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Muon Collider: a discovery and

Equivalent proton collider energy Ref. [1]

precision machine

With QCD corrections -

The Muon Collideroption was indicated as one of the crucial
tool for future HEP by European Strategy for Particle Physics

e Allthe beam energy is available to the collision JS_“ (TeV]

* Strong suppression of synchrotron radiation 1050

* Probe multi-TeV energy range for new physics 107

109E
* Allowto complete the SM picture by precise measurements :
in Higgs sector (mass, width, coupling, self-coupling...)

events

10° L

104L

10% L

102||I||||I||||I||||I||||I||||I
5 10 15 20 25 30
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Muon Collider Experiment

Ref [2]

Hadronic calorimeter

Current HCAL proposal \

* 60 layers 19 mm of steel + plastic
scintillating tiles

e Cells of 30x30 cm?

Our Proposal: Micro Pattern Gas Detector

(MPGD) based HCAL

Tracking
system

From simulations [2] a photon flux of
e 4.5 MHz/cm? at the surface of
e 7.5 kHz/cm? at the surface of HCAL

Muon

Shielding
detector

nozzles

superconducting solenoid (3.57T)

For more details see Massimo
Casarsa's talk "Detector design
for a multi-TeV muon collider"
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Kinematic properties of BIB
prop Vs5=1.5TeV

Short muon lifetime: beam Prrere———

e
=,
T T T

induced background (BIB)

10°
10°

O W -—>ev,v,decay+ followinginteraction with machine and 104:
detector material: main source of background i

10°

o BIB particles have: I I IO e | P
0 50 100 150 200 250 300
Momentum [MeaV]
* High occupanc (s=1.5TeV 15=1.5Tev
N Pene S ' Muon Collider — neutons | 2.l Muon Collider - neutrons
= £ ' : B ‘
* Low momentum E‘“ag‘ Simulation — photons E Simulation photons
mF — electrons | 7 7 ] — electrons

Displaced origin
Asynchronous time of arrival

-
=
4

10°E
o ltisimportantto have a detector with high ol
granularity and high time resolution
10°E
o b b v b v e by By g J:lIIIIIIIIIIllllllllllllllllllli
0 50 100 150 200 250 300 20 0 20 40 B0 80 100 120 140
|Z] position [cm] Arrhrg time [ns]
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Requirements for HCAL

o High level of radiation due to BIB

o The calorimeter should provide 5D information for reconstruction with

Needed radiation hard technology

High granularity and energy resolution for particle reconstruction

Particles arrival time at calorimeter Ref[4]

Fast response to discriminate signal to background particles

particle flow algorithm

Spatial and time coordinate

Energy

) F— T 1 T Tt " T * T T 3
E 0.12 -]
= ol :_ — IP muons _:
g - — background ]
£ 0.08 -]
o = -
0.06 - -]
0.04 .
0.02f -

0 0 10 20 30
arrival time in the calorimeter - t , [ns]

Energy deposited by the BIB Ref [5]

Y [mm)]
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Hadron Calorimeter Proposal

MPGD-based HCAL layout

Passive absorber
1 Shower of secondary particles

I

Micromegas detector layout
* Use of environmental-friendly gas mixtures
mesh _a_
R-pad E
* MPGD-based HCAL: use MPGD as active layer Insulator
« HRWell and resistive Micromegas as best candidates Embedded-R “

to mitigate effects due to discharge in the gas

* Gaseous detectors
* Robust against radiation
* Allow high granularity
* Low cost to instrument large area

Incoming particle

* Micro Pattern Gas Detectors (MPGD) MPGD
* High rate capability
* Good energy and time resolution

* Good response uniformity

15th Pisa Meeting on Advanced Detectors



MPGDs technologies

m-RWell

e
Top Copper (5 pm)
Polyimide

Cathode PCB

Pitch 140 um
DLC layer (<0.1 pm)

p~10+100 MQ/O]

Ref [6]

Resistive Micromegas

Ar:C0,=93:7 .

5 mm Conversion/Drift Gap

A

Amplification Gap

St

.
128 um :

0.3 mm e Readout Strips

e Resistive Strips

Ref [7]

* High spatial ( < 60 um) and time (7 - 10 ns)
resolution

* High rate capability
* Gain stability tested up to 10 MHz/cm?

* High spatial (80 um) and time (7 - 10 ns)
resolution

* High rate capability
* Gain stability> 1 MHz/cm?
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Simulation in GEANT4 to study the response to
the hadronic showers:

- shower containment, read-out granularity,
energy resolution, background discrimination.

