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nd Particle Physics

mmon:
1912)
amber (Skobelzyn 1927) ta
nderson 1932)

eddermeyer & Anderson, 1937)

(various up to ~1953) Al
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article

ory and techniques from

sics and Particle Physics

erse s a Lab

large energies
usual objects
Big Bang memories
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1S talk

3t energy cosmic rays
rimental results

2ar theoretical picture
conflict?

e issue: Better data!
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t energy CR’s

(igh)E(nergy)CR'’s |

and safe arguments
Id not be there

ents give

radictory results

Ime for new data

6/25/2003 E.Menichetti - Int. School on Strong Interactions and Multiparticle Dynamics




argument - |

(Greisen, 1965)

arly escape from the source ' *
RLarmor N 1 E ZB
Z) \1EeV ) | uG

A

kpc
ynchrotron loss < energy gain
dE/dt x B’ dE/dt x B
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argument - ||

3 5
R X fy particle

W;g>10°7 erg :

S source should be a
mitter (like 10°" erg s')
ect!
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ion @ high E

m extragalactic mag field

69 G
on: B, size A, var[defl]=c°
n walk through N regions

/2
ad [i] —1
A ABE
:nG, E:10%eV

—negqligible deflection
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ng observables

y spectrum
ape

osition
nisotropy
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ctrum - |

Power law

Flux
31 decades+

esting anomalies
Ankle, Endpoint

E.Menichetti - Int. School on Strong Interactions and Multiparticle Dynamics

10




—
L=
S

% {iz _ ‘1115% Fluxes of Cosmic Rays
I4(E) = 1.8 E= nucleons /cm? - %10_1:: %%&_ R A S —
s -sr-GeV & b "
i i,
o5 \'-l::l
a = 2.7, from several GeV to s
- B
beyond 100 TeV, s %
o Y
(galactic origin) 13 "°L ‘-f%‘?% Coree
o= 3 ﬂ & (1 particle per m™—vear)
Sk 150 i
10 h
1016 eV < E < 108eV - A,
= T,
(from "knee" to "ankle") 15" A,
(galactic origin) B
a=2.8 107
1018 gV < E (above "ankle") i
wt | -!-' r\l 1 z Ankle ;_/-"—f;’ ik "
[E- ragalacTic o |E|r|} 10_25:_ (1 particle per km?—year) ‘r
100 TeV = 104 eV 3 Tevatron LHC
w'zﬂ:_ (Swordy ucmmgu} l l T
Lol Hluu] L1 L1l
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Energy (av)
2004200 TeV p
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| vs. Power law

‘g‘ ' s L ﬁ : !‘tuun ufEmﬂ: Roys - '
S . (Terasawa, 2001)
ol 1R R g
ol q‘-.w 1
i R 1 No doubt CR’s are. .
b S Yoy knee
afl L \J={ notthermall
_1ﬁ i I: !I -u
T Lo :
‘11“_& i: I: !.I."'-'I;n nlﬂll-_[:'lullj.': mann 2 : ,
B I B, ] Huge difference at* ,
10 - - Y 7 ]
w1 o W 4 high energy
2l )1 == 1Ge “Hr
10 II | |

10 10 ﬁﬂ?nmﬂ mﬁ 10" 'IHH 10" 11@'5 10' \Jps 1o ._.:'."-' 10"

6/25/2003

E.Menichetti - Int. School on Strong Interactions and Multiparticle Dynamics 12




ctrum - I

position
~79% of nucleons are protons
~14% of nucleons are within helium nuclei

i element abundance Z element abundance
1 H 485 13-14 Al-5i 0.19
2 He 26 15-16 P-5 0.03
3-5 Li-B 0.40 17-18 Al-Ar 0.01
6-8 c-0 2.20 19-20 K-Ca 0.02
9-10 F-MNe 0.30 21-25 Sc-Mn 0.05
11-12 Ma-Mg 0.22 26-28 Fe-Ni 0.12

Above 10 GeV, 104 antiprotons/proton
No evidence for primary component of antiprotons
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Difforortal flus (me ers Molinueleon)-1

S TR LINTOET RPN WA I

Kinetic energy [Me¥ nucleon
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10 10E 1 104 10l Lob

1012 eV

sition

*
C ® BLANCA
: o o 4 HEGRAMIROBICC
C P N ¢ SPASENULCAM
: #‘ﬂ;*‘ m DICE
450 :_ #—; ¥ Flys Eye
[
400:— — QGSJET
150 F 1 L | N I B
14 15 16 17 18 19
log,q(Energy/eV)
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lll - Anisotropy

