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In-ice Signatures
Muon tracks—> vu CC cascades = all flavors

Good angular resolution: Neutrino Astronomy V., V¢ and all-flavor neutral current
> (~0.6° at 10 TeV)

o Vertex can be outside the detector: Increased
effective volume!

Fully active calorimeter: High energy resolution
Angular reconstruction above ~50 TeV

In both cases, v and v are indistinguishable
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We know DM exists from: D a r k I\/I atte r

III[III\]

100§ I nale |
* Gravitational Lensing &8 soll / -
due to galaxy Cluste 3 S B

Bullet Cluster :
astro-ph/0608247

W
o]

Multipole moment, ¢
500 1000 1500 2000

Qg~ 02 — 0.4

* Precision Cosmology _
* Planck CMB Measurements Qgm = 0.268 £ 0.02

e CDM simulations such as Millenium reproduce observed LSS
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Weakly Interacting Massive Particles

Dark Matter as a thermal relic of the Early universe.

€ Boltzmann equation of the early universe

an
th + 3Hny = _<Gannv>[n)2( — nqu]

¢ Re|iC QDMN 027
\_ For{(ognn,v) =3.10726 cm3/s
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AN

v

N M*
. ~ WIMP Miracle
e Stable WIMPS present in various theories

* Neutralino in SUSY theories
e Kaluza Klein particles.
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WIMP Capture and Annihilation in the Sunu

Scattering Cross

Number density

DM Sect
number ROl of element i ->
density Solar Mijgl

Spin Dependent scattering

| | Capture
Only the hydrogen in the Sun contributes

significantly. R o 1
Lower event rates in direct detection Eq uilibrium ‘ [, = 5 Ce
experiments

More interesting for IceCube [ ]

Spin Independent scattering
Heavier nuclei contribute more due to

bwt tt

«x A% enhancement. Primary hEarthd: :
Better sensitivity using direct detection annihilation anced neutrino
X from the

experiments such as LUX, XENON etc channels .
rection of the Sun!

Dens¢é Medium

E W_ T_ Interactjons i
V4 V4 Y b . . | J

Matter |Oscillatiopns ®® ®
| g

All calculations performed with DarkSusy/WimpSim 6



Events in lceCube
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Attempts to isolate a down going IceCube dominated sample were not successful due to pu background.

Event Selection Strategy

« Up-going
» [ceCube Dominated
« No Containment

* Up-going

\/ Down-going
» DeepCore Dominated  DeepCore Dominated

» Strong Containment

lceCube

“i

L

High Effective volume

(IceCube)

Good angular resolution
(<29at1TeV)

Bad Energy resolution
(Only a lower limit)

> 100 GeV

Smaller Effective volume

(DeepCore)

Worse angular resolution
(8° at 50 GeV)

Good Energy resolution

~20% below 100 GeV

< 100 GeV
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« Strong Containment

* Smaller Effective volume
(DeepCore)
* Worse angular resolution
* (149 at 30 GeV)
* Good Energy resolution
~20% below 60 GeV
< 100 GeV




Samples
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or [BISI&ETH or LowUp Filters ~100 Hz
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[ = c
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Analysis Level
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o Level 4 - Veto

ConeRT Veto Vs

—_— Signal: 50 GeV yy — 't

Corsika Atmospheric
Muon Simulation

o Background:

B

K
T IIIIIII

. Fraction

=1
w

104

[N TN T A T B | | |

5 10 15 20 25 30

0
Size of Largest ConeRTVeto Cluster

Lo/ Energy

Muons sneak past cuts on starting vertex.
(Falsely reconstructed starting vertex)

Look for hits within a 40 degree cone.
Sort them into clusters: within 250 metres and
1us of each other

Count the size of the largest cluster

Cut at 3 rejects >80% of Bkg, keeps 90% of Signal.
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Level 5 — Boosted Decision Tree (contd)

107 [ 10 ,
I ® o Testing data
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Final Samples Summary

Total MC Energy range | Typical signal efficiency

(mHz) v (GeV)

@Winter High Energy 2.9 3.0 2.1 0.1 0.8 100 -2000 24%

(5 TeV xx to W*W)
@Winter Low Energy 0.34 0.36 0.26 0.08 0.02 10-100 6%

(50 GeV yx to T'1)
@Summer 0.25 0.28 0.21 0.05 0.03 10-50 1%

(20 GeV xx to t'1)

e Livetimes : Winter 528.28 days, Summer 490.77 days. Total 1019.05 days of data.
* Non overlapping, no events in common
* True event directions not examined. Analysis is blind.
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Event Selection Performance
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Energy Reconstruction

Ereco — EpL (R,u) -+ Evertex (Ehadl fver'tex)

analysis for the first time in IceCube.

