Long term Upgrade of the RPCs
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Withstanding the ultimate HL-LHC performance
with aged, rugged and fearless RPCs
And one eye on future colliders U. Ibero Americana
...keep calm and upgrade... February, 16 2018

G. Aielli Mexico City
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i\, ‘‘Europe’s top priority should be the exploitation of the full
potential of the LHC, including the high luminosity upgrade of
the machine and the detectors with a view to collecting 10

~— times more data than in the initial design, by around 2030"
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Time overview of the challenge

LHC / HL-LHC Plan @“*
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We accumulated just about 2% of the extended HL-LHC
programmed luminosity

Most of the discovery potential still fo be used:
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From 1981 to nowadays

» Space resolutionfrom 1cmito 0.01cm
» Rate capability from 10 Hz/cm? to 30000 Hz/cm?
» Time resolution from 0.7 ns a 0.03 ns

But pure performance is not all: the increase is obtained while keeping
the same simple structure which always allowed to scale the detector
to large surfaces

The Secleis

» Simple physics laws and right choice of materials do most of the job
» The physical event is very local in space-time

» A discharge (local) can never evolve in spark (global)

>

Better electronics - better performance - widely span over the
avalanche dynamical range
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NEW generation RPC R&D framework

IN THE LATE ‘90 THE INFN GROUPS DEFINED COMMON RPC STANDARDS
BECOMING A WORLD REFERENCE

o “CLASSIC" OPTIMIZED FOR LARGE SURFACES FOR MUON AND CR SYSTEMS
(ALICE, ARGO, ATLAS, BABAR, CMS, OPERA, INO)

* “TIMING" OPTIMIZED FOR TOF APPLICATIONS ALICE TOF AS EXAMPLE IN LHC
THE STANDARD WAS FOUNDED ON :
« COMMON CONSTRUCTION SITE AND PROCEDURES , (E.G. GENERAL TECNICA)
 COMMON QUALIFICATION SITE (GIF)
SUCCESS > RPC IN ALL LHC PERFORM VERY WELL.

AFTER ABOUT 15 YEARS WE STARTED AGAIN A COMMON EFFORT TO FACE THE
CHALLENGE OF HL-LHC AND OTHER NEXT COMING EXPERIMENTS.

WHAT'S NEXT...¢

16/03/2018
Giulio Aielli - IFD2014 - Trento
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Further insight in RPC physics



Parameters for opfimizafion of the RPC l
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» To optimize the RPC performance four elements are considered <o
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The working mode: Qg and charge distribution (gap S/N)

The Gap: for the saturation and fiming, T, (Time resolution and gap S/N)
The pick-up geometry: d/D (maximize Q./Qs.: ) (9ap S/N, space-time performan
The Front-End performance: Ag and Bandwidth (compensation all above)
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» In a given design these criteria must compensate each other to obtain a sufficient S/N
and performance

» In the present ATLAS and CMS we needed an highly saturated avalanche due to the FE
limits and a total delivered charge of about 20 pC



Electronic charge (Q) To ionic
charge (Q,,,) ratio

UlWSS Ddd - ItV "D

SH "D1Sn - 1o

1}

O O CQeI/CQ ion— ad/D

Total 1-0.1 nC 40-20 pC 5-1 pC
charge:

Q. /Q..:  1-03 0.1 0.05



Avalanche saturation (logistic model)

- Data: Datal_B
+ Model: logarith2
Chi*2 = 0.16946
= | K 16.42482 +1.28375
<
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Saturation and charge distribution

» An exponential
avalanche
accumulates the
charge distribution
close 1o the O

» Very difficult to
discriminate the
signals from the
pedestal
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» A very saturated
avalanche
produces a

-—".L—L-—i-_h:_#M_-_—k B P R P L
peaked 200 400 600 800 1000 1200 1400 1600 1800 2000

Amplitude[counts]

distribution

How smaller the threshold with respect to the average value for >95% efficiency<e



Q.,/Q, ratio for RPCs vs. gap width

lonic/Prompt Ratio vs lonic Charge
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Thinning the
gas gap less
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More prompt
signal
available >
more
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Timing Vs. :
. g Duration about 3 nsec
gap width <o
g
For having the ’ e o
same signal in less g " ! g
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0.5 mm l
 Duration about 1.0 nsec

« Faster growth

« Shorter duration

« Higher saturation
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The role of the electrodes thickness l

S

gLoc/ol/e

Ulwas DOdd - lIIvBY "O

/i

19J8H ‘D1SN - IO

Qtot = Qion + Qel Qind/Qel= 1/ (1+(2s/¢,)/Q

The transfer efficiency is influenced by the geometrical parameters
of the gap as well as the geometrical parameters of the avalanche



0.8 mMm vs. 2 mm comparison
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Moving the amplificatione

Gas amplification Electronic Charge= d/D X Qi .
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> A, streamer= 6-10 10 6-100 B Q  sireamer = 0.1 fo 1 nC
> A, high sat. = E250EIEES IS sal. = 2 fo 4 pC
> A, lowsat. = 6:-10°t03-10° » Qg lowsaf. = 50to 250 fC

:
e R 2 Lowering the total

charge keeping the
same gas gap and

electrodes will fransfer a

large fraction of the
amplification from the
8400 8600 8800 9000 9200 9400 9600 9800 10000 10200 gOS TO The FE eleCTron|CS!

