
ICRC Astrophysical Neutrino Discussion Session

Introduction and review of the field – Markus Ahlers 10 minutes
Presenters’ summaries of their contributions and questions – 50 
minutes – 4 minutes including questions for each presenter
Open panel discussion – 30 minutes – panel members: 
Markus Ahlers (NBI Copenhagen), Ke Fang (Wisconsin-Madison), Anna 
Franckowiak (U. Bochum), Uli Katz (Erlangen), Kohta Murase (Penn 
State), Paolo Padovani (ESO Munich), Walter Winter (DESY Zeuthen)
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P e V atr o n s: h a dr o ni c, h ar d s p e ctr u m t h at e xt e n d s u p t o t e n s of Te V

⇒ a g a m m a-r a y e x p eri m e nt wit h s e n siti vit y u ntil a b o ut 1 0 0 Te V i s n e e d e d

G a m m a-r a y d at a ar e n e c e s s ar y t o m a k e c orr e ct e sti m ati o n s of n e utri n o fl u x e s

⇒ a m ulti- m e s s e n g er s e ar c h i s m a n d at or y



Hi g h- E n e r g y N e ut ri n o s f r o m N o n- R el ati vi sti c S h o c k- P o w e r e d Tr a n si e nt s
K e F a n g, Bri a n D. M et z g er, I n dr e k V ur m, Eli a s A y di, L a ur a C h o mi u k  

C art o o n of t h e S h o c k s a n d R a di ati o n

• S h o c k- p o w er e d tr a n si e nt s ar e pl a u si bl e h a dr o n a c c el er at or s. At t h e e mi s si o n p e a k ti m e, t h e s h o c k s ar e r a di ati v e. T h e e n er g y r a di at e d i n 
n e utri n o s a n d g a m m a r a y s i s  dir e ctl y pr o p orti o n al t o t h e tr a n si e nt’ s s h o c k- p o w er e d o pti c al e n er g y . 

• O pti c al tr a n si e nt s  c a n b ar el y pr o d u c e t h e I c e C u b e diff u s e n e utri n o b a c k gr o u n d. 
A di a b ati c s h o c k s m a y h a v e a c o s mi c-r a y l u mi n o sit y hi g h er t h a n t h e o pti c al l u mi n o sit y, t h o u g h f or m o st cir c u m st ell ar m e di u m pr o fil e s, t h e t ot al s h o c k-
di s si p at e d e n er g y i s d o mi n at e d b y e arl y ti m e s w h e n t h e s h o c k i s r a di ati v e. 

• N e ar b y s h o c k- p o w er e d tr a n si e nt s ar e pr o mi si n g t ar g et s f or m ulti- m e s s e n g er f oll o w u p s . 
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I c e C u b e H E S E ( 2 0 1 5)

➢ T ot al N e utri n o s Fl u x fr o m I C M i s C o m p ar bl e t o I c e C u b e D at a

➢ C R s of E < 1 0 1 7  e V c a n tr a p i n m a s si v e cl u st e r s ( > 1 0 1 4 M
s u n

) a n d pr o d u c e N e ut ri n o 

Fl u x  of P e V e n er g y
➢ M o st of t h e N e utri n o Fl u x  c o m e s fr o m n e ar b y Cl u st er s at z < 0. 3
➢ R e d s hift e v ol uti o n of C R s o ur c e s li k e A G N  a n d S F R , e n h a n c e  t h e fl u x of n e utri n o s.

M H D Si m ul ati o n of I C M N e utri n o Fl u x

N e utri n o s Fl u x fr o m I C M ( S a qi b H u s s ai n I A G- U S P)

S. H u s s ai n, R. Al v e s B ati st a, E. M. d e G o u v ei a D al Pi n o, a n d K. D ol a g, M N R A S 2 0 2 1 ar Xi v: 2 1 0 1. 0 7 7 0 2.

  

Pr o d u cti o n of n e utri n o s 
i n si d e cl u st er s

Cl u st er

R
off s et

R
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R
cl u st er

M a g n eti c- Fi el d, G a s D e n sit y 
P h ot o n fi el d s: C M B, E B L a n d  
Br e m s str a hl u n g.

