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GOALS

Remove model dependencies — assumptions and parameters — whenever possible.

Requires the development of new statistical methods.

tic deflection as a signature of a source instead of a confounding variable




PART ONE
R/ 1 ENERGY COSMIC RAYS



SOURCES AND PROPAGATION
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PREVIOUS RESULTS - ANISOTROPY
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FIG. 2: The 19 events at the hotspot in the equatorial co-
ordinates are denoted by filled circles (red: E < T5EeV; blue:
E > 75EeV). Reconstructed positions of shifted sources for
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squares; the errors are shown by ellipses of the corresponding
color.




ULTS — ENERGY SPECTRUM
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RESULTS - COMPOSITION

Compared to PAO
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EXTENSIVE AIR SHOWERS (EAS)

UHECR studied
indirectly using
extensive air
shower

 Muons created early

in shower -- charged
Pion decays.

e Muons and neutrinos

are “missing energy”




HEITLER MODEL

Radiation length, A (36.5 g/cm? in air), is about the same for pair production and
Bremssirahlung radiation.

Mean energy

: Distance
per particle

Eq Toy Model Y A n=X/\

2




INDIRECT DETECTION

* Fluorescence from charged particle excitation of
nitrogen.

4——-— Primary Cosmic Ray

b‘ Nuclel




SIMULATION, DETECTION, RECONSTRUCTION

Reconstructions used from previous works
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SPECTRUM ANISOTROPY




7-YEAR DATA HOTSPOT RESULT

: 2008 May - 2015 May
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ESTIMATED BACKGROUND - EQUAL EXPOSURE

- Likelihood and x? tests are sample size biased

« Need to control statistics = a=NMC /Nﬁ“} = constant

val exposure binning samples the sky equally.
h that bin size average = 15°, 20°, 25°, 30°
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Changing sampling -- declination bias
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POISSON LIKELIHOOD GOODNESS-OF- FIT

« Compare energy distribution “On” (inside) to “Off” (outside)
- “Off" Normalized to N,, (expectation)

« Energy bins of 0.05 log¢(E/eV)
» Less than mean energy resolution
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http://www.fysik.su.se/~conrad/James/james.5.gof.pdf




ENERGY SPECTRUM ANISOTROPY - 30° <BIN>

« o deviation — “On” data compared to “Off” data
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GLOBAL SIGNIFICANCE

« Count simulations with o 2 6.17

 MC TEST Penalties
* Bin scan - 15°, 20°, 25°, 30° average bin sizes
 Not enough events inside bins less than 15°
 Not enough events outside bins greater than 30°

- Energy threshold scan - 101%9, 101%1, 10192, 10193 eV.
- Not enough events for cuts > 101°3 eV




SPECTRUM ANISOTROPY — GLOBAL SIGNIFICANCE




SPECTRUM ANISOTROPY — GLOBAL SIGNIFICANCE
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INTEGRAL DAY SIGNIFICANCE . Blue line is linear fi
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POSSIBLE CAUSES

» Possible source:
« M82 starburst galaxy most likely source
« “A Monte Carlo Bayesian Search for the Plausible Source of the Telescope Array Hotspot”
https://arxiv.org/abs/1411.5273
« “Ultra-high-energy-cosmic-ray hotspots from tidal disruption events”
https://arxiv.org/abs/1512.04959

e magnetic field:

ic sheet increases post-GIZK flux (E > 50 EeV) and deflects (E < 50 EeV)
igin of the highest energy cosmic rays”


https://arxiv.org/abs/1411.5273
https://arxiv.org/abs/1512.04959
https://arxiv.org/abs/1512.04959
https://arxiv.org/pdf/1512.04959v2.pdf

ENERGY SPECTRUM ANISOTROPY
CONCLUSION

Spectrum Anisotropy ( E 2 101°2 eV) at 138.8° R.A., 44.8° Decl.




DISTANCE CORRELATION
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SOME PREVIOUS STUDIES

« Search for signatures of magnetically-induced alignment in the arrival directions measured
by the Pierre Auger Observatory Astroparticle Phys. Vol 35, Issue 6, Jan. 2012, 354-361

 Parameters:
« 20 EeV threshold - USED IN THIS ANALYSIS
* Lots of other parameters:
« Linear correlations with inverse energy
» directional with limit on transverse spread

https://arxiv.org/pdf/1111.2472v1.pdf



SOME PREVIOUS STUDIES

« Search for patterns by combining cosmic-ray energy and arrival directions at the Pierre Auger Observatory
Aab, A., et al. European Physical Journal C (2015) 75: 269.