HV (V)




Moving the amplification from the l
gas to the Front End electronics

gLoc/ol/e
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A (Amplification of the Front End electronics)

Are X Aggs = K where k is the discriminator threshold
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A streamer — We assume it is 1 for streamers
A high saturatfion = Qg streamer / Q, high saturafion = 100
A low saturation = Qg Stramer / Q, low saturation = 1000



Signal/Noise requirements

» threshold = 0.1:-<Q,, > and V4, at 5¢ over the front-end nois
» The 0.1 factor accounts for the charge distribution

SW/9L/c
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Noise of the front end <0.1:<Q_>-0.2 = factor 50 less

cor streamer N= 1019.0.1 - 0.2=2-1013=5.10% e rms
-or high saturation N=2.1012-0.1:0.2=2-10e rms
~or low saturation N=2-101.0.1-02=2-103e rms
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The ATLAS and CMS RPC case

The ATLAS RPCs is the result of an intensive R&D finished 15
years ago
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» New FE electronics
» New gas mixture
» New working mode (saturated avalanche)

19} "D1SN - IoUIWSS Ddd

The detector parameters fixed the total charge per count (30
pC) for efficiency >96% requested

The ATLAS cavern background fixed the certification
boundaries for the ageing studies



Main

e Analysis of the risk factors - Graph
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» Resistivity increase can be controlled through the RH and has a negative feedback
» Noise induced by HF can be controlled by lowering the current. It has a positive feedback



Observed Ageing eftects on RPC;

Detector lifetime from the electric point of view (from ageing tests)

» stability of the electrode conduction properties and surface integrity

» Two potential problems have been pointed out:

» Increase of the electrode resistivity due o the loss of ionic carriers. This would harm the
capability by means of a non negligible voliage drop across the electrode plates

> quqglng of the inner surface by means of HF deposit from the discharge. This
increases the dark current and the noise rate and if left without control my serlogsly
harm the detector
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» Risk factors are influenced by
» Total charge per count 2 integrated charge and the local discharge probability
Local counting rate 2 integrated charge and HF production rate
Local gas change rate and composition 2 HF production and removal rate
Gas and environment humidification - electrode resistivity control
Temperature - electrode resistivity, increase of the noise, acceleration of the HF damage

vV v.v. v Yy

Gap features (plate resistivity oiling type...) endurance in harsh conditions



HL-LHC long term operatfion problem l

The challenge for muon tfrigger in brief:

» It has to run at 8 x the original design intensity and pileup
» It has to run for 30 years instead of 10
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» Higher performance is requested to the frigger system

A critical review of the system generates the following questions:
» What performance the experiment physics goals assume on RPC system?
» Can the existing detector support the future performance request?

» Counting Rate and longevity, trigger selectivity and efficiency, space-time precision
and pile-up tolerance

» Can exploit better the RPCs 1o extend the discovery potential of the experimente

» what is needed for keeping compatibility with the future the experimente



Background maps

RPC unit Id. along Z direction

-6.2 -6.1 -50 -40 -3.2 -3.1 -22 -21 -12 -11 11 12 21 22 3.1 3.2 4.0

Average

50 6.1 6.2
276 269 285
295 278 297
207 196 152
329 268 290
315 243 299
196 175 112
290 173 171
267 255 282
200 227 167
261 268 305
278 276 279
196 194 156
283 262 297
285 265 292
193 201 170
227 215 278
151 160 185

249 263 319
252 227 294
156 173 196

248 159 183
209 208 154

240 221 221

Avera
ge

137

» Hz/cmA2 measured af
[=6*10% cm? s and
extrapolated at<75 1034
cm?s!and 13 TeV

» Values spread =7/

» Max rate 350 Hz cm™
Ageing test:

» 0.3 C/cm?-> 300 fB!

» 100 Hz/cm?2x 10 LHC years
Extrapolating...

» 5C/cm2 -> 5000 fB-



Mitigation strategy: an example

» If we apply on the BM station a 2/4 majority instead of the 3/4, it allows a

consistent reduction of gap efficiency without affecting the trigger 30
efficiency 83
» it is possible to recuperate a LARGE SAFETY FACTOR - working at constant = %
current above the known limits .

