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Outline of the Talk

® CMS-RPC upgrade during Phase-II

® Motivation for improved-RPC (iRPC)
® iRPC design and specification

® Background rate study of iRPC

® iRPC performance at GIF++

@® Optimization of Resistivity of Graphite

® Summary and Conclusion
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HL-LHC Plan and Challenges

HL-LHC Phase:

> Luminosity increase 5 times more than nominal value: 5x10*cms™
» Harsher background rate, more pile-up

> Extension of the muon coverage upto |n| = 2.4 to increase redundancy in high eta region

&R )

LHC o HL-LHC

Evers 14 Tev
13 TeV 13 - 14 TeV energy
Diodes Conaolidation
aplice consolidation limit LIU Inztallation ] . _
7Tey BTeV Bt ::nrt?&n HL-LHC 5 to 7.5 x nominal Lumi

R2E project regions 11 T dipole coll. installation
Givil Eng. P1-P5

||||||M

ATLAS - CMS e
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experimant upgl damags ATLAS - CMS
beam pipes 5 E 2 . HL upgrade
e T 2 x nominal Lumi ALICE - LHCb | 2 x nominal Lumi
75% nominal Lumi upgrade

e

Rd 4000 (ultimate)

HL-LHC TECHNICAL EQUIPMENT:

DESIGN STUDY e '-‘;' PROTOTYPES CONSTRUCTION | INSTALLATION & COMM. ||| PHYSICS

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION / BUILDINGS

** The scheduled is changed a little bit in january, adding one more year to Run III.
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Phase-II upgrade for CMS-RPC

Present CMS-RPC system: v oar me nr or s g5 we es s we s -
e F T T TV T A 7 ¥ T T L g uws

> 1056 RPCs — 480 (barrel) + 576 (endcap) w —=§E§. 13 %05
> Pseudorapidity coverage upto |n| < 1.8 WRPCe]
HL-LHC Phase for CMS-RPC: A 1o 2e
g il

> Increase redundancy in high eta region in g

station 3 and 4 by installing 72 improved- ‘' Erm—— U I 22 126
RPC (iRPC) . : 11 FE= 0 24 o

> iIRPC chambers and backend electronics =
will be installed before LS3 in the

................................... B .0 21

technical stops e e e e B A 2 e
> Longevity of present RPC system** ¥

** See Reham’s talk on Longevity study of present RPC system. improved-RPC

# During HL-LHC, the maximum expected background rate will be much high and improved-RPC
have better detector performance ensuring high rate capability ~2 kHz/cm? (with safety factor of 3).
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Motivation for improved-RPC in Endcap Region

# With the installation of improved-RPC in high-eta region, the trigger primitive efficiency is improved
and is clearly visible in station 3 and 4.

CMS Phase-2 simulation 14 TeV, <PU>=0 CMS Phase-2 simulation 14 TeV, <PU>=0
>\ T I T T T | T T T | T T T | T T T | T T T | T T T | T }‘ T I T T T | T T T | T T T | T T T | T T T | T T T | T
r%: 1—_ i::“:‘. ERaC KOG R M:::}ﬂ::::::‘ ] % 1__ ﬂ“l:;'*l‘:‘“uw: i‘“"" .‘.u:‘ g
‘S B . “t *4“ . n '3 | L .’* H‘; . . ]
E L ¢ . ¢ . . E - )
0.8 s 7 0.8/~ w ¢t .
i o i i + _
— + — - e
0.6} ) — 0.6 : -
| Station 3 ] | Station 4 ' _
5 . u ¢ i
- * CSC 1 - * CSC .
0.4 — 0.4 —
- + CSC+RPC+iRPC 1 - + CSC+RPC+iRPC .
i o i i |
0.2 — 0.2 —
o _ L . . n
i . ] i .
G 1 I | | 1 | 1 | | | 1 I. | | 1 1 1 | 1 1 1 | | 1 1 | 1 U | I 1 1 L | | 1 1 | | 1 1 J L | 1 | 1 L 1 | 1 1 L | 1
1.2 1.4 1.6 1.8 2 2.2 2.4 1.2 1.4 1.6 1.8 2 2.2 2.4
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** More details in Brieuc’s talk on RPC system in the CMS Level-1 Muon Trigger



improved-RPC design and specifications

To increase the RPC rate capability, various factors have been helpful:

shielding Total thickness: 25 mm

» Resistivity and thickness of the electrodes

> Gas gap thickness

> New front-end electronics

> Readout double coordinate — XY position (2D sensitivity)
~ strips are readout from both ends (2D)

