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Overview

 Ultra High Energy Cosmic Rays
« Extensive Air Showers
* High Resolution Fly’s Eye:
- Spectra, Composition, & (non-) Correlations
- Expectations for Neutrino Fluxes
- Flux Limits from HiRes
 Telescope Array:
- Full Operation since March 20, 2008
« Conclusions
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100 kbillion particles at sea level
photons, electrons (99%), muons (1%)

e Ground Array stations






The HiRes Experiment:

HiRes on DPG:
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low resolution
high speed

HiIRes Optics:

»-=

Camera:

16 X 16
PMT
it each sees
Mirror surface 5.1 m? .
In sky

Field of view: 16° x 14° | B
a. [ UV filter I
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HiIRes: Stereo!!!

HR1: 6/1997 < MONO EER[s|sifad(e]el=TeL:1ile]ph
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— Apaetecter - cross checks!!
ane ]
- angular resolution:
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The Atmosphere:

Affecting propagation:
two components:

R

molecular component:
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HR1 Mono = Average VAOD:
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What We Don't Know:
What are they?

- GZK cutoff = protons?!

- composition measurement: statistical but supportive...
(Auger... ?)

Where do they come from?

- Auger in Science: 27 events above 6x10'%V:
out to 75 Mpc, 3.1 degree circles
—> correlated with “AGN” € marker for mass?

- HiRes stereo: 13 events above 6x10'%eV: isotropic...

~ 10%%¢V - intergalactic B-fields little influence on p-trajectory

June 16, 2008 Kai Martens, University of Utah 19



Acceleration??!

15

GZK: top—down models
no longer “en vogue”
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Northern Hemisphere: HiRes Stereo

IS EENapply PAO cUts (E = E g siereo— 10%)
- (56.0EeV,3.1deg,0.018) 2/13 events, no significance

25 apply PAO method: optimize on 15t half; apply to 2"9 half
- (15.8EeV,1.7deg,0.020): 14/101 events, no significance

i) Finley/Westerhoff: all HR stereo - optimum:
E > 15.8 EeV, high HR A S

20 degree exposure 9. : ..
z < 0.016, e ¢ o '

&2.56/198
- P=0.24...

36 red circles
= correlated

galacti
coordinates
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# Bin #
Magnitude Redshift 6cm Radio Flux  Obj. CR Sample Size Pairs

Catalog: Veron (9% Ed.) BL Lacs #ﬁ(ﬁﬁiﬁ E‘i
22
m <18 z>01or o 017y HiRes > 24 EeV 66 2,50 m

unknown

no cut no cut no cut

Catalog: Veron (10" Ed.) BL Lacs AGASA >48EeV .o 2go
correlated with EGRET sources Yakutsk >24 EeV

HiRes > 24 EeV 66 2.9¢

Catalog: Veron (10t Ed.) BL Lacs AGASA > 40EeV 57 2.5° m

HiRes > 40 EeV 27 2.5°

m=18 no cut no cut




Northern Hemisphere - BL Lac ???

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

# # Bin #
Magnitude Redshift 6cm Radio Flux  Ob;. CR Sample CRs Size Pairs Prob.
Catalog: Veron (10" Ed.) BL Lacs - HiRes > 10 EeV 271 0.8° 10 107
m<18 no cut no cut Need to test with new data
10 EeV optlmal for BL: Vernon 10t catalog: BL + HP (high pol.)
o Gorbunov uses only BL
; : / Confirmed BL Lacs HiRes Events
g fb <10EeV  >10EeV
‘f % Mag. Class N = N =
L AT T ’“ n<qg  BL(157) 22 6x10° 8  2x107
18.6 18.8 19 Iogglgﬁgrgyié?ff 19.6 19.8 20 “HP” (47) O 07 6X10-3

“BL”(193) 0 0.7 0.4
“‘HP” (21) 0 07 0.8

m>18

F: fraction of MC sets with larger correlation

n,: number of events from source
June 16, 2008 Kai Martens, University of Utah 23
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-

qPropagating Protons:

7 . - protons E>101° eV

neutrinos

protons E<101° eV

-

propagation: source model:
Hubble expansion injection spectrum: )

CMB: source distribution:
Spty. 2. ptette range: Qiizi< 4
*PHY 2 AT DNty vy evolution:  ~ (1+z§™

June 16, 2008 (Ve) Kai Martens, University of Utah
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Cosmogenic Neutrino Fluxes from

| %2 Contours for Spectrum Fit |

HIRes Mono Spectra:
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T-Neutrino Detection:

calorimeter
target mass

June 16, 2008 Kai Martens, University of Utah 29



ANIS (by Gazizov & Kowalski, AMANDA)

ah

All

Neutrino
Interaction

Simulation

E

a -31
o
o .32

Incorporates:
- Cross sections:

CC, NC, v.—e" (resonant)

- 7(n) energy loss (parameterization)

- decay tables

- TAUOLA for t-decay

-33

-34

-35

-37

-36 v

[‘JIIII|IIII‘\HI|IIII|IIII|HII|IIII|

38

0

But: made for detectors inside a spherical earth...
(i.e. underground)

Kai Martens, University of Utah
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v.-MC: Topography at Work

Neutrino interaction points (tau decay above ground):

Cedar Mtns Stansbury Mtns Oquirrh Mtns
[The” T e T

100

Deep Creek Rng

II|III|III|III|FII|FII

Sheeprock Mtns

-80} : B W it 5

: ! )
- |.|||||||§:+‘.|||r'.|'||
~10%00

-80 -60 40 60 80 100

20 0
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10 20 30 40 50 60 70 80 90 100

reconstructed zenith angles (from MC input) [deg]




IF we do NOT find an event:

dN
dt gtrlgger reconstruct j J ( E ) dE j A(Q) dQ

. i S
MC ?? | INEe)—~E?1| MC

A Rough Estimate for an Isotropic v Flux:

* total lifetime (Hrl + Hr2) - 1y
2 greconstruct " 1%
» flux E-1 between 1018-1021eV

- 2.3 events need dN/dt ~10-1"s-'cm-2sr-1

June 16, 2008 Kai Martens, University of Utah S



HiIRes: Cosmogenic Neutrino Limits

—10°E
% T AGASA 2001
o 10 E
£ =
> ~ RICE 2006
> RI
20E
- — HiRes 2007: v_
H‘ - '
52k problem:
L — 0o
= MC bug: efficiency
10 will go down...
= — nraton
E zle:trnn nautring 9 to be updated
- — o neutning
b / \\
'1 B ] | | 1 | ] | ] | | | | ] | | | | | | | | ] ]
v 8 9 10 1 12

(no events found!) log (E)[GeV]
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AGASA &/vs. HiRes: Telescope Array

llllllllllllll
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TAFD building on BRM:




Ground Array: Heli Deployment
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Message Two: Since March 20,2008

Stereo Event
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The TA-LINAC ldea:

Spec§ of TA-Linac == : F.O.V.(upper camera)
*Particle : e- == : F.O.V.(lower camera)

*Energy : 10, 20, 30, 40 MeV
(variable)
*Pulse width : 1usec
*Peak current : 0.16mA
(10°%e-(=160pC)/pulse)
*Frequency : 1Hz
Distance from FD : 100m

vertical

40MeVx10° e-
@100m — ~1016gV
1020 eV @10km

horizontal [ = 100m

Simulated with Geant4 (40MeV)
June 16, 2008 Kai Martens, University of Utah 40



TA Linac Layout:

Main container (40-ft container)

S-Band Klystron : Low Power RF

-100kV Pulse 40MeV
—

" |
Grid Pulsar

i High Power
Bias PS Pulse Modulator

Heater PS

Output 110MW

RF:~40MW l

Phase Shifter 500L/s
&Attenuator RF:20MW Inverter Power lon Pump

— Phase
Stefter . HPPIV(BORY) |

RF:20kW

1 RF:20MW
Current

Monitor., Vacuum duct

B >
‘\ ~ I
Accelerator Tube(2m) N

1 1 Fi o
{e-GunE=100keV | /' Pre-Buncher(0.2m)+Buncher(im) Steering Coil SAdropole s Bending)

Y solenoid Coil

Sub container (20-ft container)



TA-Linac @ KEK: Being Commissioned

In shield

Upper side £
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Enter: TA Low Energy Extension (TALE)

(details of layout still under revision; p-counters?)

TA: Ez10P eV > £=100%
E>10'eV - hybrid
HiRes (12,6km) E>10783 eV - stereo

TALE: - 6km stereo pairs (two of them) - best @108 eV
- 72 deg elevation towe(L = _Lr)wfill > E>1016°5 eV
ybri

All elements overlap = cross calibration + control of systematics
(in energy and

geometry)

June 16, 2008 Kai Martens, University of Utah 44



To TA FD at Long Ridge

To TAFD at
Black Rock
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Conclusions:

* HiRes “found” GZK cutoff - find GZK neutrinos!?

* Auger found “AGN” correlation - charged particle astronomy?!

» surface vs. fluorescence —> understanding
particle physics

 spectrum & composition - down to 2"d knee

Telescope Array is taking data - ICRC 09 ?1?

June 16, 2008 Kai Martens, University of Utah 50
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