Strategy for the
I\/I PG D— ba Sed H CA L Implement the design in the context of full

apparatus to study the impact on the particle
design

reconstruction
From simulation to prototype

Build a HCAL cell prototype and measure its

performance in test beam campaign

4
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GEANT4 Simulation studies

4

Sketch of the implemented calorimeter

- HCAL Geometry

Implemented geometry

e Layers made of
e 2cm of Fe (absorber)
e 5mm of Ar ( )
» Granularity given by cell of 1x1 cm?

Optimization of geometry

* number of layers
* transversal dimensions

taking the full shower containment as figure of merit

>

n
26cevie  * Pion gun of variable energies to study the

shower response
* Physics list: QGSP_BERT

1 pion at 60 GeV

15th Pisa Meeting on Advanced Detectors
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Shower longitudinal containment

PRELIMINARY

i | ! ! !

Containmentevaluated from deposited energy
as a function of depth in the pion directionin
units of nuclearinteractionlength (A,

0.9
0.8

Containmentat 90% with 1x1 m? transversal 0.7

darea 0.6

0.5

1 pion at40 GeV

Fraction of deposited energy

0.4

0.3

0.2

0.1
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Shower lateral containment

Containment evaluated from deposited energy in
a cylinder as a function of the cylinder radius in
units of nuclearinteractionlength (A,)

Containmentat 90% with ~ 3 A, with 100 layers

1 pion at 20 GeV

Fraction of energy deposited

15t

PRELIMINARY

-I'III|I|II||II||II|I||II||II|I|IIII|II|I|I1—

>
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GEANT4 Simulation - Digitization

Shower of a 20 GeV pion Digitised shower of a 20 GeV pion
- f 5100 8
. . . o 30 -
* Pion gun of variableenergies 2 o0 i} :
( Epion from 1 to 40 GeV ) 3 70- —
9 S22 C oo = = = - 5

* Detector Geometry: 2 il i ol A

) £ 50= ; 4
50 layers, 1x1 m? total = o -
. 3
transverse size, 1x1 cm? cell 30k _— . .
(80 % shower 20t I . - 1
. 10F

containment) | = -

% a5 50 0
Z [Layer ID]

* Digital Read Out: =100 10
1 hit = 1 cell with deposited 3 90 . 9
energy higher than 30 eV > SO0 ¢

70F 7

% soi . T 6

* Future plans: simulate semi- > 50- o 5
digital and analogicreadout > 40 e . 4

30 R 3

20" - 2

10: g 1

% 1020 30 40 50 60 70 8 90 100 °
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GEANT4 Simulation — Energy resolution workflow

1st step: Get the N, distribution for
each energy value E;,, and extract

the mean value <N,;> _
4th step: Get the energy resolution

o A
\ <Np;> parameters fitting E[GeV] ~ /E[Gev] A
to the data
2nd step: Plot <N;> as a function of
Ejion to find the calorimeter response ’

function N = f(E) 3rd step: Reconstruct the energy

distribution through the inverse
response function E =f1(N) and
extract <E...>and o,

<Erec>

15th Pisa Meeting on Advanced Detectors
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Response function of the calorimeter

e From simulation get the distribution of the number of

hits for each pion energy

300

250

200

150

100

20

0

Tk :tha_ T e
200 400

e | |
600

— 6 GeV
— 10 GeV
20 GeV
30 GeV
40 GeV
SO P, O AR
800 1000 1200

Number of hits

<N,,>

700

600

500

400

300

200

100

0 5 10 15 20 25 30

Response function fitted with different functions
* Power law [8 -9]

* Logarithmiclaw [10] PRELIMINARY

o OO OO SRS ST
—*—a Epim +C
. b N H H
a Epion .................. ....................... ...................

