IceTop Energy Reconstruction
.. a status report (IceTop-26)

Fabian Kislat
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lceCube

e Lateral Distribution Function

* Energy calculation

 Unfolding Method
* Parametric Method
* Systematic Uncertainties
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0

10200 10300 10400 10500 10600
. . . . time [ns]
2. Plane fit direction first guess /<
—
= - e
. . =
3. Centre Of Gravity core first guess ° .
X
O
® {
4. Lateral fit, combined with curved = =i i
shower front fit, several iterations = e

— likelihood reconstruction

E_ ® High Gain
F ¥ Low Gain
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S125 =58.834+2.53
Age =1.03+0.06

Signal [VEM]
=
T TTTT I| |

10 Slope at R = 125m

E_ ® High Gain
- ¥ Low Gain
B 1 1 1 1 1 1 | 1 1 1
40 50 60 70 8090102 210 \ 310% 4 10 = 0.303 const
Perp. distance (r) to shower axis [m] ) ]
Signal expectation /

S(R) =

o ——

\= 125 m

— 4 free parameters: S_, B, X,y

atR = 125m A og(R/
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Unfolding Method

1. Calculate energy, proton
based: E_(S_, 6) from MC

125’

2.Create proton-based energy
spectrum

3. Monte Carlo = Energy
response: log(E /E

rec true

Different primary types

)

4.Use bias, resolution and
efficiency to unfold the
original spectrum

Unfolding vs. Parametric Method

Parametric Method

1. Monte Carlo - E (S

For different prlmary
assumptions

125’ )

2. Get reconstruction efficiency
from Monte Carlo

3. Create spectra for different
composition assumptions
(Correct for efficiency)

— Result: Several Spectra for different composition assumptions
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Part I: Energy Calculation

Use MC to get a relation
between

¢« S

125

« Zenith Angle
* Primary Energy

Uses full CORSIKA showers,
no real detector simulation

Use that to create a raw
proton-based energy
spectrum
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Unfolding Method

protons:

1 EeV
100 PeV
30 PeV
10 PeV
* 3 PeV
X 1PeV
+ 300 TeV
— sliced 2D fit
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Unfolding Method

lceCube

Part IT: Energy Response

« Energy response = Dlstrlbutlon of E_ foragiven E_
><10

ue

: - Proton, 0° < 8 < 30°, 4,0 < log(E/PeV) < 4.1
2 0.6F
Z. -
0.5F
0.4; Integral - Width
- - EfflClency\ / — Energy Resolution
0.3
0.21
] Mean Value
0.1:— — Energy Bias
: | | | | | | | +| | | | | | | | | | |
05 0 0.5 1
» Do this for all energies, log, (B, /Exic)

different primaries, different zenith angles
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Unfolding Method
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Part IIT: Energy Bias
* Energy bias for proton showers:

~, 0.4 -

E L Proton
0 . .
%0_0'3__ _'_()°S9<3()o
= E 30 <0 <40
5021 —- 40 <0 <46
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) 2
* Nearly flat above threshold log, (E,_ /PeV)
* Increase below threshold:

Cutoff effect, only showers that fluctuate upwards trigger
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Unfolding Method
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Part IIT: Energy Bias
* Energy bias for iron showers:

true )
o
~

Iron

= 0<0<30
30 <0<40
40 <0 <46

e
w

)
IIII|IIII|IIII|II|I|I|II|IIII|I|I||II
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10" reco

log (E )—M&JE

e
[S—

-0.1
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_ | | | I 1 | | | | | | | | | | | | | | | | | | I | | | | | | |
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e Showers develop faster than proton

2
IOg 10 (Etrueﬂ)ev)

— Zenith and energy dependent bias
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Part IV: Energy Resolution
* Energy resolution for proton showers:

a 0.3
s Proton
e —=— 0°<0<30°
0.25 —a— 30°<0 <40°
—=— 40°<0<46°
0.2 -

0.1

0.05

0.15—

0

-1 -0.5 0 0.5 1 1.5 2

. . loglo(Etme/PeV)
* Smaller zenith angle — better resolution
» Higher energy — better resolution

