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Darmstadt (Germany)
Latitude 49.9° N, Longitude 8.7° E; 100 m above sea level,
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The beginning
The HADES RPC ToF Wall Commissioning

- Surface: ~1.2 m2

- Mean position resolution: ~ 5 cm?

- Granularity: up to >100 particles / event
- Time resolution ~ 80ps (hit)
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The beginning

A typical high multiplicity event:
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A high-time resolution ~1 m2 detector provides a good image of the showers time profile
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The beginning
A typical high multiplicity event:
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The beginning

A typical high multiplicity event:
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Cosmic ray

BEST SET
OF PARAMETERS

j - Parameter

Energy, Wrong estimation

Direction,
Mass

ed | | .

i - Parameter

Is it possible to measure high energy cosmic rays with only a few detectors?
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The next step... the concept
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The first Trasgo concept

2008: the first slides

EL TRASGO
TRASGO RPCs
TRAcking Surveyor of Galactic radiatiOn \
, I d
Posible separacion e/H Canz} y
ventilacion
Posibles versiones:
. Fe o
| e e —c——— |
E-/ Pb \
E——— " l
— =2 .
" j,‘l'l J‘.'II':"‘"-."- 4
Buena reconstruccion
Buena reconstruccion solo en los primeros planos
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...and the Logo
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The Logo

TRAck reconStructinG bOx
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The first research project
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The first Research project

N IGFAE Juan A. Garzon. The TRASGO Project. Status report”
B Univ. Santiago de Compostela. 3rd. Trasgo Meeting. June 27th. 2023



The first Research project

TRASGO Project : The
concept

The Trasgo is an innovative detector based
on timing RPCs suitable for measuring high
energy particles with timing, tracking and
some particle identification capabilities.

. , affordable to cover big suriaces
and with time resolution ~100ps.

- Fast tracking algorithm with capability
of reconstructing the space coordinates and

method

(MldaS) chamber

. Modular design

- The GSI-TRB Data Acquisition board
with capability of reading 128 FEE channels

Aproximate layout
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Many steps forward...
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Many steps forward...
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and many partners and a few funding agencies...
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Many steps forward...

59 23 _ignacionNavarete_tt_kf
> T 23_CerolinaFilgueira_PZxt _ECal
> 07 23_alfonszcSarchez
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many academic works with graduate and master students...
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Many steps forward...

Universidinl de Santiago de Compostela CEXTRO IXTERNACIONAL DE ESTUDOS
Facultad de Fiswea ::[.; l;-"',' Ill;lf IR EAMRHEREES
Dopartamenss de Fraies de Partieniag
TESE DE DOUTORAMENTD TESIS DE DOCTORADO
: STUDIES ON THE
COSMIC RAYS' STUDY
COMPOSITION AND
NEW ADVANCES AND DEVELOPMENTS ON WITH A TRASGO DETECTOR ENERGY OF SECONDARY
THE RPC TOF WALL OF THE HADES
EXPERIMENT AT GSI COSMIC RAYS WITH THE
TRAGALDABAS DETECTOR
‘ Damian Garcla Castre
v Yanis Fontenla Barba
INTERNATIONAL DOUTURAL
FEOCAR OF DOUTIRANTINTD o SCHOLL OFTHLE USU
Geargy Kornakov Van re—
‘;."" w3 Je ."_',"i":,"l"h RAICURAA Gf DUCTURADD INTERNAGIDNAL
Septlonben DRADOD 3 PRCGRANA DL DCCTORALC EN FSXICA RUCLEAR Y LG PRATICULAS
AND Marwan Yassir Kamel SANTIAGO DE COMPOSTELA
RECONSTRUCTION Aioor -
ALGORITHMS FOR A N |
COMMERCIAL MUON
TOMOGRAPHY SYSTEM

PhD Thesis
José Javier Cuenca Garcia STUDY OF COSMIC RAY DATA
WITH THE TRISTAN AND
TRAGALDABAS DETECTION
PECUPLA DF DOCTORADD BYTPRMACINAL SYSTE r\'fS
+ 5 Ph.D. Thesis...
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Many steps forward...
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... here we are
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The TRASGO project today
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The Trasgo Project

Main features (strengths):

High granularity tracking detector

Sensitive to bundles of particles

- Muon / Electron software PID

Rough estimation of the electron energy distribution
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The Trasgo Project
The TRASGO family

10 year after...

