_CHN I 1
Discriminator = TRIG H—
RAZ_CHN (Pin) ——| PETIROC2A/2B ommeomes | [

- current PT2A/2B solution

» Trigger is latched in RS cell
+ Reset of this latch is common to all channels and create retriggering

PETIROC2C :

Trigger logic
VAL_EVT (Pin)
T TRIG OUT TRIGGER_b
AND s a Do— - Rlocal ( [AT ]
m R TRG ‘ll A
Discriminator

OUT_TRIGGER_B I At

n self reset with delay - calibrates Trigger output to At

- local reset performed during At

* Reset of this latch is individual

« This local reset might solve the issue as only 1 ch has its logic toggling
« Width of the pulse is now constant and provided by At
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Schamatic of Finnal FEB

Schematic and Layout Status

William Tromeur
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TDC

TDC measurements principle

BCO frame received

(on all FEB simultaneously) TDC input strip or return

RESYNC frame
{on all FEB simultaneously) Time reference
Coarse counter reset ? latency To T,
—H
BC clock
40 MHz r BCmaxE 1 B-Cmaxl! BCmax{l 1 BCmax BCO BC1 )

U AU AUt AU A T

400 MHz

L 4 L 4
6 ote (400 M (00000000000C0000CCCCLANCCO0CAC0OCLO0NK)
Ny

16 bits (400 MHz) 0
Fine Time
8 hits R 2.5ns N
(2.5 ns / 256)

Hu““-x‘__________
/’

TDC Time = Coarse counter (16b) *2.5 ns + Fine Time(8b) * 2.5 ns /256
TDC Time = [CoarseCounter & Fine Time ] (24b) * 2500 ps /256 (in ps)

Res:2.5ns/256=9.7ps

No

Return of any TDCis : T, —T,in ps (9.7 psres )

Bunch crossing ID of an event can be obtained
by
TDC value (ps) / 25000 ps
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GIF++ Setup for efficiency tests (2020 Photo)
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