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RPC R&D

High timing performance RPC for future accelerators (DRD1-WP7b)

Some tasks:

 Development and performance study of small RPC prototype with time
resolution of O(200 ps)

* Production of large area RPC keeping the timing performance

Performance study:
* Characterization with cosmics: signal study with

different gaseous mixtures

GDD beam monitoring tracker
 Performance on beam tests (efficiency, ..., time

and spatial resolution)
FOR Space resolution measurements: Readout the
prototype with VMM-3a FEE integrated in GDD beam
telescope
— Possible of RPC into GDD beam telescope
providing time stamp with resolution of 2 ns

° (...)



|Thin-RPC prototype

Gas in/outlet

HV connectors (1x gap)

thin gaps builtin
KODEL laboratory

Strip panel - pitch 5 mm - single
readout (strips terminated with 50 Q)

Double gap with strip readout panel in between
o Soda-lime glass electrodes: 1.1 mm thickness
o Gasgap: 500 um thickness
o Resistivity: 102Q-cmat20C
Signal readout: CAEN Digitizer DT5742 for signal detector study
o 16 Ch + Fast trigger @ 5Gs/s
o Active area: ~10x50cm?2



https://www.caen.it/products/dt5742/

Cosmic setup > performance study with several
mixture:

| Setup @INFN-To

Explore the possibility of operation with
simplest mixture
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|Preliminary results

Efficiency and Working Point (operation voltage)
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|Preliminar

Efficiency and Working Point (operatic
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RPC-BA Laboratory work in progress
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RPC-BA Laboratory work in progress
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|Preliminary results

RPC R&D Laboratory preliminary
! |

* charge centroid analysis
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|VMM-3a — RPC coupling study

NIM Pattern Injector box for the VMM frontend
- modified by removing C, direct RPC signal

VMM hybrid on NIP in default orientation

Readout via HDMI AD cable

default orientation rectangle

NIM input numerotation index

NIM inputs 0, 8, 9
connected

In default orientation:
NIM-0...NIM-31 connected to VMM1

NIM 32,33,34,35 connected to VMM2

2-fold trigger, ar

o

ea: ~10x

D. Ramos - 5th DRD1 Collaboration Meeting

10 cm?
\ e

s
%) | =

5 |

\

SRS Minicrat

.........

Cosmic setup @ GDD Lab



Remarks

Pros

* Double gap thin-RPC equipped prototype have demonstrate time
resolutions around 200 ps

* Reduced cluster sizes (~ 2 strips) and charge centroid (o ~ 1 strip) rely on
improvement in space resolution

* All mixture can be operated at lower Working Points, roughly 4 kV

Cons

* Low efficiency without amplification



| Foreesen steps

* New layout

\ 1T mm RPC segmented by a thin layer of a floating dielectric

Bi-gap conce electrode, in two 0.5 mm sub-gaps

* Expected: 100-200 ps time resolution spatial resolution better
than 1 mm with 3 mm wide pick-up strips

Nfo-nn wde fnactive  40-mn wide hactive =4 20-mn wide Inactive:

960 mm x 1000 mm gop
Active = 920 mm x 960 mm

1040 mm x 1000 mm gap

= _—
Eol: INFN-Ba-To, KODEL, LNF, MPI a0 oo n e

Pre: FATIC2 on double gap glass RPC

Thresholds

50
S-Curves 7
40 80 126 o+

* FEE-low charge operation
Tests with FATIC3-RPC version

Charge [fC]
N ow
8

P

3

n

n

* Improve granularity and charge centroid

algorithm
DRD1 test beams (July and November)

* Sustamnability test: Low flux RPC operation



Thanks!

dayron.ramos.lopez@cern.ch
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| FCC-ee

* FCC-ee[1]will operate at 4 different center-of-mass
energies:

o Zpole (90 GeV) | _. /

o WW pairs production (160 GeV) injection tunnel

o HZ events production (240 GeV) " T T

o tt events production threshold (365 GeV)

large experimental
area

collider
SRF system

* High Luminosity (~ 1034-103%° cm-2s-1) while lower rate
environment than HL-LHC

* Maximum muon momentum roughly 180 GeV/c

* |solated muons detection similar to LEP. Identification of
non-isolated muons from hadron decays inside jets needs
more stringent measures for precision flavor physics [2]

* High statistic of inelastic electron-positron collisions - rare
processes production of feebly-interacting and slow
particles

small experimental

PH
booster PG

RF system large

experimental

oA

[1] https://indico.fnal.gov/event/64626/contributions/293153/attachments/179640/245471 /fnaluec-fccee.pdf
[2] S. Monteil and G. Wilkinson, Heavy-quark opportunities and challenges at FCC-ee, Eur. Phys. J. Plus 136, 837 (2021), 2106.01259.