—

TRAGALDABAS MuTT TRISTAN
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The Trasgo Project
The TRASGO family

10 year after...

—
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The Trasgo Project
The first TRASGO: TRAGALDABAS

RPC plane
10 x 12 pads

Pickup pad

+ HV
Glass ‘
Gas gap (1 mm) Avalanches Amplifier step Discriminator step | |< Fh mib 3 i,
NN [ _ al -
Freon R134a Mol s : _‘F OT=C Latch enabie Trigger D
MAXSGO1
- HV B ToF Threshold T PECL- | .~ |
\ | LVDS 10: charge
| — SNCSLVDS la: time
Metacrilate box > = denou —
~Graphite layer ToF Integrator —
ANALOG STAGE DIGITAL STAGE

RPC: Resistive Plate Chamber FEE (HADES-GSI)
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The Trasgo Project
Tragaldabas. PID capability

Project

Proyecto
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The Trasgo Project
Tragaldabas. PID capability

Simulation of 100k electrons and muons © Muons " Electrons '
| Sttt Ay Botns ) s h it b ¢ e e 25__ 25
- — : e 1] Total - ' 10
'@t —f — tecvens | :
N === Multiplicity 205 20f
-‘:’ft ? o i |°’
§“‘f : o 15 - o 15
1 3 1 ; 10’
3 - : 10 10-
D . 5 = 10
[ Wik Lamdn, Shiie b of wasns ond winrbars o o srengy ages C 5:.—
Weighted  ,f. ' ’ ' ‘ = - g g | |
range an I “:_L"r % w12 0 T B ST BT TR PRET ST
O 3 rl‘] - (\ Multiplicity Multiplicity
E"r - 1 6' ed range vs. Multiplicity for electrons and muons
el L G y
of L O _Aeal data: 3 planes with a lead layer |
Yars B & 290119 T Mucons —  Eleclrons v\ 1
Ao | | SR PR : -
[T x‘ EMTRERANL ¥ AT WV AVIVN 107 B 1 RS TV ] [ [ |
- - - 0.95—
e - [
w5 | 0.9
= __‘ 3 Chi square —
ol ] 2 o0s85—
E i [l 1= 1 : :? E
H L T _, s “°F Electron Muons
— ] o —
- Muona ’1 Electrons H- [Y. Fontenla. a 075
7w ®w = % —x PhD. Thesis] 07—
Multiplicity, Weighted range and x? dist. for muons 985E-1M. Ajoor. Ph.D. Thesis]
and electrons o6E— L o1 | |
) 6 8 10 12 14
ID
Al h , . o a O . | Proyecto
"2 |GFAE  Juan A. Garzdén. The TRASGO Project. Status report 8 mor tpeg%
v e Univ. Santiago de Compostela. 3rd. Trasgo Meeting. June 27th. 2023 ae Prolect




The Trasgo Project

Tragaldabas. EM Calorimetry
Using neural networks (J. Flores / CITIUS-USC).

Tragaldabas. 3 planes, no Pb preds
16 1 . 100
14 - -4
B 1000
12 - El 1330
—
- 178.0
B -
6 -
d o
2 -
0 T
10.0 560 100.0 133.0 178.0
target/Mev

Good results only for low energy electrons (< 100 MeV)
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The Trasgo Project

Tragaldabas. Main data samples

Mainly muons Mainly electron showers
M1 (m=1) M2 (m = 2) M3 (m > 2)

3 sets of multiplicity: m
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Tragaldabas. Analysis of the Forbush Decrease on June 2015

CME SOHO satellite pii:ture. 2015, June 21st

21 07:06

The Trasgo Project

O
<

& CFAE

Multiplicity = 1 3 June 17th.
June 19th.

| .J'Jﬂf‘hww»,b l%w' ; June 22nd.