Fit of a cascade with a . Find last point of
track segment Hadrons [ Cherenkov emitter
o T [
A% T
I ]
___________________________ - : LL
i
z.: 80—
A full neutrino energy estimator for contained tracks 3 oF- -
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Analysis Method

Use event direction: Background only Background (atmospheric v and p) :

e Uniform within declination band

B(4;)

Signal (Astrophysical v from source) :
* Clustered around source

K;cos(0_, _,
j l ( |T‘i—T'j(ti)|)
K! =

1 2m(efi—e ki)
Fisher Bingham distribution,
(Gaussian in directional statistics)

0[]

Kie

0[]

Event by event angular resolution

And enoergy: 50‘ | 100‘ | 15(I)R.A- r200(:i 250 300 350
i _ :Tp:mss?em:m L [Si(my, ch) = P(Ei|my, ch) x K] B; = P(Eil$patm) * B(6;)
& L | Likelihood: .
10 :
r e e R Ny Ny
| -.L__ ceCube Preliminary L(ns) — 1_[ (ﬁ Si(m)(' Ch) + (1 — W)Bl)
—LI =1
N ‘

'3 1 L 1 L 1 L L 1 1 | S o | 1 1.l 1 ! - 1 L 1 1 1 L 1 L 1 1
10 0 50 100 150 200 250 300 350 400
Reconstructed Energy (GeV)
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Analysis Method (contd)

0.14 __ ..................................................................... A _ /U< G rr<90 .

_ 2°<oM<ge

____14°< & <16°
err

B(6;) and P(E;|® ¢ ) are estimated from data.

e Robust against false discovery ’goos | IS N NSRS SRS SRS NN NN N
P(El- ‘mx, Ch) is estimated from Monte Carlo s

0.02 :

Kij is analytic.

11 1 1 1 1 L F— T T |
% 5 10 15 20 25 30 35 40 45
Angle Between Reconstructed p and Monte Carlo v“(°)

Log likelihood can be maximized to find the best fit ﬁs

10* f

L(n =O) v ' —I chi square ndéf: 3
—2 log ( - ) is the test statistics and is — nor>
L(ns) 103 F--- - e |EE3 Null TS Distribution (ns = 0) | |

distributed as )(2 (1 dof) - (wilke’s theorem)

Significance from many datasets scrambled in R.A.
Confidence intervals on ng - Feldman and Cousins.

Number of trials

15 20

2log A
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Results

Number of Events

300F _ . e
550 ¢ 3 * No statistically significant excess
200} ¢ : _ * Best p—value ~16%
1501 | 500 GeV yxy — bb
100 } @ | g = 24.4
20T ‘ 10-36 ‘
0 |
S0} + 1 10-37
ot {2) 4 )t T " —
60 : T ?
50 10-38
404 : . _
30l | — Background expectation 1 Signal | | 10-39|
201 Atmospheric NuMu Expectation 4~ 4~ Data 1 &
18 - . % 10-40
_—_— -
60 | | g
50 + * l %—. * I J 104t [ pb-channel —— rr-channel
‘ . } + * = WW-channel Equilibrium Condition lower limit
40 - 1 10-42
30t
20 i ] 10-43}
10 :
0 . — , ' ' 10441 - -
0.990 0.992 0.994 0.996 0.998 1.000 10 10 10 104
cos(\V) m,, [GeV]

More livetime + better event selection + better analysis methods + bugfix -> Results better by ~1 order of magnitude w.r.t IC79
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Capture boost (SD)

Astrophysical Uncertainties

There are uncertainties on:
e The velocity of the Sun w.r.t the halo

2.2 — V_oun=200km/s, v, _=270km/s
> E ====- V. oun=200km/s, v __ _=245km/s
- V_oun=240km/s, v __ =270km/s
1.8 = vsun=240km/s, vrms=294km/s
- = — V_un=280km/s, v, _=270km/s
1.6 S V_un=280km/s, v, _ _=343km/s
1.4 F
1.2 o --mT T
1 B
o8 [ T —
0.6 [ e TTe——
0.4 | T PRI BRI R P |
2 3 a
1 10 10 10 10

