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Gamma ray
emissions
(LAT)

Gamma ray Radio waves
jet = (WMAP)
and cocoon ?ﬁ (Planck)

(seen by Su et al., jet is not
confirmed by Fermi-LA’l:,);..,- '

X-ray edges
(ROSAT)

I! 3

Eruption from

& ¢ supermassive

S . o black hole or

http:// rachelcaauwe artwérkfeliosconm’™ star formation

.....

Fermi Bubbles -
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A
L
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Hadronic model:

50°

@ Cosmic Ray (CR) @ :

~-production and

acceleratlon due to v and Y
star formation and pr oduction
supernovae explosions fiue to (?R' ‘
interaction
@ IHJGCIIOH of CRs in FB due in Fermi
to Galactic wind from _ 'Bubl?}es (FB)

Galactic center region, A%
CRs are trapped in '/
FB for ~1010 years

- a . i ‘ .'.l. g ..+
~ R. Crocker et al., Phys. Rev. Lett. 106 (2011) 101102.



Fermi Bubble y-ray spectrum

UNIVERSITET

* Constant intensity over emission region

e Normalization shift between Fermi-Lat
(blue squares) and
Su et al. (red triangles):

o different foreground modeling T T T T T I R sl erors
. o I sys. errors
 different definition of FB shape template § § Suetal 2012 (stat. er)

10-6 r .

 different Galactic plane mask

)

e If power law spectrum:

GeV
cm? s sr

(

e index: ==
= 1
v = 1.87 & 0.02[stat] 017 [syst] Ol A\ .
° eXponential CutOff: = log parabola (0.1-500 GeV) l
] power law (1-500 GeV)
Eey = 113 + 19[stat] "53[syst] GeV .t e N
107! 10" 10! 102 10?
E (GeV)
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Signal spectrum estimation

UNIVERSITET

M 1
¥ § stat. errors
sys. errors
L 1 Suetal 2012 (stat. err.)

1075

10~7 |-

“““ power law (1-500 GeV)

‘ = |og parabola (0.1-500 GeV)

= power law cutoff (1-500 GeV)
T Il

Il
107t 100 10! 10%
E (GeV)

Neutrino oscillations: [1:1:1]

All three flavours included " :
— 3x this flux used | %>
Cﬁl‘l

Region of
Interest:

10-200GeV |9 ]

Ve Vu Vz || = = Fermi LAT v ray data

e o cxpected v, flux

track cascade*

cascade

- extrapolated log parabola v, flux fit

—8 L M| L M| 1 L s
“ cascade cascade cascade 10 101 10° 101 102 10°

*at low energies E [GO\- ]
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Event selection

UNIVERSITET

IcECUBE
e All neutrino flavors o Atmosp heric
. — == /
All directions (full sky) feeCube -
: vV ener reshold: eeplore
e Low energies: 10 GeV - 200 GeV mgoy (t;hevh N denser disIt)ribution
of strings and DOMs
e Select only Cascade-like events
. v energy threshold:
(muon & tauon events look like o 10 GeV
cascade events at these low energies) from FB A
e Background reduction: \
 substantial by using
IceCube's top and side layers as veto
* by investigating different variables e.g.: L
e event topology . 8 llo6
» 20
* timing 4" 27 GeV

e direction

lisa.unger@physics.uu.se Partikeldagarna 2017-11-06



Signal expectation W

MC true signal
e Simulated Monte Carlo events are weighted ;

with expected v - flux from FB per tlavor \ i
and moved into the FB area &

e Reconstruction of the signal

, , o Smooth MC reco
e Smoothing of the signal for a more realistic

Probability Density Function (PDF)

lisa.unger@physics.uu.se Partikeldagarna 2017-11-06



UPPSALA

UNIVERSITET

lis

Background expectation

2086 days of observed data
from May 2011 to April 2017

Equatorial

8088599 08000080085800000060008900080 3000000809000 0 0030000640040

averaging over right ascension
for all declinations to hide real directions

RN AN ASNRIES 4 45 A4 A A AN NN A A A AP S S RAAAAAAASAAI
e NN, e e e

Equatorial

smoothing of the data

for a more realistic PDF skymap PDF

Equatorial

a.unger@physics.uu.se Partikeldagarna 2017-11-06



UPPSALA
UNIVERSITET

e Maximum Likelihood Analysis

Hypothesis Testing

IcECUBE

e Construct a likelihood function using above created skymap PDFs

 Include possibility of signal in the data background

L(b) = H J(bi|p)
Ao A
bins signal events

Nobs Nobs

Fblp) = = fo(b)+ (1— & )fg(blu)

signal PDF background PDF

F3bl10) = fuab|p) nifss(b)

obs
scrambled data PDF T
scrambled signal PDF

lisa.unger@physics.uu.se

 Using likelihood ratio as a

test statistic as in the method
developed by Feldman and
Cousins

likelihood of

4 signal events
L(p)
f(il)

likelihood of best fit

of signal events

R(p) =

Partikeldagarna 2017-11-06



Galactic Center?

