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Figure 2. Projected mass distribution reconstructed from our weak-lensing catalogs, from one typical cluster (N = 1; ABELL 0141; upper left) to the full sample
(N = 50; bottom right). Contours start at S/N = 3, and are spaced at ∆S/N = 2. A Gaussian smoothing scale of FWHM = 2′ is used in all panels (hatched region at
lower right).
(A color version of this figure is available in the online journal.)

et al. 2009) that matches each color cut. The model for the
color dependence of G+ is therefore G+(∆C) = AD(∆C) (1 −
Bf (∆C)), where A converts D into shear in a simple manner,
B is the normalization of the Gaussian contaminant function at
∆C = 0, and f (∆C > 0) = [1 − erf(∆C/

√
2σ )]/2. This model

has three free parameters: A, B, and σ , and allows us to estimate
explicitly the fraction of contaminant galaxies, f, as a function
of ∆C.

The best-fit model describes the red galaxies well (Figure 1,
upper panel). We conservatively adopt a limit of 1% on con-
taminating fraction, which translates into a red color cut of
∆C > 0.475. We select galaxies redder than this cut for the
results presented in Section 3; the mean number density of
these galaxies is 5.3 ± 1.9 arcmin−2 per cluster, where the un-
certainty is the standard deviation among the 50 clusters. We
therefore achieve a total stacked number density of red galaxies
of 266.3 arcmin−2.

For completeness, we applied the same methods to blue
galaxies, describing the contaminating fraction as f (∆C < 0) =
[1 + erf(∆C/

√
2σ )]/2. The model does not describe the blue

galaxies well, and we do not use them in Section 3.

3. RESULTS

Our results are based on stacking the red background galaxy
sample, defined by ∆C > 0.475 (Section 2), for all 50 clusters
in the sample.

3.1. Stacking and Modeling the Weak Shear Signal

We detect each individual cluster at a typical peak signal-to-
noise ratio (S/N) of $4 in two-dimensional Kaiser & Squires
(1993) mass reconstructions. We also stack the shear catalogs

in physical length units centered on the respective brightest
cluster galaxies (BCGs) and reconstruct the average cluster
mass distribution for the full sample, with a peak S/N of
28 (Figure 2). Motivated by the symmetrical average mass
map, we constructed the stacked tangential shear profile for
the full sample (Figure 3) following the procedure of Umetsu
et al. (2011). In brief, we center the catalogs on the respective
BCGs, and stack in physical length units across the radial range
100 h−1 kpc < r < 2.8 h−1 Mpc, in 14 log-spaced bins. We
detect the signal at S/N = 32.7, using the full covariance
matrix to take into account projected uncorrelated large-scale
structure and intrinsic ellipticity noise (e.g., Hoekstra 2003;
Hoekstra et al. 2011; Oguri & Takada 2011; Umetsu et al. 2011;
Oguri et al. 2012), computing the cosmic-shear contribution
using the non-linear matter power spectrum (Smith et al. 2003)
for the Wilkinson Microwave Anisotropy Probe 7 cosmology
and the shape noise from the diagonal matrix. The 45◦-rotated
distortion component is consistent with a null signal, confirming
that residual systematic errors are at least an order of magnitude
smaller than the measured lensing signal.

The stacked shear profile (Figure 3) is well described
by the so-called Navarro–Frenk–White (NFW) profile: ρ ∝
x−1(1 + x)−2, where x ≡ r/rs, and d log ρ/d log r = −2 at
r = rs (Navarro et al. 1997). We express our model fits in terms
of the virial mass Mvir ≡ (4π/3)ρcr∆virrvir

3, and the concentra-
tion parameter cvir ≡ rvir/rs, where ∆vir is the virial overdensity
and ρcr is the critical density. We measure both parameters to
sub-10% statistical precision (Table 1), obtaining a best-fit con-
centration parameter of cvir = 5.4 ± 0.5. Indeed, the statistical
errors on concentration are comparable with the differences
between the predictions from different numerical simulations
(Figure 3). Moreover, the observed concentration parameter
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•  Unnaturally	  large	  
enhancement	  needed	  

•  Positron	  excess	  has	  
other	  explana/ons	  

•  An/protons	  are	  
consistent	  with	  
standard	  propaga/on	  
fixed	  to	  B/C	  	  

order of magnitude lower than in two other models. In both re-
acceleration models (DR and DRD), the majority of low-energy
antiprotons come from inelastic scattering (so-called ‘‘tertiary’’
antiprotons).

Figures 7 and 8 show secondary positrons and primary plus
secondary electrons as calculated in all three models. The spec-
tra are similar in the PD and DR models, while DRD spectra ex-
hibit lower intensities at low energies. This may be an observable
effect since the models predict different synchrotron emission
spectra (electrons).

6. DISCUSSION

Damping on cosmic rays may terminate the slow Kraichnan-
type cascade in the interstellar medium at k ! 10"12 cm"1. Our
estimates were made for the level of MHD turbulence that pro-
duces the empirical value of cosmic-ray diffusion coefficient.

