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HIRes Monocular Analysis

Day 19991201 Part 20 Event 616
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HiIRes Monocular Spectrum

= Aperture

= he aperture varies
with energy...
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HiIRes Monocular Spectrum

= Aperture

= 'he aperture varies
with energy...

= .. but HiRes triggers
on brightness

ol Systematic uncertainties
from detector model
from shower model

o [Look at bulk of shower

o [Demonstrate
understanding of the

detector by Data/MC
comparisons
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HiRes Data/MC Comparisons

= IDistance to shower HiRes-II: R, Distribution

a - Constraims atmosphere

Events/km

= Constrains trigger
threshold
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HiRes Data/MC Comparisons

= DDistance to shower

1015.5 - 10]9.0 EV
a - Constraims atmosphere

Simulation

= Constrains trigger : | s, * HiRes-I Data
threshold

109 — 10" eV

= = E

[= I (I s B e - R I s R S}

0 5 10 15 20 25 30 35 40 45 50
Distance to Shower Core (km)
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HiRes Data/MC Comparisons

= IDistance to shower HiRes-II: y Distribution

a - Constraims atmosphere

Events/5 deg

= Constrains trigger
threshold

= Shower angle

¥ /ndf 3053 / 18
A0 0.8984 £  0.5606E-01
Al 0.1046E-02 £ 0.5997E-03

= Constrains atmosphere
(Cherenkov)

s Constrains resolution
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HiRes Data/MC Comparisons

= DDistance to shower B [
® HiRes-I Data

a - Constraims atmosphere

= Constrains trigger
threshold

= Shower angle

= Constrains atmosphere
(Cherenkov)

s Constrains resolution

o
T o-f
fgz
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20 30 40 50 60
Zenith Angle (deg)
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HiRes Data/MC Comparisons

= DDistance to shower B [
® HiRes-I Data

a - Constraims atmosphere

= Constrains trigger
threshold

= Shower angle

= Constrains atmosphere
(Cherenkov)

s Constrains resolution

o
T o-f
fgz
2
6
4
2
0

= Angleand distance

(range) are the aperture 20 30 40 50 60
Zenith Angle (deg)
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HiRes Data/MC Comparisons

= IDistance to shower HiRes-1I: Fit y? Distribution

a - Constraims atmosphere

= Constrains trigger
threshold

= Shower angle "

LTF %*/DOF, Data

¥/ndf 1221 1 17
A0 1045+ 0.
Al -0.1431E01+ 0.1

= Constrains atmosphere
(Cherenkov)

s Constrains resolution

Data/MC Ratio

= Angle and distance NN
(range) are the aperture LTF %*/DOF, MC, Ratio

= Check resolution by
check of ¥ distribution
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HiIRes Monocular Spectra

ERfhe S iRes monocular
Spectra were the first to

see a UHE Cutoff 3

@ HiRes-ll Monocular
x*/DOF = 34.6/35

= Most of the cutoff § v

log,,E,=18.65(5)
7,=2.81(3)

significance comes 7 Hoggearan
from HiRes-I

s Ankle measurement
largely due to HiRes-II

20.5
log,(E) (eV)
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HiIRes Monocular Spectra

ERfhe S iRes monocular
Spectra were the first to

see a UHE Cutoff

= Most of the cutoff
significance comes
from HiRes-1I

s Ankle measurement
largely due to HiRes-II

® HiRes-ll Monocular
m HiRes-l Monocular
%*/DOF = 63.0/NA
1,=3.25
log,,E,=18.65
¥,=2.81
P(43.2,13)=7.17x10®

‘:-
=
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o
13
o
>
2
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o
-
”"'-.
w
*
>
=
[TH

= 5-6 significance of
cutoff: expect 43, see 13.

20.5
log,(E) (eV)

14 February 2012 UHECR 2012 17



=]

14 February 2012

UHECR 2012

20



What is the Cutoff?

ERhecutotf predicted by
@Greisen, Zatsepin and
Kuzmin was from
protons interacting in 5 | " HReeDto

— QGSJETO1

transit with the CMB ;| OosuET

— SIBYLL 2.1
= Observed composition

should be consistent
with protons

60(1’8 18.25 18.5 18.75 19 198.25 19.5 18.75 20

log(E(eV))
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What is the Cutoff?

ERhecutott predicted by
@Greisen, Zatsepin and
Kuzmin was from 4 ++ %} ﬂ

protons interacting in - i 1
transit with the CMB 4

s Observed composition
should be consistent
with protons

5 18.5 18.75 19 19.25 19.5 19.75 20
log(E(eV))

e HiRes Stereo Data
o QGSJET-Il Protons
o QGSJET—Il Iron

0'1618 18.25 18.5 18.75 19 19.25 19.5 19.75 20

log(E(eV))
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What is the Cutoff?

