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MRPC chamber construction and test
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13 new telescopes

including telescope at
Centro Fermi

- 39 delivered MRPCs
+ 13 spare MRPCs

e 7 delivered

1 available

e 5 under test

52 chambers
6 gaps/250 pm
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20170921020
20171026024
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20180227030
20180228031
20180320032

20180322033
20190315048
20190410049
20190411050
20190917051
20191025052

spare — ROMA-01
spare — FRAS-01
spare — COSE-01
spare - REGG-01
spare — SAVO-03
spare — TRAP-01
spare - CARI-01

spare
spare (under test)
spare (under test)
spare (under test)
spare (under test)
spare (under test)

Summary

20170222001
20170223002
20170225003
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20170317006

20170405007
20170406008
20170407009

20170425010
20170426011
20170427012

20170509013
20170510014
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20170523016
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20170926021
20170927022
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LAMP-01
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SIEN-02
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20190314047
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20180725034
20180726035
20180727036

BOLO-05
BOLO-05
BOLO-05

BITE-O01
BITE-O1
BITE-O1

BRA-01
BRA-01
BRA-01

CARC-01
CARC-01
CARC-01

REGG-01
REGG-01
REGG-01

CF
CF
CF




MRPC chamber construction and test
Summary
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MRPC chamber construction and test
Summary

Efficiency distribution Leak distribution (ml/h)
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89% shows efficiency > 90%
Once conditioned on the 89% shows leakage < 0.2 I/h
telescopes performances increase




Updates on gas studies

Gas mixtures with

Costs:
Max EEE GWP>150
expected banned by EU

consumption 2l/h

per telescope: 98% C,H.F, + 2% SF,

GWP=1889
MUy
ot/y
40keuro/y HV working

point:
as of today the
prize got a factor NEW €CO 90s
2-5 times CsHF, GWP=4

80-200 keuro/y HV>20-21 kV




Updates on gas studies / new mixtures
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Updates on gas studies / new mixtures

Cluster Size (strips)
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* Promising
e Largely used on MPGD
* very high charge
* (FE elex to be revised?)
 cheap 30 euro/ ms3




Updates on gas studies / actions on telescopes

Calibration curve Temperature correction
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Fig.4: left: calibration curves for two different EEE MRPCs. Right: Air volume
drop due to chambers leak. Temperature correction is applied as given in the
plot.

Gas Tightnes Gas Tightnes
Calibration Curve Test
P(mbar)  v(ml) T® P(mbar)  V(ml) Veorr T® RH(%)  Time (min)
0 (¢} 287 217 399.67 399.67 287 25 o
128 100 118 68.41 68.41 287 25 10
169 200 116 64.30 55.99 28 25 10
194 300 114 60.30 51.99 288 25 10
217 400 113 58.34 41.71 289 26 10
2.4 500 112 56.40 31.46 28 26 10
254 600 i1 54.49 20.54 29 26 10

Fig.5: a typical data set. First two columns: calibration curve. P(mbar): pressure
measured at the different time with the chamber isolated. V(ml) remaining air
volume given by the second order polynomials for the actually measured
pressure value. Vcorr: temperature corrected volume (according to formula in
Fig. 4 right plot). T: temperature during the measurement. RH(%): relative
humidity (not essential). Time: time span between two subsequent

Gas tightness of telescopes
Is being measured by
teachers and researchers

Leakages have been cured
in order to reach a
maximum leakage of 0.1 l/h

TARGET: cured telescopes
can operate at an overall
flow ~1l/h




Updates on gas studies / recirculation
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A recirculation system is under study on CERN-02 telescope at CERN
e complexity (should be monitored by students)

e cost (ot the moment the prototype is ~ 2 keuro --> target is < 1 keuro
« reliability (contomination of mixture /RH)




Updates on gas studies / recirculation

PT1 - Buffer before pump

RH monitoring
via Dew Point probes
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| « pump working point control
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GPS characterization and timing
CF-INRIM collaboration

INRIM - Centro Fermi Agreement
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INRIM Team

» Davide Calonico - Il level researcher - Head of the INRIM "Quantum metrology and nano
technologies - QN" Division

o Elena Cantoni - Ill level researcher

» Giancarlo Cerretto - lll level researcher - INRIM scientific coordinator for the INRIM -
Centro Fermi agreement

o Filippo Levi - | level researcher - responsible of Time and frequency Scientific Sector

under QN Division
¢ Alberto Mura - CTER

¢ Marco Sellone - |ll level researcher




GPS characterization and timing
CF-INRIM collaboration

Metrological characterization of a representative set of EEE telescopes currently
deployed GPS receivers (Spectracom Tsync and Trimble SMT360), in terms of stability
and accuracy and their calibration with respect to a calibrated geodetic dual frequency

receiver for timina applications
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GPS characterization and timing
CF-INRIM collaboration

o Use of UTC(IT) atomic ltalian Standard Time as timing reference for the proposed
metrological characterization

Septentrio PolaRx5- Spectracom Trimble
-I-R.' 3 UTCIT-GEST 1llrm'|d remaved) ; TS-V nc UTCT-GEST : SMT3 Gﬂ)-ﬂF‘ST :
E 2 E I E .
TH0 SETRDS  BEm D:::f.:-r'::“:lj T2 SEFEZS AN BErRE 2 ] D:;:‘;‘IUDJ BN B BETGE pEes.g BETET S STRE 'JIH-"ISD‘::! lmﬂ]b&-’w ana s BErT
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GPS characterization and timing
CF-INRIM collaboration

o |dentification of a potential transportable calibration device and of a candidate receiver
for improving EEE telescopes GPS timing system

o Feasibility study of a Possible “on-site” calibration of (all?) EEE currently deployed GPS
receivers and future ones