This finding suggests a possible explanation for the peaks in
secondary/primary nuclei ratios at about 1 GeV nucleon"1 ob-
served in cosmic rays: the amplitude of short waves is small
because of damping, and thus the low-energy particles rapidly
exit the Galaxy without producing many secondaries. There is no
other obvious reason for a sharp cutoff in the wave spectrum. If
the concept of MHD turbulence by Goldreich & Sridhar (1995)
works for interstellar turbulence, the MHDwaves we are dealing
with in this context are the fast magnetosonic waves. The Alfvén
waves propagate predominantly perpendicular to the magnetic
field and because of this they do not significantly scatter cosmic
rays. It also explainswhy radio scintillation observations show no
sign of the termination of electron density fluctuations at wave-
numbers from 10"14 to 10"8 cm"1. According to Lithwick &
Goldreich (2001) these fluctuations are produced by the slow
magnetosonic waveswith k? 3 kk, which are almost not damped

Fig. 3.—B/C ratio as calculated in plain diffusion model (PD model), reacceleration model (RD model), and diffusive reacceleration with damping model (DRD
model). Bottom curve: LIS; top curve: modulated (! ¼ 450 MV). Data below 200 MeV nucleon"1: ACE (Davis et al. 2000); Ulysses (DuVernois et al. 1996);
Voyager (Lukasiak et al. 1999); high-energy data: HEAO-3 (Engelmann et al. 1990), for other references see Stephens & Streitmatter (1998).

DISSIPATION OF MHD WAVES 909No. 2, 2006

B/C	  Fig:	  
Ptuskin,	  
APP	  39	  
(2012)	  
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Figure 2: Experimental residual rate of the single-hit scintillation events measured
by DAMA/LIBRA–phase1 in the (2–4), (2–5) and (2–6) keV energy intervals as a
function of the time. The time scale is maintained the same of the previous DAMA
papers for coherence. The data points present the experimental errors as vertical bars
and the associated time bin width as horizontal bars. The superimposed curves are
the cosinusoidal functions behaviours A cosω(t − t0) with a period T = 2π

ω = 1 yr, a
phase t0 = 152.5 day (June 2nd) and modulation amplitudes, A, equal to the central
values obtained by best fit on the data points of the entire DAMA/LIBRA–phase1.
The dashed vertical lines correspond to the maximum expected for the DM signal
(June 2nd), while the dotted vertical lines correspond to the minimum.
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DM-‐Ice:	  a	  scin/llator	  
experiment	  like	  DAMA	  
planned	  for	  South	  Pole.	  
Seasonal	  backgrounds	  
peak	  in	  January.	  DM	  flux	  
peaks	  in	  June.	  	  A	  posi/ve	  
result	  at	  South	  Pole	  would	  
be	  a	  spectacular	  
confirma/on	  of	  DAMA	  	  

DAMA	  peak	  rates	  are	  in	  June	  as	  expected	  for	  mo/on	  around	  Sun	  
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Phased Program for DM-Ice

DM-Ice17

Test Detector at South Pole 
17 kg of NaI(Tl) at 2450m depth at 
South Pole

DM-Ice 250 North

! low-background NaI(Tl) target"
! moveable detector array"
! access to both Northern & Southern Hemispheres 
A Phased Experimental Program

150 cm

DM-Ice 250 South

DM-Ice17 
arXiv:1401.4804 

Modulation Search at the  South Pole  
if modulation seen in North &"
ice drilling becomes available

Modulation Search in Northern 
Hemisphere 
portable 250 kg NaI(Tl) detector, "
first deployment in the Northern 
Hemisphere

Reina	  Maruyama	  (24/04/2014)	  
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ANALYSIS OF SEASONAL VARIATIONS OF THE COSMIC RAY MUON FLUX 429

CONCLUSIONS

To search for seasonal variations in the muon flux
from cosmic rays (E

µ
 > 1.3 TeV), we analyzed a total of

2.5 × 106 muon events registered by the LVD detector
over 2724 days of its operation in 2001–2008.

We found that 1.5% of the variations in muon
intensity are periodic with a period of one year. On
average, the maximum muon intensity corresponds to
July and the minimum occurs in January. The modu!
lation is statistically significant in the area of maxi!
mum deviation, where it is more than 5σ away from
the mean intensity. The muon variations and varia!

tions of neutrons produced by muons are phase coin!
cident with the temperature within the error.

Note that these variations should be considered in
searching for rare processes, e.g., in the hunt for dark
matter.
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Fig. 2. Upper panel: Temperature variations from January 2001 to June 2010. Middle panel: muon intensity over eight years of

LVD operation; the curve is a fit to the data according to the formula I
µ

 =  + δIµcos(2π(t – t0)/T). Lower panel: The number

of neutrons produced by muons, per one counter, from April 2003 to April 2010. It is clear from the graphic that there is a corre!
lation between the intensity of muons and neutrons produced by muons.
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	  neutrons	  

	  muons	  

Temperature	  peaks	  in	  July	  

South	  Pole	  peaks	  in	  January	  
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The	  γ	  link	  is	  the	  anchor	  for	  ν	  and	  CR	  
because	  they	  are	  abundant	  and	  we	  
can	  see	  where	  they	  come	  from.	  

