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HATHotspot

Significance Map (Li-Ma) 7 years

Oversampling with 20°-radius circle

E > 57 EeV

21 September 2015 Composition 2015



E Composition

21 September 2015 Composition 2015



A'MD Hybrid
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TAWD Hybrid

Middle Drum Hybrid
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BRYLR Hybrid
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ase space measurern ents of p-p collisions only up
(CR @ 2 PeV)

=] Eve' HC tuned models are extrapolating

=] 'We can estimate how shower distributions depend
! on p-p interaction distributions
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EStimating Uncertainties

ENUIChREncel & Unger
(PIRIDF851054026)
measured how: EAS
distributions in one
model (Sybill 2.1)
changed when the p-p
interaction values were
changed.
= Sybill is just a stand in

tor alll models here

= ['m just imnterested in

the mean and RMS of
the X .. distribution
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EStimating Uncertainties

HVieasure slopes:
(X ax )
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EStimating Uncertainties

pEStimateruncertainty in
multiplicity;and
mmelasticity
= Multiplicity: x2
s nelasticity: 10%

Sln fiy (N, )=1n2

oln f,,(K)=1In1.1

= T'hese estimates are
probably too smuall
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EStimating Uncertainties

-43x0.69 + 37x0.10 =30+4 =34g/cm’
-03|x0.69 + 16x0.10 =02+16 =18 glem’

=HESOthe position of the distribution is much more
tincertain than the shape.

= Wihy not look at the RMS then?
s [he RMS is a bias estimator of width!
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RMS: Biased Estimator

RMS vs Sample Size, Gaussian with sigma 60
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ift & Quality

NHHEIVIE distribution, then see how likely the data and MC
comerromethe same distribution

FERESIsestthermaximum difference in cumulative distribution

R EVIVIRtisestthienmtestal of the difference between the
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Number of Events
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ASMD Composition Result

ENeNdatatlook like proton
ENINitrogentisidistavored

= Iron is excluded
QGSJetII-03

19 19.5
Energy log 1 0(EleV)

19 19.5 20
Events: 613 Energy log 10(EleV)
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ALE Composition

ENSOIAtese are no
PAITE COmposition
measurements yet.

ENIALE spectrum .
measurements are |
© ettt

[sensitive to
composition

assuming Fe
assuming p
H4a/HiRes-Mia
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ALE/NICHE Composition

EOAISE Wath in-fill SD

arrayswallimeasure

composition'down to
50 PeV.

ENUsing Cherenkov light,
TALLE with NICHE
(Non-Imaging
EHlErenkov array) can
go down to 1-2 PeV
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ALE/NICHE Composition

ENANRERWIth in-fill SD
arrayswallimeasure

composition'down to
50 PeV.

ENUsing Cherenkov light,
TALLE with NICHE
(Non-Imaging
EHlErenkov array) can
go down to 1-2 PeV

= Eventually want an
array of 60 counters

21 September 2015 Composition 2015 26



?;fg‘:k

5

)
J
J

so63.| _Eqot
e

. e TALESD o
‘, -© TALE SD,w/Electronics
+NICHE Counters

. = 7

F10t

A
=



oton-like composition
r the _:,_'r ape of the X .. distribution

111 soon measure the compos1t10n in the 30
EeV range |

WelE-Cherenkov and NICHE will push
- COMpPOs; ition measurements down to the PeV
range
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SHIfL & Quality

Shift: -70 | - Data
— Proton MC
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Proton MC: 0 |
IronMC: 0

Shift: -70

CVM Test Stat.
Proton: 102
Iron: 4.92
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Shift & Quality

HSESionsshift data down by 65 g/cm?
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SHIfL & Quality
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SHIfL & Quality
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SHIfL & Quality
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Shift & Quality

Shift: -5 | - Data
— Proton MC

Shift: -5

CVM p-value
Proton MC: 0

Mean 759
RMS 63

Iron MC

Mean 683
RMS 35.7

21 September 2015 Composition 2015

CVM Test Stat.
Proton: 2.86
Iron: 99.4

KS: 1.47e-05
AD: 6.77e-25
CVM: 0

CHI%: 3.32¢-07

Iron p-VALUES

KS: 4.51e-183
AD: 0

Proton p-VALUES |:
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= NG shift

