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DEtectorSImulation-WG
Goal: generate pseudo data using GEANT4 to track CORSIKA generated particle

}

EEE MRPC/Telescope Geometry
EEE MRPC response
EEE Telescope response
Location

In stand-by

* waiting for high statistics CORSIKA simulation
* validation of simulation on single-mu events
* quantitative understanding of telescope performance (data)
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GEant4 Monte Carlo: GEMC

M.Ungaro

Generator

Pigifizaﬁon G E M c

Solidwviolume | Elements,
A GEANT4 libraries based simulation tools

* components description

* components interaction

* user-defined geometry and hit

* internal generator (included cosmic rays)
* multiple input/output format

 CAD geometry accepted

* interactive/batch mode

* source on GitHub

Magn. Field

Logical Volume

Physical Volume Physics
True Info

(EWEETS Multipoles Field

Sensitivity Region

Hit Definition

Bank Definition

Maps

M. Events: 1

GEMC graphic interface

OGS Seam1  Beam

Installed (and now
working!) in EEE
cluster at CNAF!

Realistic detector simulation
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EEE-MRPC response to cosmic rays in GEANTA4

* MRPC geometry: material, size, ... » Multi-telescopes: coincidence rates

« MRPC trized
e pane parametrizea) * Single/multiple telescope(s) studies:

* Telescope response: geometry, trigger, ... bottom-up muons

* Telescope location: effect of roof, walls, surrounding materials, ...
* Telescope: muon rates for different multiplicities

* EEE MRPC response

* No avalanche simulated in details

* Effective hit process:
* Sample XY (and Z) muon hit on on bottom strip plane
» Assume both strips and gaps are active
* Apply a spread to account for multiple hits and spread position resolution X and Ynand T

*MRPC parameters

90x160 active area

* Active: 2.5cm x 24 strips + 0.7cm x (24-1) gaps

* Time spread: 0 = 238ps

* Cluster size: 0x=9.2 mm

e Cluster size: Oy = |5 mm

* Light speed: 15.8 ns/cm

e HITxy is gaussian-spread and projected on the
sensitive area to derive strip multiplicity

* Telescope parameters

* 3 chambers Ref: GENO-O|
- -50/0/+50 cm apart '

 placed in a concrete box wall on all sides (140cm concrete)

Ref: JINST 13(2018)P08026 SEISTEE vault
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Function of muons spectrum
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Function of muons spectrum

Muon generation

* Single-muon generation

* Semi-sphere generation such as to obtain a flat distribution on a plane surface

* Improved Gaisser parametrization for Flux(Ey,e) to include Earth curvature
(all latitudes) and low energy muons (<|100GeV)
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arXiv:1509.06176
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large angles
our implementation

T HHH[

checked on data
Generation split in 3 E,

, intervals:
pi the Gaisser’s formuli
solid p: the modified formul [0.2 GeV = 2 GeV]
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Simulations should provide:
* Absolute and angular efficiency
 ABSOLUTE single-mu rates (to be compared to the telescope response)

effective comparison to world data parametrisation

description (and compensation) of surrounding materials

* easy way to compare telescopes with different parameters (e.g. distance between
the chambers)

cross check of data quality and working conditions of different telescopes

Simulation needs to be validated comparing data

* Find a set of variables/parameters

« GENO-0I, BOLO-0Il: smooth operations but complicated
to compare to

locations (second batch)
TORI-0l: smooth and simple location (just a room at the last

* Find some telescopes with smooth

floor)
and stable el S  CERN-0I: smooth and simple location with a different chamber
* Reasonably easy location to avoid separation (44cm/44cm)

separation (46cm/46cm)

% Experts are supporting the data performance assessment (D.De Gruttola, C. Ripoli)
% Next stage: involve schools and do a systematic analysis on all telescopes
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Comparison with GENO-01 . | G E N o - o I

tk Comparison to GENO-01 telescope
built in March 2017 at CERN and delivered in Oct 2017

installed at the 4th floor (4 floors above) of Dpt.Physics/INFN-GE —(\ == == , ‘, : .‘-‘ ‘* Fi rst test: com Pa ri son to G E N O_O l

Commissioned in Aug ’18, data taking since Sept |8

full control of geometry and environmental parameters ’ 8. g : . o .
nd surou P jame % 7 B kThe complicated location prevented a straightforward

The location and surrounding materials can be an issue

e e R ' 7 comparison

DeltaTime
HitMultTop

= B . a0 B XData shows an anisotropy in PHI difficult to correctly implement
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Terrace

via Dodecanes:

GENO-01/SIM comparison * Reasonable agreement
, . =l but not optimal

SRAZIG _Studert
= simulation

aule
—data
E,=0.2-100 GeV

disteibutive  orizeontale

lgboraton didatlic,
= labarator dai ep i i
I 2 - simulation

deg
—data 0 (degre)

- simulation

40 —data
0 (degre) i

*Sim 10% higher than data rate (absolute)
* Sim theta distribution shifted down by ~1-2°
*Good consistency with high energy muons ' oF s

E,=0.2-100 GeV

* Still working to implement a more realistic gecometry of surrounding materials
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Theta -TORI-03&Sim Theta -TORI-03/SIM
20 30 40 50 20 30 40
vee,® |—*— Sim-30cmRoof _ I ORI-O I
A 4, *
o*s* 44 4 —— TORI03
e _

*Good agreement between data and
simulation (world-data parametrization)
both for absolute and angular behaviour

?