= Patch panel

P
™
Coaxial cables

- —
< andl Front End

Board (FEB)
Top Honey
comb panel

Spacers | Top
~ Gas
gap

1solator

gu
........... l4‘£¢,;1‘z31phin=;

pce

<4—— bakelite
o — gas

Bottom
- (Gas
gap

+ I S I I
| | » To FEB
- spacer Egiteolm Honey comb
Double gap RPC design iRPC design including the readout

electronics
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iRPC design and specifications — contd. 2

e HPL Resistivity: 0.9-3 x 10" Qcm

e Electrodes thickess: 1.4mm
> Reduce the recovery time
> Increase in efficiency of extracting the pickup charge from the avalanche charge.

e Gas Gap thickness: 1.4mm

> Reduce the fast growth of pickup charge of the ionization avalanches and lower the operational high
voltage making system more robust than before — less chance of aging.

@ Electronic Threshold

iRP ' for HL-LH
» 50fC — Lower threshold electronic helps to provide 41l TSI 10 C

better sensitivity to reduce charge Specification RPC IRPC
9 r In| coverage 0-1.8 1.9-24
8 [ ® 12mmgp * Max. expected rate 600 Hz/cm? 2 kHz/cm?
S f O tammgp (safety factor 3 included)
) S R Max. Integrated charge ~ 0.8 C/cm? ~ 1 C/cm?
[ 2.0mm gap .
5 e + 5 (safety factor 3 included)
2 5
% & ad High Pressure Laminate 2 mm 1.4 mm
& . A thickness
< -0
’ : o o 7 Number and thickness of 2 and 2 mm 2 and 1.4 mm
2 | e T m .Y gas gap
e = _:..-Ai;ﬁ“++++ Resistivity (€2cm) 1-6x10" 0.9 -3x 10"
o bt e Charge threshold 150 fC 50 fC

% All these specifications are helpful in increasing the rate capability by a factor of ~3.



iRPC sensitivity

 Since the geometry is new, so we developed a new sensitivity of the detector using Geant4
simulation toolkit.

» The detector response to background particles, known as Sensitivity S(E) is defined

N s CMS Simuwlation Preliminary iRPC
BG

Sensitivity [%]
=

- Sensitivity is a function of energy of different particles n N -y
because at different energies, different processes are 107 e TN
responsible for production of secondary ionisation. n -

- rg'leuitmns

. . . . —+photons &
- iRPC sensitivity studied with different particles that compose 107 | .« glectrons Fats
the CMS background at the expected HL-LHC spectra. +positrons. .~
m_:u"‘ﬁn‘*’m'“m 100 ™Mo 0 010" 1 1010
Energy [hjle\.#]
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Background rate study of iRPC at HL-LHC

¢ Hit rate R(E) = @5, (E) x S(E)

®(E) -> incident particles flux estimated using FLUKA simulation, and S(E) is the detector

sensitivity using Geant4 simulation.

RPC Expected hit rate in RE3/1

& C
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L.1600— Phase-2 geometry —&— Total hit rate
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RPC Expected hit rate in RE4/1
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# MC simulation of the background rate expected in the endcap RE3/1 and RE4/1 station during HL-
LHC as a function of the distance (R) from the center of the CMS beam pipe

Priyanka

RPC2020 — 10-14™ 2020, ROME, Italy



GIF++: Study of Rate Capability (2018)

jf ) . A board that contains:
t [ “' ‘ + > 1 PETIROC2A ASIC + FPGA CYCLONE2
2 ’ Y 1 > Threshold ~80fC Ethernet-based communication was
A o conceived to read out the strips FR4 44 strips

Y =L/2 — v (ty—11)/2

> 14 TBq "¥Cs used in GIF++ with different attenuation coefficients is used to obtain different gamma irradiation levels.
> Chamber at a rate of up to 2 kHz-cm™ is tested.