WIMP mass|GeV]

* The fraction of DM in a co-rotating dark disk
* The galactic escape velocity

Capture boost (SD)

1.05
1.04
1.03

-
o
N

Coowvww O
OQONOO=-

vesc=498km/s

=oco
vesc

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

F

10 102 102® 10%
WIMP mass|[GeV]

=

— 0.012
)
-— SMH
B SMH + dark disc(p, / py = 0.25)
o.01 1 SMH + dark disc(py / py = 1)
0.008 -—
DM velocity distribution functions
0.006 -—
0.004 _—
0.002
(o]

o 100 200 300 400 500 600 700 800
ulkm/s]

C. Rott et al. JCAPO5 (2014) 049

The uncertainties are 20% (50%) at low (high) WIMP masses.

Conservative w.r.t. the dark disk fraction.
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direct detection

Complementarity and DM Models

< OgnnV >

thermal freeze-out (early Univ.)

indirect detection (now)
———

DM

DM SM

productlon at colliders

Missing Er

A

FULL THEORIES
+ SUSY, KK, Extra dim...
* Many particles and parameters

Completeness

SIMPLIFIED MODELS
+ 2 new particles (DM + mediator)

/\ * few parameters: M,mpwn, couplings

EFFECTIVE THEORIES
* 1 new particle (DM)
+ 2 parameters: A,mpwm

Complexity

SPS — Lugano, M. Rameez
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Complementarity in the pMSSM

\

1 , \ Hard

v pcosloofs < o % Only pMSSM models not excluded by
| POOGOTE LHC Run 1 are shown
° Correct Higgs Mass and Relic density
S| o,xnot greater than LUX
N ; bounds

Model colourcoded by hardness or

0. ] softness of annihilation channels

$ “PMSSM benchmark models for

""""""""""""""""""""""""""""""""" e tol N | Snowmass 2013” arXiv:1305.2419,

Super-K 2015 g it
- Antares 2013 £ 4 :

|||||||

148.3 GeV Bino-Higgsino WIMP can be
st €xcluded at >90% C.L

N =

S+

=

|
(ORI
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Complementarity of DM Searches in a Consistent
Simplified Model: the Case of Z’

Thomas Jacques,” Andrey Katz,"¢ Enrico Morgante,® Davide Racco,’
Mohamed Rameez,? and Antonio Riotto®

“SISSA and INFN, via Bonomea 265, 34136 Trieste, Italy
Theory Division, CERN, CH-1211 Geneva 23, Switzerland

“Département de Physique Théorique and Center for Astroparticle Physics (CAP),
Université de Geneve, 24 quai Ansermet, CH-1211 Genéeve 4, Switzerland

4 Département de Physique Nucléaire et Corpusculaire,

Université de Geneve, 24 quai Ansermet, CH-1211 Geneve 4, Switzerland

arXiv:1505.06513
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Complementarity of DM Searches in a Consistent Simplified Model: the Case of Z'

U(1)"' extension of the standard model :

SU(3)exSU(2). xU(1)yxU(1)

One new gauge boson Z'

(mass mz given by SSB in a hidden sector)
Majorana DM, stable under Zz symmetry
U(1)' charges for cancellation of SM X SM X U(1)' gauge

anomaly. Higgs is charged

Full lagrangian in backup slides
SD WIMP-Nucleon scattering in the non relativistic limit —
Direct Detection constraints

Z-Z' mixing

LHC constraints from Z' — |+I-and monojet constraints on DM
Strongest constraints are from LHC below 400 GeV WIMP mass,
and IC above 400 GeV, except for 0 = 11/2

T. Jacques et. al. arXiv:1605.06513
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The Emerging 750 GeV diphoton excess — portal to the dark sector?

A pseudoscalar, P of mass 750 GeV:

e Scattering is SD at the NR limit

750 GeV > Ewk Scale

* Lagrangian is SU(2), invariant, P couples to B.
* Guarantees annihilation to ZZ and Zy 1032}
P also couples to gluons and/or quarks

* Run 1 constraints

DM x (fermion) or ¢ (scalar) stable under Z, symmetry. & 10-36

3 scenarios.