Shift: 0 | - Data
— Proton MC
I CVM p-value —Iron MC
1 Proton MC: 0.0052 |

600
Events: 759 X
max

21 September 2015

Shift: 0

Mean 746
RMS 59.7

CVM Test Stat.
Proton: 0.97
Iron: 112

Proton MC

Mean 755
RMS 62.8

Iron MC

Mean 678
RMS 35.8

Composition 2015

KS: 0.00459
AD: 0.00039
CVM: 0.0052

CHI% 0.003

Iron p-VALUES

KS: 1.29e-205
AD: 0

Proton p-VALUES |:
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Shift & Quality

HNSESEproton: shift data up by 6 g/cm?

Shift: 6 | - Data Shift: 6

— Proton MC

CVM Test Stat.
Proton: 0.207
Iron: 126

CVM p-value
Proton MC: 0.255 |~

Proton p-VALUES
KS: 0.399

AD: 0.182

CVM: 0.255

CHI: 0.0467

Iron p-VALUES
KS: 8.91e-233
AD: 0
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600
Events: 759
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Shift: 10 | - Data
— Proton MC
I CVM p-value —Iron MC
1 Proton MC: 0.0216 [

Shift: 10

CVM Test Stat.
Proton: 0.609
Iron: 135

Proton p-VALUES
KS: 0.0197

AD: 0.0329

CVM: 0.0216

CHI%: 0.011

Iron p-VALUES
KS: 4.14e-251
AD: 0
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600
Events: 759 X
max
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ASMD-Hybrid Composition

ERNEOMPOsition analysis
using Evivlishifts
= [Using QGS]etll=05
with'quarter decade
bins

-

o
©

©
o)

o
3

HEErotons
a0 5-10 g/ cm? shifts
" Vlatching distributions

o
o

~

(4]
=
©
>
o
05 £
2
£
X
©
=

= Iron
= 60'g/cm? shifts

» Distributions don’t

match ) 18.5 19 19.5 20
Events: 759 Energy log 1 0(EleV)

©
w

©
N

e
—

o

= Consistent with
protons
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HIRes Composition

EETRESresults for
COMPALISOn

-

s Same conclusions

o
©

= Consistent shifts
(not necessarily
expected)

Shift [gm/cm?]

max
o
(o]

" (Consistent p-values

©
~

Q
2
©
>
Q.
x 05 £
=5
£
b
o
=

©
w

©
N

e
—

o

18.5 19 19.5 20
Events: 815 Energy log 1 0(EleV)
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dA Stereo

ERVVitlstereo we also
Seelverysconsistent
comparison with Proton |

-

proton distribution N;E g
R Ditferent shift but f 08
within the 15 g/cm? i ZZ g
Systematic oE Lo
uncertainty o %

©
w

©
N

e
—

o

18.5 19 19.5 20
Events: 1348 Energy log 1 0(EleV)
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ALE

ERSAG N0 telescopes at the
MiddledDrtum site, looking
rom 515=5951n elevation.

= High elevation angle allows
measurement of close-by
showers

A infill array (400m an
00m spacing) for hybrid
observation.

Elevation, degrees

ey

i

OGO
baes

I
P
(L

\
Ly
LR

XY,

X0
ue g4I EDE:

PGy

380
Azimuth, degrees north of east
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ALE

= @an'use traditional
fluorescence
reconstructionallowing
for additional direct
Cherenkov contribution

21 September 2015

(Degres|

(£

5
2

Composition 2015

Slant Depth [ g/lem? |
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230
azimuthal angle counter clockwise from east (dew.)

21 September 2015

270

= Can also, surprisingly,
look for events
dominated by
Cherenkov radiation

= This makes TALE the
[ACT with the largest
Instantaneous
aperture!

= But not-so-great great
resolution

= Can’t do photons,
SOITY

600 700 800
slant depth (glem?)

