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Motivations for v-line search

1.A monochromatic spectral line (in cosmic 7y or v )
IS a smoking-gun evidence for dark matter particles

2.Use latest improvements of lceCube in taking data
— large eft. A, good E resolution and atm. bkg rejection

3.Explore a new analysis strategy to improve sensitivity
— by an order of magnitude in decaying DM lifetime

4. At multi-TeV energies observational sensitivity to
neutrino lines overtake gamma-ray line searches



Gravitino R’ Neutrino see-saw ‘loop of line-like

Takayama Yamaguchi, Rott, Kohri, Park [arXiv: 1408.4575] heavy States’ Guo, Wu Zhou,
Phys. Lett. B 485, 388 (2000) Higaki, Kitano & Sato, JHEP 1407 PRD 81, 075014 (2010)
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The DM induced neutrino intensity

flux from dark matter decay at energy Ey in direction
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from Aartsen+ PRD 91, 022001 (2015)

e T =641 days, from 2010 to 2012

e 78 strings + 8 Deep Core strings w/ 60 DOMs
* Detailed information on the instrument
response is provided with this data set:

’ M * Effective area Ae.o(EL,0,0)

* Energy dispersion D (E’', 0, ¢"; E,,, 0, ¢)
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Events with contained vertex at medium energies

~102 - 107 GeV

Veto incoming
tracks (muons)

Cascades fully
contained in detector:
= energy res. ~ 10%
= angular ~ 10-40 deg

Outgoing Track events:
= energy res. > ~20%
= angular < 1 deg

| 83 Cascade and
|05 Track events selected
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10° ¢

10

10

10

10

10

10

Instrument Response

— Aeﬂ‘7a (E,/, 9)>< T
and folded with the dispersion function D% (E', ¢, ¢"; E,,,0, ¢)

d N,

dE,,de%’ d cos 0'dg’

| “theory” — “observables”

Effective Area

H(¢h + ¢eg)o;r

dFE,dS2

gaDeff,oz

(electrons neutrinos)

In zenith angle ranges 0 :

—zenith range (—0.2,-0.6)

= zenith range, cos0 = (1,0.6) [
- —zenith range (0.2,-0.2)

— zenith range (-0.6,—1)

3 10* 10° 10°

E, [GeV]

10

for each

neutrino type

) a={e,u,T,& [T}

Vv
Theory Signal Detector response
Energy dlspersmn (Eu —»Edepos.ted)
(muon neutrinos) — E =10’ GeV
E 05:— EV_ 10 GeV E
S __ B =10"GeV
5 0.4f — ]
: i
3 0.3} - o
. i
g 0.2 _,_l_ -
= [ ;
0.1F [ |
o: i L " L
10° 10 10" 10° 10 10’



Dark Matter Signal Spectrum

Convolve into energy binned predictions
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Neutrino data

Aartsen+ PRD 91, 022001 (2015)
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Model for the data

 Known atmospheric backgrounds: Muons (N,), Atmospherlcv (Nv)

M. Honda et al.
7 PRD 75, 043006 (2007)
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STATISTICAL ANALYIS

Search
|

Form a Test Statistics from
Profile Likelihood ratios

AN

TS p— 2 ln L(nSIg — nSig,besty 9)

L(nge = 0,0)

nuisance param. 6 = {ny 23,7}

TS has an asymptotic distribution of:

% O(T'S) + Xi_aot(T'S)]

Chernoff theorem (Annals Math. Statist. 25, 573 (1938).
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Search — L IMits

l Deriving constraints

Form a Test Statistics from
Profile Likelihood ratios

AN

TS p— 2 ln L(nSIg — nSig,besty 9)

L(nge = 0,0)

nuisance param. 6 = {ny 23,7}

TS has an asymptotic distribution of:

% O(T'S) + Xi_aot(T'S)]

Chernoff theorem (Annals Math. Statist. 25, 573 (1938).



STATISTICAL ANALYIS

Sea rC h Deriving cons;:ts Li m itS
i i

Form a Test Statistics from 95% CL limit from maximal signal
Profile Likelihood ratios such that 1imit
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Chernoff theorem (Annals Math. Statist. 25, 573 (1938).
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Search for v-line from DM
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Various line-like signals

Power-law index
/
A phenomenological dN 271 (p + 1) E \"
parametrization o = O(mpm — 2F)
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Conclusions

* New approach to search for -, Gurrent DM decay line limits

DM induced v-line E >

he E

VA Ak :

* No significant line detected 1029 =
— room to increase sensitivity f
1078 3 ‘%:’

* Improved current bounds on = ‘

DM lifetimes by more than an 1.

order of magnitude —— This Work
mmm [ccCube
* Reach higher sensitivitythan - [ = HESS.
gamma-ray line searchesfor 4 77 Fermi
DM masses above ~ 50 TeV 10° 107 10°

mpm [GeV]

lceCube PRD 84 (2011)
HESS PRL 110 (2013)
Fermi Phys. Rev. D. 91 (2015)
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Various Limit setups
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