C R Si m ul ati o n



1

s u m m ar y  
V e r y hi g h e n e r g y n e u t ri n o s f r o m G a m m a R a y B u r st s i n d e n s e cl u st e r s 

Wł o d zi mi e r z B e d n a r e k & A n d r z ej Ś mi ał k o w s ki  

D e p a r t m e n t of A st r o p h y si c s, U ni v e r si t y of L o d z, P ol a n d  

● W h a t i s t hi s c o n t ri b u ti o n a b o u t ?

● W e c o n si d e r a s c e n a ri o i n w hi c h p r ot o n s a c c el e r at e d wi t hi n t h e j e t of G R B 
c a n e s c a p e t o d e n s e r e gi o n s w h e n t h e y i nt e r a c t effi ci e ntl y wi t h t h e m att e r 

of t h e cl u s t e r a n d p r o d u c e hi g h e n e r g y n e ut ri n o s.  

● W h y i s i t r el e v a n t ?

● W e c al c ul at e t h e s p e c t r a of r el ati vi sti c p r ot o n s wi t hi n t h e cl u st e r a n d s p e c t r a 
of n e ut ri n o s f r o m t h ei r i nt e r a cti o n s wi t h t h e m at t e r. N e ut ri n o e mi s si o n, 
p r o d u c e d i n t e r m s of t hi s s c e n a ri o, i s e x p e c t e d t o l a s t f o r t h o u s a n d s of 
y e a r s aft e r t h e i ni ti al G R B. N e ut ri n o s p r o d u c e d b y t h e w h ol e p o p ul ati o n of 
t h e G R B s s h o ul d c o nt ri b ut e t o t h e e x t r a g al a c ti c n e ut ri n o b a c k g r o u n d.  

● W h a t i s t h e r e s ul t ?

● W e c o m p a r e t h e c al c ul at e d e x t r a g al a c ti c n e ut ri n o b a c k g r o u n d f r o m G R B s 
wi t h t h e o b s e r v ati o n s of t h e I c e C u b e. O u r m o d el i n t h e c a s e of n e gli gi bl e 
a di a b a ti c e n e r g y l o s s e s of r el ati vi sti c h a d r o n s i s a bl e t o c o nt ri b ut e 
si g nifi c a ntl y t o t h e E N B at e n e r gi e s b el o w 1 0 0 T e V. ∼

I c e C u b e s p e ctr u m 2 0 1 5

C al c ul ati o n s

 E x t r a g al a c ti c diff u s e n e ut ri n o b a c k g r o u n d 
( E N B ) c al c ul a t e d f o r t h e t h r e e m o d el s wi t h 
diff e r e n t a s s u m pti o n s o n t h e i m p o r t a n c e of 
a di a b a ti c e n e r g y l o s s e s of h a d r o n s. 



N e utri n o pr e di cti o n s fr o m c h o k e d G R B s  
a n d c o m p ari s o n wit h t h e o b s er v e d c o s mi c n e utri n o fl u x

I. Di P al m a, S. C elli, A. C a p o n e, M. F a s a n o, D. G u ett a & A. Z e g ar elli

• W h at i s t hi s c o ntri b uti o n a b o ut ? 

N e utri n o fl u x pr e di cti o n s fr o m c h o k e d G R B s pr o d u c e d i n t y p e II S N e. 


• W h at w e h a v e d o n e ? 

A M o nt e C arl o si m ul ati o n of p h ot o- m e s o n i nt er a cti o n b et w e e n 
a c c el er at e d pr ot o n s at i nt er n al s h o c k s a n d t h er m al p h ot o n s. 


• W h at i s r el e v a nt/i nt er e sti n g ? 

T h e p o p ul ati o n of c h o k e d G R B s mi g ht p ot e nti all y pr o d u c e a fl u x of 
hi g h- e n er g y n e utri n o s wit h o ut vi ol ati n g t h e g a m m a-r a y c o n str ai nt s of  
t h e i s otr o pi c g a m m a-r a y b a c k gr o u n d.


• W h at ar e t h e r e s ult s ? 

W hil e n e utri n o fl u x e s fr o m i n di vi d u al c h o k e d G R B s c a n h ar dl y b e 
d et e ct e d b y c urr e nt i n str u m e nt s, t h eir c u m ul ati v e c o ntri b uti o n mi g ht 
p o s si bl y si g ni fi c a ntl y c o ntri b ut e t o t h e o b s er v e d di ff u s e n e utri n o fl u x.