Efficiency at ~2kHz cm-2 of background 95%
Absolute time resolution of prototype: ~400ps

cms GIF++

IIIIII IIIIIII'/‘t ::[FI—I_—I__{—_I_-—_l__I—__i—_I_;_l:%#i

—_—

Muon effiency \
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Optimisation of Graphite Resistivity

> One the important parameters for the performance of the RPC trigger is the surface resistivity of the
electrodes which influence directly the cluster size.

~ Present RPC system has : RE4 — 150 kQ and RE2/3 - ~ 100 kQ

Measurement study on iRPC:
> iRPC (1.4 mm) chamber has been tested for two graphite resistivity regions

~ 600 k2 (High Resistivity) ; 50 kQ (Low Resistivity)

- Study has been performed with INFNN — Rome Tor Vergata Electronics to check the effect on cluster size
with cosmics.

Chamber is equipped with PCB strlp plane in both graphite re51st1V1ty reglons (5 mm strlp w1dth)
' Roma Tor Vergata Electromcs R

' - = B )= |-.l
T . 4 — ,____ =. ’__
o] : - oy e ! "‘\-":"

e

Link to Rome- Tor Vergata Electronics Paper: https://iopscience.iop.org/article/10.1088/1748-0221/14/09/C09023



Muon Efficiency for high and low Resistivity Graphite

~ The working point is defined by fitting the efficiency curve with the following sigmoid formula:
-

max

14+ e AHVerr — HVsoy)
> The working point voltage is then defined as:

WP = In(19)/A + HV(50%) + 150 V

High Resisitivity Graphite : 600 kQ Low Resisitivity Graphite : 50 k<2
Working point - 6.82 kV ; Efficiency - 99.1 %. Working point - 6.89 kV ; Efficiency - 97.3 %.
100 E:MS Preliminary . < 100 FMS Preliminary - |

< ~ CMSIRPC (1.4 mm) < = CMSIRPC (1.4 mm)
§ 90 | Electronics INFN Rome Tor Vergata ©@ 90— Electronics INFN Rome Tor Vergata
13 E High resistivity graphite :8 E Low resistivity graphite
% 80 £ 80
s - 5 -
s 700 s 700
60 — 60 f—
50 ; 50 f—
B Emax = 99.7 % C €max = 98.3 %
40 — A =0.016 40 — A =0.010
b HV,,,, = 6476.9 V C HV,,,, = 6458.1 V
n WP =6816.5 V 30— WP = 6891.7 V
20 i_ eff(WP) = 99.1 % 20 ; eff(WP) = 97.3 %
10 107
= 4 o b b b E AN NN RINN NN NVEN N N RNANN SRR N

5800 6000 6200 6400 6600 6800 7000 = 7200 5800 6000 6200 6400 6600 6800 7000 7200
HV ¢ (V) HV i (V)
o e : . 12
** More details in Sabino’s talk on iRPC Rome-Electronics



Muon Cluster Size for high and low Resistivity Graphite

> For high resistivity graphite, muon cluster size is low with narrower cluster size distribution as
comapred to low resistivity graphite.

> We expect this behaviour because of difference in graphite resistivity, directly influencing cluster
size through cross talk by the capacitive coupling of the strips.

High Resisitivity Graphite : 600 kQ Low Resisitivity Graphite : 50 k<2
Mean Cluster Size - 4.75 ; RMS — 1.66 Mean Cluster Size - 5.40 ; RMS - 2.33
CMS Preliminary CMS Preliminary
S 04 T C
e C CMSiRPC (1.4 mm) S o3[ CMSIRPC (1.4 mm)
l-:_é  Electronics INFN Rome Tor Vergata }—é "L Electronics INFN Rome Tor Vergata
S 0'35:_ High resistivity graphite S ~ Low resistivity graphite
o —  Mean/RMS muon cluster size (CLS): 4.75/1.66 (HV = 6.8 kV) » 0.25— Mean/RMS muon cluster size (CLS): 5.40/2.33 (HV = 6.8 kV)
E 0.3_— E B
i - 0 C
0.25— 0.2~
021 0.15 -
0.15— C
N 0.1—
N 0.05—
0.05— N - L
: | | ‘ L | L | L | L | l_|_‘ L 0_ 1 1 ‘ L1 1 | 1 1 | L1 1 | L1 1 | | _\‘_\I |
00 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

e High resistivity graphite is chosen over low because of the small muon cluster size

** More details in Sabino’s talk on iRPC Rome-Electronics



Conclusion

To cope with higher backgrounds rate at high |n| region, iRPCs are proposed to be installed
before LL.S3 in the techincal stops.

