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IcCECUBE

IceCube and Cosmic Rays: analysis styles
“IceTop-IceCube Coincidence”

IceCube

* "lceTop alone”

IceCube Lab

IceCube Lab
59 Holes

us
2011 Projected Completion 86 Holes

IceCube In-Ice Array
86 Strings, 60 Sensors
5160 Optical Sensors

AMANDA-II Array
(Precursor to IceCube)

IceCube In-ce Array
|
1450 m 1

/8& Strings, 60 Sensors
5160 Optical Sensors
b — i
il
it
it

AMANDA-II Array
(Precursor to IceCube)

Deep Core
6 Strings - Optimized for low energies
nsor

360 Optical Sensors

1450 m
Deep Core

6 Strings - Optimized for low energies
360 Optical Sensors

Eiffel Tower
324m
2820 m|

--------

Also measure energy loss profile of high-energy muons that

Greater acceptance, more events
penetrate to depth
Limited number of events, energy and composition

Energy sensitivity from shower size (assuming a composition
model)
sensitivity
ICRC 2015 - The Hague
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Analysis Strategy: IceTop-alone

Top view: colors = timing, Z
bubble size = charge g .

Run 117243 - Event 5940702 - SubEvent 0

y[m]
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ICECUBE

Reconstruct:

® High Gain
A Low Gain
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Build S125 -> Energy conversion functions:

Using Monte Carlo simulations (and assuming a /
composition model), 1

Find most likely energy within each slice of $125
Do this separately for 4 zenith angle ranges

8/04/15 ICRC 2015 - The Ha

e b b b b
200 300 400 500 600 700
Perp. distance to shower axis (m)

100

Fit tank charges and arrival
times

Find best-fit core position/
direction, and LDF
(5125, beta)

H4a fractions + E2”7, cos6>0.95

e
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Analysis Strategy: Coincidence

[ Run 116545 event 58761981 |

Reconstruct in deep IceCube:
Construct energy loss profile

Fit the profile to find:
- the mean muon energy loss at 1500 m slant depth, and
- the number of large stochastic losses (2 different thresholds)

Muon energy loss at 1500 m is highly composition-sensitive:

The two measures of number of stochastics are also sensitive to
composition.

Feed five input variables from both IceTop (5125, zenith) and IceCube
(dE/dX @ 1500, Nstoch1, Nstoch2) into a neural network...

Outputs of the network: Primary energy, Primary mass.

8/04/15 ICRC 2015 - The Hague
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Analysis Strategy: Coincidence

log (E, ):7.0-7.1
T T T

log (E, ):71-72
T T T

log (E,_ ):72-73
T T T

Construct template histograms of NN primary mass o “ e
Within each bin of reconstructed energy, compare o ﬂ] fk }‘
templates for Monte Carlo (four types: H, He, O, Fe) ] | e T e
Run experimental data through the same NN procedure, ’l 1= ’[ 1o H
and find the fractions of each element that best [J gh n
reproduce the template histogram of the data. k k E—— .-
L I N L R S ' L B S

20F
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What is new?

IceTop-alone: M.G. Aartsen et al., Phys. Rev. D 88, (2013)
042004. (arXiv:1307.3795)
Coincidence: ICRC 2013, paper 0861

SPT
“SDSLs e

. 50.
.= 6l WIPER

«  Both analyses extended from 1 year to 3 years of experimental RIS b3
data 1
— IT-81/1C-86 data retriggered to IT-73/1C-79 -y 05
— Snow reconstruction optimized separately for the three years w
m?/z )

z [m]

® (5/06 stations -~

* Problem found in simulation of the northeast corner of the array: "= &smc:
under-simulation of snow, leading to overestimation of $125 in
Monte Carlo - fixed in both analyses. =1

— Reconstruction resolution improved
— Overall spectrum moved downward L RN

P 200 T abo 600
[’hj 20400 600 400 200 x [m}
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Core resolution [m]

Angular resolution [degrees]

Position/Direction Performance

20

18
16
14
12
10

N A O O

Protons, cos6>0.90

Iron, cos0>0.90

Protons, cos6<0.90

Iron, cos6<0.90

Coincident Protons, all angles
Coincident Iron, all angles

OO0 e @
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0.8
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0.4
0.2
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9 9.5
Iogm(E/GeV)
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Core position: between 5-10 meters

Direction: less than 1°



Energy Reconstruction Performance
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IceTop-alone

"W

TT III|III| I||||| |||| lelllplllllllllllll

—e— cos0 0.80 - 0.85
cosf 0.85 - 0.90
cos6 0.90 - 0.95

—e— cosf > 0.95 %

9
=Resolution , , , o
6.5 7 7.5 8 8.5 gf
Iogw(Erew/GeV) =

0.12

0.1
0.08
0.06

&
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IcCECUBE
Coincidence
+++‘H_"—0——o—o—o—o—-°~0—0—+++—o— . —
——|
Bias
:.d—o—_.__._ Proton Oxygen —— o _— " _E
— oo e Ir‘211._+ o—o— =
- . Equal mixture of each type =
Resolution 3
@
- |

