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¨  At UHECR energies, all models are making 
extrapolations:  
¡  LHC measurements at 14 TeV constrain primary CR 

interactions at 100 PeV.  
¡  Full phase space measurements of p-p collisions only up 

to 2 TeV (CR @ 2 PeV) 

¨  Even LHC tuned models are extrapolating 
¨  We can estimate how shower distributions depend 

on p-p interaction distributions 
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¨  Ulrich, Engel & Unger 
(PRD  83 054026) 
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 

for all models here 
¡  I’m just interested in 

the mean and RMS of 
the Xmax distribution 
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¨  Measure slopes: 
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∂ Xmax

∂ ln f19 Nch( )
= −43 g/cm2

∂ Xmax

∂ ln f19 K( )
= 37 g/cm2

∂RMS Xmax( )
∂ ln f19 Nch( )

= −0.3 g/cm2

∂RMS Xmax( )
∂ ln f19 K( )

=16 g/cm2



¨  Estimate uncertainty in 
multiplicity and 
inelasticity 
¡  Multiplicity: x2 
¡  Inelasticity: 10% 

 

¨  These estimates are 
probably too small 
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δ ln f19 Nch( ) = ln2
δ ln f19 K( ) = ln1.1



¨  Propagating errors: 

¨  So the position of the distribution is much more 
uncertain than the shape. 
¡  Why not look at the RMS then? 
¡  The RMS is a bias estimator of width! 
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σ <Xmax>
= −43 ×0.69 + 37×0.10 = 30+ 4 = 34 g/cm2

σ RMS Xmax( ) = −0.3 ×0.69 + 16×0.10 = 0.2+1.6 =1.8 g/cm2



21 September 2015 Composition 2015 16 



¨  Shift the MC distribution, then see how likely the data and MC 
come from the same distribution 

¨  KS uses the maximum difference in cumulative distribution 
¨  CvM uses the integral of the difference between the 

distributions 

21 September 2015 Composition 2015 17 

Model: QGSJetII-03 



¨  Also have comparisons with Nitrogen 
¨  Compare in energy bins 
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18.4 < log10E < 18.6 19.0 < log10E 



¨  The data look like proton 
¨  Nitrogen is disfavored 
¨  Iron is excluded 
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QGSJetII-03 



¨  Sorry there are no 
TALE composition 
measurements yet. 

¨  TALE spectrum 
measurements are 
insensitive to 
composition 
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log10(E/eV) 
E3 

J [
 e

V
-1

m
-2

sr
-1

s-1
 ] 

•  assuming Fe 
•  assuming p 
•  H4a/HiRes-Mia 



¨  TALE with in-fill SD 
array will measure 
composition down to 
30 PeV 

21 September 2015 Composition 2015 21 



!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !

%,

%,

%,

")

")

#0

#0

#0
SA28

SA26

H16t

H15t

H14t

H13t

H12t

H11t

H10t

H09t

G14t

G13t

G12t

G11t

G10t

G09t

G08t

F13t

F12t

F11t

F10t

F09t

F08t

F07t

F06t

F05t

F04tF03t

E11t

E10t

E09t

E08t

E07t

E06t

E05t
E04t

E03t

E02t

D13t

D12t

D11t

D10t

D09t

D08t

D07t

D06tD05tD04t
D03t

D02t

D01t

C11t

C10t

C09t

C08t

C07t

C06t
C05t

C04t
C03t

C02t

C01t

B09t

B08t

B07t

B06t

B05t
B04tB03t

B02t

B01t

A07t

A06t

A05t

A04tA03tA02t

A01t

1026t0926t

0925t

1227t1127t1027t0927t
0827t

1328t1228t1128t

1028t

0928t
0828t

1529t1429t1329t1229t
1129t

1029t

1530t1430t1330t1230t1130t

1231t
1131t

MDCT

MDFD

SKCT1428T

1327B

1628T

1627T
1527T

1528T

1427T

1326T
1126T 1226T

1426T

1525T

1626T1526T

1025T 1125T 1225T 1325T 1425T

Text

Robert Cady Dept of Physics
Univ of Utah 9/20/2012

0 940 1,880470 Meters

Legend
#0 Staging Areas

TALECT

TALE SD sites

Surface Detectors

") Comm Towers

%, Fluorescence Detectors

Roads TA Built

Roads TA Improved

Fences

! ! ! ! PowerLines

OtherExistingRoads

UnimprovedRoads

ImprovedRoads

14	
  October	
  2014	
   UHECR2014	
   22	
  

TALE	
  SD	
  
TALE	
  SD	
  w/Electronics	
  



¨  TALE with in-fill SD 
array will measure 
composition down to 
30 PeV 

¨  Using Cherenkov light, 
TALE with NICHE 
(Non-Imaging 
CHErenkov array) can 
go down to 1–2 PeV 
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¨  TALE with in-fill SD 
array will measure 
composition down to 
30 PeV 

¨  Using Cherenkov light, 
TALE with NICHE 
(Non-Imaging 
CHErenkov array) can 
go down to 1–2 PeV 

¨  Eventually want an 
array of 60 counters 
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¨  TA/TALE has measured spectrum of cosmic rays 
over 4.7 orders-of-magnitude in energy 