E x p e ct e d m u o n n e utri n o fl u x fr o m c h o k e d G R B s

E x p e ct e d e v e nt r at e s  
fr o m ν μ  C C i nt er a cti o n  

of a n i n di vi d u al  
c h o k e d G R B



( M o r al e s, G. a n d F r aij a , N., 2 0 2 1, i n p r e p .)                      I C R C 2 0 2 1, J ul y 1 9t h    

wit h  F n = ( ⌫ e , ⌫ µ , ⌫ ⌧ ) T
<latexit sha1_base64="yfxu7yyaL4a+V3gJ2BPCet1fYgc="></latexit>

⇠ n =
F nP
n F n

<latexit sha1_base64="mNgMY4OxNp31CXXtPwmB587btWE="></latexit>

P
R

O
B

A
BI

LI
TI

E
S

F
L

A
V

O
R

R
A
TI

O

⌫ e ! ⌫ ⌧
<latexit sha1_base64="axumCsUCT6d9iRnxYLE6IbRpuGo="></latexit>

⌫ ⌧ ! ⌫ ⌧
<latexit sha1_base64="ZrBUWWrX1QH7k0Euf56Q3Y0CKpI="></latexit>

C A S E 1: M A G N E T A R

C A S E 2: N E U T R O N S T A R

L G R B s P R O G E NI T O R S

B = 1 0 1 2 G
<latexit sha1_base64="C4sroyAluVGsYjDxGKmQYs3HklY="></latexit>

B = 1 0 1 5 G
<latexit sha1_base64="7rNK/gzZyTU5ajCnMsYroNweVxQ="></latexit>

• Diff e r e nt s c e n a ri o s ( B)
p r o d u c e diff e r e nt fl a v o r r at e s.

• V a ri ati o n of i n ci d e nt n e ut ri n o
fl a v o r s all o w s c h a r a ct e ri z ati o n
of t h e p r o g e nit o r .



Gi uli a Ill u mi n a ti o n b e h alf of t h e A N T A R E S C oll a b o r ati o n I C R C 2 0 2 1
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Search for an association between neutrinos and radio-selected blazars with ANTARES Julien Aublin



A N e w S e ar c h f or N e utri n o P oi nt S o ur c e s wit h I c e C u b e

i m pr o v e d o ur st a n d ar d p oi nt s o ur c e s e ar c h e s i n s e v er al w a y s, f or e x a m pl e
• n e w m o d elli n g of P oi nt S pr e a d F u n cti o n f or tr a c k e v e nt s
• n e w tr a c k e n er g y ( D N N) a n d a n g ul ar err or ( B D T) e sti m at or s

u n bi a s e d s o ur c e c h ar a ct eri z ati o n
i m pr o v e d di s c o v er y p ot e nti al ( u p t o 3 0 % f or  = 2. 0)

+ l at e st d at a c ali br ati o n
+ u nifi e d filt eri n g / r e pr o c e s si n g

a n al y z e d all 
“ N ort h er n S k y Tr a c k s ” I C 8 6 d at a
(f ull 8 6 stri n g d et e ct or c o nfi g ur ati o n) 

r e s ult s u n d er i nt er n al r e vi e w
 t o b e r el e a s e d v er y s o o n

  st a y t u n e d!

N E W M E T H O D S

N E W M E T H O D S

T h e o Gl a u c h 1

C hi ar a B ell e n g hi 1

M arti n W olf 1

H a n s Ni e d er h a u s e n 1, 3

T o m a s K o ntri m a s 1

M att hi a s H u b er 1

C hri sti a n H a a c k 1  

R e n e R ei m a n n 2

( 1 T e c h ni c al U ni v er sit y of M u ni c h, 2 U ni v er sit y of M ai n z, 3 Mi c hi g a n St at e U ni v er sit y )



M oti v ati o n: 
O b s er v ati o n al 
e vi d e n c e of n e utri n o s 
fr o m A G N. 
H a dr o ni c m o d el 
pr e di cti o n s f or A G N: 

𝛄 -r a y s pr o d u c e d 

al o n g si d e  , c a n 
i nt er a ct wit h a m bi e nt 
p h ot o n s t o c a s c a d e 
d o w n t o h ar d X-r a y s.

ν

S e a r c h f o r hi g h- e n e r g y n e ut ri n o e missi o n f r o m h a r d X- r a y A G N wit h I c e C u b e

      

A G N: P ot e nti al c a n di d at e s o ur c e of T e V- P e V n e utri n o s ?