12

T T T T T ] T T T T | T T T T

4 mmw_

it

intensity

Julations

ga b v by b
-1 -0.5 a 05 1

cos(0 G.C.)
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AGASA

84000 events E<1018 eV

Dec(deg) Amplitude ~4%

a0 ‘ (]
100 0

300 200
Right Ascension(deg) (Teshima 2001 )
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rces - AGASA

Equatorial Coordinates

n = 30

= . / = b

% 25 _ 5 25 _ \

515 515

L - £ F

S 10 SRR

OA 0 Hed o

5000 50 000 50
Galactic Latitude Supergalactic Latitude

Event Clusters: 1Triplet and 6 doublets P(chance) ~ 0.07%.
Interacting Galaxy VVV/141 in the direction of triplet at 100Mpc.
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Cluster Exp. Date log &£ R.A. Dec. ! b 5.G.Lng 5.G.Lat.
Triplet #1 HF RLO1OS 159.99 20,00 20,00 132.70 —41.70 Jl8.140 —0.79
AG G203 20.3% 15.89] 21.07 13048 —41.44 Jl811 .89
AG Q51029 15.71 18 .53 2003 130,18 — 4251 317.02 0.93
Triplet #2 AG G2080] 15.74 172.30 57.14 143,20 5665 56,82 2.04
AG Q50126 19.89 168,63 57.58 145,53 5510 55.51 0.5l
AG QR0404 19.73 168,44 55.09 147.51 56,23 56,84 —0.37
Diouhlet #1 AG 910420 19.64 284,90 47.79 77.88 12,45 24.95 57.83
AG Q40706 20,03 281.36 48,32 77.58 20865 29,35 57.26
Dioublet #2 AG B0 105 19.74 (9 113 A0.15 170,08 —11.50 350,38 —33.33
AG Q51115 15,68 T0.39 2985 171.08 S LA 35].23 — 44 3]
Doublet #3 HF BOO315 19.71 267.00 .00 108,50 30,10 MILE3 2799
AG Sa0513 15,68 268.05 74.12 105,11 29.79 31.09 30,94
Doublet #4 HF T20525 15,65 238,00 TR.00 113,30 3460 35,05 23.27
TE Gl 1201 15,62 23540 TH.E0 11460 3460 LS Rt 22.22
Doublet #5 VR GLO310 19.73 154,10 6,700 143,003 44.30 4450 035
HF RA0313 19.62 157.00 5.0 143,503 46,30 46,63 .24
Dioublet #6 HF i 1008 19.67 1 654,00 50,00 155,00 S8 80 @108 —5.53
TE 750317 19.67 163,70 52.90 154,91 56,80 38,45 — 416
Doublet #7 HF T40228 19,86 264.00 5800 IR ] 32.52 41.02 45,22
AG SE0330 15,54 259,16 56,52 #4309 3517 45.44 45 35
Doublet #8 HF TOO206 1562 16500 64,00 140,98 45,43 48,48 2.41
HF BA0513 1562 157.00 65,00 143,60 43, 50 44,63 0.24
(Uchihori et al., 2000)
6/25/2003 E.Menichetti - Int. School on Strong Interactions and Multiparticle Dynamics 18




agnetic mirror

magnetic mirror Energy exchange

drift—revolution

e =40 - 10)|

B field

piral trajectories around field lines

High gradient regions acting like walls

6/25/2003
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nism - 2nd order

—— |
Cruising plasma cloud
{

Scattering by B-field

Stochastic process
AEo<B2E ‘1

Expect:

Slow, inefficient

Scattering from inhomogeneous, moving B field

|
\<AE> Nfgz
E, =~E,(1+ Bcos 92), E /40

3

6/25/2003 E.Menichetti - Int. School on Strong Interactions and Multiparticle Dynamics 20




hanism - 1st order

shock wavefront

As before, scattering
by B-field irregularities
Momentum gain:

6p/p=+42U,/c head-on acceleration |,

6p/p=-—2U,/c tail-on deceleration
—>5p/p=2(U1—U2)/C>O net gain

supernova interstellar medium

=U, Expect: '\
fast, efficient

~N———

wgles 9 R+=————Shock compression ratio
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dex, time constant

Fermi 1st order:

L A

R—1
7..~1 month! OK

z acc
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energy

Magnetic Field Strength
2 \\\
10% Neutron Stars
: F
106 -
LHe |-
TEVATRON
Spps &
B Sunspots
1G —
e P
s o
% F
10 G -
I
1km

Size
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nds

arnova numbers

) shock acceleration

ount for E>10?° eV
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[ sources

ctromagnetic acceleration

osed:

onopoles, cosmic strings, ..)

high mass particles
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of predictions

/ are not easy to explain
are difficult to explain

Neither easily available ...