* Improvement in the threshold region:
Cutoff effect, showers that fluctuate downwards do not trigger
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Part V: Efficiency
* Reconstruction efficiency for proton and iron showers:

w 1.2 | & T w 120 }
1 il l Loire 1~ 1
: : 1 K33 T : 29 TR T
0.8 . [ 11 0.8 1 v i
- [ [ J -
0.6/ 0.6F !
0.4 ey o 0.4
- 0°_e<300 - e 0°<0<30°
02__ —+—30°<06<40 02__ . 30°< 0 <40°
- e 40° <0< 46° - ¥ e 40°< 0 < 46°
O— | 1 1 | 1 1 | 1 | 1 1 1 | | | 1 1 1 | 1 1 | 1 0_ | 1 1 1 1 | 1 | 1 1 I 1 1 1 | | 1 1 1 1
1 0.5 0 0.5 1 1.5 2 1 -0.5 0 0.5 1 1.5 2
Energy [loglo(E/PeV)] Energy [loglo(E/PeV)]

« Similar efficiency, nearly independent of zenith
* [ron: higher threshold

 Efficiency can be larger than 100% because of migration
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Unfolding Method

IlceCube

Part VI: Unfolding Idea

- For every bin there is a distribution p(E | E_ , 6, type)

— Energy response curves: bias, resolution, efficiency

e From the true spectrum /to the measured spectrum S

- fold with response matrix £ *[ proton !
S,-Z R,-j /j 50 2;—
- Unfolding ¢ Invert R, g0
N 10
» Use Bayesian method -
to do this 05k i
G. D'Agostini .
B = 102
O~ 7
-0.53—
X (R B T a R C U
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Unfolding Method
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Part V

« Automatically corrects for efficiency
» Takes bin-to-bin migration into account
* Used here to account for different primary assumptions

* Problem: when using a different assumption than protons
a large shift (bias) needs to be corrected for
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Parametric Method
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Part I: Energy Calculation I
Mean true energy (0°< 0 <23° 2<pB<4.5)

> 2: -~ | & 2r
& r _— > E
£ . Proton, 0° <6 < 30° ¥ -
m™ 150 E 1.51
f as F
1= S
: i) B
— 0.5
B -  0°<9<23°
- = 23°<9 <320
0— ()_
- E . 32°<0<38°
st -0.5F 38° <0 <42°
i - 42°< 0 < 46°
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-1 05 0 05 1 -1 0.5 0 0.5 1 1.5 2

1.5 2
loglo(SmNEM)

e Simulate CORSIKA showers and full detector

* Create these plots for different

« zenith ranges

e primary composition assumptions
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Parametric Method

) 2 ~
> - Proton > 2:
& - o C lron
E 1.5:— g 1.5
S 1: m~ b
Ea g
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- —0°<9<23° B —0°<0<23°
oF —23°<0<32° oF —23°<B <3
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« Spacing of iron curves larger — stronger attenuation

* |ron curves at larger values —» smaller shower size
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Part IIT: Resulting Bias
* Small bias for both proton and iron primaries
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Part IV: More thoughts on the bias

e Steep input spectrum

Mean true energy (0°<0<23°,2<B<4.5)

_’<E(5125)>7&<5125<E)> = o
&
* [wo ways to average: GBS
—»a)Bias(E )~0 & F
rec T
or -
- b) Bias(E_ ) ~0 E
« Another Problem: t
Input spectrum will 0.5

bias final result . N
1

-0.5 0 0.5 1 1.5 2

log (S ,/VEM)
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« Events can migrate into or outof £ | coninment cera_
contained area — € > 1 possible SO0 ‘.
Efficiency: B Zmﬁmc w;

£ = Z 200

in,gen Wi i

O_
 Error of that: :
2 -200- . o

w * L1 | L1 1 | [ | I | I | [ | |
o. = + Zoutage’” ¢ 200 0 200 400 600 800
£ \ Z " Xie / M
in,gen U
/ | \

Poissonian error of the probability Poissonian error of the probability

that a contained events passes the cuts that an outside event remains in the sample
1

9 1
den,ﬂs w; 2

(den,:r ’w@,) 2
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Model Dependency
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« Assumptions in simulation:

 Interaction model
* Atmosphere parametrisation
* |nput flux (spectrum)

* Unfolding method:

 Energy estimator

« Response matrix: bias, resolution (fluctuations!)
e Parametric method:

* Energy estimator
« Simulated spectrum — Bias on the result? Migration not corrected.

* Treatment of snow is a major issue (= separate discussion)
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Systematic Uncertainties

Interaction Model

Atmosphere:
deviation from model, short term variations

Method:

» Unfolding algorithm, iterations, etc...
* Parametric method: simulated spectrum
Snow:

* Treatment of snow in simulation / reconstruction

* Unknown / varying snow depth
(we only have snow measurements once a year)

Simulation: saturation, threshold description

Detector calibration
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