—e— A/Blog(1+Bx)

® B 9GeV]

pion
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Energy reconstruction and resolution

e Reconstruct the energy from the inverse of the g 2

response function <N;> =a Eb ., + ¢

PRELIMINARY 77
w27 ndf 12.47/8
‘ Erec@ZOGeV ‘ . Erec A L L L L L L L e o 0.5023 + 0.009565
Entries 5000 @45 ................. ........................ ........................ ..................... C 0.1097 + 0.00396
L Mean 20.11 L B ? ? ? ? ? z z z 7]
i v ooC$ -
250 Std Dev 3.875 - C ]
r x2 / ndf 42.88/35 bﬁ 0.4 —
i Constant 253.6 +4.7
r Mean 20.39 £ 0.05
— 0.35
200 L Sigma 2,999 +0.039
i 0.3
150
i 0.25
100
= 0.2 —
50— -
= 0.15—
07” \\\\‘I\I\‘I\\\‘II\I \J‘\I\I :IIII:IIIIilIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIII—_f
0 5 10 15 20 25 30 35 4
0 5 10 15 20 25 30 35 40 E,ion 1GEV]

Reconstructed energy (GeV)
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HCAL Prototype Project — Design under development

A cell prototype will be constructed and its performances will be tested in test beams

Design adapted to low energy pions ( 1 — 6 GeV)
* Dimensions to be extracted from simulation

* Active layer made of state of the art resistive MPGDs
. e . Resistive MPGD 50x50
* Resistive p-RWell or MicroMegas 2048 pads of 1cm?
2 i 2 H _ covering circular area
* 20x20 cm? with 1 cm? pad size — to be extended to by aricaas
50x50 sz mount on 16 plugin cards

2 MOSAIC FPGA GPIO Boards
1GB/s output through TCP/IP

1R R

* For Read Out 32 channels FATIC asic [11]
« for timing and charge measurements of the hits
* ltis possible to emulate semi-digital readout

* Design, Construction & Test by INFN Bari, Frascati, Roma3 &
Napoli plugin I8

16 high-speed SAMTEC
Fire-Fly cables (8 twisted pair)

e Test at CERN SPS with pion and muon beam to measure
* Efficiency and pad multiplicity of the hits
* Time resolution for MIPs

15th Pisa Meeting on Advanced Detectors 17



Conclusions and future plans

Studies in GEANT4 presented here

* Geometry optimization for shower containment
* 3 A,for90% lateral containment

* 14 A, for 90% longitudinal containment

E‘T’EC V E?"EC

* Energyresolution 7 _ 0% _

Future development of simulation
* Implementa detailed geometry
* Implement detector efficiency and read-out time window
* Implement semi-digital readout
* Add neutron and photon background flux to simulate the BIB
* Test the responseto multiple MIPs

Implement the optimized geometry in the Muon Collider software to test the performance in the full geometry

Construct and test a cell prototype

Project approved and founded by the INFN - CSN1 and CERN-based MPGD R&D collaboration RD-51

15th Pisa Meeting on Advanced Detectors



References

[1] J. P. Delahaye et al. Muon Colliders, arXiv:1901.06150 [physics.acc-ph]
[2] F. Collamatiet al., Advanced assessment of beam-induced background at a muon collider
[2] https://muoncollider.web.cern.ch/design/muon-collider-detector

LB] C. Aimé et al. "Simulated Detector Performance at the Muon Collider"
ttps://arxiv.org/pdf/2203.07964.pdf

[4] N. Bartosik et al. “Detector and Physics Performance at a Muon Collider”. Journal of Instrumentation
15.05 (2020)

[5] C. Aimé et al. "Promising Technologies and R&D Directions for the Future Muon Collider Detectors"
[6] G. Bencivenniet al. "The micro-RWELL layoutsfor high particle rate" https://arxiv.org/abs/1903.11017

[7] M.T. Camerlingo "Rate capability and stability studies on small-Pad resistive Micromegas"

[8] The CALICE Collaboration "Analysis of Testbeam Data of the Highly Granular RPC-Steel CALICE Digital
Hadron Calorimeter and Validation of Geant4 Monte Carlo Models"

[9] J. Repond "First Results from the CALICE Digital Hadron Calorimeter (DHCAL)"
https://inspirehep.net/files/91249d1db962b9a0l1e2a675cf7d4d3e4

[10] C. Adloff et al. "Micromegas for Particle Flow Calorimetry"
https://inspirehep.net/files/f55704efaea8daf8alb763351ae953dd

[11] F. Licciulliet al. "FATIC: an ASIC for Fast Timing Micro-Pattern Gas Detectors"

15th Pisa Meeting on Advanced Detectors

19


https://muoncollider.web.cern.ch/design/muon-collider-detector
https://arxiv.org/pdf/2203.07964.pdf
https://arxiv.org/abs/1903.11017
https://inspirehep.net/files/91249d1db962b9a01e2a675cf7d4d3e4
https://inspirehep.net/files/f55704efaea8daf8a1b763351ae953dd