¨  TA observes a proton-like composition 
¡  Using primarily the shape of the Xmax distribution 

¨  TALE will soon measure the composition in the 30 
PeV–1 EeV range 

¨  TALE-Cherenkov and NICHE will push 
composition measurements down to the PeV 
range 
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Shift flip-book 
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Model: QGSJetII-03 



¨  Best iron: shift data down by 65 g/cm2 
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Model: QGSJetII-03 
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Model: QGSJetII-03 
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Model: QGSJetII-03 
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Model: QGSJetII-03 
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Model: QGSJetII-03 
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Model: QGSJetII-03 
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Model: QGSJetII-03 
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Model: QGSJetII-03 
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Model: QGSJetII-03 



21 September 2015 Composition 2015 41 

Model: QGSJetII-03 
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Model: QGSJetII-03 
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Model: QGSJetII-03 
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Model: QGSJetII-03 



¨  No shift 
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Model: QGSJetII-03 



¨  Best proton: shift data up by 6 g/cm2 
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Model: QGSJetII-03 
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Model: QGSJetII-03 
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¨  Composition analysis 
using CvM shifts 
¡  Using QGSJetII-03 

with quarter decade 
bins 

¨  Protons 
¡  5–10 g/cm2 shifts 
¡  Matching distributions 

¨  Iron 
¡  60 g/cm2 shifts 
¡  Distributions don’t 

match 

¨  Consistent with 
protons 

Preliminary 

Model: QGSJetII-03 
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¨  HiRes results for 
comparison 
¡  Same conclusions 
¡  Consistent shifts 

(not necessarily 
expected) 

¡  Consistent p-values 

HiRes 
Model: QGSJetII-03 
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¨  With stereo we also 
see very consistent 
comparison with 
proton distribution 

¨  Different shift but 
within the 15 g/cm2 
systematic 
uncertainty 

Model: QGSJetII-03 

Preliminary 
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¨  Add 10 telescopes at the 
Middle Drum site, looking 
from 31°-59° in elevation. 
¡  High elevation angle allows 

measurement of close-by 
showers 

¨  Add infill array (400m and 
600m spacing) for hybrid 
observation. 

TA 
mirrors 

TALE 
mirrors 
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¨  Can use traditional 
fluorescence 
reconstruction allowing 
for additional direct 
Cherenkov contribution 
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¨  Can also, surprisingly, 
look for events 
dominated by 
Cherenkov radiation 
¡  This makes TALE the 

IACT with the largest 
instantaneous 
aperture! 

¡  But not-so-great great 
resolution  

¡  Can’t do photons, 
sorry 
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¨  TA (six-year) spectrum 



21 September 2015 Composition 2015 55 

¨  TA (six-year) spectrum 
¨  Three months of TALE 

fluorescence 
 

Preliminary 
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¨  TA (six-year) spectrum 
¨  Three months of TALE 

fluorescence 
¨  Three months of TALE 

Cherenkov  
 

Preliminary 
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¨  TA (six-year) spectrum 
¨  Three months of TALE 

fluorescence 
¨  Three months of TALE 

Cherenkov  
¨  4.4 orders of 

magnitude in energy 
¡  Four features 

¨  Nota bene: systematic 
uncertainties from 
composition (it’s not all 
protons!) become very 
important 

 

Preliminary 
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¨  TA (six-year) spectrum 
¨  Three months of TALE 

fluorescence 
¨  Three months of TALE 

Cherenkov  
¨  4.4 orders of 

magnitude in energy 
¡  Four features 

¨  Nota bene: systematic 
uncertainties from 
composition (it’s not all 
protons!) become very 
important 

 

Preliminary 
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¨  Fourfold increase in size 
of TA. 
¡  Add 500 SD counters, 

2.08 km spacing. 
¡  Add two FD sites, 28 

telescopes 
¨  Get 20 TA-years by 2019:  

Definitive answer to 
hotspot question. 

¨  $3.7M from JSPS to build 
SDs 
¡  Trying to get NSF 

funding for FD buildings 

21 September 2015 Composition 2015 60 



¨  To go lower in energy 
than TALE, need to use 
Cherenkov light 

¨  Aim to build a Non-
Imaging CHErenkov 
array (NICHE) within the 
field-of-view of TALE. 

¨  $188k from Kakenhi 
grant to Yoshiki 
Tsunesada 
¡  Build 15 counter 

prototype array 
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¨  Advent of TALE 
Cherenkov allows us to 
consider doing imaging-
non-imaging Cherenkov 
hybrid 
¡  Since the goal is overlap 

at 1016 eV instead of 1017 
eV need only a smaller 
array 

¡  Close spacing means 
better resolution and 
lower energy threshold 

¨  Measure down to 1015 eV in 
standalone mode 
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¨  Proton-like composition using the full shape of the 
Xmax distribution (CvM test) 

¨  Sixth year of anisotropy data increases 
significance of TA Hotspot to 4σ 

¨  Seventh year of TA data will be available in about 
a week. Expect updates at the ICRC 

¨  With TALE 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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¨  Astroparticle 
Physics result 
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¨  New result with 6 
years of data, 
quality factor cut 

Preliminary 
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¨  New result with 6 
years of data, 
quality factor cut 

¨  Median 

Preliminary 
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