Two	  ques/ons:	  
1.  What	  are	  the	  Fermi	  bubbles?	  	  (fossil	  jets?,	  	  minijets?)	  
2.  Why	  do	  the	  proton	  spectra	  at	  W44	  and	  IC443	  cut	  off	  

at	  such	  low	  energy?	  
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Figure 3: Proton and gamma-ray spectra determined for IC 443 and W44. Also shown are
the broadband spectral flux points derived in this study, along with TeV spectral data points for
IC 443 from MAGIC (29) and VERITAS (30). The curvature evident in the proton distribution
at ∼ 2 GeV is a consequence of the display in energy space (rather than momentum space).
Gamma-ray spectra from the protons were computed using the energy-dependent cross section
parameterized by (32). We took into account accelerated nuclei (heavier than protons) as well
as nuclei in the target gas by applying an enhancement factor of 1.85 (33). Note that models
of the gamma-ray production via pp interactions have some uncertainty. Relative to the model
adopted here, an alternative model of (6) predicts∼ 30% less photon flux near 70 MeV; the two
models agree with each other to better than 15% above 200 MeV. The proton spectra assume
average gas densities of n = 20 cm−3 (IC 443) and n = 100 cm−3 (W44) and distances of 1.5
kpc (IC 443) and 2.9 kpc (W44).
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320 K.-H. Kampert, P. Tinyakov / C. R. Physique 15 (2014) 318–328

Fig. 1. Recent measurements of the flux of CRs at the highest energies by the Auger and TA collaborations [14,15]. The TA-data are fitted to a model of
extragalactic proton sources, distributed cosmologically according to (1 + z)4.4 and injecting a power-law distribution at the sources according to E−2.39

(blue line). The Auger data are compared to a model assuming a maximum acceleration energy Emax = 1018.7 eV × Z with injection spectra γ = 1 and an
enhanced Galactic cosmic ray composition from [16]. An additional Galactic component is plotted as a dotted black line. (For interpretation of the references
to color in this figure, the reader is referred to the web version of this article.)

spectra of the two observatories clearly exhibit the ankle at ∼5 · 1018 eV and a flux suppression above ∼4 · 1019 eV, and are
compared to simplified astrophysical scenarios with parameters given in the figure caption.

As can be seen from this comparison, the ankle occurs at an energy which is compatible with the dip-model under
the assumption of a pure proton composition. Also, the flux suppression at the highest energies is in accordance with
the energy loss processes of the GZK-effect. In the case of Auger, however, the suppression starts at lower energies as
compared to the propagation calculations unless the maximum energy of sources is set to approximately 1020 eV [15]. It is
important to realize that the suppression region of the spectrum can also be described by assuming pure Fe-emission from
the sources. In this case, however, the ankle would require another component of cosmic rays to contribute to the flux at
lower energies. Another interpretation of the suppression region has been presented in, e.g., [19–22]. In this group of models,
the flux suppression is primarily caused by the limiting acceleration energy at the sources rather than by the GZK-effect.
A good description of the Auger all-particle energy spectrum is obtained for Emax,p $ 1018.7 eV, with a mix of protons and
heavier nuclei being accelerated up to the same rigidity, so that their maximum energy scales like Emax,Z ∝ Z × Emax,p
(colored histograms in Fig. 1 [16]). Obviously, the latter class of models (which also account for all relevant energy loss
processes during propagation [23]) leads to an increasingly heavier composition towards the suppression region. We shall
return to this aspect in the next section. Another notable feature of such classes of models is the requirement of injection
spectra considerably harder than those expected from Fermi acceleration. This was pointed out also, e.g., in Refs. [22,16,24].
However, as recently discussed in [25], the effects of diffusion of high-energy cosmic rays in turbulent extragalactic magnetic
fields counteract the requirement of hard injection spectra (γ < 2.0) for a reasonable range of magnetic field strengths and
coherence lengths.

The different interpretations of the Auger and TA energy spectra demonstrate the ambiguity left by the all-particle
energy spectrum and they underline the importance of understanding the absolute cosmic-ray energy scales to a high level
of precision. While perfect agreement is seen up to the ankle and beyond, one finds that the flux suppression in the Auger
data not only starts at somewhat lower energies, but also falls off more strongly than in TA data. This difference – despite
being still compatible with the quoted systematic uncertainties of TA and Auger of 20% and 14% – deserves further attention.

3. Mass composition

Obviously the all-particle energy spectrum by itself, despite the high level of precision reached, does not allow one to
conclude about the origin of the spectral structures and thereby about the origin of cosmic rays from the ankle to the highest
energies. Additional key information is obtained from the mass composition of cosmic rays. Unfortunately, the measurement
of primary masses is the most difficult task in air-shower physics as it relies on comparisons of data to EAS simulations
with the latter serving as reference [26,27]. EAS simulations, however, are subject to uncertainties mostly because hadronic
interaction models need to be employed at energy ranges much beyond those accessible to man-made particle accelerators.
Therefore, the advent of LHC data, particularly those measured in the extreme forward region of the collisions, is of great
importance to cosmic ray and air shower physics and has been awaited with great interest [26]. Remarkably, interaction
models employed in air shower simulations provided a somewhat better prediction of global observables (multiplicities,

The	  UHECR	  dilemma:	  
Protons	  +	  GZK	  cutoff	  	  	  

	  or	  
Mixed	  composi/on	  
with	  Emax	  at	  sources	  
	  
(Model	  of	  Aloisio,	  Berezinsky,	  
Blasi,	  arXiv:1312.7459)	  	  
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p + γCMB → N + π + ...

G	   Z	   K	  
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426 HILLAS

fact, a characteristic velocity tic of scattering centers is of vital importance,
and it turns out (Section 3) that L has to be larger than 2rtJfl, 

B~,GLpo > 2Els/Zfl, 1.

where Lpe is in parsecs. This limitation arises also in one-shot acceleration
schemes, where an emf ~ LvB/c (cgs) arises from the motion of a conductor
(speed v =/~c) in a magnetic field and may be partly available for particle
acceleration (L may be the diameter of a rotating neutron star, for instance).