1.4 mm electrode and gas gap thickness improve the rate capability and also reduce the
chance of aging effect.

The estimation of the background hit rate expected during HL-LHC in the RE3/1 and
RE4/1 stations has been done and the expected average hit rate will be # 2 kHz/cm?
including a safety factor three.

A prototype of iRPC have been successfully tested at GIF++, efficiency of more than 95%
at the rate of 2 kHz/cm? was measured.

High and low resistivity graphite measurements has been performed on dedicated chamber
and high graphite resistivity shows a lower muon cluster size with a narrower cluster size
distribution.
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GlIF++: Study of rate capability (2018)

A board that contains:

l} ‘ L > 1 PETIROC2A ASIC + FPGA CYCLONE2 Threshold
| ‘7 | ~80fC Ethernet-based communication was conceived to
5 _"ﬁ_ ty read out the strips FR4 44 strips
’," ~ L g Efficiency at ~2kHz cm2 of background 95%

Absolute time resolution of prototype: ~400ps

Y :-L/2 — v (tg —t1)/2

14 TBqg 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 needs to be seen in our chamber.

1 CIpﬂlS LI LI LI oFe
> [ RIP>speanp anns amps smnn apns
S A g .
- — ,"; g osfiq = 7
% 0.8} /if % 0%E- g, _—

- oy g 097 "Iﬂ]:—< 5
c - i 2 09§ 4 _
@) | ! 0.95 1 _ ]
< 06— o : ER
i oo ——
B 0!5 ; 1!5 5clus!ter ratée (kﬁ;; cm-:i) 7
0.4 y cluster rate —
B —— 0 (kHz cm?) ]
" —=-0.9%0.2 (kHz cm?) _
0.2 —+—1.8+0.3 (kHz cm?) —
- ---w-- 2.3 +0.4 (kHz cm™?) ]
0_ 1 1 1 1 1 1 I 11 1 I 11 1 I 11 1 I L1 1 11 1 I I_

66 68 70 72 74 76 738




GIF++ Setup for efficiency tests (Photo)

Channel 31

Channel 0

Vth_time

6-bit DAC

A

w RS latch

input Iy

:

8-bit
input
DAC

n

10-bit :
threshold Vih_time

Common to the 32 channels

=

32 trigger
outputs

—<_>
ORB32 time

l

The Front-End Electronics Board (FEB) that hosts one PETIROC ASIC and the FPGA that includes the TDC and the schematics of

W1 = 586.23 (mm)

PCB |~

=H

(ww) 0041

W2 = 341,23 (mm)

the PETIROC ASIC [3]. (left) Photograph and dimensions of a prototype pickup-strip PCB. (right)
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GIF++ test facility for improved-RPC

% GIF++is a facility that allows to test real < Gamma filters:
size detectors in a similar background Systems of movable attenuators allows to test
condition as in CMS. the detectors in different irradiation conditions

14 TBq ¥ Cs source Muon beam
(662 keV gammas) — Energy up to 150 GeV, 10* muons/spill.

iRPC trolley
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PCB layout of strip readout panels for iRPC

LR side
Front End electronics: ** Dedicated talk by Konstantin Shchablo

- ASIC PETIROC, based on SiGe technology
- fast premplifier with overall bandwidth of 1 Ghz

- Return strip PCB and the measured impedance
mng,:mr HR side =strip Integrated return-strip scheme “3”-layer PCB with strips and return-strips
PCBVO  PCBV with the same impedance.

PCB with 48 (v1) or 44 (v0) strips to instrument half an iRPC
chamber with connectors placed on the high eta region:

1.) minimize the impact of radiation

2.) take into acounf integration issues.