A

Not yet understood / oas] Multipi

unexpected electron

excesses!
[}
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The Trasgo Project

Tragaldabas. Analysis of the Forbush Decrease on June 2015

The Tragaldabas data in ecliptic coordinates

Meridian Vertical of 2000
. the cetector
North
Pole
750
5.2
1000 3
O
&
-500
0
-3 -2 -1 0 1 2 3
Tragaldabas. Daily acceptance in ecliptic coordinates 1 day differential picture
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The Trasgo Project

Tragaldabas. 2D June 2015 Forbush Decrease evolution
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The Trasgo Project

TRISTAN: Regression slopes between measured rates and pressure levels
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Cluster Analysis
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Cluster Analysis
TRAGALDABAS: Trigger summary

100 ! |
Multiplicity distribution |
80 - Equivalent rate '
S T =1 107 '
C LOW ENERGY oL — .
@ EM SHOWERS ~7 Mevents / da
= .
P
.ﬂ 100
= 40} | ° :
o 3
. .
s
20| i - |
HIGH ENERGY 10° - . -
EM SHOWERS | 140Ke/d ~
‘ - 4 2Me/day | | 1.5Me/d || 0.3Me/d 0.8 Me/d
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Trigger rate: ~ 70 Hz.

Event rate: ~ 7Mevents /day

Storage rate: ~ 0.7 Tb / year (1.9 Gb /day)
Mean duty time: > 90%
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Cluster Analysis
Cluster search strategy
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Clusters: Electron ( > 1 electrons)
Muon (> 1 muons)
Mixed (1 muon + electrons)
1 Electron + Gammas (1 electron + gammas)

Gammas (only gammas)
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Cluster Analysis

The sample
LogEo/n/GeV =VAACEYY
0.25 1.8 > - - -
0.50 3.2 100K - - -
0.75 5.6 100K 100K - -
1.0 10 100K 100K - -
1.25 18 100K 100K 100K -
1.50 32 100K 100K 100K -
1.75 56 100K 100K 100K -
2.00 100 100K 75K 75K 75K
2.25 180 75K 75K 75K 75K
2.50 320 50K 50K 50K 50K
2.75 560 25K 25K 25K 25K
3.00 1000 40K 10K 10K 10K
3.25 1800 30K 10K 10K 10K
3.50 3200 25K 8K 8K 8K
3.75 5600 20K 6K 6K 6K
4.00 10000 15K 4K 4K 4K
4.25 32000 10K 6K 6K 6K
4.50 56000 6K 4K 4K 4K

. ) Proyecto
Juan A. Garzén. The TRASGO Project. Status report” s By :
Univ. Santiago de Compostela. 3rd. Trasgo Meeting. June 27th. 2023 a Prolect




Cluster Analysis
Output files

# Clusters Summary: DetMxD, DetMSg, PCRZhMin, PCRZhMx: 1.51388 1.51388 @ @.25 HMin, HMax: 0 32

#PrCR  LPCREn HghPCR IShow IClust Cl1tIC sCLIC NparCt NGamC NEleC NMuCl XmClst YmClst RmClst RSigCL TmClst
sTClst PICFtP XFPClt YFPClt TFPCLt ZhFstP AzFstP PmFstP PICLtP XLPClt YLPClt TLPCLt ZhLstP AzlLstP PmLstP
ECldt ECLtEn ECLtTh ClaAng/2

# -
56 2.923 31.96 966 1 1001 @ 2 1 1 @ 251 -1876 1893 1.492 2924
2.625 1000 251.3 -1875 2920 0.7267 -2.542 0.06358 1 250.7 -1877 2923 0.7147 -2.536 0.1813
0 B.06358 @ 0.716
3 # Showers Summary: DetMxD, DetMSg, PCRZhMin, PCRZhMx:  1.51388 1.51388 0 0.25 HMin, HMax: e 32
#PrimCR LPCREn HghPCR FlinSh IShow CLICS NSecP NClst NGamS NEleS EWnR  NMuS MuMnR  NNeutS NProtS NOthrS
56 MELEnS MMuEnS NCLEL NCWMu NCIMx NCLOt NECIM1 NECWM2 NECIM3 NECWM4 NECIMS NECWME6 NEC1E@ NECE@1 NECE®@2