In Figure 1 are plotted many sites where particle acceleration may occur,
with sizes ranging from kilometers to megaparsecs. Sites lying below the
diagonal line fail to satisfy condition (1.), even for fl = 1, for 1020 eV protons
(the dashed line refers to 1020 eV iron nuclei) : for more reasonable plasma
velocities in the range c > v > 1000 km s-1, the line will lie even higher,
somewhere within the stippled band. Clearly, very few sites remain as
possibilities: either one wants highly condensed objects with huge B or
enormously extended objects. In either case, very high speeds are required.
Among the excluded sites are supernova remnant envelopes.

ARRIVAL DIRECTIONS Many particles having energy > 3 ! 1019 eV have
been reported, and many of these arrive from directions very far from the
galactic plane (30), as is shown in Figure 2, which depicts a section through
the Galaxy. If these particles have been deflected from sources within the
active regions of our Galaxy, we require a magnetic field of somewhat
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Are	  Auger	  and	  TA	  
consistent?	  

Noto,	  9/30/14	   Tom	  Gaisser	   13	  
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Figure 13: Energy evolution of the first two central moments of the Xmax distribution compared to air-shower
simulations for proton and iron primaries [80, 81, 95–98].
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The non-physical region of negative variance is indicated as the gray dashed region.

Auger	  Collabora/on:	  mixed	  composi/on	  
arXiv:1409.4809	  

!"#$%&'%(')*+,%-.&/)0%%
12"3#*&02'%42%356)%71%

Log10(E/eV) > 19.0  

Results are consistent with proton at all 
energies and inconsistent with iron. 

TA	  at	  ISVHECRI	  2014	  



Ac/ve	  working	  groups	  
•  UHECR	  energy	  spectrum	  
•  UHECR	  anisotropies	  
•  UHECR	  composi/on	  
•  Hadronic	  interac/ons	  
– Now	  includes	  PeV	  –EeV	  groups,	  e.g.	  IceTop	  

•  Mul/-‐messenger	  
– New,	  emphasis	  on	  IceCube	  ν	  +	  UHECR	  direc/ons	  

•  Low	  energy	  composi/on	  
– New,	  emphasis	  on	  structure	  in	  spectrum	  <EeV	  

•  All	  groups	  to	  report	  at	  UHECR-‐2014,	  13-‐15	  Oct.	  
Noto,	  9/30/14	   Tom	  Gaisser	   14	  

Original	  4	  working	  groups	  
–See	  reports	  in	  
	  	  	  Proc.	  UHECR-‐2012.	  



IceCube-‐Auger-‐TA	  (ν	  –	  UHECR)	  

Noto,	  9/30/14	   Tom	  Gaisser	   15	  

HESE-UHECRs crosscorrelation analysis

Geraldina Golup (VUB)

Will	  be	  presented	  at	  UHECR	  2014	  



TA	  hotspot	  	  

Noto,	  9/30/14	   Tom	  Gaisser	   16	  

• !"#$%"#&'()#(*&+,-,./01,2"3&4(',&.&05,6"
• 789)'(&%*":9:;<;#=&>*"?&@$"#*"%;'&$A=&B&5,2&C&/DE0&

F"G H&9)=&$;I(&*./J3&6D3K&5J",

TA	   ISVHECRI	  2014	  



Anisotropy	  at	  lower	  energy	  

17	  

HAWC	  
arXiv:1408.4805	  

IceCube	  prelim.	  

2	  TeV	  

20	  TeV	  

Future	  HAWC/IceCube	  Collabora/on:	  Stefan	  Westerhoff	  at	  IC	  Collabora/on	  mee/ng	  



Structure	  in	  sub	  EeV	  spectrum	  

Noto,	  9/30/14	   Tom	  Gaisser	   18	  

!"#$%&'()#*+$,-.')/0#$'120'34++4"%!

. One can see two sharp features at 
the energies:  
 

16 (first announced by 
KASCADE-Grande in 2010)  
 

17  (similar to that, 

Eye in 90th) 
 

The power law index at E0>1017 is 
similar to that obtained by the 
Giant Experiments:  
TA, HiRes, Auger.  

Prosin,	  TUNKA,	  ISVHECRI	  2014	  

3 plots  

3 of 3 9/7/14 5:31 PM

IceTop	  3	  years	  (preliminary)	  
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Presented	  by	  C.	  Jui	  at	  ICHEP	  2014	  



The all particle spectrum 

ISVHECRI - 2014 I. De Mitri: Measurement of CR energy spectra with ARGO-YBJ 

Extent of  the possible 
shift due to the energy 
scale uncertainty 

- Consistent picture with models and previous measurements 
- Nice overlap with the two gain scales (different data, ) 
- Suggest spectral index of -2.6 below 1 PeV and smaller at larger energes 
 
- Ongoing extension to about 10 PeV thanks to more statistics and  
  G0 and inclined data  

12  

Differences	  due	  to	  systema/c	  ships	  in	  
E	  between	  experiments?	  	  and/or	  
assump/ons	  about	  composi/on?	  

Noto,	  9/30/14	   Tom	  Gaisser	   20	  
DeMitri:	  ARGO-‐YBJ	  and	  others,	  ISVHECRI	  2014	  



Comparisons	  
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Before	  shiping	  

Aper	  shiping	  energy	  
scales	  by	  5	  –	  20%	  

Serap	  Tilav,	  ISVHECRI	  2014	  



Is	  the	  knee	  from	  Emax	  of	  accelerators	  or	  
from	  propaga/on?	  