UNIVERSITET :
IcECUBE

y-ray skymap Fermi Bubbles

e

Galactic Center and Plane have too much radiation — cut away for visibility of Fermi Bubbles
Ansatz: Equivalent spectral distribution as for FB expected also from the Galactic Center (GC)

First IceCube analysis of GC without Dark Matter expectation at these low energies.

lisa.unger@physics.uu.se Partikeldagarna 2017-11-06 10



A 4 Galactic Center PDFs

UNIVERSITET

Events distributed
within 0.5 degrees
radius around the
Galactic Center

Smooth MC reco
x signal

Equatorial

lisa.unger@physics.uu.se

MC true signal

Smooth MC

Equatorial Equatorial

0.0e+00 6.4e-03

Partikeldagarna 2017-11-06

_scrambled BG

Equatorial - Equatorial



Sensitivities
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Fermi Bubbles

IcECUBE

Galactic Center

[ceCube Preliminary

104 : : : 103
T —
# 710
1070 -
lE = = FB sensitivity v flux HS - GC sensitivity v flux
ﬁ expected v flux f_J 1 0_5 expected v flux
8 20 stat. uncert. .i. 20 stat. uncert.
[Ral P 1o stat. uncert. [I;] P 1o stat. uncert.
o I =
= 10 ‘2
Z el ~ 10704
cﬁg ______________________________ K
10-7 [ceCube Preliminary 10-7
50 100 150 50 100
E [GeV] . L E [GeV]
Largest systematic uncertainties:
11% DOM efficiency 16%
10%  Ice model 12%

11%  Noise model

16%

Statistical uncertainties exceed systematics.

150

lisa.unger@physics.uu.se Partikeldagarna 2017-11-06



FB comparison to ANTARES

UNIVERSITET
IcECUBE
ANTARES ICECUBE
e 2096 days livetime, data: 2008-2015 e 2086 days livetime, data: 2011-2017
e Cut and count analysis performed e Maximum likelihood analysis

e 1.50 excess for tracks, 0.60 excess for cascades * Analysis will be unblinded soon

of events in the Fermi bubble regions o
e E-218 gensitivity same as for log parabola

104 : : :
° E-2-18 ﬁt Starting - = FB sensitivity v flux ® LOg parabola:
at 10 Gev - cl‘xp(‘(‘t(‘(l v f'llu{.l A.LL f‘{e.lj\;c:urs best ﬁt Of
— Antares upper limit F—=
10-5 —— Antares upper limit E~2!% cutoff = 50 TeV measured ﬂuX
. 20 stat. uncert. ] .
e Results: teeCub B L e in complete
S- Hallmann, h h Em expected 218 ), flux energy range
35thICRC2017 reach these expected E~21% p, flux, cutoff = 50 TeV

| low energies

—_
—
—
|
(=]

—_

—

—
I

=

E*AN/dE [GeVem % lsr ]

IceCube preliminary

. a | . - )
10! 102 103 107 10° 105 107
E [GeV]

10
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Thank you for your attention!

IcECUBE

First neutrino telescope analysis probing at these low energies

* the Fermi Bubbles
 the Galactic Center without Dark Matter expectation

Fermi Bubbles Galactic Center

104 103
0 — .
7 .10
— n
| ]
” |
3 =
= - = FB sensitivity v flux o == GOC sensitivity v flux
ﬁ - expected v flux '?.) 10-5 - expected v flux
% 20 stat. uncert. .i. 20 stat. uncert.
= B 10 stat. uncert. Eg B 1o stat. uncert.
= 106 =
— [ =
= e ~ 1076}
‘EE _______________________ N e
[ceCube Preliminary _ [ceCube Preliminary
10~ L ' = 10~ = ' =
20 100 150 50 100 150
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