P couples to:
¢ BI gl ul X
 B,guxb
* B,guxt

WIMP-proton scattering in the NR limit

~

i(.SQN.r:N) for scalar DM and

(S‘X'mLN) (‘SA‘N'mLN) for fermionic DM

E. Morgante et. al., JHEP 1607 (2016) 141

10—30, Direct searches
= XENON100
| = CDMS-Ge
= COUPP
i PICASSO N\
10-34| — L UX
=== SuperCDMS
~

0]

I

> 10738

10-40}

10—42 L

Forecast
— Relic density

‘ ...‘.....l..-l lE‘XpeCted (T?{PZII TCIV)‘ L

\/— = IC limit

Scenarios

A
B

10—44 . . e
10! 102

103
my [GeV]

(IC limits calculated using capture rates evaluated in R. Catena et al, JCAP 1504 (2015) 04, 042) and analytical

simplification of IC sensitivity.

SPS — Lugano, M. Rameez

23

104



The Emerging 750 GeV d|1?hoton excess — portal to the dark sector?
E. Morgante et. al., JHEP 1607 (2016) 141

A pseudoscalar, P of mass 750 GeV:
e Scattering is SD at the NR limit

750 GeV > Ewk Scale 10-30| Direct searches
* Lagrangian is SU(2), invariant, P couples to B. T é(gagljglo
* Guarantees annihilation to ZZ and Zy 10732f —— coupp

P also couples to gluons and/or quarks T EI&“SSO N
* Run 1 constraints 10734 SuperCDMS _

DM x (fermionNcb (scala? geéder symmetry. 19—%6
3 scenarios. I) X T
P couples to: e ‘

R VAN — |

° B, g, U X y
* Bguxb 10~ ]
° B, g, uxt 10_42: == = IC limit Scenarios

WIMP-proton scattering in the NR limit Forecast A

N i — Relic density B

A A N 1 R L e Expected (Ap=1 TeV)

L(Sy. 1044 A =l V), L
(S m A 10! 102 10° 104
& g & g S
S.,.—) (Sy.—) for fermionic DM mgy [GeV]

Sy Cu) w

(IC limits calculated using capture rates evaluated in R. Catena et al, JCAP 1504 (2015) 04, 042) and analytical
simplification of IC sensitivity.
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Searches for neutrinos from Cosmic
Accelerators



Cosmic Accelerators and IceCube

10° E proton
s H| O Ams
oL P#N Galactic Extragalactic?|, ;"
; o # ATIC
B A JACEE
10° E"_ or e Y KASCADE(SIBYLL)
» ﬁ "% ®  Tibetll(SIBYLL)
- 10E ﬁ;a all-particle
,!% - QF’ X = Tibet(SIBYLL)
0 1 ‘ [ éé# [ ¥ KASCADE(SIBYLL)
o~
\ v A Akeno
E ‘ “ rt- l ¢ GAMMA
% 10~ el Sl ¢  TUNKA
8, Y | i = X Yakutsk
¢MOO ) < Auger
; 107 ??'? o X AGASA
‘? é : [J HiRes
w
10°° e pvy
& CAPRICEe
-4 A HEAT
10 % ATIC .
*  Ferml 10°}
O Hess
10°° A g:;:lca 2
AMANDA ‘8 10t}
6 O EGRET },;
10 |
102 1 10* 10* 10° 10° 10" 107 2
E(GeV) 2 10°
]
c
g
54 events seen on an expected e

background of 12.6 + 5.1 u and
9.0*39 v. Atmospheric only origin rejected

60

CRs, where do they come from? What accelerates them?

* Galactic: SNRs, microquasars?

e Extragalactic : AGNs, galaxy clusters, starburst galaxies,
GRBs?

How are they accelerated? First order fermi acceleration —

predicts parent proton spectrum of power law E~2 for an ideal

shock.

* Neutrinos produced at source with same power law
spectrum through p-p and p-y interactions — pion decay —
muon decay.

e 1:2:0 at source — 1:1:1 at Earth.