Noto,	  9/30/14	   Tom	  Gaisser	   22	  

  CERN, ISVHECRI  2014, Aug 20, 2014                               Dmitri Semikoz 
 Cosmic Ray Knee (Both	  depend	  on	  rigidity.)	  

D.	  Semikoz,	  ISVHECRI	  2014	  (arXiv:1403.3380	  TG,	  Tilav,	  Stanev	  arXiv:1303.3565	  

Answer:	  both	  are	  important	  	  
(Paolo	  Lipari,	  isvhecri	  2014)	  
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ISVHECRI	  2014	  



Direct	  measurements	  
ATIC,	  CREAM,	  PAMELA,	  AMS02	  ...	  

Noto,	  9/30/14	   Tom	  Gaisser	   24	  
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PAMELA,	  CREAM	  show	  hardening	  
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Hardening	  not	  seen	  in	  preliminary	  
AMS02	  data	  reported	  at	  ICRC-‐2013	  

What	  will	  the	  final	  AMS02	  analysis	  show?	  
(Important	  for	  how	  to	  extrapolate	  to	  the	  knee.)	  



Non-‐accelerator	  neutrino	  landscape	  

Noto,	  9/30/14	   Tom	  Gaisser	   25	  

176 J.K. Becker / Physics Reports 458 (2008) 173–246

Fig. 1. The astrophysical neutrino spectrum including different source predictions ranging from meV up to EeV energies. Point source fluxes have
been scaled by 1/(4 π) in order to be comparable to diffuse spectra. Figure after [178,260]. The individual spectra are explained and referenced in
the text. The atmospheric prediction, averaged over the solid angle, is taken from [303], the atmospheric data are from the FRÉJUS experiment [97]
(red squares) and from the AMANDA experiment (blue circles) [201,222]. The fluxes based on mere predictions are shown as dashed lines. The
solid lines represent those fluxes already measured.

of different source classes and where the more realistic models are being challenged by the upcoming generation of
neutrino detectors. This review discusses their options and possibilities.

In particular, the different source types being able to accelerate neutrinos to the highest energies are examined
in more detail. The hypothesis of neutrino emission from these objects is reviewed quantitatively in the context of
multimessenger physics. Section 3 focuses on what is known about the non-thermal Universe from photons and
charged Cosmic Rays. The connection between these two messengers and the third, complementary particle, the
neutrino, is drawn. In Section 4, the focus lies on the methods used to detect neutrinos at the highest energies. What
neutrino signal to expect from extragalactic sources is considered in the following sections. Possible neutrino emission
from galactic sources is presented in Section 5. Active Galactic Nuclei (AGN) are reviewed in Section 6, the neutrino
flux models from Gamma Ray Bursts (GRBs) are discussed in Section 7 and starburst galaxies are presented in
Section 8. Finally, production scenarios of neutrinos generated by the interaction of high-energy protons with the
CMB are presented in Section 9 before closing with a summary in Section 10.

2. Introductory notes

2.1. On the representation of flux models in figures

Fig. 1 shows the neutrino flux models in a double-logarithmic representation, implying that the dependence of the
differential flux dN/dEν with the energy is shown as log [dNν/dEν] (log Eν). In general, non-thermal particle spectra
can usually be approximated by powerlaws, dN/dE = A · E

−α . In a double-logarithmic representation, this leads to
a straight line,

log [dN/dE] (log E) = log
�
Aν · E

−α
�

= log [A] − α · log[E].
The slope of the line is given by the spectral index α and the y-axis intercept represents the normalization A. Such
powerlaw spectra are observed in the case of photons and charged Cosmic Rays, and are expected in the case of
neutrinos. In the following, all spectra will be shown in the double-logarithmic representation. Since many spectra

Geo	  

1987:	  SN1987A	  
1998:	  Atmos	  ν osc	  
2000:	  Solar	  ν osc	  
2010:	  Geo	  ν	

2013:	  Astro	  ν	  
2014:	  solar	  pp	  ν (Borexino)	  

201?	  Relic	  SN	  ν	

20??	  Cosmogenic	  ν (GZK)	  
CνB	  cosmological	  ν	  mass?	  	  
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The	  cosmic	  ray	  –	  
astro-‐ν	  connec/on	  

•  Gassy	  SN	  remnants	  are	  
likely	  Galac/c	  sources	  

•  Poten/al	  extra-‐galac/c	  
sources:	  AGN,	  GRB,	  
starburst	  galaxies	  …	  

•  Power	  of	  extra-‐galac/c	  CR	  
sources	  determines	  level	  of	  
ν produc/on	  

Galactic 

Extra-Galactic E
dN

d lnE
≈ 3× 10−8 GeV

cm2srs

	  at 1010 GeV (1019 eV)
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Generic	  extra-‐galac/c	  model	  I	  
•  UHECR	  are	  accelerated	  in	  external	  shocks	  around	  
ac/ve	  galaxies	  analogous	  to	  SNR	  
–  See	  E.G.	  Berezhko,	  0809.0734	  &	  0905.4785	  
–  mixed	  composi/on	  (accelerate	  whatever	  is	  there)	  
–  Low	  density	  of	  target	  material	  
à	  	  lower	  level	  of	  TeV-‐PeV	  neutrino	  produc/on	  

Diagram from Begelman & Cioffi, Ap.J. (1989) L21 
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Generic	  model	  II	  
•  CR	  accelera/on	  occurs	  in	  jets	  	  
–  AGN	  or	  GRB	  