ERhecutott predicted by
@Greisen, Zatsepin and
Kuzmin was from

protons interacting 17
transit with the CMB

= Observed composition
should be consistent
with protons

= Cutotf energy should
match prediction from
A-production threshold

14 February 2012 UHECR 2012
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What is the Cutoff?

ERhecutott predicted by
@Greisen, Zatsepin and
Kuzmin was from

protons interacting 17
transit with the CMB

= Observed composition
should be consistent
with protons

\“:‘134* WL e
\

HiRes | - HiRes |l

—
S
E=]
o
]
Kas)
=
o)
<
2
=
=
o
=

= Cutotf energy should

match prediction from 10" 10" 107 107
E, eV

A'prOduCtlon threshold Aloisio et al, Astropart. Phys. 27 (2007).
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What is the Cutoff?

ERhecutott predicted by
@reisen, Zatsepin and
Kuzmin was from
protons interacting 17

transit with the CMB

= Observed composition
should be consistent
with protons

= Cutotf energy should
match prediction from
A-production threshold

= GZK and Ankle agree
with CMD energy loss

14 February 2012 UHECR 2012
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HIRes Spectra

= EliRes observes the
Ankleand'a High
Energy Cutott

B HiRes-l Monocular
@ HiRes-ll Monocular

u!;#ﬁtﬂ#

&z Observed first in
monocular, confirmed
In stereo

‘:-
=
(7]
"
o
13
o
>
2
3
o
-
”"'-.
w
*
>
=
[TH

= fhe cutoff is consistent
with the GZK Cutoff in
the strict interpretation
as a result of protons

interacting in transit
with the CMB

20.5 21
log,o(E) (eV)
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elevation

Over 3 yars of data
have been collected.
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KIm spacing

= Fach 120° azimuth
= 3°-31° elevation

Over 3 years of data
have been collected.
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dwpical Surface Detector Event

Linsley Fit
L= 1“ T™TTT
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A'SD Spectrum

= Aperture

m [Unlike fluerescence,
aperture constant
above some threshold

—

s [ ike fluorescence,

aperture changes
below that threshold

= Byunderstanding
detector response, can
push well off efficiency N N S N N
plateau ' l0a, (E/eV)

o
o

e
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>
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=
L

e
'S

e
o

o
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Dethinning

= lormodel detector need
torproduce lots of
showers

= Can remove most of
the statistical effects of
thinning by spreading
out weighted shower
particles from Corsika
as'a swarm of particles
coming from a
calculated vertex

= Allows accurate
reproduction of particle
arrival times

14 February 2012 UHECR 2012

Shower Care

Estimated Vertex

-
L
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-~
-
-
L
-
~
a0
.

Recorded Particle

/ Trajectory

s nghted Particle Swarm

10'® eV 35° Proton: Parallel vs. Dethinned
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" ihned & De-thinned vs Full

8
]

, Parallel vs Thinned: Proton, 10' eV, §=30°

,Parallel vs Dethinned: Proton, 101 eV, 6=30°
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Data/MC Comparisons

Zenith Angle Distribution LDF y? Distribution s
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Data/MC Comparisons

: Entri 81424 . . .
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ENergy Determination

Energy vs S800 and Zenith Angle
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Einal Acceptance

S VVERtrist out acceptance
calculation down to
1052 eV, where the
acceptance is 8% of the
maximuin

= Need Data/MC
agreement to push this
faroff the plateau
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A'SD Spectrum

= Spectral Slopes and
Break Points in
agreement with HiRes

19.68 = 0.09
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i ASSD Spectrum

= Spectral Slopes and
Break Points in
agreement with HiRes

19.68 = 0.09
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18.69 +0.03

= Flux also in agreement
with HiRes

= Not a given ; R~

Iogm(EIeV)

J(E) x E¥10%*

s Energy normalization
done with all TA FD
detectors, not just
Middle Drum (HiRes)

-
(=}

—_
[
>
[]
X
v
—
7]
X
Y
]
X
o
£
~
<
N
o
-
o
w
X
—
w
S
n

18 18.5 19 19.5 20
Iogm(EIeV)

14 February 2012 UHECR 2012 40




j-j]' and TA Spectra
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= Norn 11zat1on

I'he Jgr et to our success:

Simulate the detector well: Data/MC comparisons

= Remove /e shower model uncertainty by looking at or
Nnorme ﬁzmg to the bulk properties of the shower
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