technicalaccess

@ FCCtunnels
@ experimental points
I access points
@I service caverns
@ connection tunnels
@ clectrical alcoves
klystrongalleries
@ tunnelwidening
@ injection tunnels
. SPS/LHC



https://indico.fnal.gov/event/64626/contributions/293153/attachments/179640/245471/fnaluec-fccee.pdf

| Challenges for Muon detectors

At the moment, only educated guess for Muon detection

* High efficiency muon identification >98% (momentum measured by tracking system)

* Serving as tail-catcher for the hadron showers not fully contained in the calorimeter
(discrimination/separation efficiency lower than 1%)

 Standalone momentum measurement for long-lived particles (space resolution below
500 pm and time resolution better 200 ps)

* Rate capability << 1kHZ/cm?

* Environmentally sustainable

Most of the detectors rely on instrumenting the return yoke
outside the coil
Scintillator bars

Micro-pattern Gaseous Detector (MPGD) technologies
such as u-RWELL, Micromegas, etc.,

[1] J. Zhu, FCC-ee Detector Requirements and Benchmarks



https://indico.cern.ch/event/1298458/contributions/5975666/attachments/2874286/5033190/DetectorRequirements_Zhu.pdf

dviv - Muon physics at FCC-ee

Heavy-quark opportunities

« Rare flavor-changing neutral
currents sensitive to new physics
effects

 Mass resolution and muon

identification at FCC-ee — crucial for
separating close-in-mass states like
B? and B’

Bd - u*u~ (5366 MeV/c?)

B° - utu~ (5279 MeV/c?)

[1] Heavy-quark opportunities and challenges at FCC-ee

Candidates / (5.0 MeV/c?)
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https://link.springer.com/article/10.1140/epjp/s13360-021-01814-0

dviv - Muon physics at FCC-ee

D, distribution for Z — py, Z — d Z — bb/
Heavy Neutral Leptons searches ry CISTIDUHON TOF £ 7 Hi, & = T T an o
FCC-ee for Detecting HNLs él()g: s Zom
» Clean background — better LLP signature £ ] g o
discrimination 2 10°3 0o
« Precise tracking and vertexing — key for 107 1 e
reconstructing displaced decays 105 - N s
« Sensitivity to low-mass HNLs (few GeV) via : N
rare Z or B decays 10°
o a fully leptonic final state p*p-v — 10°
discrimination by reconstructed transverse 10
distance Dxy
102 e ————rT
0.01 0.10 1 10
o semileptonic decay into pjj, where js are Dxy [mm]

hadronic jets

[1] Searches for Heavy Neutral Leptons at FCC-ee in final states including a muon



https://doi.org/10.48550/arXiv.2503.19464
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| Thin-RPC KRONOS .

\g_sz_J

80'% 80 x 2 cm3




|Signal analysis

//\ \ /\/\/\I\A/\/\/\ //\ I\/&.

threshold

* threshold =n - 0, s
e jitter = time_thr_left —time_init

* time resolution: jitter distribution mpv

ATV o

________________________________________________________________________________

time_init
+ ToT =time_thr_right - time_thr_left time thr left

time_end

‘time_thr_right
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Events normalized / 50 fC

RPC-BA Laboratory work in progress S10/HV7 RPC-BA Laboratory work in progress S13/HV3 RPC-BA Laboratory work in progress S14/HV8
Q F (&) F o =
= 0.07— = r = 0.07—
8 [ MP prompt charge: 417.25 fC 8 0.08 » MP prompt charge: 442.89 fC 8 [ MP prompt charge: 419.67 fC
3 0 3 f ER
8 0.08- 8 o007 N 0.06
[ o < C I -
£ B £ - E B
S r S o S r
% 005 @ 008 % 0.05
c c [ c
g g I 2
i1} 1 0.05 i}
0.04 c 0.04
STD C
0.04
0.03 STD2ISO 0.03
0.03 [
I STDOISO
0.02 0.02
I 0.02
0.01 0.01 0.01
- Wy |L |
O_I\I\l\l\lljl K |J.]‘Ju|l’h,‘r|,r|.\n.nnnn.l..,...-mlnl[m. 07|\|l|\|\\| Beideelatet g 00 by g 1 loot ol B 0 u o L 0ol s ol | &1 &
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Charge (pC) Charge (pC) Charge (pC)
RPC-BA Laboratory work in progress S15/HV7 RPC-BA Laboratory work in progress S17/HV7 o 1RF’C-BA Laboratory work in progress S20/HV2 RPC-BA Laboratory work in progress S22/HV1
0.09 F  MP prompt charge: 365.33 fC 0.05- MP prompt charge: 452.23 fC ™ MP prompt charge: 401.96 fC 0095 MP prompt charge: 424.50 C
008 C 0.08— E
C 0.04— 0.07H
0.07 C
- STD30CO2 - :
0.06% B ] 0.06 005
= 0.03 ECO65
0.05 - 0.05
- i TFEISO
0.04H i 0.04
E 0.021 0.04 TFE
o.osj— i 0.03F [\
0.02- 0.01: 0.02 0.02
0.01 0.01 h L‘
i
N TR AN 0 1 ol 1) [P | PRI Y TRPT P 0.‘.‘\.‘.‘ .L' el T T T P
0 1 2 3 4 5 6 7 8 9 10 0 S 9 10 0 1 2 3 5 6 7 8 9 10 0 2 3 4 5 6 7 8 9 10