6/25/2003
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crowave Background

Waualangth [r'l‘ll'l‘l]
2 1 0,67 0.5
T T
400 = FIRAS data with 400¢ arrorbars )
= 2.725 K Blackbody
o
. ok
=
=
2 00t
w
c
=
£ oo}
o 1 1 1
0 5 10 15 20
WV [/em]

o The CMB spectrum

the Antenna (by FIRAS)
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hotons
T= 0.6 meV
-3
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espin),K(uz'min)

(G, Z&K - 1965)

ss ~ 20% /int

Joss ~ 0.1% /int

CR’s above threshold bound to lose energy
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K cutoff

10

Energy (eV)

o

=
J
—

320 EeV

1020

19 M NI
10
100 10l

10% 103 104
Propagation Distance {(Mpec)
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Rays Detection

1tional detectors: E<10'4eV ¢
| with small fluxes

sive) A(ir) S(showers)

intillators, water Cherenkov) .
2SCcopes
Fluorescence detectors
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INGIDENT
FRIMARY
PARTICLE

]
)
I
AN
+
L. -._.L____ :
| n
I | "
! |
| |
, £ .l' 5
) h i |
ELECTROMAGNETIE  MESON NUCLEONIC COMPONENT
OR "SOFT" oR * |
COMPONENT  COMPOMENT |
g I -

EMERGY FEEDS ACROSS FROM | SMALL ENERGY FEEDBACK
NUCLEAR TO ELECTROMAGNETIC IFI'!"IJI-I MESON TO MUCLEQNIC
INTERACTIONS COMPOMENT

L

10 km

EMERGY HUCLEOMIC
PONENT

ID|SINTEGRATION PRODUCT
NEUTROMNS DEGENERATE

T

"SLOW" NEUTRONS)

NP HIGH ENERGY
NUELEDNS

A, = DISINTEGRATION
PRODUCT MUGLEONS

« WUCLEAR
DISINTEGRATION
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A 10 EeV Extensive Air Shower (EAS)

~ - i ]
twl « maan IN€lAStic o(p,air) /”
!bz " = Yodhetal
550 — 4 Gaisser etal. ¥ o
" ¢ Baltrusaiis ef al. PN
500 F  * Hondaetal _c:;'{"# i
C & Aglietiactal,
450 [
w
30
™ b 2
B - I —
W/ T T v+rv MOCCA #o-o+ DPMJET
EESRTTTT IR T TTT RSN TT7T| BN SN AT B R TIT M SN N 11T AN TTTT MR 1A
“2 Tﬂa Tl.‘ ll.'I'5 l'll‘s 1.1 lllls “9
Py (GeVic) 100 billion particles at sea level

Tevatron LHC photons, electreons (99%), muons (1%)

8 Ground Array stations
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Direction of

EM ShOWCI' :::-f._ incoming shower

Shower core
Shower front .

.1:2

Surface detector stations
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densily (VEM m™)

Array - Direction

Time + Transverse shape

Resolution vs. energy:

AB~ 2° at 10”°eV — 1° at 10¥eV
AX,y ~ 80mat10°eV— 40m at 10™eV

[ o @® ® s ® [
< < < < < < <
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\rray - Energy

apolated to a reference point
to p(1000m) to minimize fluctuations
rlo simulation

mary

2pending on :

ion (physics)

S. Iron)

E range fixed by detector spacing

6/25/2003
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Rise time 10 % to 50 % (ns)

.
(o]
=

LAl
e
=

200

100

Composition

o # = 30° proton MC
o4 = 3C°iron MC

*Row real d:atq

b<E<20 Eét“-f

[ Real data cuts— % + +
R

= Ijt +¢r"_:"‘1

B o ;%:\\T f: Rl +++
[ T - S e . S
- @ " +

- 1 1 I | I 1 1 | 1 1 1

0 200 1000

1500

Core distance (m)

E.Menichetti - Int. School on Strong Interactions and Multiparticle Dynamics

37
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ence detector

% electrons

e like a giant calorimeter

cited by fast electrons

e light available from N,
PMs watching the sky

But:

nights + clean environment
~ Desert

— Low duty cycle ~ 10%
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ce detector - |

IS

g r o435 os

8 10 £ f(A)dA = 82.4%
Q

= - [X] 23

E -

- .