Option
1
+ % > » +
4
Septentri RaspberryPi Time Interval
oPolaRx5- Counter
TR
(Candidat Option
€ 2
receiver)
MESIT GTR50

Receiver




GPS characterization and timing
CF-INRIM collaboration

¢ |nstallation of at least one EEE telescope at INRIM, synchronizing it directly with UTC(IT)
via coaxial cables and/or optical fibers




GPS characterization and timing
CF-INRIM collaboration

o Feasibility study of a possible UTC(IT) synchronization of already deployed EEE

telescopes, via White Rabbit technique, over Optical Fiber, using the ltalian Quantum
Backbone

.'ra'

ITALIAN QUANTUM BACKBONE, 1800 km

------

+  (Quantum Technologies

* T/F dissemination

+ Radiocastronomy

+ High accuracy spectroscopy
+ Space—Galileo

* Finance

n
7 Research Institutes linked among:

CMR = Mational Research Council
- - ASl = Italian Space Agency
3 INAF — Italian Astrophysics Institute

5 Industrial Users
Consortium Top-1X
Leonardo; Telespazio;
Telsy; Thales Alenia Space Italy




-EE telescopes MC.:
a complex surrounding environment

Simulation fromework description: | B | —
e Cosmic muon flux model \ GEMC »  GEANT
« MRPC detector response y > Digitalizer
! [ Converter

* Telescope geometry e e

R . . Experimental data » Reconstruction
* Location description GEANT4/GEMC

h

e Simulated data reconstruction DATA

Results:

e Paper on simulation tool in progress

« Validation Simulation with data
 Estimation of angular and spatial resolution




-EE telescopes MC.:

a complex surrounding environment

e Single-muon generation
* Improved Gaisser parametrization for Flux(E,,©) to include Earth curvature

* low energy muons (<100GeV)
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Generation split in 3 £, intervals:

1. [0.2 GeV -2 GeV]
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3. [10GeV-100 GeV]




a complex su
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Figures thanks to M.P. Panetta

- telescopes MC:
rounding environment

Concrete vau_)_lt

MRPC geometry, material ...

* MRPC response

* Telescope response
(geometry, trigger, ...)

* Telescope location:
roof, walls, surroundings

MRPC parameters:
JINST13(2018)P08026



-EE telescopes MC:

a complex surrounding environment
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-EE telescopes MC:
a complex surrounding environment
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-EE telescopes MC.:
a complex surrounding environment
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- telescopes MC:
a complex surrounding environment

200 MeV-100 GeV

residuals
with roof/walls

Position
no roof/walls

Angular residuals
no roof/walls with roof/walls

12000 1 — = e
: ) _ et b) : Sl TOE  1145] 6000'1'-1-!: T
Ll oz100Gev a E| o021006Gew 3 a 7687 a
10000 Em= 90702 e TOOOEEumies o074 E 2000 ot 5000| =
[ [neean 0002938 60005— Mean 002815 = Ah AL
000 staper 02511 E | stdDev 1656 3 » 4000( 3
@ L #5000 = L6000 -4 £ 3
=g B 1 g o 3 =] - = o
§6{}00_— ] 540305_ _; § 53000‘:—
e Preliminary 3 30000 S 1 See0n
; 2000F E Siat :
2000 - E . 3 L i 1000
: OR 0.95 1 w002 O RMS:1.66 E x i s
_| v : : | : i : . L , . ; ; |_ :| . : : ; ; ; I~ i L b -
L TR 0 5 w8 0 5 10 % 20 %0
A 8 mc-rec (degree) A O me-rec (degree) A posX mc-rec (cm)
400{};_' Iu.::mi;s-;vl o | ICI) _§ - u.:-molc.-:vl o d)g 90005!.'I _; GGDD;’;ﬂf I2'2'1I-'i1‘1 ld)_E
350{]5_ Entmies £ 2500:_ Evmes 00273 3 8000 3 S00BAL " it -
3000 M== E 0 s e 7000/ ; = oy s
E | st Dew E 20005 smpe 3328 : : E
~2500F o . 60001 = 14[}[}0_311 B 13 :
£2000F 3 51500F £5000F 2 Z3000F =
S _E s 54000F 3 s . :
13005— E 1000F 30005 3 2000F P‘I‘Efz wary -
1000F- 3 : g : ] 3 ]
500E E 5 1 100k Y RMJ3: 182 -
- E - 1000E 3 : e 4
R e o bl e g ] T FE pony T oy g S en el o E C
L T — 0 5 T [T — 0 5 10 0 e %

A © mc-rec (degree)

A ¢ me-rec (deg;ree)-

A posY me-rec (cm)

A posY mc-rec (cm)



Summary

* Telescopes constructions:
* 13 new telescopes 250 um + 13 spare MRPCs (17 chambers built in 2019)

 Gaos studies
« HFO based very promising

e HV>21kV --> new EEE CAEN power supply
 Ar/CO2 also promising --> under study

* recirculation system R&D ongoing

 CF-INRIM collaboration
« spectracom/trimball GPS tested
« 250/300 ns bias found + 20/30 ns stability

e characterization station ready via a Septentrio PolarX
« Quantum backbone @ CF?

« MC
* telescope response
e surroundings
* residuals < 10% below 35 degrees
« with efficiency corrections also above 35 degrees