Charge (pC)

Charge (pC)

Charge (pC)

Charge (pC)



Stdv charge centroide at WP
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| RPC readout via VMM3a

Motivation:

. Space resolution measurements with thin-RPC prototype for high-timing
performance applications (DRD1-WP7b) by using GDD beam telescope

. Possible integration of RPC into GDD beam telescope

https://vmm-srs.docs.cern.ch



https://vmm-srs.docs.cern.ch/

VMM-3a — RPC coupling study

QNI quad NIM injector

RPC input 0.5pF
||
O, | — Z
HRS VMM
o0 []

Coupling settings tested: _
» Direct RPC signal to HRS VMM All configuration proved with 50Q
* NoCand50Q _terminated/floating strips and
* 1 pF capacitor without R several VMM config (gain, st) at
* 1 pF capacitor and 50Q fixed detector gain
* 0.5 pF and and 50Q ~

D. Ramos - 5th DRD1 Collaboration Meeting



|VMM-3a — RPC coupling study

QNI quad NIM injector

1 Norm Run
-13.2mv 2.5 GSafs Sample

X Statistics =
Type Current Minimum Maximum Mean o-Deviation Wave count \1\

= = . . VAmp ? 115.25mV 805.64mV 444.52mV 338.82mV 8502
CouDIInq Settl nqs teSted L] g Vpp 1.0633V 195.7mV 11612V 1.0391V 84.175mV 8502 I—D]
Direct RPC signal to HRS VMM LM © &

1.
2. No Cand 200 - Higher charge amplification (saturation even
3. 1 pF capacitor without R at lower VMM gain: 0.5 mV/fC)

4. 1 pF capacitor and 50Q

5

0.5 pF and and 50Q

D. Ramos - 5th DRD1 Collaboration Meeting



|VMM-3a — RPC coupling study

= \ Norm Run
QNI quad NIM injector |
Strip 50Q
terminated
) -furrcm : :‘?‘:lmum ::'na.tirn‘um :Izwi.xiim IV-I'.:T count
Coupling settings tested: * Floati

Direct RPC signal to HRS VMM Stfia ng
No C and 500 P

1 pF capacitor and 50Q

1.

2

3. 1 pF capacitor without R
4

5. 0.5 pF and and 50Q
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N = m ™ y o 1 Norm 40 ns/ Complete 1817
Undo Preset Delete FFT Annotation -520 mV 1.25 GSa/s Os Sample e

Counter X
R R N
|

I Y Hz
Trg 705.501 ms
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S  Measure Statistics X

& VAmp:? [21Vpp: 108.4mV
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|VMM-3a — RPC coupling study

Cp cancellation search: RPC through BALUN

| < g P e g | T !
W o RIPC 7 % ! T
e - ) ,4“, ." g .’_;' 2 / S = V4 o )] /g Norm 80 ns/
= - I - 1 Undo  Preset  Delete  FF1  Annotation . 402 mV 125 GSafs 0s
L v o i << Counter
{ o WL s / .t =
| -‘r"T‘ \ /‘l .ol lﬁ ;"' ,Zé\ < Oj_‘ ] Trg 33.8797 ms
> ‘ % ME' \r
4" 1 A Q -~
Lol 4 e
— ] s 1% ,A
S oise bz, ge o | [VIFITHI

R210Q impedance matching VMM side:

Statistics X

[& Vpp: 596.68mV

AC
11

*N 100 mv/ 5 mv/f

11

Ongoing: match RPC strip impedance and variable capacity