Bias = near zero

Resolution: best between 10 and 300 PeV,
worsening in regions where position/

direction resolution suffers (misreconstructions)
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Spectrum result: lceTop-alone

« 3years compared to each other = 3-yearresult compared to
previously published

ICECUBE

c0s(6)>0.80, SIBYLL 2.1 cos(6)>0.80, SIBYLL 2.1 %ﬁ
H4a assumption H4a assumption T ow
" 8.9
-
L]
- . > -
G E _MM—O-+ .......... g )
¢ 'T g B2
3 g e i
w w
g £
5 IceCube Preliminary 3 5 IceCube Preliminary
= % ‘ - = % e
3% 1 3l
Y | —=— 2010-2011 ot w . IceTop-alone 3 years (this work)
W —e— 2011-2012 - |:| Systematic errors (previously published)
+— 2012-2013 - * IceTop-alone 1 year (previously published)
106 1 1 l 1 1 | 1 I 11 11 I 1 1 11 1 11 1 1 106 1 1 I 11 11 I 1 1 11 I 1 11 1 l 11 11 I 11 11 -
6.5 7 7.5 8 8.5 9 6.5 7 7.5 8 8.5 9
log, (E/GeV) log, (E/GeV)

Good agreement between years Shift due to correction of a simulation problem (under-
simulation of snow)
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Spectrum Result: Coincidence

* Jyears compared to each other » Coincidence result compared to IT-

&

ICECUBE

alone result

(63}
X
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o
[52]

(GeV2mr2sr-s 1)

dN
dEdAdQ dt

E3

2x10%

4x108

3x10° f

T T T LI T
IceTop/IceCube: June 2010 - May 2013 (977.6 days)

il

IceCube Preliminary

IceTop 73/IceCube 79

IceTop 81/IceCube 86-1

IceTop 81/IceCube 86-1I

3y data, IceTop-IceCube
1 - 11

11 I 1 T N B B |

i _

|

107 10°
Primary Energy(GeV)

Good agreement between years
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,'S” i IceTop/IceCube: June 2010 - May 2013 (977.6 days)
[
7] L FLLCCLEL (M0 ]
Q.E v ;""""“ll'l“ MLR ¥
~
2 | IceCube Preliminary 1
g i
-
5 |
=% I
| 3
ke
LL' l
o ©
[11]
3y data, IceTop-lceCube l
10°1— . ,
L - v 3y data, IceTop alone, H4a composition assumption
1 09 H il sl

10’ 10° 10°
Primary Energy(GeV)

Good agreement between complementary techniques
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E° x dI/dE [GeV? m2 sr' s

Spectrum: comparisons

6x10°
5x10°

4x10°

3x10°

2x108

108

8x10°

10°

bk
e

1
ff +
* ¥ l ’f h I
------ IceCube PRELIMINARY * t % I 1YL 4
—e— IceTop update with 3 years (cos6>0.8, H4a, Sibyll) ¥ f T l t ll ¥
Tibet Il 2008 [ ? % ¥
—e— Argo-YBJ G1+G4 2014 ¥ * i i *
—«— Kascade_Sibyll 2005 *

—=»— Kascade-Grande_Sibyll 2013
—e— GAMMA 2014
—%— Tunka-25 + Tunka-133 2013

—*— HiRes 2

—+— TA 2013

¥ Auger 2013

1 1 l

Primary Energy, E [GeV]
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Individual Nuclear Spectra )

IcECUBE

[ ]
? reliminary 7 COIOrS = nominal
£ ; Dark Grey =-12.5%
g ; Light Grey = +9.6%
zg al oo _
'(‘Z 1 :_ gad ....l . & Fugy _:
—3 0‘5 T fr;higﬁf Py ; oy e .;iifff
8oL [ { y i Protons/Helium spectra are steeper.
f .%1 [ I \ ] : Oxygen/Iron maintain harder spectrum out

8 P e — ‘““la TS 1 1
10° Primar;IoEnergy(Ge\J)0 10’ Primar;IOEnergy(Ge\))0 to h|gherenerg|e5.
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[GeV''m2sris ]

dN
dEJAdQ dt
=)

a w
) e N n s e e R
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[GeV''m2s

dN
dEdAdQ dt
3

E2.}'

Individual Nuclear Spectra
.. with hadronicinteraction model systematics

2
e

S B o s
reliminary T wube Preliminary -
I...

Colors = SIBYLL 2.1
Grey = QGSJET-I-03

.!iii%i,
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Mean log mass <InA>

(8]

<logA>
N

O e < 4%

|

Nominal

Light Yield -12.5%

Light Yield +9.6%

Absolute IceTop energy scale -3%
Absolute IceTop energy scale +3%
QGSJET-II-03 {
Snow & -0.2m { {

=

!!
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|
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ICECUBE

VVVVV

IceCube Prelimi

Increasing mass up until ~100 PeV, where

the trend changes slope

»

- —
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IcECUBE

* Thank you for your attention.

Backup slides...
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