Composition 2015
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Spectrum

ENAN(STXEYEar) spectrum

*f??
’?ﬁs&ﬁ‘{rﬁﬁ

4+ HiRes-l (2008)

v HiRes-ll (2008)

e TASDG Year

18
Iogm(E/eV)
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Spectrum

ENSAN(SIXEYear) spectrum
Eoiree monthsiof TALE
tltuorescence

...¢+++*
IH{{H,,,M t?iﬁmﬁﬁ

TALE Ckov & Scinti (July 2014)

1’6?11

e TASDG Year Inar

~
»
X
.
&
X
o
E
X
o~
>
®
L
ﬁ
X
©
w
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Spectrum

IAN(STXEVear) spectrum
ihreemonthsiof TALE
tltuorescence

= [hree months of TALE E
Ty
Eherenkov ; m@%@&ﬁﬁm

(s ,ﬁﬂgﬁ”ﬁﬁ

es
v  HiRes-

TALE Ckov (APS 2014)
. w Zoy & Scinti (July 2014)
e TASDG Year Inar

18
Iogm(E/eV)
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Spectrum

ENSAN(SIXEYear) spectrum
ihreemonthsiof TALE
tltuorescence

= [hree months of TALE
(Eherenkov

= 44 orders of
magnltude In energy P TALE Ckov (APS 2014)

= Hour features Ifég‘qv & Scinti (July 2014)
= Notabene: systematic v Hlnes-'m] 1 n
ar

* TASDG Year
uncertainties from
composition (it’s not all 18
protons!) become very 109,,(E/eV)
important
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Spectrum

IAN(STXEVear) spectrum
ihreemonthsiof TALE
tltuorescence

= [hree months of TALE
(Eherenkov

TA: SD and Mono Spectra, with TALE Cherenkov and Bridge

A orders of
magcnitude in energy

® Four features

)
TA Monocular

= Notabene: systematic |« TALEBridge
h ) : TALE Cherenkov
uncertainties from | [ leeTor
composition (it’s not all L aseadeCrance . _
protons!) become very % 2

important
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“uoire

21 September 2015

Composition 2015
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= Eourfold increase in size

2.08 km spacing,.

Add two ED sites, 28
“telescopes

.....
(T

......

et 20 TA-years by 2019:

[Definitive answer to

hotspoet question.

= $3.7M from JSPS to build
SDs

= Trying to get NSF
funding for FD buildings

21 September 2015 Composition 2015
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NIGHE: Cherenkov Hybrid

.f@ gq |0‘w=f 1 energy

Aim to bu11d a Non-
maging CHErenkov.

= Build 15 counter

i = s A ) N o oo AT L) r .' TALE SD
prototype array e | ’.; =2 | | G ;D0 2 . © TALE SB,w/Electronics
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MIGHE! f" | @nkov Hybrld
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- non-imaging Cherenkov
ybrid

eVineed only a smaller VAL N g S
array Q . — o » | SN .:.: ‘ oSt ;:." ‘ - i e
lose spacing means LT N a2 |
etter resolution and ) A Y
lower energy threshold g el  2 L o TALE SD

Sin % Lty ‘ [~ _ DO ~ - 1. O TALE SD,w/Electronics

=z Measure down to 102 eV in
standalone mode
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dUMMc

51 Proton-like composition using the full shape of the
(CvM test)

ar QF g, liSotropy data increases
' TA ] I_L) potto4 0

y ar of TA data'will be available in about
<. Expect updates at the ICRC

Wi _'rl _f ILE and especially TALE Cherenkov we
can measure the spectrum over 4.5 orders of
“magnitude

Planned extensions at high energy, TAx4, and low
energy, NICHE
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ASMD-Hybrid Composition

HIAStTOparticle
IPhysicsiresult

21 September 2015

10" ev <X >751+9.4
max
Slope 24.3+6.5

> [gmlcm2]

max

<X

18.5 19 19.5 20
APP 64 49 (2015) Events: 438 Energy Iog10(EIeV)
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ASMD-Hybrid Composition

=ESINEwsesult with 6
years otidata,
quality factor'cut

10" eV <X > 760.8+6
max
Slope 42.6+4.4

19 19.5 20
Events: 759 Energy log 1 0(EleV)
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ASMD-Hybrid Composition

=ESINEwsesult with 6
years otidata,
quality factor'cut

. T |
=0 Viedian “é 50
><§ 800
=
§19§
Events: 759
21 September 2015

Composition 2015

Slope 36.5+5.8

19.5 20
Energy log 1 0(EleV)

‘| 10" ev<X >757+9.1
max
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