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EAS Detectors

Long history, dating back to the '60s

Volcano Ranch (USA) — Sampling
Haverah Park (UK) — Sampling
SUGAR (Australia) - Sampling

Yakutsk (Russia) - Sampling
Fly’'s Eye (USA) — Fluorescence

AGASA
HiRes
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AGASA
AkenoGiant Air Shower'rray

111 scintillators + 27 muon det.
Akeno, Japan

11 Super-GZK events

Small Scale Clustering
Constraints on Composition:

— protons at UHESs.
(“Classical” analysis based on s N )
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HiRes- High Re®lution Fly’s Eye

-

chnique

Pioneers of FluorescenceTe
Air fluorescence detectors

HiRes 1 - 21 mirrors
HiRes 2 - 42 mirrors
Dugway, Utah, USA

No Super-GZK flux
No Small Scale Clustering
Composition Change
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EAS — Early History
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Ground Array

EAS sampled at ground
by a number of detector stations

EM
shower

Shower core
hard muons
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p = proton
U = muon

T = pion

V = neutrino
e* = electron
e = positron
7 = photon




-
-
-

-

electromagnetic

- pube®
s padk® cup e
e wapmnenre
Lenent? eaEeamaEEs

sr22

- Wﬂ ":!"z.'." i
=Y A 5 NN
- L2 7 SO A A AR AR AL AR

e

e
AT
o e

ade, ...

e L

shower front

samet
sawnE
e
aanemmansl
e
e
wnEw

et hard muon

¥ . P
semseesesA AR RIT RSt RLOR SR ERRRRESANEY
e aavassassssesssananubtasissssnsnssnsssnsnnns
= N T T
B .
o« R PR T P PR

saw

BAVesrrscanrsnbnan
e Ll LT T TR

i
¢

e

..‘.“_."..
ray

e

Stsrassesanras

LR
Lo
nay
Sewa
Sy
ey
TEva .
Traay

&

resssssErEnRLs

smsssssrsersen
s oo oW oo

ceas Bessen

CeEressrsnEan




XX SEMINARIO NAZIONALE di FISICA NUCLEARE E SUBNUCLEARE OTRANTO, Serra degli Alimini, 20-26 Settembre 2007

Universality of EM Component

Typical length scale in em. shower X, (~37 g/cm?):
all information of initial energy distribution lost after ~ 2 X,
CORSIKA simulations: universality for low electron energies
Different particle type Different energies
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The Muon Component

E,
Ey/n o

)
Ey/(nyo)

Ey/(n mt)n

Primary particle: proton

10 decay immediately
Dot = Neh+ Npeyt

\(nch)2

Only charged pions initiate
new hadronic cascades

Cascade ends with
decay at energy £,
E(X) - EO/(nrat)n = Edec
n n
(nCh) ]Vp = (nch)
E, . Inn,
N — , o= ~ (0.82...0.95
. yEdec In Mot
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Tank: Signal Components

ut ety

1 GeV 10 MeV 10 MeV

v

1.2m Pure Water

240 MeV 10 MeV 10 MeV

~track ~ energy
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Tank: Light Emission by Muons

Retro-diffusing
Walls
cm

quivalemt u

When a particle travels fastex than the velocitligift in water,
Cerenkov ligt is emitted
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Pulse Shape

% - Signals:
£ Tank at 500 m from core . . .
Pl Large dynamic range: 15 bits
wH Long duration time: a few us
[ _ ! ll\'lm“"r*‘--ﬁ-\---- L | 1 I !
o E00 1000 1600 2000 2500 3000 3800 4000
timeins)
| l
% 1125: Tank at 2000m from core PBIT-FbaSE 1 FE board
5 1t |
2E ANODE I
oE FILTER™= FADC
b DYNODE :
0:;— I I-l'|1|'(ll‘l||-'i..'In'-.'-'. u'—li" Ui o Mo 0 "'30 1
o S0 1000 1600 2000 2600 3000 3500_"“ nl:ﬂo I
- 'FILTERH FADC
|