» To operate this majority an increase of redundancy is needed
» It can be generalized to make a real fracking trigger

2/4 (red) and 3/4 (black) trigger efficiency vs single layer efficiency

—_

p0  0.972+0.001345
p1 8803 + 4.255
p2 585.8 + 15.59

Efficiency

ATLAS Preliminary
2009 Cosmics data

08 08 084 08 088 09 092 0094 096 098 . o
single layer efficiency H|g h V0|tage [V] V_g as N)
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barrel acceptance limifs
|

ACCEPTANCE HOLES OF L1 BARREL TRIGGER 22 %
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L1 muon trigger efficiency

» HOLES DUE TO TOROID RIBS (SMALL SECTORS) AND Z=0% &
0.4 S2
i CRACK (LARGE SECTORS 3 =
0.3% —MU10 (2012 data) 3 5
I — MU11 (2012 data) i ° 8
e e : THE 3.8 7 (FEET REGION) OUT OF THE /8% COVERED :

ATLAS Preliminary ~ MU11 {MC) REGION HAS LIMITED REDUNDANCY (3/4 ONLY)

dmbered) secip
J ‘

.

2 i

o~ N



ATLAS&CMS

KEEP CALM

AND

TAKE DATA




The ATLAS RPC upgrade project

THE SCOPE

» Ensure long term operation to the muon trigger in the barrel

» Maximize the system performance in coverage and selectivity

» Exploit RPC full potential...
THE PLAN

>

>
>
>

Replace the RO electronics on the old chambers in compliance with the
new T/DAQ schema. And exploit this opportunity for a better readout....

Operate legacy RPCs at lower gap efficiency to extend the lifetime
Increase redundancy and acceptance with a new Inner Barrel RPCs
Refurbish the most critical and exposed legacy RPCs

THE STRATEGY

» Introduce a new generation of high performance RPCs

» Use Phase 1 project as an extended test bed for the new RPC technology
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A new layer of RPCs: Bl

increase the redundancy by adding the RPC inner layer

This idea was already considered in the original project of the barrel frigger
detector, but at that time the need for the 3@ stafion was not stringent and it
was canceled when a substantial downgrade was required to Atlas

o
O

\{||»\ 1 . | ABH07/20/L1 I

MDT chambers

BM.PI
BM
BM.CO

Bl

« 9 layers instead

End_—gap Of 6
En
e - 4 chambers

Cathode strip ||/ instead of 3
chambers i

G. Aielli - RPC2018



The new RPCs: BIS/8 + Bl
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About 96 BIS and 150

BIL RPC friplet UNITS
installed in the INNER
LAYER

» 3independent layers g, |\ W |\ A\ | =

measuring Efaand @& y WS |

N ol L N

> Totalsurface 1400me L Y | RN o g AW

> 11500Q FE ch.onnels < S W g»f‘\ _ represent about

(strip p|’rch.W|II be L R P - . e Y ‘\ 10% of the full Bl
naturally higher) 2

system it will be
» 200 trigger PADs

B\ installed in 2019
delivering data to \.;f"f% as the Bl pilot
USA]5 % 4




Improving frigger acceptance

The acceptance limitation is recovered

introducing the Bl RPC layer and a new flexible
trigger logic:

» Replace “3-out-of-3 chambers” requirement
with “3-out-of-4 chambers”

» Acceptance 78% — 92%
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» Adding BI-BO two-chambers coincidences
» Acceptance — 96%

d
e "




Efficiency x acceptance

ATLAS Simulation

=
>

= [ ] 374 chambers + BIBO [} 3/4 chambers [} 3/3 chambers g ] Ly
o 4 S N
E g S >
= 50.95 S
%) £ 2=
U P—
=08 g 09 e
Q g g
2 2085 Q
0.6 8 i | g
3 o8 —am 12

1—12*1/2* 112
28172
|—
-~ 2st/3st

o
IS

0.9 0.95 1
hit efficiency

» New tfrigger is robust against large

variation of RPC gap efficiency BM and BO Trigger efficiency X acceptance (%)
. efficiency (%) | 3/3 chambers 3/4 chambers 3/4 chambers + BI-BO
» Worst case scenario: 100 . 06
» 90% > eta=0 90 ; _. 95
> 55% > eta=] 50 0

Worst case )3 85 02

> e x A>92%



Trigger performance

Momentum selection based on pre-computed coincidence windows
Similar sharpness of the turn-on curve as present trigger

Maximum rate expected 50 kHz on single muon > 20 GeV/c
Assumin IP position - IP spread is the main limiting factor
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9 independent measurements

2D position a few mm resolution
From 0.4 to 1 ns resolution per gap
10 m lever arm

L0 efficiency

Charge information

o
@

FPGA based fast local processing

. . . ’ Threshold p_=20 GeV
Possible a fast sagitta measurement using ' 7 Ini<1.05
available points = independent on IP ; 3/4 chambers + BIBO
Charge information - better resolution 3/4 chambers with BO hits

Can implement new special frigger | : * 8/3 chambers

entries in the trigger menu > new physics
lower pT thresholds should be also
considered for multi-object triggers



Further impact on physics

" Benefits of the extended coverage in the barrel.

