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Cosmic Rays and the electrometer

On the leakage of Electricity through dust-free air. B}r C. T 'R
WILEDH M.A., Sidney Sussex Cnll&ge

. [Read 26 November 1900.]

Aeronautisches Gelinde im Wiener Prater, vo . F. Hess in den Jahren 191112

seine ersten Freiballon-Forschungsfahrien unternommen hatte, (Courtesy of Heeresge-
schichtliche Museum, Vienna)

Hess bei Ballonlandung (1912).



Wulf's

electroscope.

Drawing by
Wulf.
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The Cloud Chamber







Particle Physics in a box
“seeing”
particles

Positron (Anderson, 1932)

L (Anderson,1937)

TU (Latter, 1947)

50s. K9 Aa Z: :‘9Q'” AIF MHiels

Cloud Chamber picture



The Geiger tube

Spread of avalanches in a Geiger-Muller tube

Tube wall (- ve)
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Lead

. Application: Measuring lifetime

C=G1&G2&G3&G4&!G6

W

i

T=G5-C




Application: Measure coincidence rate

Coincidencies!
Possible with “fast”’ electronics

H 4

Coincidence definition
depends on time resolution




Result: Air Showers

Coincidencies!
Possible with “fast”’ electronics

H 4

First estimates of the shower energy! 3 d



Extensive Air Showers (EAS)

Primary Cosmic Rays ,

shower size N,

12 km

700

1200 |

depth B ol
(gfem? ' zenith angle of 40 deg.




High Energy Cosmic Rays

The "All Particle Spectrum"”
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The PMT

High energy
photon

Photocathode

{ Focusing electrode  Photomultiplier Tube (PMT)

E s {
lonization track f.'

£
Scintillator

| Vo7
| : f
I| / N / Connector
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Primary Secondary Dynode Angde pins

electron electrons
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Application: Auger — Surface detector

Signal = Number of Particles
Time - Direction

Signal is digitized with ADCs
40 MHz=25ns =25x 10°%s

\r/neurgfri]al GPS synchronization ~ 10 ns
FPGA:
Digitalization
Triggers

Synchronization




Event reconstruction
Energy and direction

eones' [LGE MDrados' L) Amarillal CojhueEcs) | 5D I Se|ectign|

Event | | i

Event 8123914 :-}

Time 933708755 s TEETS7000 ns
ITOT & 4C1; TS5

Candidate stations: 24( 20 acc)
E=(6.08+0.21)x 10" eV

S(1000 m) = 131.7+ 4.3 (+3.2) VEM
(8,0) =(59.99+ 0.07, 277.85 + 0.08) deg
(x,y) = (43.31£0.01, 52.8020.03) km
B (fixed) = -1.91 (+0.18)

R = 20.59 £ 0.57 km

Fope = 1109.4 m
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Size: N° particles in tanks
Color: Time

1305 TOT 40.0 VEM
1456 TOT 37.1 VEM
1933 TOT 23.9 VEM
1436 TOT 18.6 VEM
1376 TOT 15.0 VEM
1926 TOT 15.4 VEM
1935 TOT 11.4 VEM
1460 TOT 5.9 VEM
1519 TOT 8.7 WEM

1406 TOT 6.0 VEM
1463 TOT 5.8 VEM
1423 TOT 4.9 VEM
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 Traces
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© curvature fit
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Application: Auger — Fluorescence detector

Signal is digitized with ADCs

Signal = Number of Particles 10 MHz = 100 ns

Time & pixels - Direction

Signal vs time - Air shower profile FPGA:
Digitization
Triggers

Synchronization
Signals sent to PC
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Pierre Auger Observatory

Ea: Pampa

LDMAAMARILI.A 5
# E1 50500 .

ATLANTIC

OCEAN

Ea‘ Salitral-Pto.
Virgen del Carmen

Argentina

(Water tanks Cherenkov)
In a 1500m grld_
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Results: Auger
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What, how, and why



Complete the puzzle

Composition change?
New Physics?

Why so much muons?

Measure the muons!!

We need more precise measurements!!

23



Measuring Muons

A dedicated muon detector:
An array of particle detector
Installed beneath the tanks.

Cost-effective.