« Parameters:
5 EeV cut
yther parameters:

https://arxiv.org/pdf/1410.0515v4.pdf







(number of concordant pairs) — (number of discordant pairs)

ln(n _ 1)

Linear Corr: 0.903 Rank Corr: 0.9994
Outlier decreases corr: ~0.02 Outlier decreases corr: 0.0006






» Size proportional to 1/p-value
« Color is Distance/Energy correlation
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« Size proportional to 1/p, Color is Piz|p
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NOT A MEASURE OF DENSITY

« Data declination is subiracted and folded up toward top of FOV to see how location is fracked
« Steps of -5 deg. Left to right, top to bottom.
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CORRELATION ANISOTROPY SIGNIFICANCE TEST

Single parameter searchin MC -use o,

e GPITI.P = 6é.47¢ p|T|,p= -0.22
 125.9°R.A., 49.7° Dec. — 9.4° from Energy Spectrum Anisotropy maximum
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CORRELATION ANISOTROPY SIGNIFICANCE TEST

Pre-trial significance Post-trial significance (zeros removed)
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INTEGRAL DAY SIGNIFICANCE
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ENERGY-DISTANCE CORRELATION
CONCLUSION

Distance Correlation Anisotropy (E2101%3 eV) located at 125.9° R.A., 49.7° Dec.

edadrs.




COMBINED MEASURE OF ENERGY SPECTRUM
ANISOTROPY AND ENERGY/POSITION CORRELATION

» Energy Spectrum Anisotropy significance: 3.74c

» Energy-Distance Correlation Anisotropy significance: 3.37¢

» Stouffer's Method combined significance: 5.03¢




OLDSPOT SUMMARY ANALYSIS







LI-MA SIGNIFICANCE

« Compare N events “On” (inside) to expectation — How significant is the excess or deficit?

- Derived by Poisson likelihood ratio and approximation to y? (like the Poisson Likelihood GOF)

1+a/ N Nofs e
S =sign(N,, — N, )W2{N . In — M W+ N.eln|(1+a)(—L —

INDICATIONS OF INTERMEDIATE-SCALE ANISOTROPY OF COSMIC RAYS WITH ENERGY GREATER THAN 57 EeV
IN THE NORTHERN SKY MEASURED WITH THE SURFACE DETECTOR OF THE TELESCOPE ARRAY EXPERIMENT



TIMATED BACKGROUND - EQUAL EXPOSURE
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TWO ENERGY BIN LI-MA STATISTICS

Data: E 2 57 EeV (101%7°) - a priori choice from previous studies
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TWO ENERGY BIN LI-MA STATISTICS

Data: 101°1 < E < 101975
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COMBINED LI-MA STATISTICS

High Energy HOTSPOT

Maximum o;,.,; =7.11 at 142° R.A., 40° Dec.
5° from Energy Spectrum Anisotropy
16 degrees from supergalactic plane

Combined o: two-sided test probabilities multiplied

-
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JEN OF CAUSAL CONNECTION

Evidence for physical cause resulting in an af same point




SUPERGALACTIC PLANE SHIFT

Supergalactic magnetic sheet increase flux of post-GZK particles(E>50 EeV) and deflects (E<50 EeV)
- suggested by (Biermann, Kang, Ryu)!?
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EVENT DENSITY ASYMMETRY

= N




EVENT DENSITY ASYMMETRY SIGNIFICANCE

Testing MC trials for combined significance underestimates significance

Maxima with excess/deficit in both bins are not signatures of magnetic deflection

Significance of MC is found from separate energy bin o thresholds.