•  Intense	  radia/on	  fields	  
– Models	  assume	  photo-‐produc/on:	  

•  	  p	  +	  γ	  à	  Δ+	  à	  p	  +	  π0	  à	  p	  +	  γ γ	  
•  	  p	  +	  γ	  à	  Δ+	  à	  n	  +	  π+	  à	  n	  +	  µ	  +	  ν	


•  Ideal	  case	  (	  ~	  “Waxman-‐Bahcall	  limit”)	  
–  Strong	  magne/c	  fields	  retain	  protons	  in	  jets	  
–  Neutrons	  escape,	  decay	  to	  protons	  &	  become	  UHECR	  
–  Extra-‐galac/c	  cosmic	  rays	  observed	  as	  protons	  
–  Energy	  content	  in	  neutrinos	  ≈	  energy	  in	  UHECR	  
	  

http://www.ucd.ie/math-phy 
/rieger/science.gif 

 
Waxman, Bahcall, PRD 59, 
023002 (1998).  Also 
TKG astro-ph/9707283v1   



Starburst	  galaxies	  as	  ν sources	  from	  
CR	  interac/ons	  in	  dense	  gas	  

Noto,	  9/30/14	   Tom	  Gaisser	   29	  

Loeb	  &	  Waxman,	  JCAP	  0605	  (2006)	  003	  
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More	  info	  in	  Eli	  Waxman’s	  plenary	  talk	  tomorrow	  

Note:	  this	  source	  class	  	  
has	  a	  maximum	  Eν <	  Emax	

	

Contrast	  with	  AGN	  or	  
GRB	  with	  photon	  target	  
where	  Eν >	  Emin	  	  
	  
Ques/on:	  why	  are	  
starbursts	  weak	  in	  γ ?	  



IceCube:	  
Astrophysical	  ν	
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IceCube	  Collabora/on,	  
PRL	  113.101101	  (2014)	  The Measured Neutrino Spectrum

• apply cuts of follow-up program to measured

astrophysical spectrum

• global fit, E
−2

and cut-off [L. Mohrmann]
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Astrophysical	  ν	  spectrum	  (per	  flavor)	  

or	  
	  	  	  or	  …	  
	  

The Measured Neutrino Spectrum
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• global fit, E
−2

and cut-off [L. Mohrmann]

E 2
Φ = 0.9 · 10−8

exp
� −E
2.8PeV

�
GeV s

−1
sr
−1

cm
−2

• HESE only, free spectral index [HESE 3 yr paper]

E 2
Φ = 1.5 · 10−8

�
E

100TeV

�−0.3
GeV s

−1
sr
−1

cm
−2

• global fit, free spectral index [L. Mohrmann]

E 2
Φ = 2.24 · 10−8

�
E

100TeV

�−0.7
GeV s

−1
sr
−1

cm
−2

Nora Linn Strotjohann Constraints on Transient Sources September 18th 2014 4 / 19



Angular	  distribu/on	  
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FAQ	  about	  IceCube	  neutrinos	  

•  Why	  not	  more	  background	  from	  prompt	  ν?	  
•  What	  is	  the	  flavor	  ra/o?	  
•  What	  is	  the	  spectrum?	  
–  Is	  there	  an	  upper	  cutoff?	  
–  Is	  there	  a	  gap	  in	  energy?	  
–  Is	  there	  a	  lower	  cutoff?	  

•  What	  are	  the	  sources?	  
– What	  is	  the	  frac/on	  from	  Galac/c	  sources?	  
– Why	  are	  point	  sources	  not	  yet	  iden/fied?	  
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Angular	  
distribu/on	  
(E>	  60	  TeV)	  
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Select	  E	  >	  60	  TeV	  to	  get	  above	  atmospheric	  µ background.	  
Note	  shape	  of	  prompt	  atmospheric	  ν	  background.	  

Supplementary Methods and Tables – S8

SUPPL. FIG. 6. Comparison of zenith distributions for at-

mospheric neutrino flux with charm saturating previous limits

[9] before (dashed purple line) and after (solid purple line) re-

moval of events accompanied into the detector by muons from

the neutrinos’ parent air shower.

no. of

events event IDs n̂s ∆tcl. p-value

Cluster A 6 2, 14, 22, 24, 25, 33 2.9 25 17%

Cluster B 2 15, 12 2.0 44 9%

Cluster C 2 10, 21 2.0 241 38%

Cluster D 3 3, 6, 27 3.0 558 62%

Cluster E 2 9, 26 2.0 294 50%

Cluster F 2 16, 23 2.0 151 24%

Cluster G 2 8, 16 2.0 190 32%

Cluster H 3 19, 20, 30 2.0 4 8%

Cluster I 2 4, 35 2.0 788 94%

Cluster J 2 17, 36 2.0 508 72%

Cluster K 3 29, 33, 34 3.0 120 4%

SUPPL. TABLE V. Time clustering of 11 spatially clustered

event groups. All p-values are pre-trial. ∆tcl., the best-fit

duration, is in units of days.