2
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2 g0

T
RN

= é 5 é 'E tggggn é-: l
E P P -"; = E' $o90%0 J
) 0.25 0.3 0.35 04 0.45 0.5
E wavelength (micron)
@
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Eg .=
= 4 -
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.| : tyie
1
1 *
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o detector - I

If,;VJ’/.-fr‘—’

o AR 2 7 R i O
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detector - |l
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e detector - IV

Signal formation:

one PM, sequence of time slices

6/25/2003
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e detector - V
y: longitudinal profile

E=3.2 1020 eV (Fly’s Eye)

750

700

Er g e e ] i 650

Armeapheric dapth (g om™)

r )
600 L. ! | L ! ! L | ! ! ! ! | L !

Composition (Fly’s Eye) Log,E(EeV)
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on: GA vs. FD
FD

Integral calorimeter
10% duty cycle
Small number of
ents complex stations
Shower parameters
from full shower track
Need good atmospheric

simulation monitoring+calibration

6/25/2003
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ove 100 EeV

ents sensitive >1020 eV

Exposure Surface

63 km?2.sr.yr 8 km?
60 km?

75 km?.sr.yr 12 km?
28 km?.sr.yr 58 km?
1268 km?.sr.yr 111 km?

825 km?2.sr.yr
145 km?2.sr.yr
90 km?2.sr.yr
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parison

Clear inconsistency  ,
above 5 107

F 1
3 Flux systematics
; +

E-scale? \

1 \ Other? '

17 17.5 14 14.5 19 19.5 i 0.5

A . .
sa8) =) - GZK-compliant, model fit
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ents of
position
matic

fon p,/Pepm

odels
p, and p_,, combined to shower

profile measurement.

6/25/2003

er: GA + FD
f a large hybrid detector .

* 100 % duty cycle
Ground array is 100% efficient
all time (versus 10% FD stereo ,
detectors)

* Reduced cost
Cost per >10%eV event

reduced with hybrid techniques
than with FD stereo detectors, !

Reduced requirements on

fluorescence eyes (lower range
and less pixels),
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lerre Auger Observatory

— Total of |

2 Wy
N .

‘=gl 3000+3000 Km?

g
)
e

§§ Southern site

Malargue
Provincia de Mendoza, Argentina
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O Southern Site
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E>10 EeV
E > 40 EeV
E> 100 EeV

rmance - |

19 eV) =0.5/(km?.s

1 year of AUGER, each site

3000 events
300 events
25-45 events

r.yr)

20 gV) ~ 0.01 /(km?2.sr.yr)

(1281)
(126)
(15)
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formance - Il

tors); distance 1.5 km; 7000 km? sr
nce detectors); range 25 km

cy > 90% above 10 EeV) :
+FD

0%

20%

SD+FD
0.20°
10EeV  1.0° 0.35°
Much improved primary identification with hybrid mode
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Solar panel and
electronic box

Three 8”

PM Tubes
antenna

- —

~ Plastic
- tank
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D telescope _

— = -_—_ A

.4< F
elactronics /
r"“i
nirtor
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gy

The pampa amarilla,
3000 km? of grassland

1eav

38 tanks of the
Engineering Array

\
i

Los Leones:
the first 2 fluorescence
detectors overlooking the EA
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al profiles

D=19.5 km E,=3.310" eV

Longitudinal Profile . | Longitudinal Profile
x10° x10 | ——
7] - -
@ i Q
910000 5 3500
E T
Sy i Z:3000
.g 8000 I .g
L] [}
+ i + 2500
: 2
5 5
'E muu I -5 2000
1500
4_000 I —
i 1000
2000 ... : : 5
/A 500
U_I 1 H’ 1 | | E | | 1 i | 1 | | 1 1 1 1 1 |l 0
400 600 800 1000 1200 700 800 900 1000 1100 1200 1300 1400 1500
slant depth [g/cmA2] slant depth [g/cm~2]
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vent

E534 reconstruction

Hybrid event
3-dim
(Bohacova)
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Postcard - SD




O/ 27 2UUD E.ivienicnetti - |




onclusion

or accelerated somewhere:
2ighborhood’ of our Galaxy

echanisms cannot easily

rgies, source localization is

adictory above 5 1079 eV

Auger is coming!
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