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Muons from Cosmic Rays

IcCECUBE

e Cosmic rays impact the
atmosphere, producing mesons,
which decay to muons or
interact hadronically RN B -

* These muons can be detected at
ground level and below in
practically any detector

Muon

3/13



ING’S
College

LONDON

Seasonal Variation of Muons

* In local summer, atmosphere is warmer,
less dense. This means cosmic ray
daughter mesons are less likely to
interact hadronically with atmosphere,
and more likely to decay to muons.

* This modulation in rate should have ay
early period, and is of a large enough
fraction to be detected compared to the
average flux.

IcCECUBE
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Muons in IceCube / DMlIce-17
lceCuboLab\ -
* IceCube is a neutrino observatory, o= = -

situated within the Antarctic ice cap.

2010: 79 strings in operation
2011 Progect completion, 86 strings

o 1] e o
 DMIce-17 is a pair of modules, each .. | pos S

with an 8.5kg scintillation crystal, 1 NET oo

located at the bottom of two IceCube I

strings. 250m| st |

2820 m

i

* We aim to show the muon
modulation using these two

detectors o 17 s

Source: IceCube Collaboration
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DMlce-17 —an improvised muon detector

* Implemented to look for direct Dark Matter modulation signal (none
seen), repurposed to look for muon signals
* Use phase space of pulse height pulse width to isolate muon

population. B

* Theoretical calcs show ~3 muons a day
* Low statistics mean we take a monthly

average
* We have data from each detector covering

2011-2021 | o
Pulse Height

PSD Variable [ns]
o

* Alphas

6 /13



ING’S
College

LONDON

=
n

Daily Average Muon Flux (day~1)

=
o
|

e
n
)

Daily Average Muon Flux (day~?)

w
n

W
o

N
n
A

N
o
)

Modulation — Dets 1 and 2

Daily Average Muon Flux over 10 year time period in DMIce-17 in Detector 1

b b
L H

Amplitude Modulation = 11.882 % +/- 2.178
Yearly Average = 2.652 day~! +/- 0.041
Period = 11.929 months +/- 0.125

Offset = 6.248 months +/- 0.673
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Daily Average Muon Flux over 10 year time period in DMIce-17 in Detector 2

Amplitude Modulation = 9.464 % +/- 1.321
Yearly Average = 2.909 day~! +/- 0.027
Period = 12.067 months +/- 0.095

Offset = 5.898 months +/- 0.492

b
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Time since July 2011 (months)

IcCECUBE

Period of both consistent with 1
year

Modulation peak in local Summer,
minima in local winter, as expected

See average of ~3 muons /day/

detector
Modulation on both ~10%
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Link directly to temperature

IcCECUBE

 Model the correlation between rate and temperature variations with
simple linear dependence

R(t)—<R > T)—<T >

<R> “T<Tr>

* In this case, T = T «..ive taken as an effective temperature relevant to
muon production throughout the atmosphere
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Plotting this variation
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A Temperature / Temperature
IceCube as a whole sees ~0.8, DMIce may be slightly higher due to preferentially seeing the higher energy muons

which modulate more, as lower energy ones are screened by the 2km of ice above
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lceCube Hard Local Coincidence

* lceCube modules trigger
if they have a local
coincidence with a
neighbour, or a
neighbour of a
neighbour.

* This should primarily be
due to cosmic ray
muons, so if we plot the
rate in modules closest
to DMlce, they should
be similar

IcCECUBE

iceCube Lab

\ IceTop

- __— 80 Staions, sach with
L R — ) 2 lcoTop Cherenkov dedector tanks
2 optical sensors per lank
320 optical sensors

2010: 79 strings in operation
2011: Progect completion, 86 strings

lceCube Arra

,,//f/J//’oouuqs 6 DeepCore strings
60 oplical sensors on each string
5160 optical sensors

MSOmiL

2450 m |

5 SN
2820mL_L

Closest
modules
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Modules closest to DMlIce-17

Dates 2017-05-18 to 2020-11-11 DOM 79-60

8.5 —— Least-squares best fit
) +  Data w/out errors
¥ Data
8.0
ﬁ .
I 75/
s
& 7.0 Detl
(@]
-1 6.5
T Modulation of 7.49 +/- 0.04 %
Maxima at 2018-01-09 6 +/- 11.28 hours
6.0 1 Average rate of 7.178 +/- 0.002 Hz
Period of 369.0 +/- 0.3 days
5.5
o> a® 22 22 ot a0 A2 A0 R A0
492 o oOF o9 o ¥F N\ A9 o o® N\
10‘» fLQ\' fLQ‘\' 10‘\' 10‘& 10\' f]’()‘\ fLQ’L 10’1’ fLQ’L
Time
[ ]
Dates 2017-05-18 to 2020-11-11 DOM 7-60
—— Least-squares best fit
8.5 +  Data w/out errors
¥ Data
- 8.0
N
I
~ 7.5
s
0, 4 Det2
(-4
U b,
i:l 6.5 i
odulation of 7.16 +/- 0.03 %
axima at 2018-01-10 12 +/- 9.84 hours
6.0 verage rate of 7.055 +/- 0.002 Hz
eriod of 368.7 +/- 0.3 days
5.5 : .
o 7 1° a2 7 o) A \ A A0
O & ol > ' q‘-&Q o0 '\.‘0‘\'
0% N o> 0¥ o N o or o o

IcCECUBE

Both show lower modulation than the
relevant DMlce-17 module
e Potentially due to a constant
background which hasn’t been
filtered out?
Period of slightly >365 days?
* Could be due to smaller range of data
Phase matches
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What happens next?

IcCECUBE

* Closer integration of DMIce-17 with IceCube

* Looking at modulation across the height of IceCube, and potential
variation across the width at the lowest height
e Check for variance in data

* Aim to improve reconstruction of muons found in both DMIce-17 and
IceCube
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Any questions?
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Source: IceCube Collaboration