Deposited EM-Equivalent Energy in Detector (TeV)

[ Background Atmospheric Muon Flux ICECUBE PRELIMINARY
= Bkg. Atmospheric Neutrinos (n/K)

7} Background Uncertainties

= Atmospheric Neutrinos (30% CL Charm Limit)

—— Bkg.+Signal Best-Fit Astrophysical (best-fit slope E-25)

=« Bkg.+Signal Best-Fit Astrophysical (fixed slope E~?)
e®e Data

IceCube Preliminary

Tl

l_L J -4

Galactic

TS=2log(L/LO) 13.1

No statistically significant
clustering 26

102 103

SPS — Lugano, M. Rameez



The IceCube samples of events dedicated to PS searc

sin(é)

— 1. T . T e
p S IC86 -+
s 141 a- IC79 » 7
53 12+ \ IC59 *
3 ‘ IC40 =
o T ‘.. v-p Opening angle -- 7
s 08} "'~~§'_";-~-.. ......... 7
> . B
% 06 ™ T i
e 04 N T~ el -
O 1
S 0.2 |
E 0 2. Ll 3. L 4. Pk T T L_6_.__ - ..|_7_.

10 10 10 10 10 10

E, [GeV]

~400000 tracks, from IC40, 59, 79 and 86 (4 years of IceCube)
Northern sky: u from v, + v, CC interactions
Southern sky: Atmospheric u

All sky point source searches : no statistically significant excess —

correcting for trials
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declination

The Stacking Method

Source 1 Source 2 Source 3
® ® o © ® o ©
o0 o ®e
® ® ®
O o © ®
o ® ® o
r.a.

Sitot —

Theoretical weight W;, detector acceptance Ry (5j, y)

2?51 WJ'RIC(SJ"V)Si]

%S WiRic(8;v)

Sources that are individually too weak can still be detected as

a catalog

SPS — Lugano, M. Rameez
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E2 dN/dE [10"" TeV cm? 5]

Total Flux for Discovery

--------- Flux per Source for Discovery

—L
<
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10 20 30 40 50

Number of Sources Stacked

28



Stacking Search Example : Milagro Hotspots

6 TeV associations with supernova remnants based on Milagro observations. Models

from Halzen et al.
P value =1.99% in IC86+79+59

1

— Tote;l predicted fluxes — Seﬁsitivity ) ] ]
—~ -~ UpperLimit (90 % C.L) — Discovery Potential Compatible with the background only hypothesis.
lw 10710 sttt et R T S
o 5 5 5 5 Similar excess (2%) observed in IC40 a posteriori,
& - Milagro 6 (Halzen et al) hence excluded.
> ; | | |
)
= More data required.
L
D
% Update : With more data, the significance has
T reduced again. 25% p value

(See Talk by Tessa Carver: TASK Il session 1745 hrs)

102 10° 10* 10° 10° 10’
E, (GeV)

Probably a background fluctuation
F. Halzen, A. Kappes and A. O’Murchadha (Phys. Rev.

D78:063004, 2008)
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Summary/Conclusions

A search was carried out for v from WIMP annihilations in the Sun:
» 3years of IceCube data, Innovative background rejection, improved reconstructions
* Unbinned maximum likelihood method using energy estimators

We obtained:

* No statistically significant excess

* The most stringent bounds on u flux from the direction of the Sun above 80 GeV

* The most stringent constraint on the Spin Dependent WIMP-Nucleon scattering cross section.
e (Can constrain theories of symmetric dark matter with candidate in 10GeV-10TeV range

Similar method was used to search for neutrinos from candidate sites for CR acceleration, such as SNRs

No statistically significant excess was found in any searches



Backup Slides



Results (contc

*lceCube Preliminary’:

— A}

[ | MSSM incl. LUX (2014) ATLAS + CMS (2012)
DAMA no channeling (2008) —
SuperCDMS-LT (2014) e .’
— LUX (2014) IS

.
0}
0
\
\
0y
0y
)
R
0)

S Epmm="

[ ====-bb —
. SUPER-K (2015) .
= ANTARES(2013) | TITITTY ww
== |IceCube Limit .
== IceCube Sens o —
| | | | | | | | | | | | | | | | |
1 3 4

-2
Iogm ( m / GeV ¢c“)
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Direct detection better for SI
scattering

2
O-)( —Nucleus & A

Constraints can be derived also on
a host of other SD and Sl velocity
and momentum suppressed
operators.