Atmospheric	  ν	  veto	  



Atmospheric	  neutrino	  self	  veto	  
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1.	  Stefan	  Schönert	  et	  al.	  
Phys.	  Rev.	  D79	  (2009)	  043009	  
Can	  be	  evaluated	  analy/cally	  

Two	  cases	   2.	  Veto	  by	  an	  unrelated	  μ	  
-‐-‐also	  applies	  to	  νe	  
Requires	  Monte	  Carlo	  or	  
numerical	  integra/on	  
Phys.	  Rev.	  D90	  (2014)	  023009	  



Sky	  map	  (equatorial	  coord.)	  
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37	  –	  2	  events	  



Sky	  map	  (Galac/c	  coord.)	  
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IceCube	  point	  source	  limits	  are	  low	  
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– 24 –

Fig. 11.— Muon neutrino upper limits with 90% C.L. evaluated for the 44 sources (dots), for the

combined four years of data (40, 59, 79, and 86 string detector configurations). The solid black line

is the flux required for 5σ discovery of a point source emitting an E−2 flux at different declinations

while the dashed line is the median upper limit or sensitivity also for a 90% C.L. The ANTARES

sensitivities and upper limits are also shown (Adrián-Mart́ınez et al. 2014). For sources in the

southern hemisphere, ANTARES constrains neutrino fluxes at lower energies than this work.

E2 dN

dEν
< 10−9 GeV cm−2s−1

What	  does	  this	  imply	  for	  extra-‐galac/c	  sources?	  

IceCube:	  arXiv:1406.6757	  



	  ν	  propagate	  from	  z>1	  without	  interac/on	  
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Integrate	  all	  sources	  out	  to	  a	  Hubble	  distance	  c/Ho	  

Jν = ξ
Lν ns

4π

c

H0

	  where	  Lν	  is	  a	  typical	  source	  luminosity	  
and	  ns	  is	  the	  density	  of	  sources	  

IceCube	  measures	  Jν around	  100	  TeV	  to	  1	  PeV	  as	  

Intensity	  from	  a	  nearby	  source:	  

Jν =
dN

dEν
∼ 2× 10−8

E2
GeV−1cm−2s−1sr−1

J1 =
Lν

4πd2
1

∼ Lνns

4π(ns)1/3

(1)	  

(2)	  

Given	  a	  measured	  flux	  from	  (1)	  and	  (2),	  an	  upper	  limit	  on	  J1	  
gives	  a	  lower	  limit	  on	  source	  density	  

See	  P.	  Lipari,	  PR	  D	  78	  083011	  (2008)	  and	  M.	  Ahlers	  &	  F.	  Halzen,	  arXiv:1406.2160	  



Specific	  example	  of	  blazars	  

Noto,	  9/30/14	   Tom	  Gaisser	   39	  

See	  talk	  by	  Thorsten	  Glüsenkamp	  in	  neutrino	  parallel	  Session	  



Frac/on	  of	  Galac/c	  ν	  sources?	  

•  Galac/c	  sources	  may	  have	  low	  Emax	  

•  ANTARES	  more	  sensi/ve	  to	  Southern	  
hemisphere	  at	  low	  E	  
– See	  talk	  of	  Maurizio	  Spurio	  (parallel	  E,	  Oct	  1)	  
–  Joint	  IceCube/ANTARES	  point	  source	  search	  
approved	  at	  MANTS	  mee/ng	  	  
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Mul/-‐messenger	  campaigns	  

•  IceCube	  	  
– GW	  with	  VIRGO/LIGO	  
–  	  γ with	  MAGIC/VERITAS	  
– Alerts	  to	  SNEWs,	  (ROTSE),	  
PTF,	  SWIFT	  

•  ANTARES	  	  
– with	  VIRGO/LIGO	  
– Op/cal	  follow-‐up	  
– …	  Giulia	  De	  Bonis,	  parallel	  H	  
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FIG. 1. Observational periods of the initial LIGO and Virgo GW detectors, and the partially completed IceCube detector.

The IC40 observation period was not coincident with LIGO-Virgo observation periods, and was therefore not included in this

search.

B. High-energy neutrino data

The IceCube Neutrino Observatory [17], located near
the South Pole, is a cubic-kilometer Cherenkov detec-
tor optimized to detect neutrinos at the TeV-PeV energy
scale. The full detector consists of 86 vertical strings,
with a set of 60 digital optical modules (DOMs) on each
string. These DOMs are used to detect Cherenkov light
from neutrino-induced charged particles. The present
search uses observational data from IceCube during its
construction period, which can be characterized with the
number of strings deployed at the time of the observa-
tion. Deployment was performed only during Austral
summers, resulting in extended ∼ 1 yr observation peri-
ods using a constant number of deployed strings (see Fig.
1).

IceCube detects neutrinos through the Cherenkov pho-
tons from secondary charged particles. For the present
search, the secondary particles are muons, which, at
>GeV energies, travel long enough in ice before decaying
for an accurate direction reconstruction. We apply the
neutrino event selection of the standard IceCube point
source analysis [4, 111–116]. Due to the large flux of
muons produced by cosmic ray interactions within the
atmosphere, the search is constrained to muons moving
upward through the detector. As the Earth is opaque to
muons, atmospheric muons are filtered out in these direc-
tions. The remaining background is due to atmospheric
neutrinos produced by cosmic ray interactions in the at-
mosphere, and which produce muons in the ice around
or within the detector. The direction of the secondary
muons are reconstructed to a precision of � 1◦ in the
TeV-PeV energy range [117]. At these energies, the dif-
ference between the direction of the incoming neutrino
and the secondary muon is negligible.

Astrophysical neutrinos from individual sources can
be identified by a localized excess in space and/or time
above the atmospheric background. The energy spec-
trum of atmospheric neutrinos can also be used to dif-

ferentiate between the background and astrophysical sig-
nals. Neutrinos produced in the atmosphere have a soft
energy spectrum (e.g., [118]) with a power law spectral
index of ∼ −3.7 above 100GeV, compared to the harder
astrophysical spectrum, with a spectral index of ∼ −2
due to the expected Fermi acceleration of protons in the
GRB outflow [119].