Proton, 5.102° eV, 30° o
40 MHz, 10 bit

Flash ADC
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60 F 60 F
- F {a) top-bottom - “ {b) top-lateral
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Pulse Height from Muons

Signal unit ~ 1 VEM ~ 94 ph.e.
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Pulse Height for Calibration

Most frequent signals ~ 19

atmospheric muons . . 8000
A/D ratio - sliding 6000
average over 3 min 4000
of signals > 512

2000

I a bt !
-
{] 1 | | | | el S S

0 200 400
Amplitude (ADC channels)
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EAS Direction from Timing

B.-Rossi, 1933

1 g
VT | | AR A e 7 7. 4 4

Fi1c. 2. Block diagram of the apparatus with a schematic repre-
sentation of an air shower about to strike the counters. The
counters are in arrangement II.
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Direction from Timing
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Timing

GPS time

. MEAN =49.7
RMS = 27.2

0 100
CARMEN - MIRANDA [nsec]

GPS timing precision

Position precision about 1 m
FADC bins 25 ns

GPS intrinsic time resolution
8 ns

Total o about 10 ns yields
angular resolution better
than 1°
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Woter Cherenkov signal densily (VEM m™)
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Ground Array - LDF

Lateral Distribution Function
. | | ; ; LDF Parametrization

% © Proton
10 ; : :

‘°"i§\ | . S(r)=S8(1000).(r/1000m) " Power law

\r, 7, +1000m (r=700m)

Nishimura, Kamata, Greisen)
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Constant Intensity Cut

Need to unfold the zenith angle dependence of the tagorese to any given energy
Assume isotropic flux at high energgxpect same flux at all angles at any given E
—Plot cumulative (i.eN(S>$) vs. §) pulse height distribution for eaaf bin

Relative Flux

150 evts ’

-
o

—
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< sin; (zemth) <0.
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Sin’(zenith)

Relative tank response vs angle
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Ground Array - Energy

Measured signal density extrapolated to a referpood

Typ. S(600m) to S(1009 minimize fluctuations

\

Compare to Monte Carlo simulation

g B tio<iE)< 108
F 7 ; 3 A 18.5 < Ig(E/[eV]) < 19.0
Good linearity withe,; ., b r mocaEn< s
. l Q Golden Ar{ybnd (fixed hybrid core)
Results somewhat depending on : : T :
&
: : : . rod
Primary interaction (physics) - Ve, .
A > &
.. S(r) = Sc1000y] L. —Ltr deoe
Composition (p vs. Iron) o a0 - on
E range fixed by detector spacing =R R B

Lot of fun for us accelerator physicists!
Get energy from lateral density...
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Ground Array - Composition

Several tool available. All in all, looks like a trickyibiness...

Just as an example: Signal rise time

Iron nucleus:

Less cascade steps before reachjng

— More i/s.
— Less EM energy

= Smaller muon rise time
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Atmospheric Fluorescence

Radiative
High energy electron De-excitation
— VY
_——»> ‘
N, Molecule R
_
QM
- ~
. — CAVAVAVA o UV Photons
Excited™ N
N, Molecule / | \
A
Collision
N, Molecule excitation
+

Fluorescence light
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Fluorescence Y

Atmosphere working as a large scale calorimeter

T T T T T T T _ T T T _. T T T
— - | m
L © g
- - B
- 4
| w -
B - Jw
- i
- - 1
- . -
= L} 1
= e —H2
L) i
- oa
e |
- o 1
— 0w — U
za
=] Eh ) 1
o #
- o e
1 . L v s 1 I L a0
4u] w0 ~ ™ (=)

(uodioe)ewysuoioyd) pieiA eousoselon|

_f fih)dh = B2.4%

LE-]

e
e
T ]
T
&

/.

e R R N S R

‘f LENTELS

U
e

_ﬁﬁwwr.fulu
__________________nﬂ“..”/

1
o o
=]
2

(0] ADUE|DLYE Sale

Altitude in km

043
wavalength {rmicren)

