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Latitude 49.9° N, Longitude 8.7° E; 100 m above sea level,
Darmstadt (Germany)

The beginning
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Layer 1
Layer 2

Layer 3
Layer 4

30cm

- Surface:                                  ~1.2 m2 

- Mean position resolution:        ~ 5 cm2 
- Granularity:                              up to >100 particles / event 
- Time resolution                        ~ 80ps (hit) 

 34 millions of events (~5 days) were taken under very stable conditions

The HADES RPC ToF Wall Commissioning

The beginning
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X vs. T Y vs. T

X
Y

X(mm)

400 mm

1300 mm

~1 m2

Y

X

5 ns

~20 ns

T

Time

2 ns

~300

Y(mm)

A high-time resolution ~1 m2 detector provides a good image of the showers time profile  

A typical high multiplicity event:

The beginning
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Time

A better resolution than any other observatory in the world! (+ tracking)

A typical high multiplicity event:

Time

The beginning
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A better resolution than any other observatory in the world! (+ tracking)

A typical high multiplicity event:

Time

The beginning

Georgy Kornakov’s talk
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Is it possible to measure high energy cosmic rays with only a few detectors?

Do the cosmic ray air shower have fingerprints?

The beginning
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The next step… the concept
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The first Trasgo concept

2008: the first slides
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…and the Logo
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TRAck reconStructinG bOx
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The first Research project
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Many steps forward…
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and many partners and a few funding agencies…

Many steps forward…
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many academic works with graduate and master students…

Many steps forward…
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+ 5 Ph.D. Thesis…

Many steps forward…
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Many steps forward…

+ many people contributions + 2 Trasgo + 2 Tragaldabas research meetings
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… here we are
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The TRASGO project today
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-  High granularity tracking detector 
-  Sensitive to bundles of particles 
-  Muon / Electron software PID 
- Rough estimation of the electron energy distribution

The Trasgo Project

Main features (strengths):
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10 year after… The TRASGO family

TRAGALDABAS
(Univ. S. Compostela)

+42ºN -53ºSEquator

Nov-Dec18

Forbush Decrease Jun. 2015

MuTT
(Porriño)

TRISTAN
(Antarctica, Alcalá U.)

STRATOS
(Hidronav-Vigo)

June 2015
Forbush Decrease

Cosmic Ray Muography
(W-Pb-Fe identification) Geomagnetic Survey Atmospheric studies

The Trasgo Project
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10 year after… The TRASGO family

TRAGALDABAS
(Univ. S. Compostela)

+42ºN -53ºSEquator

Nov-Dec18

Forbush Decrease Jun. 2015

MuTT
(Porriño)

TRISTAN
(Antarctica, Alcalá U.)

STRATOS
(Hidronav-Vigo)

June 2015
Forbush Decrease

Cosmic Ray Muography
(W-Pb-Fe identification) Geomagnetic Survey Atmospheric studies

The Trasgo Project
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The first TRASGO: TRAGALDABAS
The Trasgo Project

RPC: Resistive Plate Chamber FEE (HADES-GSI)

+ HV

- HV

Glass
Gas gap (1 mm)

Freon R134a

~Graphite layer

Pickup pad

Metacrilate box

Avalanches

FEE

10 x 12 pads

FEE

1.2 m

1.5 m
RPC plane
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Tragaldabas. PID capability
The Trasgo Project
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      Weighted range vs. Multiplicity for electrons and muons

Chi square

Muona Electrons

an

Multiplicity, Weighted range and χ2 dist. for muons 
and electrons

[Y. Fontenla.
Ph.D. Thesis]

6 8 10 12 14 16 18 20
ID

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

Pr
ob

ab
ili

ty
_I

D

0

2000

4000

6000

8000

10000

12000

Real data: 3 planes with a lead layer

Electrons Muons

[M. Ajoor. Ph.D. Thesis]

Tragaldabas. PID capability
The Trasgo Project

Pablo Cabanela’s talk
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Tragaldabas. EM Calorimetry
The Trasgo Project

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

/MeV

Tragaldabas. 3 planes, no Pb

Good results only for low energy electrons (< 100 MeV)
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Mainly muons

Tragaldabas. Main data samples
The Trasgo Project

Mainly electron showers
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CME SOHO satellite picture. 2015, June 21st

FD

Not yet understood 
unexpected electron 

excesses!