» E.g. Channels with a single muon (for example W')
» pT distribution is more peaked in the barrel.

» Spatial correlation effect for two muon decays (also holes are
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very correlated in space). RO ‘ 1o 5m
- |
®" TOF AND POSSIBLE TOF TRIGGER |
BM | 7,2m
» Bl RPCs BOOST THE TOF PERFORMANCE: -
e ALMOST DOUBLED LEVER ARM OF THE ACTIVE VOLUME T1 { Bl 5m
e NEW GAS GAPS WITH 0.5 NS RESOLUTION EACH >
~200PS FOR A QUADRUPLET = 1% OF SENSITIVITY ON f8

» A NEW POSSIBILITY IS TO IMPLEMENT A TRIGGER .
BASED ON 8 TO SELECT SLOW PARTICLES 10 Bunch crossing




G. Pugliese

System enhancement in the forward region

CMS Simulation L=5x10*cm™s”,
LELELELEN BLELELELEN L rrrrTTTTeTTT T T

14 TeV
3

50 ‘ !\..!\.\.!..\.!.. T : : !.. _10(%
s (===== N (Phase-1 Muon Detector) | 3 =4
= 3 : : s : 3 : T o
- 6 =D
g =10,

C
=) =
= 1 =
£ T
y 5
fre 3107 &
o = 3
@ g oy
.g .

.. 2% 4
E ety P 0
& 1 e
i
S | 3 f : :
z ‘ ; gt MERT/2 10°
i Barrel Station 1 : :
Ll A I I I ST BN I R
25 2 15 1 05 0 05 1 15 2 25
Simulated Muon n
n 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 11
8°  84.3° 78:69-73:1% 67.7° 62.5° 57.5° 52.8 48.4 44.3 40.4 36.8° n ¢}
| 3 1.2 335

e e e

VERY CHALLENGING REGION, both for
trigger and offline reconstruction

® high rates due to n/y-induced
background, punchthrough and muons

® Expected 600 Hz/cm”2

® small bending of muons by magnetic field

® small number of measurements per muon
in forward direction (present system);
smaller than in the barrel

UPGRADE: augment the system by adding
new detectors in the forward direction:

®* GEM: MEO, GEV/1and GE2/1



G. Pugliese

The 3% and 4™ stations will be equipped with a new generation of RPC with
improved performance (iIRPC): each chamber spans 20° in ¢ for a total of 72
chambers (18 ch/disk)

Performance iIRPC:
« Handle up to 2 kHz/cm? (3 x HL-LHC)

» Spatial resolution:
Ling~5mm

1 ~17 cm) by reading both sides of strips (2D readou



Improved RPC design

G. Pugliese

Cross section of double gap iRPC

Design of iRPC: m——T ™ =
» Reduced gas gap from 2 mmto 1.4 mm - e
> Reduced electrode resistivity: about 10° Qcm i ]
» New generation of Front-End Board electronics

to reduce the charge threshold from 150 fC to : -,

50 fC

HL-LHC conditions has been satisfied » New readout schema reading both end of strip

CMS pre||m|nary — » New FEB will include a TDC (50 -100 ps
100 T — ' ' 7 resolution) to define the muon position along
) the strip with a spatial resolution of 2 cm

Effici ncygltap ntsl—u—c

w @ 1.9 kHz/cm2

Rate = 1909 Hz/lem?
Eppax = 93.4%
lambda = 0.0085
HVyo = 6734V
HVY,p = 7232V

Efficiency (%)
2
8z|s 19)sn|n

]

8

[=]

T
6800

HVeff (V)