03 0= 0.d

023

E.Menichetti



“ XX SEMINARIO NAZIONALE di FISICA NUCLEARE E SUBNUCLEARE OTRANTO, Serra degli Alimini, 20-26 Settembre 2007

e

PIERRE
AUGER
OBSERVATORY

A Recent Measurement

10000
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6000

4000

lllll!lillllllliélll

2000

_ §
0 ___ mﬁ“m‘!"tg L'.......,«*»r-»&'l L.-...-u./ul[j ;....J} L./L“L.,-A..JI\
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Fluorescence spectrum measured at Argonne laboratory
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Fluorescence Light

s Eye Concept

The Fly
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Fluorescence Detector

Shower-detector plan\

Each PM seeing one
segment of the shower

- Sequence of fast .
pulses by adjacent PMs |-

Impact point

Photomultiplier array

E.Menichetti
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Atmospheric Headaches - |

Effect of Molecular (Rayleigh) Scattering

UV Transmission versus Distance (Rayleigh)

Transmission

NA~18km
PMT angle = 3 or 31—deg (solid)
h~7.5km 0.3 — PMT angle 10 or 24—deg {dashed) ™ —

T:h//\~041 PMT angle = 17 (dot dashed) ﬁjd\{__:qx\\“

| I I I
02 1 1 1 | 1 | | 1 | | 1 | | 1 | | 1 |
0 5000 10000 15000 20000 25000 30000

Horizontal distance (meters)
US Standard Atmosphere / Rayleigh scattering at 380nm

FD elevalion = 1500m
TRANS_VS_DIST.TDR
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Atmospheric Headaches - Il

Effect of Aerosol (Mie) Scattering

UV Transmission versus Distance [Mie)

T T T T T T T T T T T
| a1 —deg ‘ "_E
0.5 — — _
d—deg ™ ——
/\~20km PMT angle = 3 or 31—deg (=olid)
h k 0.9 — PMT angle = 10 or 24—deg {dashed) —]
~1.2km PMT angle = 17 (dot—dashed)
1=h/A~0.06
|:|2 1 | | | 1 1 1 1 1 1 1 1 1 | 1 1 1 ‘ 1 1 1 i
0 5000 10000 15000 20000 25000 30000

Horizontal distance (meters)
Typical desert atmoesphere model:

Lambda_ex = 20000m, h_m = 0m, h_a = 1200m
TRANS 20KM-0—-1200 VS DIST.TDR
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Cherenkov Headaches

~~
| Graph | ] . .
E o0 Estimate of Cherenkov contamination
O |
N~ -
o) 1200
= - Total F(t)
= 1000_—
O -
D soof-
(7)) B
(- G000 —
(@) [
e |
(@) 400 |—
O B
Al zun:—
U: Ll L |—aerOSOI||||
0 o 10 13 20 23 30 G o] Laly] L ]

Time (100ns bins)
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Fluorescence Detector

Practical implementation of light collection (also iuder)

A peringne
Shower Track periure

Pixel camer
(Photomultipliers)

Spherical mirror
(Large ~ 10 rA) B
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Fluorescence Detector

PMT windoaw

olnlete
‘V\N PM current

ﬁf\b
OQ

OO
s

il | 4 L% i 7 1%
==
1:11-1 tII.II T} Ii.lll.

Signal formation:
One PM, segquence of time slices
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Fluorescence Detector

Composition (Fly’s Eye)

E=3.2 13°eV (Fly’s Eye)

rfﬂ 750 |
£ ﬁ | f

G - o
OOO
- 5"6
I i 'oaa
-’é i/ 600_' Col
- I -1 0 1

armeapharic dapth (g em™) LOg.m(E(EEV))

Unique FD capabilityLongitudinal profile
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Comparison: GA vs. FD

GA

Sampling detector
100% duty cycle
Large number of simple, modular elements
Shower parameters from x-section
Need reliable MCarlo simulation

FD

Integral calorimeter

10% duty cycle

Small number of complex stations
Shower parameters from full shower track
Need good atmospheric monitoring+calibratign
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FD: Measuring E, & Longitudinal Profile
SD: Sampling Lateral Profile at grou
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