Tragaldabas. Analysis of the Forbush Decrease on June 2015
The Trasgo Project
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1 day differential pictureTragaldabas. Daily acceptance in ecliptic coordinates

The Tragaldabas data in ecliptic coordinates

Tragaldabas. Analysis of the Forbush Decrease on June 2015
The Trasgo Project
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DOY172.2015/06/ DOY173.2015/06/ DOY174.2015/06/

DOY175.2015/06/ DOY176.2015/06/ DOY177.2015/06/

DOY178.2015/06/ DOY179.2015/06/ DOY180.2015/06/

Tragaldabas. 2D June 2015 Forbush Decrease  evolution

The Trasgo Project
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TRISTAN: Regression slopes between measured rates and pressure levels

The Trasgo Project

M1 M2 Mn

Temperature

Different multiplicities keep memory of the atmosphere at different pressure levels

Positive effect

Negative effect
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Cluster Analysis
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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%

TRAGALDABAS: Trigger summary

Cluster Analysis
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*TRAsGo for the AnaLysis of the nuclear matter Decay, the Atmosphere, the earth B-field And the Solar activity

P4

distMx
P1

P2

P3

CG1

CG2

sigMx

sig3

Clusters:     Electron ( > 1 electrons ) 

Muon ( > 1 muons ) 

Mixed (1 muon + electrons)

1 Electron + Gammas (1 electron + gammas)

Gammas  ( only gammas)

Cluster search strategy

ElectronCluster

Time
profile

Time width

Electrons, 
muons, gammas

Multiplicity

Size

Cluster Analysis

S = 1.8 m2
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Number of simulated events
LogE0/n/GeV E0/n/GeV H He C Fe

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

The sample

Cluster Analysis
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Output files
Cluster Analysis
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The Coupling Function

Primary Energy E0
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Primary flux
Expected rate / Primary

M1 M3M2

Thresholds

Maxima

   The coupling function provides de probability that a given bundle 
of particles is produced by a primary of a certain mass or energy

Cluster Analysis
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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

Coupling functions of different particles (S~1.8 m2)
Cluster Analysis
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Electron Clusters Coupling functions
Cluster E_Threshold / GeV Primary E_Threshold / GeV Primary E_Max / GeV

0.1 ~ 5 20

0.6 ~ 10 30

1 ~ 15 40

Coupling functions of electron clusters
Cluster Analysis

Cluster energy Cluster multiplicity
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1.0 10 1000100E0/GeV

Neutrons

Muons, Electrons

0.6 Gev El Clusters

Muon clusters
Mixed clusters

1 GeV ElClusters

100


10-2


10-4


10-6

Fl
ux

/m
2 ·s

·s
r·G

eV
Solar primary cosmic ray modulation

Threshold energies for different particles and clusters (S~1.8 m2)

Cluster Analysis
Summary
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Next future…miniTrasgos
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Freon R134a

MB

TRB3sc

miniTrasgos
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 Pb Absorbers T1

T4

T3

T2

HV
DAC

Bubbler

100 mm

100 mm

200 mm

miniTrasgos

Approximate layout
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LowE e- HghE e-μ MedE e-

 Pb

miniTrasgos

PID capability and Electron pre-Calorimetry
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miniTrasgos

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

Hit N. Mean depth / mm

Pb

Pb

16.2 mm

10.4 mm

Conf1

Pb

Pb

10.4 mm

16.2 mm

Conf2
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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)

Time interval

Total rate Effect: 5% Effect: 2% Effect: 1% Effect: 0.5%

Count N. 100/
sqrt(N) Count N. 100/

sqrt(N) Count N. 100/
sqrt(N) Count N. 100/

sqrt(N) Count N. 100/
sqrt(N)

10 min 3000 2 150 8 60 13 30 18 - -

1 h 
1/24 Accep. 18000 0.7 900 3.3 360 5 180 7.5 90 11

1 día 430 000 0.2 2200 0.7 8600 1 4300 1.5 1200 3

miniTrasgos

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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MB 32 chs, 8 ch/plane

TRB3sc

LV

DAQ-PC

Status report
LIP / Coimbra Puebla

LIP / Coimbra
DAQ Test bench

DAQ

TRBscLV

Odroid

Flowmeters 

I2C board
DC-DC 

miniTrasgos

Alberto Blanco &


Luis Lopes talk
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Madrid

Warsaw

Uppsala?

SANTIAGO

ALCALA

Puebla

GeV

Trasgo network

2024

miniTrasgos

TRASGO

miniTRASGO
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Thanks :)
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Project