L1 muon trigger performance

19 1707
20 154°

F Solenoid magnet |

CMS Phase-2 simulation 14 TeV, <PU>=0 = i
& qF T T L e T 5 23 s
T P R e 1 3BT
é i ! :...".“ ' v % ] W | 2:3 7.0°
VT 0_8:— * +++ ¢*#++ v —: Ltsrg:::; S 15 - 30 57
B + * B \"1* HH L e e e T b HERIRE . ;:g ::'17”
06— 1 ¥ s ] rantet Recty e we 4| e mmt fls 9 R T z(m)
0af + CSC+RPC . L1 muon trigger efficiency benefits from the
: " -cscwrcieem | gddition of GEM and iRPC in the high n
02 + CSC+RPC+GEM/iRPC _| .
i ] region.
0_ 1|2I I1|4I I I1IBI I I1|!3-I I Iél I I2l2I I I2I4I_
S Generated i _ CMS phase:2 Simuiation {614 TeV, <PU>=200
:l:._ﬂ, 10° = ----- ------ ‘L1Mu(sltandalone) Perfv:;rmancel | _§
e E i Phase-1 detector(CSC): E
© - Run-2 Trigger Configuration —

. . . . % 102 = —a— Phase-2(CSC+GE11+GE21+MEQ) _§
Combine information from GEM-CSC in £ ¢ - &
stations 1 and 2 will give much more = 1o = -
accurate measurement of p; and, hence, L e, ]
the L1 muon trigger rate drops (gain is as 3 *

factor of 10) : [ R T R

Trigger P, threshold [GeV]



G. Pugliese

Muon reconstruction

» The high pileup conditions expected
at HL-LHC will reduce the muon
reconstruction efficiency

\:
Adding IRPC, GE2/1, and MEO stations: -

» substantially increases efficiency of
muon reconstruction in the range 1.6
<n<24

» makes possible to reconstruct muons
In the extended range 2.4 <n < 2.8

0.75

. o R r—
ﬁ Solenold magnet | 20 154
3| S S — 21 ¥
B L 22128
| HeAL 5 e
2R : : : amtd A
ECAL £ I& e e
1... -f‘,_HGCAL—| I . N 3.0 577
Silicon |
tracker b I 40 2.1°
o T e e A . froii - S 50 077
0 1 2 3 4 5 6 7 8 9 10 11 12 z (m)
CMS Phase-2 Simulation (s=14 TeV
:‘_'h\, 1 _2 [T T T | T T T | T T T | T T T | T T T | T T T ]
u - -
qC} C Zy* — up, <PU=>= 200, P, =5 GeV ]
o - Muon System In Ideal conditions: .
= - 0 Muon Phase-2 .
L = Muon System fallures + neutron background: —
c F—'m Muon Phase-1 + GE1/1 3
o C A Muon Phase-1 + GE11 + GE2A ]
S 105 + Muon Phase-1 + GE1/1 + GE2/1 + IRPC —
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it - —
'E; 1= > = a— 9 —
= E 11— .
095 —
C . i . _
= —— -
09 — »—a—n—x—1 —
0851 ' -
08F —
B

24 26
Muon nl
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G. Pugliese

New Physics opportunities

The upgrade of the RPC Link System will allow us to explore the RPC intrinsic time
resolution = 1.5 ns (from the present 25 ns readout window).

» Anew RPC trigger (RPC-HSCP) will be devoted to identify very slow “Heavy Stable

Charged Particle (HSCP)”

CMS Phase 2 Srmulatron

14 TeV <PU>=0

g F T eevnee ]

> It will be based on TOF technic to identify 3 °°F Jaweetetten, . * E
the slow particle and to measure the 3 m °°F ; .. E
07— - —

= 3 > o

> The efficiency of the present muon trigger "¢ ; . E
drops for particle with p < 0.6 \zj: I . E

» The RPC HSCP trigger capabilities will be 0-32— T o Ce —
extended up to p ~ 0.2. 0z gb dap et % E

- L . E

o1 1T L B R o e,

00: I Ol;_ 0|4 g g f)ge pO 8 | %h :

Factor of 4-5 improvement Bucy

L1 Trigger efficiency as a function of an HSCP velocity f for the ’
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RPC generations comparison

FE Electronics
Effective threshold
Power Consumption
Technology
Discriminator
TDC embedded
Channels/IC
TDC Resolution

Detector
Gap Width
Operating voltage
Electrode thickness
Electrode Material
Time resolution per gap
Space resolution
Gaps per chamber
Efficiency with eco-gas

Readout

I mV

30 mW

GaAs

Embedded GaAs

No

8

3.125 ns>0.5 in phase?2

2 mm

92600 V

1.8 mm

Phenolic laminate

I ns

6 mm (3-4 mm in phase?2)
2

~80%

2D orthogonal

0.3 mV
6 mW
BJT Si

Separated SiGe

No
4

1 mm

5800 V

1.2 mm

HPL

0.4 ns

1 mm

3

FULL

2D orthogonal

0.1

10 mW

Bi-CMQOS SiGe
Embedded SiGe
Yes

8

0.1 ns

I mm

5200 V

1.2/0.8 mm
HPL/Phenolic glass
0.4 ns

<1 mm (under study)
3

FULL

2D/1D meantimer

810c/20/L1

8102Odd
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BJT Si v.s. SiGe
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Strategy for the new front-end (SiGe)