-
A

* Data are 10% lower with a reasonably
w  Cos(Teta) -TORL038SIM, smooth and constant ratio

—s— Sim-30cmBRoof

—— TORI-03

* The region where the agreement is less
good corresponds to large angles where
the efficiency drops by a factor of ten

Efficiency-SIM
* Can have a better agreement in selected

kinematics regions?
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T TORI-O|
—e— Sim-30cmRoof _. s

—— TORI-03

mmsﬂhelza‘} -TOFll-Og&SlM-chl::ﬂﬂ

—e— Sim-30cmBoof
—— TORI-03

* Cuts on Chi2<19=0 does not help

X Either a cut on track multiplicity does not
help
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o | ' TORI-01

—— TORI-03

* Systematics checks on 4 directions (90deg
each) confirms the same trend

—e— Sim-30cmBAoof
—a— TORI-03

—e— Sim-30cmBAoof
—— TORI-03
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TORI-01

* Systematics checks on 4 quadrants (XY)
may indicate some misbehaviour at large
angles in certain area of the detector.

el
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mcos(l'l'm% —TOHI-%#SM—M%&SO - To R I = o I
—s— Sim-30cmRoof '
—— TORI-03

* Same conclusions when only a fiducial
volume is considered

—e— Sim-30cmRoof
—— TORI03
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Errias 37070
Maan 0.001871
AMS 1279
x¥ I nct 210.7 139
Frob 1.9810-25
Constant 10960404 + 62180401
003001 £ 000810 Maan 0.001746 + 0.0031B5

Xintersect - XPosMid-Torino Xintersect - XPoshid-SIM-30cmBRoof
s [ hweevenmn ] e s s e M [ romesver ] TORI_OI

1.263 + 0.008 ; 1.27 + 0,00

* Comparison of microsopic quantities

hYresVeri
Entries 46440
Maan 0.06050
AMS 0B85

Ertrias 370870

Maan 01868 Maan 008214
05626 AMS 03781

2¥ Sndf T ] x# I nct 1372115
Prot o Erb o
Constant 18080404 £ 11010402 Constant 67050404 + 2.1120:02
Ma L1656 £ 0L0MS Maan 005162 2 000066
g 04004 3 0LOMB g 03753 & D.O0A7
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w  a o Jdnfersect- XPosMig-Torino - Xjmerspct - XPosilid-SIM-30cmBog
_qu . | hEresber |
| TORI-O0I
. . S

Corstardt | DEdesld 82101
e LUICAT4E + 0000108
g T 1 000

* Comparison of microsopic quantities shows a good
agreement

Yinlersect - YPosMid-SIM-30cmAool
4 & A @ o 2 ) &

Enries  37T0ST0
Maan Q0TS
AMZ  OE

Crites
sar: oisa noes4
e osesn nwE oI

3 et ] 2 int 12 s

Prb o Pxb o
Cormiard 1.808e+04 1 1.9 1e02 Corstarst 8 TS24 + 11 12e=00

Wisar: 01888 1 0.00E Maar 005182 + 0.00084
Sigra 04004 3 0008 Sgrm DUITS3 £ D.OOGT

*Multeplicity is different but can be easily adjusted
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TORI-01

*Very consistent results
(Data/Sim)

1 [P *Same behaviour

n .IIII|| i I . N.lﬂlll_.I
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EEE detector simulation

TORI-01

*Multeplicity needs to be

fixed
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CERN-O0OI: distance between chambers 44cm
Check with some other
telescopes SAVO-01: distance between chambers 46cm

theta-Sim-30cmRoof-46ecmDist

" hThetad hihetaSIM
Enties 46293 Enties 160513

Mean 25.87 1 ] Mean 2477
BMS 11.97 e BMS 11.69

80
Angle(°)
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50 4
—e— Sim-30cmAoof J SAVO 2 0 I
—— SAVO-03

cos(Theta) -SAVO-038SIM_

&0
—e— Sim-30cmBoof
—— SAVO-03
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Theta -CERN-01&Sim
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EEE detector simulation

CERN-0I
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Summary and future plans
* EEE MRPC response implemented in GEANT4

* Simulations matches (@ 10%) data angular and time distribution

* Absolute rates of single muon hits on the telescope (3 chambers) are
comparable to measured rates

* Simulation can be used to understand variation of telescope parameters
* Disagreement for theta could be due to materials around the telescope
* Next steps:

* systematically study other telescopes involving Daniele

 involve other groups/schools to the data validation procedure

* paraametrize complicated geometry and check sim result against data
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