MC Sets scanned

L 45 same bin sizes and energy thresholds
H““l 4 as data
fCisetsioutside ‘ | 3 + 3 isotropic MC have equal or greater

Og‘ﬂ

event density asymmetry
out of 16 * 87.89 million
+ 5.4 o significance

o High Energy

gl
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COMBINED MEASURE OF ENERGY SPECTRUM
ANISOTROPY AND ENERGY/POSITION CORRELATION

» Energy Spectrum Anisotropy significance: 3.74c (parameters scanned and accounted for)

» Energy-Distance Correlation Anisotropy significance: 3.37¢ (parameters not scanned)

uffer’s Method combined significance: 5.03c




CONCLUSION

Hot/Coldspot Event Density Asymmetry (energy-position correlation)

Post-trial 0 = 5.4
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PATTERN RECOGNITION ANALYSIS
&




Proton MC
3000 B 1 L 1 1] I T T T ] l L 1 T T I I T l ] I L T
I Mean 748
B RMS 64.8
25001~ [
i Iron MC
] L
€ 2000 Mean 674
> i RMS 42.2
w L
S 1500 =
[ - -
° o -4
g - =
S 1000} -
z B ]
500 -
o | kil . 3L l Ll 3
1

600 700 800 900 1000 1100

X__ [gmicm?]

max

£

IlIIIIIITIIIIIITIlll'lll]llll’ll‘lilfKTllIl'

—Proton MC |
| =—Iron MC

llllllllllllllllllllllllillllllllllllllllllll

-

18.5

19

19.5

20 20.5
Energy log ; 0( E/eV)




Flux Ipefdegfmzl

Best Event

1000
A
Slant Depth [gm/cm’]




Two Branch Dimensional View
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y

£

—

)
<

2
S

e
=
=

800 1000 1200 900 1000 1100
Slant Depth [gm/cmz] Slant Depth [gm/cmz]

leleN(0)




Passed Geometry: Failed PRA Passed Geometry: Failed PRA

~
o

» Flux
----- G-H Fit
—Quq@ Fit

-3

= Flux
----- G-H Fit i
— Quartic Fit

D

[=2]
Flux [peldeglmZ]

E
o
$
g
z
L.

| i
600 650 700 750 800 850 900

750 800 850 900
Slant Depth [gmlcmzl

Slant Depth [gm/cm?]




RESOLUTION IMPROVEMENT
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BINARY PRA TO QUALITY FACTOR ANALYSIS (QFA)

A good start. How do you make it better? MORE EVENTS

Maybe, we can lower our standards (or make the computer smarter than us) without
compromising resolutions, resolution slopes, and biases.

Instead of a yes/no answer a scale of event quality.

QUALITY

EYE SCAN INPUT BINARY PRA FEACTOR




LOGISTIC REGRESSION

Finds weights, g, for prediction from features

N
ming J(B) = Z[y,- logp(%;) + (1 — y;) log(1 — p(x;))]
=1

Quality Factor for Observed =0

Binary PRA bad events
Probability of being “good”

= Binary PRA good events
= Probability of being “good”

o4 05 05
Quality Factor



LOGISTIC REGRESSION

10
tj = pPo+ z Bi - Xji |Found weights ;
i




EXAMPLE EVENT
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Quality: 0.36978 Quaity: 0.25939 Qualty: 0.18683
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7 YEAR GDAS(3-HOUR) DATA
4 YEAR QGSJETII-03
FLOATED XO = -60, LAMBDA = 70

undary Dist. > -500 m
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XMAX DISTRIBUTIONS
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COMPOSITION WITHOUT < X .. >
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ABLE I: Results of extrapolations of accelerator
measurements.




»
-
c
]
>
w
S
=
o
2
E
3
=

//"CVM p-value Data
\. 0.046
—_—— Mean 773

RMS 43

1.7 o deviation

600 700 800 900 1000 1100 1200
Events: 60  X__ [g/lcm’]

/ year data, QGSJETII-03 proton

No shift

CVM p-value \ |
8.2e-08 /

N
(=1

—_
(%

-
=]

)
-
c
]
>
w
s
-
@
2
E
3
=

600 700 800 900 1000 1100

Events: 60 X __ [g/cm’]

1200

/ year data, QGSJETII-03 protor

+23 g/cmA2 to MC



VARIANCE - NARROWING

Compare data to models
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http://www.itl.nist.gov/div898/handbook/eda/section3/eda3665.htm
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MOMENTS = 2

* Question: Do two samples belong to the same location-family distribution?

Developed for this thesis work

Hy: G(x) is sample CDF from F(z-a) & H(y) is sample CDF from F(z-b), for any a and b
( )

« Method: L-fest. This is a more stringent test.