NECEG3 NECE®6 NCE1.2 NCLdTO NCdT4 NCdTO8 NCLdT2 NCAT1@ NCdT20 NECTh® NECThS NECT1@ NECT1S NECT20 NECT36
NECSz1 NECSz2 NECSz3 NECSz4 NECSz5 NECSz6 NECLR1 NECIR2 NECIR3 NECIR4 NECLRS NECIR6 NE1tR1 NELtR2 NELtR3
56 NELtR4 NELtR5 NELtR6é NMuEn@ NMuEn2 NMuEn3 NMuEnd4 NMuEng8 NMuE1l6E NMuR1l  NMuR2 NMuR3 NMuR4  NMuR5 NMuR6
EIMER1 EIMERZ EIMER3 EWMER4 EWMERS EIMER6é EIMTR1 EIWMTR2Z EIMTR3 EWMTR4 EIMTRS EWMTR6 MuMER1 MuMERZ MuMER3
MuMER4 MuMER5 MuMER6 MuMTR1 MuMTR2 MuMTR3 MuMTR4 MuMTR5 MuMTR6 EMdTR1 EMdTR2 EMdTR3 EMdTR4 EMJTR5S EMdTRG
EMERR1 EMERR2 EMERR3 EMERR4 EMERRS EMERRG

# Particles Summary: DetMxD, DetMSg, PCRZhMin, PCRZhMx: 1.51388 1.51388 0 9.25 AMin, AMax: ] 32 —
#PrimCR LPCREn MnHPCR FlxInt NShAna NtSePs NtClts NtGam NtEle NtMu NNeut NProt NOthr MElEne MMuEne NCLEl

NCWMu NCWMx NEWR1 NEWR2 NEWR3 NEWR4 NEWRS NEWR6 NECIM1 NECIM2 NECIM3 NECIM4 NEC156 NECWMM NECLE® |p 9
NECE@1 NECE@2 NECE®5 NECLE1 NECLE2 NCldT@ NCdT@4 NCAT@8 NCldT2 NCAdT1@ NCAdT20 NECThe NECThS NECT1@ NECT1S |q 9
NECT20 NE UFN® la p
NMuEnl NMY # Radial Summary: DetMxD, DetMSg, PCRZhMin, PCRZhMx: 1.51388 1.51388 @ 8.25 HMin, HMax: 0 32
EWMERS EW #PrimCR LEnPCR MnHPCR FlxInt NShAna NtSePs NtClts EWMER1 EWMER2 EWMER3 EIMER4 EIMERS EIMER6 EIMTR1 EIMTR2
MuMTR2 M EWMTR3 EWTR4 EWTR5S EIMTR6 MuMER1 MuMER2 MuMER3 MuMER4 MuMERS MuMER6 MuMTR1 MuMTR2 MuMTR3 MuMTR
EMERRS EM MUMTRS MuMTRE6 NCEWR1 NCEWR2 NCE1R3 NCEWR4 NCELR5 NCELR6 NCMuR1 NCMuR2 NCMuR3 NCMuR4 NCMuRS NCMUR6
¥ NCMxR1 NCMxR2 NCMxR3 NCMxR4 NCMxR5 NCMxR6
56 2.079 31] FTT e ) i
g 2 56 2,979 31.17 5.3e-06 30 422 4 0.19117 @ 0.14626 9.18262 9.1891 0.12764 860.42 0
0 M 1737 3752.9 2440 3966.8 4.1972 1.5214 2.2536 2.4433 1.7647 1.4191 2847.9 2421.3 2255.9 1994.2|
o e 2389.9 3298.8 @ ) 0 1 1 @ a 2 2 0 e 0
0.189 0. a a @ D 0 @
2.44 1.1 56 1.49 31.85 5e-06 28 381 5 0 0.18701 0.10376 0.20088 ©.19067 0.29877 @ 1373. 3|
-1.52 -2| 715.71 771.91 1630 4375.3 4.1814 1.3563 2.6387 2.1836 1.8765 1.3742 388.5 1770.3 1083.6 1628.7
56 1.49 31, 1722.4 3696.6 @ D 0 0 2 @ @ 2 5 ) e 0
0 ) a 2 2 ) 0 0
8 2 | 56 2.979 37.54 8.00039 2183 29749 276 0.2182 @.23927 @0.23267 8.2092 ©.20477 0.19481 2111.8 1627.2
0 0 1801.4 1750.2 21834 4FAG.7 I S84 2.4753 2 AR72 2.303% 1.8162 1.3R"71 1484 1674.1 1606.3 1745.3]
78 27 1 [} [} 1 3 23 59 158 25 ) 0.187 0.104 0.201
n_10 Qa_ 200 o 1 270,02 216 i i o | 1 626402 A 200,02 A 10 126 2 64 2190
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Cluster Analysis
The Coupling Function