The present search uses high-energy neutrino data
from the IceCube Neutrino Observatory in its 22, 59
and 79-string configurations. Neutrino data was recorded
with the 22-string configuration from May 31, 2007 to
April 4, 2008. IceCube recorded data with its 59-string
configuration from May 20, 2009 to May 30, 2010, and
with its 79-string configuration from May 31, 2010 to
May 12, 2011. The observational periods of IceCube
used in this analysis are shown graphically in Fig. 1
in comparison to the observation periods of LIGO and
Virgo. The number of detected astrophysical neutrino
candidates for the three observation periods, as well as
their subsets that were detected during times when H1,
L1 and V1 GW detectors were operational, are shown in
Table I.

For each neutrino, this analysis uses its (i) time of ar-
rival, (ii) reconstructed direction, (iii) directional uncer-
tainty and (iv) reconstructed energy. The present search
uses the reconstructed neutrino energy as a test statis-
tic to characterize the significance of the neutrino signal,
while the reconstructed direction and its uncertainty are
also used to determine the significance of the directional
coincidence between neutrinos, GWs and galaxies.

Note that the energy measured by IceCube is necessar-
ily a lower-limit on the actual energy of the neutrino. If a
secondary muon is produced outside of the detector, an
unknown fraction of the neutrino energy is transferred
to the shower at the interaction vertex and the muon
will lose energy before reaching the instrumented vol-
ume. These two effects are difficult to account for when
reconstructing the neutrino’s energy (c.f. [116, 122]).

2007	  	  	  	  	  08	  	  	  	  	  	  	  	  	  09	  	  	  	  	  	  	  	  	  10	  	  	  	  	  	  	  	  	  11	  

arXiv:1407.1042	  

IceCube	  is	  moving	  toward	  
publica/on	  of	  near	  real-‐
/me	  ν events	  of	  interest	  
(high	  energy,	  good	  reco) 	  



Future:	  γ-‐ray	  astronomy	  
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C	  T	  A	  
	  
	  	  	  	  Where?	  



Future	  UHECR	  

•  Pierre	  Auger	  Observatory	  
– Deploy	  enhanced	  detectors	  for	  γ ‒ µ separa/on	  
– Mo/va/on:	  composi/on	  at	  highest	  energy	  with	  
100%	  duty	  cycle	  

•  Telescope	  array	  
–  Increase	  by	  factor	  of	  4	  
– Mo/va/on:	  hot	  spot	  and	  UHECR	  astronomy	  
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TAx4 Proposal 

18 

! Now there is hint of anisotropy  
at 3! level for northern sky. 

 
 
"  Plan to expand TA by 4 times 
                                      (3,000km2) 
  1.  Add 500 scint. counters 
                    with 2.1 km spacing 
  2. 10 refurbished HiRes tels 
 
"  Science  (3-year observation) 

 1. Study of anisotropy 
        # Expect  5!"

 2. Xmax at highest energy region 
 3. UHE photon & neutrino search 

Slide	  from	  Fukushimi/Sokolsky	  at	  ISVHECRI	  2014	  



Future	  neutrino	  detectors	  

•  Mediterranean	  
– ORCA	  
– KM3NeT	  

•  South	  Pole	  
– PINGU	  
– Next	  genera/on	  IceCube	  

•  Lake	  Baikal	  
– GVD	  
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•  ORCA,	  PINGU	  focus	  on	  
neutrino	  physics;	  

•  KM3NeT,	  NGIC	  on	  
neutrino	  astronomy	  
o  Op/mize	  for	  Galac/c	  

or	  extra-‐galac/c?	  
o  Surface	  veto	  at	  NGIC?	  

	  



Aperture	  for	  coincident	  events:	  
ν, γ, cosmic	  rays	  
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IceTop 

1450 m 

2450 m 

IceCube Collaboration Meeting Banff, Alberta, Canada-March 2014
Wisconsin IceCube Particle Astrophysics Center, WIPAC!

Here:  
120 strings 
1.35 to 2.7 km 
80 DOMs/string 
300 m spacing

0.26	  km2	  sr	   ~	  10	  km2	  sr	  



Results	  

strings:	  IC86	  	  

string	  spacing:	  ~125m	  

strings:	  IC86+96	  

string	  spacing:	  ~240m	  

strings:	  IC86+2x60	  

string	  spacing:	  ~240m	  

IceCube	   Sunflower	  96	   Supercluster	  

0.5°	   0.4°	   0.4°	  
Angular	  resolu/on	  (averages	  by	  eye):	  

1.6	  km2	   5.0	  km2	  
	  

6.5	  km2	  
Effec/ve	  area	  

All	  results	  are	  preliminary!	  



Expand	  surface	  veto	  (IceTop	  heritage)	  
•  A	  surface	  veto	  above	  1	  PeV	  (cosmic	  primary)	  could	  reject	  most	  atmospheric	  

muon	  AND	  neutrino	  background	  above	  100	  TeV.	  	  
•  This	  is	  a	  goal	  that	  needs	  to	  be	  demonstrated	  
•  Could	  work	  with	  present	  IceCube	  

Air	  shower	  veto	  array	  

cover 

PMT ASSY 

~1m	  

R&D	  under	  way	  

!µ

~1000	  modules	  
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Enjoy	  RICAP	  2014!	  