In words:
NN, Nz N Log of the minimum, by shifting,
L = log | min 7 Z [H(s)i — G(s)i]* ¢, of the sum difference squared
as<s<b (Nl +N2) . o y
k=1 of twa empirical CDF’s

Ny

~ 1

Fis) =y ) 110 = 9) S 2(5)id,
j=1
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COMPOSITION CONCLUSIONS

- Statistical tests using distribution locations are inconclusive:
« Stat. error, sys. error, model parameter uncertainty, model variation

« Higher moments agree between all models
» Data is statistically compatible with pure proton, at all energies, for all models
mpatible with iron.

o w

CVM-test Proton o

2,
2
1.5
1
0.

o,



THESIS CONCLUSIONS

* Hot/Coldspot Event Denisty Asymmetry Observed with 5.4¢ significance
« Energy Spectrum Anisotropy with 3.74¢
« Energy-Distance Correlation Anisotropy with 3.4¢
« Suggests magnetic deflection of source by possible supergalactic fields

« Higher moments of Xmax distributions agree between all models
is statistically compatible with pure proton, at all energies, for all models

a
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CORSIKA longitudinal profile and GH Fit
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ENERGY SPECTRUM ANISOTROPY
ONAL MATERIAL
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ENERGY SYSTEMATICS - INSIDE VS OUITSIDE

Data Vs Data comparison
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2
c
$
w
k)
2
=
3
4

8
19.2

Mean 19.6
RMS 0.23

Mean 19.5
RMS 0.16

194 19.6 19.8 20 202 204 206
Events: 47 Energy log10(E/eV)

Data Vs MC comparison

(hormalized to data/MC outside spot)

different.

E>= 57 EeV evenfs:

& -
&
A
e
i
oY)
o

~14 over Ny,

“Rainbow Plot"

or 3.6N,,

20 <= E <57 EeV events: ~21 under N, or 0.57Np,

Number of Events
o — nN w & o (-] ~ o ©w

Number of Events()

Hotspot

Mean 26.1
RMS 16

-
(=]

Coldspot

Mean 30.7
RMS 15

10 20 30 40 50 60
Events: 19 Zenith [deg]

CVM p-value
2.7e-09

= Coldspot

Hotspot

Mean 2.26
RMS 0.13

Coldspot

Mean 1.86
RMS 0.19

—
N

.
o

agreement - 5.

1.5 2 25
Events: 19 log10(s800/VEM/m?

Data Vs Data comparison




OTHER SYSTEMATIC CHECKS

« Seasonal and hourly energy corrections result in little change to joint significance
« Anti-Sidereal time results in no significant excesses, deficits or combinations

Declination [Degree]
Declination [Degree)

180 180
Right Ascension [Degree] Right Ascension [Degree]




ENERGY-DISTANCE CORRELATION
ONAL MATERIAL
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DAY SIGNIFICANCE  Bluelineislinearfit — 0to 7 years

« Redline is linear fit — 5% to 7 years
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YEAR BY YEAR TRE N D We only use integral year data
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RIGHT ASCENSION COUNT DISTRIBUTION

This is for negative p|;, only. The data was negative
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SEASONAL CORRECTION TEST




Each Test Point sample size is different
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RANKING

« An ordered list of magnitude.

« Ranking removes functional form of dependence.
« Lowest variable value = 1.

« Highest variable value = N events.

Linear Correlation: 0.92

Rank Correlation:

Example:
Energy vs log(energy)

500 1000 1500 2000 2500 3000 3500




LINEAR CORRELATION (PEARSONS)




RANK CORRELATION

(number of concordant pairs) — (number of discordant pairs)
1 5
_n(n — 1]

Spearman correlation=1
Pearson correlation=0.88

Robust
against
Source: wikipedia outliers
Linear Corr: 0.903 Rank Corr: 0.9994
OQutlier decreases Outlier decreases

corr: ~0.02 corr: 00006
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EXAMPLE MC MAPS

1 Correlation

< Correlation

05 ) | 0.
Distribution of p-vals and tau least like data /

0.5

O\

< Correlation

1 Correlation

Distribution of tau most like data Most points like best p-val point from data. (2 points)



DATA CUMULATIVE TIME QUANTILES

1 Correlation

< Correlation

< Correlation

1 Correlation

Quartiles 1 to 3



DIFFERENT DATA SUBSETS
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1 Correlation

t Correlation

/ Year Kawata-san data with additional cuts

o.
1 Correlation

5 Year Kawata-san hotspot paper data / Year Kawata-san ICRC data



AOT/COLDSPOT SUMMARY ANALYSIS
MATERIAL
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ISOTROPIC MC VS DATA IN HOTSPOT — ALL ENERGIES

10 EeV cut - 20 degree radius spherical cap

Inside hotspot there is possibly somethin
Different with zenith, energy, and RA.