(R. Catena et al, JCAP 1504 (2015)
04, 042)
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Systematic Uncertainties

Mass (GeV) uncertainty in % (+ / -)

Absolute DOM efficiency

20 Tt -11/ +29
50 T -8/ +23
100 W+W- -9 /+19
500 bb 7 /+11
1000 W*W- -6 /49
Photon propagation in ice : Absorption and Scattering

20 T -13 / +18
50 T -9/+13
100 WHW- -9/+11
500 bb 8/+7

1000 W+HW- -6/+4



Multi messenger Astronomy

Photons

>1 cm ~1 mm ~10 Hm ~1 nm <0.1 nm
Microwave Infrared o uv X-Ray . Gamma Ray
106 eV 104 eV 101 eV ~1 KeV > 100 KeV
Pulsars, quasars, radio galaxies The Big Bang (CMB) Non thermal processes

Cosmic Rays

Electrons, protons, heavy nuclei : 108 - 10%° eV — Origins unknown.

C ..
Gravitational Waves

Predicted by General relativity — Observed first in 2015
BH-BH merger ~410 MPc away.

\Phys. Rev. Lett. 116 (6): 061102 New
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log(particle or photon energy, eV)

25

20

15

The messenger horizon

LILILLLL

g (3K bkg)

pYy—=A-m->v

|nph0t0l‘l$ _Of
.7 .“Charged particles” .~

. highest observed 7y energy

L galaxy —
photons
local group

Nearby clusters T
B AGN & QSOs I
» cosmology [

llllll L1 Illllll Ll lllllll Ll lllllll Ll lllllll || lllllll Ll lllllll

I llllIIlI | IIIIHII 1 IIIIIIII L ll1l|[| APk l'lll}i' ~l.f|l‘lll[' AP TU

0.01 0.1 1 10 102 103 104
Observable distance (Mpc)

y-rays do not travel too far

e 1TeV: Closest AGNs

CRs cannot point back

» Deflection : few degrees at ~50 EeV

* Horizon ~100 MPc — interactions with CMB

The neutrino - ideal messenger for the non thermal
universe
 Neutral, undeflected
— can point back
* Interacts only weakly
— can travel Gpc distances
— hard to detect
* We hope to see
* The sites of CR acceleration
 Dark Matter annihilation

lceCube was built to look for astrophysical neutrinos.
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DM within our own Galaxy

3

* rotation curve data
baryonic bracketing

DM Halo

2015

g

Local DM density

Baryonic Matter Disk

Angular circular velocity (km s kpc™)

JILE

— — vanilla NFW profile

IKravtsoy -
Einasto -

¥ldof  residuals (km s kpc™)

Ry=8kpc
Vo=230kms' 3

20
Galactocentric distance (kpc)

p [GeV cm'3]

Global Method : Average ppy at radius of orbit of
~0.4 4+ 0.1 GeV /cm?
Local Method : ppy at the position of the Sun
‘Local’ and ‘Global” methods now starting to agree on the local DM
density See

IIIII|'|T| IIIIII|T| IIIIII|T| Illllln'l IlllIIITI




AN /dx(em™2ann™)

v from WIMP annihilations in the Sun

10—2° : —
_ —_ cC —_ W
—26 o
107k 1 TeV WIMP — W s i
I — — 1/1:17;:.
1 select:
1 W*W~,t7t~ (hard channels)
1 bb (soft channel)
1 gg (even softer) and direct
10-30 neutrino (even harder) are not
1 theoretically favoured
1031 | ]
10—32 _ |
10331 .
102 10—1
Flux predictions from WimpSim x(= E,,/m.‘,_\,)
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Rate (Hz)

Ratio data/mc

Level 3 Cut examples

[ corsika Wimp M1000 to WW
[—1 Atmospheric NuMu(Honda) [ Data
1 Wimp M50 to bb

101
100
101
10-2
103
104 L
105 |
106 [
107 L

100 |

60

70 80 90 100 lllO 150 130
SPEFit4_Masked_zenith [degrees]

Explicit cut on reconstructed direction to select only
horizontal tracks.