Amplification
-lIelY 'O

w
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N
(@)
oo

s Working strategy

1000

I8J9H "D1SN - Joulwes Dddy

Actual result for
the RPC signal




The new Amplitier

3-5 Volf
2-4 mV/fC

1500 € RMS

100-50 Ohm
10-100 MHz
10 mMW/ch
300 - 600 ps

1 Mrad,
cm2

1013 n

3-5 Volf
3.5-6 mV/fC
500 & RMS

100-200 Ohm
100-200 MHz

10 mW/ch

200 - 400 ps

50 Mrad, 10> neg
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w
~
o~
S~
N
(@)
(00]
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Test IC produced
and fested on
Diamond and
Silicon




Signal and noise from SiIGe Amplifi
and Silicon Amplifier

Pulses recorded from a 500 micron diamond sensor irradiated by 24 Am source.
SiGe amplifier

Pulse from diamond detector with Silicon Amplifier (241Am source) Pulse from diamond detector with SiGe Amplifier (241Am source)

Silicon amplifier




SiGe amplifier application on Resistive
Plate Chamber detector

A 1 mm gap RPC detector read out with a ATLAS like

threshold (black), the new preampilifier in silicon . 0 @O
technology (blue) and in SiGe technology (red) USIﬂg a more sensitive front end > >
allows to operate the detector at N o
> 1 S — a lower gqin, ® x
G o
S 03 Total delivered charge per count in the &
E ' detector. The working point with different front %
06 n

. _ C

% 1¢F_Data from a cosmic ray test. + } %

:):" 14 } (__TD:

3 12 ! Ht @,

ATLAS like 'rhreshgld
+

—_—

ilicon new preamplifjé?

%000 5200 5400 5600 5800 6000 6200 6400 6600
HVeff (V)

o
+

J+SiGe new preamplifier

Lower gain means lower charge per count. i ;
200 5400 5600 5800 6000 6200 6400 6600 - ngBfl,)t(]v )

NOTE: the ftotal charge reported is not the
prompt charge collected in the front end.



4 ch. Discriminator final layout

BiCMOS IHP SiGe

2-3V

3-200 mV

100 Ohm

500 MHz

10 mW/ch
300 ps

1 Mrad, 1013 n cm2

Updating

I8J8H "D1SN - Joulwes Ddy - lIIBlY "D

0.5 ns

1 ns

4

! B s N S
&lt} H H

litude Out (mV)
Thresl’}_old (mV)

o 20 40 60 20 140 160 180 220 28 E 32 3.4 36 3.8

Amplitude In (mV) Power supply (V)




Efficiency

Efficiency vs HV

—:(‘ﬂm!‘@‘&a’% 3
D SS 6 5 npy

» Trigger from 2
scintillators 12x12
cmA?2

» Use 1 chamber as
aglelalife]elale
calculate the Ba V0 ) SN e \
effICIeﬂCY Of The | i ) = 04910 400 4800 5000 5200 5400 6400 5800 6000
other chamber. ==l | St
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» An efficient hit must
be correlated In

Efficien
=]
~l

o
)

fime (20 ns) and 5400V is an excellent

space (+- 1 strip) working point for 1 mm o

with the monitor hit ~ 9aP (75% eft.) Ny
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Time resolution

TimeDiff

TimeDiff
Entries 865

Mean 0.3255
Std Dev  0.7966

/€
O

|

by
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:
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g
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ol (H1-12)/y/p ]l

W
*on
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b
e
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1 I 1 1 | | 1 | 1 1 1 I 1 1 | I | 1 | | | | 1 | 1 11 1 | | | 1
10 4600 4800 5000 5200 5400 5600 5800
Time Difference[ns]

» The hv in time resolution is corrected by temperature and humidity.
» Time diff is at 6000 V without source.
» No skew correction and no channel calibration applied




Correlation Graph
8 Correlation
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Cluster Size

No time cut 4 ns cut

HHtHTT

5F
! 5 - = — 0.7 ns cut
“ E — A — :l_
L —_ ::gu- 5 — AT
- e o :ﬂ'-i—m
r . .
4 —— A b e
r ey . - o
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3 a— Al Sl
- E — A
- C —— s
— 2—
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Time delay

thd_start_time:strip {PS_Num==1&&thd_start_time!=0}

thd_start_time
N
N
N

n
n
o

» Cluster size depends on the spurious coupling and FE sensitivity

» Lateral hits are delayed w.r.t. the primary one.