140 150 160 170
Events: 167 RA



COMPARISON WITHIN HOT/COLD SPOT - E> 57 VS E < 57
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S800 AND CLUSTERS — SHOULD NOT BE THE SAME
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COMPARE COLDSPOT TO ISOTROPIC MC

CVM p-value Coldspot
30 — cmops'za'“ .| * Coldspot 45 0.65 ] = Coldepot
: MC Mean 127
E 40 RMS 92
25f 2

MC

Mean 29.2 Energy and RA are a bit different.
r,-l T RMS 15 |+

N
o
TITTIYTTIITY

—
o
TIITTTITTIITIY

-

F it l

E N |

:

:

F

:

- -~
E

Number of Events
(5]

_._q
_._.

SET-t 1
3 5 T CVM p-value Coldspot
o%nlullnunn lnlnulllullull Illllllll'lllll ATt IYTTTTIITLITITTINT) o weadaanadiseaisg sl e lisaiisiaely I » ‘Lm 110 o.wozﬁ [ . co'dsm
O 10 20 3 40 5 6 70 80 0 5 100 150 200 250 300 350 100 mc e g
Events: 149  Zenith deg Events: 149 Azimuth deg ot RMS 7.2
CVM p-value Cold CVM p-value . Coldspot MC
50 0.23 < eokingot Sitepet 50 0.61 ] % Couspcs o 80
an Mean 146 & mc Mshn: 432 s 70 Mean 19.6
RMS 14 RMS 11 s RMS 11
® mc - mMC v 60
£ Mean 147 g” = Mean 44.2 g 50
o RMS 15 i RMS 10
@ @ - E a0
© 25 0125 = % I
.8 P _8 I F 5
520 3 gzo | 20
215 Hi = Z 15 10 |
10 st — X 10 AN SN NN SN ‘_._EM
. I 10 20 30 40 50 60
Events: 149 Energy EeV

0
110 120 130 140 150 160 170 180
Events: 149 RA

30 40

Events: 149

50
Dec.




9
8
@27
&
> 6
b
S 5
L
8 4
=
-
Z 3
2

-
(=

-

lllllllllllll

CVM p-value
0.83

* Hotspot

Coldspot

Hotspot

Mean 0.921
RMS 7.1

Coldspot

Mean 0.357
RMS 6.4

lllllllllIlllllllllllllllllllllllllllllllll

llllllllll

-20

-15 -10
Events: 19

0 5

Xcore

15 20

-
=

Number of Events
N w E =N (4] (¢}] -~ [e0] [{e]

-

llllllllllllllllllllllllIllllllllllllllllLLlJlllIllll

CVM p-value
0.77

* Hotspot

Coldspot

Hotspot

Mean -6.18
RMS 7.7

Coldspot

Mean -4.46
RMS 8.2

lllllllljjllll llllllllll

-20

15  -10

Events: 19

0 5

10 15 20

Ycore




DATE
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COMPARE TO ISOTROPIC MC
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COMPOSITION
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: Proton MC 80.6/29 | |=——Proton MC Mean -0.675
500 Iron MC 55/29 t —:Iron MC : RMS 0.55

Mean -0.619
RMS 0.52

| m

Mean -0.67
| RMS 0.519

-2
Events: 1916 Obliqueness log10(0blique*gmlcm2)

Number of Events

Proton MC 171/41 - Proton MC

i

1 Iron MC 119/38 Mean  3.18
. . RMS  0.881

Mean 3.03
RMS 0.809

Mean 3.17
RMS 0.782

Events: 1916 Right Area log10(Areal(Flux*gm/cm?))



COMPUTER OBSERVER (YES/NO PRA) CUTS

Examples of atiributes

At least 2 bins before apex and either end.

Cubic term of quadratic fit used to find triangle apex.
Size of small side of large triangle.

Standard deviation of signal flux.

Normalized maximum missing slant depth in profile.

a) of large triangle.