Rate (Hz)

Ratio data/mc

102
101
100
101
10-2
103
104
105
106
107
10-8
10-°

100

[ corsika Wimp M1000 to WW
[ Atmospheric NuMu(Honda) [ Data
1 Wimp M50 to bb
Ratio: 1.26 | | |
0 10 20 30 40 50 60 70 80

SPEFit4_Masked_Rlogl

Reduced log likelihood.
Cut on quality, rejects badly reconstructed events.

SPS — Lugano, M. Rameez
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Level 3 Cut Examples (continued)

[ corsika Wimp M1000 to WW
[ Atmospheric NuMu(Honda) [ Data

[ Wimp M50 to bb

Rate (Hz)

9]
S
'S
©
©
.0
©
o
1T | I | I | |
-800 -600 -400 -200 0 200 400 600 800

FiniteRecoFit_Masked_z [metres]

Z coordinate of reconstructed starting vertex. Select events
starting lower in the detector.

@ [ corsika ] Wimp M50 to bb
[ Atmospheric NuMu(Honda) [ Data
100 IR N
101 [T AAAAAAAA A e ke S .......... ............. ........... ]
E 102 bl ........ o] ............ ....... , ...... ........ ............. ...... ]
@ 103fl.... ] e L TR e, S ) | . . i
S : : : : : : : 5
104 [ J—— S | TR ST T s i
wosfoo e
106L........... # ............. } ,,,,,,,,,,,, } ............ : .......... il
( : : : : :
9] N N N N
E ' H ' H H
= g ﬁi : (]
£ 1000 .- el g@ s
g B
ke : : : z
§ : : '
Ratio: 1.65

I I ! I ! ! L |
0 100 200 300 400 500 600 700 800 900
FiniteRecoFit_Masked XY _Radius [metres]

Distance along XY plane to starting vertex. Select events
starting near center of the detector.
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Level 5 — Boosted Decision Tree

Multivariate classification algorithm:
Gives each event a score between -1.0 (background) and +1.0 (signal)

Trained on a sample of signal like and background like events using selected variables.

Variables have to offer:
Good Signal to background separation

Good Data/MC agreement (avoid simulation artifacts)
107

|
o
b

Rate per bin [Hz]
=
S

Example BDT variable

'_l
o ©
= w

*

=
o
o

3 1f*"’.60"0’f“*.”'3"°°°°‘.’°"0'*0’o1‘0"0"0'°35’ff

data/mc ratio

Zenith of vector between COG and Vertex

|
o
—

0.5 1.0 15 2.0 2.5 3.0
Cog_z vertex [radians]

o
o

SPS — Lugano, M. Rameez
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Level 5 — Boosted Decision Tree (contd

Prefer variables that are not very correlated with each other.

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

n_dir_str_a_b_c n_dir_str_a_b_c

Z Travel | .

Time_Ext -

Z Travel
Time_Ext
SPEFit4_Masked_zenith SPEFit4_Masked_zenith |

SPEFit4_Masked_Rlog| SPEFit4_Masked_Rlogl

T

NDir_E_doms NDir_E_doms | 1
NDir_B_pulses NDir_B_pulses - .
LDir_C LDir C | B

FiniteRecoFit_Masked_z FiniteRecoFit_Masked_z

Cog_z_vertex

COG_Z_Sigma

gl

1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 I 1 1
. © x N (@] w wn ‘;(‘ o) v o x N (8] i w =) £ : ° v
E 8 S 0§ E o T\ 4 > 4 E & S 0 8 E o E 4 > a
2 % T 5§ 3 § =2 & g [ s £ ¥ 5 3 8 © § (R {
] [~ g9 2 O | 9 [} = ® ] o X g o R v = m
> 7] | | > ] o | £ | 1
N N o} @ w ° ' £ N f=] ~N' N ] o w b = £ N 5
OI Ui‘ SI o o ﬁ 3 ml o' c\l s ) o k- 3 = 7,
= : U
s § & s & & 3 5 g & & 5 2 £ 3% 5
o © S = = 2 I (v) v % 2 z 2 {
9 < I < P < I <
= 2
o« g 2 & £ =
[] w [T 0} w w
= o W P~ a W
c B oa c B a
' 0 ' v

Or different correlations for signal and background.
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Complementarity and EF