N
@
[

N
)
[

s
N

N
o

» Graphite resistivity has found to be a crucial element

» Strip matching and isolation is also crucial

High res. graphite

Cluster Size

B Unmatched
m Matched




The Bl RPC specific design

» BIS78 are just on the edge of the Inner barrel
» Critical accessibility for Bl > enhanced reliability
» No overlap possible on siding chambers > maximum sensitive area

-lIvY O

810c/20/L1

8102Odd

BIS78 chambers

]
77 %% o LRI KRR K S ﬂW

] ATLAS chambers
Wi o))

e

Dead space for the FE
(in legacy RPCs overlapped to the gap)

Main differences in order of priority and likelihood (under development)
» FE and RO electronics (TDC embedded in the FE)

» New readout pattern to maximize the sensitive area

» Better materials (smoother, thinner, harder)

» Gap layout (thinner electrodes, bi-gap design)



Two sided mean-timer readout

» The advantage is
to eliminate the FE
on the long side
and maximize the
active surface

-lIBY O
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81020dd

» FE on separated
panels 2 no
interference

» Resolution limited
by TDC speed
and signal
dispersion

» Target 1 cm with
100 ps TDC

A v
. i | L = x1+x2 = V(t1+12-210)
; \ 10 = 1/2[(t1+12)-L/V]

- x1=V(tl — t0)
X2 = V(t2 — t0)



What's nexte

A simple and successful idea
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» The RPC technology is constantly evolving since almost
40 years

» The third generation is coming, aimed to the Phase-2
upgrades

19} "D1SN - IoUIWSS Ddd

» New reaches on materials and electronics may push the
RPCs toward new fields of application:

» High rate for forward detectors
» High space-time granularity for calorimetry

» The classic RPC can be industrialized for applications
requesting huge coverage



AJ
..

_\;

J

ACADEMIA MEETS INDUSTRY

25/03/2014 VIENNA



INTRODUCTION

» RPC 2014 CONFERENCE IN BEJING (23-28 FEBRUARY 2014)
» MUON TOMOGRAPHY HAS BEEN DECLARED THE “HOT TOPIC" OF THE CONFERENCE

» 6 ORAL PRESENTATION GIVEN FROM DIFFERENT INSTITUTES SHOWN THAT IN THE LAST YEARS THE
TECHNOLOGY STEPPED UP BRINGING THIS APPLICATION TO A PRE-INDUSTRIALIZATION STAGE

» | ACKNOWLEDGE ALL THE SPEAKERS FROM WHICH | REPORTED SOME MATERIAL
» IN RANDOM ORDER...

» MR. LI SHI, PROF. YI WANG, Ms. BAIHUI YU, MR. ZIRAN ZHAQO, MR. DUFAN WU, MR.
SIDONG CHEN, DR. QITE LI, MR. XIAOGUANG YUE, DR. PAOLO BAESSO, DR. DAVID
CUSSANS, DRr. JAAP VELTHUIS, MR. CHRISTAN THOMAY
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THE MUON RADIOGRAPHY CONCEPT

» MUONS SLOWLY LOOSE ENERGY BY
IONIZATION PASSING THROUGH MATTER =

HIGH PENETRATION POWER

Bethe-Bloch

0
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B
o
>
©
3
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2
&
)
5
a.
a
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n

» MIPS LOOSE ~1-1.5 MEV CM2/G
» IRON p=7.87> 11.4 MEV/CM

» TO STOP A 3 GEV MUON
e = 263 CM OF IRON
e > 146 CM OF URANIUM...

G. Aielli - RPC Seminar - USTC, Hefei

» MUON UNDERGO MULTIPLE SCATTERING ON
NUCLEA WHILE PASSING THROUGH MATIER

» THE MEAN EXIT ANGLE IS GIVEN BY
_ 13.6 MeV

Bep

» [T DEPENDS EXPLICITLY BY THE ATOMIC NUMBER
AND THE MUON MOMENTUM

6o

2 v/a/Xo|1+0.038 In(z/Xo) |

» BY MEASURING AND = IT IS POSSIBLE TO HAVE
INFORMATION ON THE Z OF THE MATERIAL

» THE HIGHER © THE HIGHER THE SENSITIVITY!