RECONSTRUCTED VS. THROWN
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RECONSTRUCTED VS. THROWN
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RESOLUTION VS. ENERGY VS. Q THRESHOLD

—Proton MC | - | —Proton MC |
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RESOLUTION VS. ENERGY VS. Q THRESHOLD

—Proton MC | - | —Proton MC |
Iron MC ’ j Iron MC |

Energy log A 0( E/eV)




RESOLUTION VS. ENERGY VS. Q THRESHOLD

—Proton MC | - | —Proton MC |
Iron MC ’ j Iron MC |

Energy log A 0( E/eV)




RESOLUTION VS. ENERGY VS. Q THRESHOLD

—Proton MC | - | —Proton MC |
Iron MC ’ j Iron MC |

Energy log A 0( E/eV)




RESOLUTION VS. ENERGY VS. Q THRESHOLD

Resolution with respect to energy flattens
with increasing Quality

20 20.5
Energy log 1 o(EIeV)

Q>=0.8



Total Aerosol Optical Detph From Global Fit
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SYSTEMATIC ERRORS S
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Figure 1. Differences of atmospheric depth from the US-SA model (left: average, right:standard deviation)

Systematic effects of Cerenkov light subtraction is negligible due allowed hybrid shower directions.



ROBUST MEASURE OF BIAS

L-test shift - robust bias measure for skewed distributions
(Distance between population modes/locations)

adure: 5000 random number sets from fitted distributions
measure distances
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KERNEL DENSITY ESTIMATION
ONAL MATERIAL




STIMATION
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KDE PDF TIGHT CUTS
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KDE PDF LOOSE CUTS

x10”

<107 <10

180

RA Tdeq)” =~ 7/~ GP "~

180

RA ldeq)” ~~ 7/~ GP "~

Instantaneous o
Instantaneous o
Instantaneous o

SGP SGP

-
(&)

ANRGC

-
-

180

RAdeg)” ~~ 7/ GF ~

Instantaneous o
Instantaneous o

SGP.




EVEN MORE HOT/COLD
MATERIAL




SUMMER/WINTER ANC
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DAY/NIGHT ENERGY DISTRIBUTION COMPARISON

0.33 * Night
 Day : Mean 19.5 Mean 19.6
- RMS 0.161 RMS 0.249
[ ™ ]

Mean 19.5 Mean 19.6
RMS 0.181 RMS 0.211
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Number of Events

x
19.6 19.8 20 20.2 20.4 X 19.6 19.8 20 20.2 204
Events: 398 Energy log10(E/eV) Events: 22 Energy log10(E/eV)

Outside hot/cold spot Inside hot/cold spot

Energy distributions agree within statistics



FIELD OF VIEW PROBLEM

INSIDE OUTSIDE

Inside hot/cold spot number of
Events per hour is different than
overall sky due to TA decl. = 40

Va

Per hour per month
24*12 = 288 frames
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SUMMER/WINTER ENERGY DISTRIBUTION COMPARISON

0.48 0.1
T Mean 19.5 Mean 19.7
S RMS 0.161 RMS 0.248

Wl”

RMS 0.18 RMS 0.208
19.6 19.8 20 20.2 204 19.4 19.6 19.8 20 20.2 20.4
Events: 346 Energy log10(E/eV) Events: 22 Energy log10(El/eV)
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Outside hot/cold spot Inside hot/cold spot

Energy distributions agree within statistics



SEASONAL ENERGY CORRECTION

Energy correction found from reconstructed MC
using Elko radiosonde data (D.lvanov)

Correction +/- 7%

Energy Multiplier

o ——————— . # Events per hour by
Affects 20 EeV cut and 57 EeV [ . Monthflattens out
energy split : |

Energy Vs Month




SUMMER/WINTER ENERGY AFTER CORRECTION

0-73 0.11
T Mean 19.5 Mean 19.7
S RMS 0.164 RMS 0,252

Mean 19.5 Mean 19.5
RMS 0.176 RMS 0.212

Number of Events
Number of Events

i|l||l-

19.6 19.8 20 20.2 204 19.4 19.6 9.8 20 20.2 20.4
Events: 370 Energy log10(E/eV) Events: 23 Energy log10(El/eV)

Outside hot/cold spot Inside hot/cold spot

Energy distributions agree within statistics /



DAY/NIGHT ENERGY AFTER CORRECTION

0.22 * Night
 Day Mean 19.5 : Mean 19.6
RMS 0.162 : RMS 0.253
| W]

Mean 19.5 Mean 19.6
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RMS 0.215
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19.6 19.8 20 20.2 204 : 19.6 19.8 20 20.2 204
Events: 389 Energy log10(E/eV) Events: 23 Energy log10(El/eV)