Name Operator Dimension|SI/SD 1073
D1 X Xaq 7 SI —— 1C86 1019 days livetime bb-Channel
D2 ‘—{i'(f'y‘-’xqq - N/A ---- ATLAS 2013 Mor.mJet search (D8)
. 104 D CMS 2014 Monojet search (D8)
D3 RS XXTY°q 7 N/A Q, h? =0.1199 (Planck 2013)
D4 XY XqY°q 7 N/A /
D5 _ . . 107° J
5 Az XY Xqvua 6 SI e
D6 fg)?‘y“" XTV4 6 N/A cTn—' _-"
D7 Az XY XGV P 6 N/A E 10°°
D8 |azX7v* v’ XTvuY’q 6 SD ~ |
D9 L %o XG0 urq 6 SD 07| Mziuorana Fermion WIMP, Universal C to quarks,
_ T Axial Vector Interactions
D10 | zzxo""y SXT0 4 6 N/A
’ OB _ ~
D11 %XXGHVG[JU 7 SI . AA X,YM’Y Xq / ’7 q
10° |
D12 (f\_i?‘?”f’”YGWGW 7 N/A J. Blumenthal et al Phys. Rev. D 91, 035002 (2015) — IceCube line
D13 2 XXGH G 7 N/A updated to 3 years by me
-9 ) ) )
D14 | f5X7°xG* Gy 7 N/A 10400 10" 107 103 10*
[GeV]
f(n) (n)
EFT L=Lsw+ ) 317730

n>4

SPS — Lugano, M. Rameez
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Equilibrium revisited

10
10-38
10-39
~ a0
I 10
&
O,
& —e— bb-channel
=210 ¢
(S —eo— \WW-channel
—eo— 7r-Channel 27 *
10 (GAv) g
26 *
— 2x10
10 (o) = 2
-44
10 ' .
10* 10° 10° 10*

m, [GeV]

X

Our limits will remain above this threshold for a long time to come
Assuming (o,V)~ natural scale.

SPS — Lugano, M. Rameez

There’s a threshold o5, below which the
equilibrium condition is not a valid assumption

t

o _ 330 _CQ 1/2 <O'AU> 1/2 mx 3/4
T4 st cm® s ! 10GevV/)

Jungman and Kamionkowsky (1996)

Upcoming experiments like CTA have sensitivity
towards DM (o, v) below the natural scale even at
high WIMP masses
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Other Stacking Searches (No significant excess)

SNRs younger than 10000 years (Sedov Taylor Phase)
Starburst galaxies in the nearby universe : Contribute <1% of the diffuse astrophysical flux
Supermassive blackholes within the GZK horizon, from the 2MASS catalog : Contribute < 2% of the diffuse flux

Nearby Galaxy Clusters : Theoretical predictions are below current sensitivity.

Arrival directions of Auger and TA

UHECRs above 85 EeV 180°
Limits better than Antares
analysis by a factor of 25

—180°

Galactic

SPS — Lugano, M. Rameez 44



Periodic search — Gamma Ray binaries

2) The neutrino flux expected
at earth depends upon the

orientation of our line of
sight to these precessing Jets.

3)Neutrino emission from these
sources will follow the source

PERIODICITY.
to observer

The Hypothesis: A neutrino signal will have the same

periodicity as the optical and X-ray observations.
(not necessarily in phase with gamma)

Trial factor reduction: 10 micro quasars selected
* Northern sky: detected in GeV or higher
e Southern sky: detected in TeV

0 ——— Discovery potential (5c)
7 x10 Sensitivity (90% C.L.)
— — — Time-Integrated Discovery potential (5c¢)

6 I ...... — — — Time-Integrated Sensitivity (90% C.L.)

E2 dN/dE [GeV cm? s

NN N

P

&

v

time O phase

Method : Look for a directional excess of events also clustered in phase.

v

1

1
o, (As Fraction of the Period Q)
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Time-Independent Event Weight

10°

104

10°

102

10

0 . 2 0. . 0.5 0.6

Periodic Search (Results)

IceCube Events (IC-40)
IceCube Events (IC-59)
IceCube Events (IC-79)
IceCube Events (IC-86l)

Best-Fit Gaussian

Pre trial p value : 8.67%, No significant excess

Source HESS J0632+057

0.7 0.8 0.9 1
Event Phase ¢

SPS — Lugano, M. Rameez

Post trial p value 44.3%

Background only hypothesis.

46



