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Fluorescence in Utah: A Proud Tradition

Fly's Eye: 1981-1993
Dugway Proving Grounds

Site 1 (FE1): 67 mirrors Nov. 1991:
Site 2 (FE2): 34 mirrors

The big event - ﬁ H

12-14 pixels (PMT) per mirror 320 EeV II‘ -
Each pixel covers 5 deg x 5 deg =

L . L
X BO0.0 #00.0 100:0.0 1200.0
Depth in gfem?
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(this plot uses other old data...)
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HiRes: The Experiment:

HiRes on DPG:
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HiRes Optics: ;. cpceo

e

1 Camera:

16 X 16
PMT
| & 5 each sees
Mirror surface 5.1 m? s
INS
Field of view: 16° x 14° - : -
UV filter I
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HR1:  6/1997 < MONO [REIUREEEE LU
HR2: 12/1999 < 30" LE [RUCNalileNJilcli=1y

Shower
Axis

Zenith

Detector

Core
Location

STEREO -

Shower-Detector
(SD) Plane
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Geometry:
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The Atmosphere:

Affecting propagation:
two components: molecular component:

! V
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= dE/dx loss
dE/dx deposit (1 cm)
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HR1Mono - Average VAOD:

Average VAOD: 0
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Monocular Reconstruction @ HR1:

HR1: Event Selection (Pattern Recognition)

* Gaisser-Hillas profile fit
* Profile Constraint Geometry fit
(7 degree in plane)
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HR2:
* timing fit... € 30% better resolution in SD plane (5 degree)...
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Data/MC Comparisons -> HRT:

MC input:

- Fly’'s Eye Stereo Spectrum

- HiRes Prototype/MIA & HiRes stereo composition

140 e 120 : : ' ' ' '
18.5 19.0 ~— Simulation
138 : 10195 _ 10199 oy : 100 - 10 - 10 eV | -
80 — % ® HiRes-I Data
80 —| L i
60 7 Simulation B B
= 40 — HiRes—I Data i
o 20 - -
> | \ |
5 0 I E— i
35 | - @ 25 - 10190 — 10%° eV -
< 30 ~ -
S 25 - B < 20 — } B
R 20 - - R 15 - -
5 B 5 10 -
10 —| n
2 97 = o 07 -
2 0 ,8 0 | i i 1 1 |
E 12 - | E 12 — 1019.5 _ 1020.0 eV |
2 10 - 10 - =
Z. - 8 B
8 - Z.
6 6 — -
4 - 4 - -
2 % 2 - T % Ptag
0 | I | I ! I S i 0 | Rl I I i |
0 5 10 15 20 25 30 35 40 45 50 0 10 20 30 40 50 60 70 80

Impact parameter [km] zenith angle [deg]

May 18 2006 Kai Martens, University of Utah 18



Data/MG Comparisons -> HR2:

MC input: - Fly’s Eye Stereo Spectrum
- HiRes Prototype/MIA & HiRes stereo composition
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Aperture: Vertical Laser @ 33 km (HR2)

VAOD < 0.1: @ [ e HR2
- 100% of shots seen :
@ ~ 3 x 10" eV b
10 :—
g L1 |
2 4 0
zimuthal angle countlr-clockwise from east (deg.)
313 2002-AUG-13 g07:00:07.000 072 588
Terra laser
site
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+ HiRes-2 Monocular
= HiRes-1 Monocular
A Tandem Stereo

-
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HR “tandem”

HI:2 I ;HH*H#HF * HR1
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Source distribution: (1+z)™, emission spectrum: E’
tag by composition: galactic €< Fe, extragalactic < p
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(Graphic stolen from unremembered source...)

| - - protons E>10* eV

neutrinos

protons E<10" eV

-
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Equatorial Coordinates
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HR2 angular
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HR1mono Arrival Directions (1o ellipses)
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E>3x10"%eV

¥ ;F,:::;I-_Eé'timate Exposure from MC !!! (& resolution...)
L g 9 4
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HR1Relative Exposure Maps
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stereo Data - Autocorrelations

Events (N)

o 10 |
_-5 9;_ . P(N,0)
§ ol Autocorrelation
£ | Functions: 40 EeV -
3 6;— - 50
S 5[
g 4_ e 20 EeV :_100
Q ! -
= : HiRes data 150
! _/-’"’M - 200
0 05 0 05 1
coso }250
‘Zh: 3‘ AGASA data mEev_u 0.5 11 2 2. 3 35 4 45 5
2 b Separation Angle 6 [°]
1 M
0o 05 0 05 I Scan: data & MC
- strongest signal:
HiRes consistent with no correlation... P = 51%

chance
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stereo Data - correlation Willl l\ﬂﬂs |

Likelihood ratio test:
(E > 40 EeV)

ﬁPl x 0T
L x)
( )_ (O,XS)

28% of MC sets
> |In(Ratio) @ triplet
- not significant \ ©

But: lower HiRes threshold:
40 EeV - 30 EeV
< HiRes event in triplet...
MC > In(Ratio) = 0.5%
without penalties for tampering!!!

May 18 2006 Kai Martens, University of Utah 40



stereo Data - BLLac

Gorbunov etal.,, JETP Lett. 80 (2004) 14 -> HiRes analysis:

10 EeV optimal for BL: Vernon 10" catalog: BL + HP (high pol.)
Gorbunov uses only BL

In(R)

1
- O = N W OO
T T T T

o b b b b b b b
18.6 18.8 19 19.2 19.4 19.6 19.8 20
log(Energy/eV)

“‘new” data: since 01/04
to be seen...

“old” data: F: fraction of MC sets with larger correlation

n.. number of events from source
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* HiRes has stopped taking data in 04/06
—> transition to Telescope Array

- HiRes has seen the GZK cutoff
- no dipole enhancment in HiRes
- no small angular scale correlations in HiRes

- one event added to AGASA triplet ... = ?7?7?

- please tell me what to think about the BL Lacs...

Cosmic Rays are not boring quite yet!
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Hmaz Distribution
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