\ Water tank

Precast structure

24



What is a RPC

Resistive Plate Chamber

Gaseous detector

Planar geometry

uniform electrical field imposed.
High resistive plates in between
the electrodes limit the
avalanche current.

Signal is picked up by the
induction of the avalanche in the
readout pads.

Ava]anche mode

++++++++H++++++ A+

! v
j @D Streamer mode
! o o o o o o o o e
' n

------ e e Y y/\ i

N A - (¥ | @

++++++-+--++++ +++++-+--+++++ 0 Tomme-eme-momooo- Toomoooooooooeen
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SIGNAL PICKUP MODULE

Total area 150x120 = 18000 cm?

Area covered with pads, “efficient” area
64x18x14=16128 cm2 <= 90 % of the total area

Area covered with guard rings,
18000 - 16128 = 1872 cm? <
10 % of the total area

6 mm guard ring

180 mm

05/02/2016 Luis Lopes 26



RPCs: a traditional detector in HEP

Thin-gap chambers (T&GC)

Cathode strip chambers (CSC)

ATLAS

EXPERIMENT

CME DETECTOR

Total walght + 14,000 toonm 12,500 trernas SILIGON TRACEERS
Crveeal] dlanseder 1 150 m Phad [100x1 50 porw) ~16m™ ~SIM chawnals
Blhcroatripe (Sl S0 o) 280 —3.5M chanzale

/' End-cap foroid
Monitored drift tubes (MDT)




The challenge

In a Cosmic Ray array the detectors must:
- Be standalone

- Have low power consumption

- Be cheap (cost-effective

- Acquire data at fast rates

- Precision timing!

28



Expected results: Muon signals in tank vs RPC

proton, 10 eV 0=40°
Station 4048 (2182 m)

o . F
= 2001~ Tank traces
- _ 134 = )
3 .oF Red — muons b/ .
o F Blue — e+/e- pa Ay
2 100f- Violet - photons { A
- ~1600 ns AW A
50 \ E k. d
0:_1. | | U T T T (NN TN TN NN TN (NN SN Y SN T S T SO NN T N S NN BN 1
0 1000 2000 3000 4000 _ 5000 _ 6000
t (ns)
-
1_ 1
ot 2638
< °F Muon hits in RPC ' A
0.6 :— IN 3 A
041 - Zs
021
. 2729
0 —5~4000 2000 3000 4000 8000 6000 Red circles — Muons in RPC
t (ns) Blue circles - Electrons from shower e.m.
Asteriscs — Muons injected in tank, extrapolated to RPC plane
Only muon hits in RPC are shown. Stars - Muons injected below tank, extrapolated to RPC plane
— 28
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MARTA Readout System

Inputs

MAROC

-> FPGA

> USB port

30



RPC channel

RPC

MAROC




The MAROC chip

8 SUMs Hiold 1 Haold 2
(pedestal) (pulse max)

CHAMMNEL 63
CHANMEL O

ENM_ADC=1 ni
HHZ_choa=

SUMof 8

channels e paue— Multiplex

charge output
NGl m—

Praamiplifior
N0 - ain corraction
18 bits)

Fast shapar

:|—IHIt chO
—& Hit_chi3

MAROC3

Common o the 64 channels d1[E32..0]
_ — ORA
Clk4OM | — ) UbsicMOos o) .
H d2[E3..
Clkio_40M 0 to 1023 L aR2
B Wilkinson ADC
andgap
in &DE
—m ADC t
Vizandgep 8bits, 10bits or 12 bits —outpy
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MARTA @ Gianni’s tank

Scint
Scint ‘7/;]
Loel o 7
EY

4 3
"MARTA }

Tank DAQ

- il _':__;‘_I L . 1M .

Events taken asking coincidence of scintillators:
Toy Monte-Carlo

160
140

|||||||||||||||||||||||||||||

y (cm)

120

y (pad number)

- N w » a [=2] ~ [22]
‘IIII‘Hllll\l\‘HIIlI\I\‘HIIl\IHl\L

100
80F
60F

401

20F

A R B R T R
00 20 40 60 80 100 120

x (cm)

Acquisition with trigger from tank running!

1 BEolv bl b b b i e b | 1
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L attes — the detector
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