Outside hot/cold spot Inside hot/cold spot

Energy distributions agree within statistics /



SEASONAL ENERGY CORRECTION

852 events
o Combined

At max;
R.A. =139
decl. = 48
Cold =-3.25
Hot = 4.54
833 events
o Combined
5000 random samples
AT max; Combined Median:
R.A. =137 ~
decl. = 48 e
Cold =-2.80 -
Hot = 4.16 /




SEASONAL ENERGY CORRECTION

852 events 833 events
o E< 57 EeV o E< 57 EeV

C;OLDSPOT
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o E>57EeV




HOURLY ENERGY CORRECTION

« Energy correction found from hourly events rates (D.lvanov)

ATTer seasond

Correction +/- 5%

After hourly

WJH]'H“

Affects 20 EeV cut and 57 EeV
energy split

Energy Vs Hour

=Erergy> [Eow]




SUMMER/WINTER ENERGY AFTER HOURLY CORRECTION

0-73 0.11
T Mean 19.5 Mean 19.7
S RMS 0.164 RMS 0,252

Mean 19.5 Mean 19.5
RMS 0.176 RMS 0.212

Number of Events
Number of Events

i|l||l-

19.6 19.8 20 20.2 204 19.4 19.6 9.8 20 20.2 20.4
Events: 370 Energy log10(E/eV) Events: 23 Energy log10(El/eV)

Outside hot/cold spot Inside hot/cold spot

Energy distributions agree within statistics /



DAY/NIGHT ENERGY AFTER HOURLY CORRECTION

0.22 * Night
 Day Mean 19.5 Mean 19.6
RMS 0.162 RMS 0.253

Mean 19.5 Mean 19.6
RMS 0.215
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Number of Events

19.6 19.8 20 20.2 204 : 19.6 19.8 20 20.2 20.4
Events: 389 Energy log10(E/eV) Events: 23 Energy log10(El/eV)

Outside hot/cold spot Inside hot/cold spot

Energy distributions agree within statistics /



HOURLY ENERGY CORRECTION

852 events
o Combined

AT max:
R.A. =139
decl. = 48
Cold =-3.25
Hot = 4.54 /
844 events
o Combined
5000 random samples
At max: Combined Median: 540 -0.07 + 0
R.A. =139 ~
decl. = 48 /
Cold = -3.23 /
Hot = 4.48




HOURLY ENERGY CORRECTION

852 events 844 events
o E<b57 EeV o E<b57 EeV

CEOLDSPOT
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statistics.
« After MC derived energy correction energy distribu
« Hot/Coldspot is stable after energy correction. Affedts hidth hotspo
and coldspot almost equally.



APPENDIX



SPLIT CONCLUSION

No staftistically significant difference from full da’rfound by
splitting data in half.



SUMMER-



SPLIT SUMMER — WINTER

AT max:

A, =139
decl. = 48
Cold =-3.90
Hot = 3.89

AT max:
R.A. =146
decl. = 42
Cold =-1.78
Hot = 3.24

368 events

o Combined

um%n\\\

484 events

o Combined
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SPLIT SUMMER — WINTER

o E<57 EeV o E<57 EeV
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Average max. and min. temperatures in °F
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MAMUJJASOND A : . Max HOT: 324

Average max. and min. temperatures in °F
Precipitation totals in inches

Coldspot

5000 random selections
of



494

Max Hot/Cold: 4.08

Random data (same # events) o, Combined

Change not significantly different from random sampling
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Change not significantly different from random sampling
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SPLIT DAY — NIGHT

AT max:
R.A. =146
dec. =42
Cold =-1.42
Hot = 3.29

AT max:

A. =139
dec. =48
Cold =-3.30
Hot = 4.37

432 events

o Combined
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420 events
o Combined
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SPLIT DAY — NIGHT

432 events
o E< 57 EeV

Coldspot

o E> 57 EeV

N

420 events
o E< 57 EeV
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Rand data (same #) o, Combined

Change not significantly different from random sampling
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Rand data (same #) o, Combined

Change not significantly different from random sampling






Use Proton, Iron, and Nitrogen primaries.
Find best fit to Xmax and s800 distributions simultaneously

> bined p-Value (p1*p2) from CVM test.
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PVALU ES Log10(E/eV) > 19.2 — 1 iteration

Proton Percentage

CVM p-Value
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