** More details for Petiroc Electronic in Konstantin Slides .



Performance of iRPC at GIF++

0.8

&
o

u efficiency
=
P

0.2

CMS Preliminary

iRPC validated at GIF++ with background rate at ~ 2 kHz/cm2.

1.4mm improved RPC

PETIROC2E: ~501C RATE: 1.9+0.25- 5182

& High Radius [HR}: WP = 7.24% 0.07 (kV]
WP, = 0.95480.044

plateau,, = 0.963+0.013
Fa HR multiplicity

———%——— Low Radius (LR}: WP = 7.232 0.07 [kV)
WP, = 0.855:0.013

plateau,, = 0.965+0.043
v LR multiplicity

——#——  AND {HRALR}: WP = 7.33 0.0 {kV}
WP, = 0.946:0.043

plateau,, = 0.955£0.044

[ | AND multiplicity
............. AND Working Point (WF)

==

L]

E8 7 72 T4 T6

HV, (V)

50 100 150 200

» Efficiency of more than 95% is obtained.
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Front end electronics: TDC and ADC

ASIC PETIROC: Analog Digital Converter

Channel 31

Channel 0
‘Wh_tmes i

AS laich I—

PR —
T 1.—---.:.— |
o & b g 1 o o ey KR e g
'I.lqh-ll-l ] (LT 1] ESES i |

L

:mt u—u-] miur:u-.u-l o e P, L v et .

FPGA Cyclone: Titme Digital Converter

i
s Itpu--l [
L 11 =l s L -
[R— —r. -
|

125 g [V mar 1

10-bit
ihrashold
Dac

Wih_time

Comman to the 32 channels

N B

|
_Joma

32 rigges
ouinuts

QR time

The Front-End Electronica Board (FER) that hosta one PETIROC ASIC and the FPGA that
includes the TOC and the achematics of e PETIROC ASIC
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Block diagram of the fime-io-digital converter implemeniad in a single FPGA davice.




Electronics Calibration on full size prototype

> Baseline of this new front-end electronic is: PETIROC ASIC + TDC.
- 32-channel ASIC using fast preamplifier in SiGe technology.
- overall 1 GHz bandwidth and a gain of 25.
- Low noise and high time resolution.

¢ Two chambers ( COAX and RETURN) are suggested based on the connection of the layout
strips with FEB.

¢ For COAX- half strip length are on PCB and half are connected with coaxial cables and for
RETURN- half strip length are connected on PCB with return line.

e Both prototypes was tested in GIF++ in May 2018 and validated with muons and source off :
all specifications fulfilled. The results are in following slides.

e Return Chamber is easier to handle, compact and also pick up less noise.

** More details on front-end electronics in Konstantin’s talk.



iIRPC sensitivity and Flux at HL-LHC

 Sis the probability for a particle (N ) at a given energy reaching the detector surface, to produce a

signal (N ,.):
o CMS simutation Pre!:mrn&rr RE3/1 — 10° CMS S'Imfﬂahl?n Preliminary APC
o g ! ! ! : s &~ : : : : : :
T s
S o =
T i z 10
- 2
= - (]
L oqpfk o 1
10 107"
5 b 102 k _.._ne.utrnns ..... S
: - +phntnns | r
1':] L = -”:I_ 3 ;_ ' ...... E .Ieﬂ_t.rﬂns P ......
- L — positrons :
.ID—E ! -Iﬂ—l‘-' =? i i .....
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10 %10 710 7107710 710 21070 T107F 100 1 10 107 10190 10 *10710 10 10710 "107F 102 1 10, 102
Energy [MeV] Energy[ eV)
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iRPC front-end Electronics

> With the iRPC, the deposited charge through the passage of charged particles is less, so to

detect lower charge (<50 fC) without affecting detector performance, the new front-end
electronics is needed.

> The main requirements for new front-end electronics are:
- to be able to detect lower charge.
- precise timing readout electronics.

- fast and reliable.

- can sustain in high background environment during HL-LHC.

- Readout double coordinate : XY position (2D).

** More details on front-end electronics in Konstantin’s talk.
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