_ Expected rate / Primary
. Primary flux

S M1 M2 M3 [

@ Sy 5
O S =
= el . >
9 . Maxima S
(D ~~ 1 1 E
9 o, : | =
5 T : | -
3 IR : 2
Z ' “~~ : : -?
© S : 9
X AR ; fo!
= S D4 =
> £
_g Thresholds : 5
a ; 5
: T, &

: 4, *
Primary Energy Eo —

The coupling function provides de probability that a given bundle
of particles is produced by a primary of a certain mass or energy
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Cluster Analysis
Coupling functions of different particles (S~1.8 m2)

Univ. Santiago de Compostela. 3rd. Trasgo Meeting. June 27th. 2023

Coupling Funtions of Particles. Proton Primary)
© Electron @ Muon @ Neutron @ NiProt
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Coupling functions
Particle Rate / m2:s-sr |Threshold/ GeV | Maximum / GeV | 10% Max / GeV | 90% Max/ GeV
Neutron 4 ~ 2 9 2 160
Muon 80 ~4 30 5 1000
Electron 9 ~5 30 5 6000
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Cluster Analysis

Coupling functions of electron clusters

Coupling Funtions of EClusters Energy (Proton Primary) Coupling Funtions of EClusters Multiplicity (Proton Primary)
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Electron Clusters Coupling functions
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Cluster E_Threshold / GeV | Primary E_Threshold / GeV Primary E_Max / GeV
0.1 ~5 20
0.6 ~10 30
1 ~15 40
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Cluster Analysis

Summary

100 = Solar primary cosmic ray modulation
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- _> Mixed clusters
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Threshold energies for different particles and clusters (S~1.8 mz2)
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Next future...miniTrasgos
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miniTrasgos

Proyecto
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miniTrasgos

Approximate layout
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miniTrasgos

PID capability and Electron pre-Calorimetry
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miniTrasgos

PID capability and Electron pre-Calorimetry
New simulations with Pb (Jose L. Rodriguez & Alfonso Sanchez)

Hit distributicns for different initiz| energies Average height distribution as a function of initial energy
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miniTrasgos

miniTrasgo. Expected count rates
(Expected rate of a 0.1 m2 detector: 5 particles/s)

Expected resolutions for effects of different intensity: 100/sqrt(N)
Total rate Effect: 5% Effect: 2% Effect: 1% Effect: 0.5%
Time interval , , ; ,
100/ 100 100 100 100
Count N. sqrt(N) Count N. sqrt(N) Count N. sqrt(N) Count N. sqrt(N) Count N. sqrt(N)
10 min 3000 2 150 8 60 13 30 18 - -
1h

1/24 Accep. 18000 0.7 900 3.3 360 S 180 7.5 90 11
1 dia 430 000 0.2 2200 0.7 8600 1 4300 1.5 1200 3

Summary: sensitive with a resolution better than 1% to hourly changes in the total rate or
for daily effects higher than 2%.
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miniTrasgos

Status report

LIP / Coimbra - Nee==— g8 |
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LIP / Coimbra |
DAQ Test bench
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miniTrasgos

pyp Trasgo network

2024

miniTRASGO
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Thanks :)
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