3/16/2018



COSMIC MUONS VS. GAMMA RAY SCANNERS

COSMIC RAY MUONS X/GAMMA RAY SCANNERS
DIFFUSION BASED RADIOGRAPHY ABSORPTION BASED RADIOGRAPHY

» ALWAYS AVAILABLE, WITH FLUX » MAINSTREAM SOLUTION IN HOME LAND
OF ~100 Hz/M?2 .FOR FREE SECURITY APPLICATIONS

» WIDE ANGLE RANGE AVAILABLE> » OPTIMAL FOR LIGHT MATERIALS OR
TOMOGRAPHY LIGHT CONTAINERS (SUITCASES)

» VIRTUALLY IMPOSSIBLE TO SCREEN » FOR HIGH Z MATERIAL NEED HIGH
AGAINST. INTENSITIES AND ENERGY

» CHARGED; HIGH DETECTION « RADIATION HAZARD

ERFICIENSY: * HIGH OPERATION COST
» NO RADIATION HAZARD

* NOT SUITABLE FOR VEHICLES AND
—> WIDE APPLICATION

BUILDINGS
FIELD
» HIGH SENSITIVITY GAMMA DETECTOR =
» NO DAMAGE OF THE HEAVY AND EXPENSIVE
MATERIALS

» MULTIPLE SOURCES TOMOGRAPHY

G. Aielli - RPC Seminar - USTC, Hefei 3/16/2018



MUON TOMOGRAPHY SYSTEM DESIGN GUIDELINES

» MEASUREMENT OF 64, 6,2 MEASURE EESERIREOteE
TRACK ANGLE WITH A PRECISION GIVEN
BY THE LOWEST SCATTERING TO BE
DETECTED:

¢ 1 CM OF IRON =2 10 MRAD = 3 MRAD

RESOLUTION = 0.3 MM @ 10 CM LEVER
ARM

* 1 GEV MUON > B=0,995 - 100ps (3
CM AX) RESOLUTION WITH 6 M LEVER ARM
- 6M CEILING

ODNI

5

NON

* DOWN TO 271 SOLID ANGLE COVERAGE =2
FULL COVERAGE = FOR A CONTAINER
IDEALLY 750 M2 KEEPING é M ALL AROUND

DETECTOR LAYERS

AB
e AT LEAST 3 DETECTOR LAYERS 3/16/2018
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MUON TOMOGRAPHY SYSTEM DESIGN GUIDELINES

» FROM RADIOGRAPHY TO TOMOGRAPHY

e RADIOGRAPHY=> PROJECTION ON A PLANE DEFINED
BY A GIVEN DIRECTION

* TYPICAL FOR SINGLE SOURCE XRAY

* TOMOGRAPHY >RECONSTRUCT THE 3D DISTRIBUTION | o £
OF THE SAMPLE BY “CUTTING” IT BY PLANES WITH AL
DIFFERENT ANGLE = NEED MULTI DIRECTIONAL SOURCE N AN /

» DIFFERENT DIRECTIONS => THE SAME POINT IS SO VAN
CORRELATED BY TRACKS WITH DIFFERENT SETS OF ’ '
MOIININ 7 Y NCINV

A X |
|
% A \

» SOPHISTICATED SOFTWARE (ADAPTIVE NETWORKS)
CAN IMPROVE THE RECONSTRUCTION AS DATA
ARE COLLECTED

\
\ \ \
\
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» TUNNEL LONG ENOUGH TO ALLOW A CONTINUOUS FLOW OF
VEHICLES:

e 60Ss @ 20 KM/H = ~ 300 M USING THE PRESENT SIMULATED
PERFORMANCE

» A GOOD MARGIN OF IMPROVEMENT CAN BE OBTAINED BY:

* FURTHER EXTENDING THE ACCEPTANCE 2 2 1

e |NTELLIGENT, PATTERN RECOGNITION BASED, INFERENCE =
RECOGNIZE THE VEHICLE APPLY THE “EXPECTED" MODEL OF MATERIAL
DISTRIBUTION TO THE DATA = BAYESIAN INFORMATION CRITERION

* USE THE TRIGGER LEVEL CONCEPT PROVIDING THAT A THE FIRST LEVEL
THERE ARE NOT TOO MANY FALSE POSITIVES

Further
investigation

Large scattering

it 4
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EMBEDDED MONITORING OF VEHICLES AND BUILDINGS

A VERY DIFFERENT CASE:

P NO STRICT TIME LIMITS \

—= o o

» STRUCTURAL MONITORING i bt lwiismamy—

» DETECTORS AS PART OF  ZF ==L
ARCHITECTURAL MODULES

» DAQ/DCS CHALLENGE

G. Aielli - RPC Seminar - USTC, Hefei 3/16/2018



LOGISTIC STOCKING AREAS GATEWAYS

» USEFUL TO REPLACE THE
GAMMA RAY SCANNER FOR
ENTRANCE AND EXIT
VALIDATION

» DIFFERENT CASE: HIGH
PERFORMANCE LOCALIZED
STATION

» TUNNEL LIKE. THE MAX SPEED
SETS THE TUNNEL LENGTH

» CONTAINERS DRAGGED BY A
TAPE AT THE NECESSARY SPEED

» CONTAINERS IN PARALLEL

» AUTOMATIC ASSIGN THE IN AND
OUT SCANNING TO THE
CONTAINER ID
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