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What would the  
DSNB  

look like?



What we have to go on is:



DSNB

• Based on 
one object, 
SN1987a,

• it might 
look 

            like this !

(or approximately)



How much, from how far?

(from Beacom, 2011)



How it has been 
detected so far 
(mainly with SK)

• electron neutrino hits free 
proton targets (water)

• cross section σ    ̴E2

• e+  →	 Cherenkov →	 PMT

inverse beta decay
(charged current)



Current SK rate estimate 
(without Gadolinium in water)

(e.g. Beacom 2010)(with SK)



(homogeneous)

(Ferm-Dirac)

E.g. for SN 1987a,  parameters are:

Approximate Energy                    
& Spectral characteristics





• For M ≳  8 M⊙  → NS remnant

• For M ≳ 28 M⊙ → BH remnant

Progenitor MASS 
effect ⇒



Resdhift effect:



Calculation: from diffuse neutrino flux to signal

Neutrino spectral flux

Signal (e+) spectral flux



DSNB SPECTRA for various Tavg                  
& the SK 2003 CONSTRAINTS (no Gd)

(↓ no detection)nu-spectrum e+-spectrum



Improvement to SK/HK:
put Gadolinium in the water

0.1% concentration of Gd



Expected SK+Gd sensitivity improvement

Beacom, Vagins



Recent BH spectral calculations

Nakazato et al, 2015



Current Upper Limits

Nakazato+15



Detectors, old and new
Concept window 

(MeV)
Detection 
process

Experiment Fiducial 
mass (kt)

event/yr

H2O 19.3-30 νbare(p,n)e+ SK 22.5 0.25-1.40

H2O “ νx(e-,e-)νx HK 500 5.5-31.2

H2O+Gd 11.3-30 νbare(p,n)e+ SK +Gd 22.5 0.97-2.8

H2O+Gd “ νx(e-,e-)νx HK +Gd 500 21.5-62.0

Liqu. scintill. νbare(p,n)e+

νx(e-,e-)νx
JUNO 20

(linear 
alkylbenzene)

)

νx(p,p)νx

νx(12C,X)νx
JUNO

(+H20 Cherenkov
+muon tracker) νx(12C,X)e± JUNO



JUNO if det. SN @ 10 kpc
↓Huge rates!



JUNO, DSNB discovery potential

(An+15)

i.e., for nominal parameters, 
detect DSNB at                   

5σ level in 10 years ops.



What other ν-bkgs?

diffuse 
extragalactic

TeV-PeV ν-bkg

IceCube:
↓

CNB

DSNB↗

←SN@10Kpc

Solar pp↘

↙atmospheric



The PeV  ν-γ Bkg  Connection: 
GRBs? AGNs? SFGs? HNe? GMSs?
• PeV nu bkg (INB) obs. by IC3 is ~10-8 GeV/cm2/s/sr,  but IC3 limit on GRBs   is 

factor ~10 below  “standard” IS or phot.osph models- ICRC13)  → could be       
EM dim/nu-bright GRBs? ( Liu,Wang 13, ApJ 766:73, Murase,Ioka, 13, PRL 111:121102)

• PeV nu INB from hadronic low lum.  AGNs ?:  scaling Lp from Le via Lphot, , 
argue that FR1 RGs (higher density knots) ~ reproduce via pp the PeV nu bkg  
(Becker Tjus+15, PRD 89:123005) → and also IGB?

• PeV nus from individual bright radio-gamma AGNs? (blazars in TANAMI 
sample), if X-γ flux due to pγ , 6 of these blazars within 1σ of 3 PeV events could 
account for INB (Krauss+14, A&A, 566:L7; also arXiv:1502.02147), but  →IGB?

• Starburst galaxies (SBGs)?  if responsible for PeV nu INB  via pp, may contribute 
~20% of the gamma background (IGB) (Chang+14, ApJ, 793:131; but see Bechtol+16)

• Galaxy-galaxy collisions → INB  via pp  ✓ (<20%, Kashiyama & Mészáros ’14 ApJ, 790:L14)

• Hypernovae & SNe in SFG/SBGs → INB & IGB ✓ (<20%, Senno et al ’15, ApJ 806:24)



IceCube TeV-PeV spectrum

C. Wiebusch & IC3,    1602.00239      
C. Kopper  & IC3,      1501.05223
M. Aartsen & IC3, PRD 91, 022001



Astrophysical ν, assuming 
best fit single power law



ν-single power law (?)
& ν-flavor mix



IGB minus pt. src. contribs.

Ackermann, M,  2015,  ApJ 799:86

Unavoidable constraint:  the Isotropic Gamma Background



Galaxy mergers, INB & IGB

• Every galaxy merged at least 
once in the last Hubble time

• Major mergers → Egms~1058.5 
erg,           R~10-4 Mpc-3 Gyr-1    
vs~107.7 cm/s  Qcr,gms~3x1044 erg 
Mpc-3 yr-1 εcr,max ~1018.5  Z eV

• pp → PeV νs,  100 GeV γs

• ν: Individual GMS: 10-2 μ/yr, INB: 
20-60% IC3 obs.flux

• γ: Individual GMS flux: ~3.10-13 
erg/cm2/s→CTA? IGB ~10-8 

GeV/cm2/s/sr , about 10-30% 
Fermi IGB

• Minor mergers: uncertain, could 
add up to 70-100%

Kashiyama & Mészáros ’14,  ApJL 790:L14



HNe & SNe in SBG, SFG

Blue: SFG, HN solid, SN dashed;
Red: SBG, HN solid, SN dashed;

Green solid: Cluster total contrib
Black crosses: IceCube neutrinos
Green points: Fermi diff. gammas
Shaded: atmospheric nu-backgr’d

Senno, Mészáros, Murase, Baerwald & Rees,  
2015, ApJ, 806:24 ●HNe, SNe accelerate CRs

with spectrum N(E)~E-2,
Emax ~1015 eV (SNe)
Emax ~1017 eV (HNe)

●CRs diffuse and pp in both
in the host galaxy & cluster

●the tdiff  at low energies  is
limited by tesc,  twind , tHubble

→ spectrum flattens at low E

●include the σpp ~ln(E) dep.

28



But, SBGs may make too many γs?

Bechtol, K., 1511.00688

(IGRB based on Ackermann et al 2016, to be pub.)



Need “hidden” 
neutrino sources

• Hidden in the sense of “low or no EM”

• At high optical depth (Thomson kills)?

• At high distances (redshift kills)?



Choked Jets & hidden neutrino sources

Senno, Murase, Mészáros, 
PRD, 93, 083003 (2016)



Star-penetrating jets

Mizuta & Ioka ’13, etc.



Choked jet, shock breakout 
& emergent jet  ν-spectra

Senno, Murase, Mészáros, PRD, 93, 083003

May do the job! (LLGRBs, practically no IGB = hidden)



High redshift sources

Chang, Liu & Wang,  1602.06625

Other way to hide:



Pop. III SNe

Xiao, Mészáros, Murase, Dai, in prep.

For instance:

(only)



Pop. I-II SNe/HNe 
+ Pop. III SNe

Xiao, Mészáros, Murase, Dai, in prep.

more 
realistically:

Does the job ✔



Thanks!



Extra slides DSNB



dsnb & hierarchy

Nakazato+15



JUNO,  
SN@10

kpc
• time 

develo
pment, 
single 
SN, 



JUNO, SN@10kpc