S u m m ar y:  Pr eli mi n ar y e sti m at e s of s e n siti viti e s wit h all t h e s o ur c e s 
u si n g w ei g hti n g s c h e m e s: Fl u x w ei g ht s ( Fi g. 2 a) a n d E q u al  w ei g ht s ( Fi g. 2 b). 

8 3 6  s o ur c e s  
( 1 0 5 bl a z ar s +  

7 3 1 n o n- bl a z ar A G N) . 
Ti m e-i nt e gr at e d 
st a c k e d s e ar c h  
t o fi n d  
c orr el ati o n  
wit h I c e C u b e  
d at a s et.  

Fi g. 1 : S k y m a p s h o wi n g 
B A S S s o ur c e s.

O utl o o k:  T e st 2 h y p ot h e s e s:  
1. A n al y si s wit h bl a z ar s a n d n o n- bl a z ar A G N.  
2. A n al y si s o n c ol u m n d e n sit y s el e ct e d s u b- c at e g ori e s of s o ur c e s.  

Fi g. 2 a Fi g. 2 b

A n al y si s:  All- s k y h ar d X-r a y ( ≳ 1 0 k e V) c at al o g:  
                      S wift - B A T A G N S p e ctr o s c o pi c S ur v e y ( B A S S) D R- 1.
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* Pr es e nt er e m ail: sr e et a m a. g os w a mi @i c e c u b e. wis c. e d u

Sr e et a m a G o s w a mi*, G e or g e C. Pri v o n, M ar c o s S a nt a n d er o n b e h alf of t h e I c e C u b e C oll a b or ati o n   



I c e C u b e S e ar c h f or Hi g h - E n er g y N e utri n o s
fr o m Ultr a- L u mi n o u s I nfr ar e d G al a xi e s

▸ U LI R Gs : 𝛄 ! " ≥ 1 0 # $ 𝐿 ⊙ ( 8– 1 0 0 0 µ m)
▸ P o w er e d b y st ar b urst / A G N

▸ R el ati v el y n u m er o us

▸ St a c ki n g a n al ysis
▸ 7 5 l o c al U LI R Gs (𝑧  ≤ 0. 1 3 )

▸ 7. 5 y e ars of d at a

▸ S o ur c es w ei g ht e d b y I R fl ux

I C R C 2 0 2 1
T H E A S T R O P A R TI C L E P H Y SI C S C O N F E R E N C E

B e rli n | G e r m a n y

O N LI N E I C R C 2 0 2 1
T H E A S T R O P A R TI C L E P H Y SI C S C O N F E R E N C E

B e rli n | G e r m a n y

3 7 t h I nt er n ati o n al 

C o s mi c R a y C o nf er e n c e

1 2 – 2 3 J ul y 2 0 2 1

ar Xi v: 2 1 0 7. 0 3 1 4 9
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+ 7 5 ±

2 4 h 0 h

E q u at ori al ( J 2 0 0 0)

G al a cti c  Pl a n e U LI R Gs

▸ N o n e utri n os f o u n d
▸ S et u p p er li mits

▸ C o nstr ai n e d diff us e c o ntri b uti o n of U LI R Gs

▸ C o nstr ai n e d m o d el pr e di cti o ns

https://arxiv.org/abs/2107.03149


Search for Astrophysical Neutrino Transients 
with IceCube DeepCore 

Chujie Chen, Pranav Dave* and Ignacio Taboada for the IceCube Collaboration
Georgia Institute of Technology

2. IceCube and DeepCore
● IceCube
○ km3-scale neutrino detector at geographical 

South Pole
○ 86 strings, 5,160 DOMs deployed in the ice

● DeepCore
○ Denser sub-detector
○ Low energy threshold ~ 10 GeV

3. Dataset: >10 GeV energy neutrinos
● High-statistics data sample also used for neutrino oscillations. 
○ Both up-going and down-going, all sky
○ Tracks and cascades: all flavors
○ Final level event rate ~ 4 mHz

● Event-wise angular uncertainty (left: tracks; right: cascades)
○ Track versus cascade based on reconstructed track length
○ Per-event angular uncertainties derived from spline functions 

of declination and reconstructed energy

4. Sensitivity and discovery potential for >10 GeV transients
● Untriggered time-dependent search for flares
○ Flare in a ΔT-width box centered at a fitted time to
○ Best fit of number of signal events ns, spectral index 𝞬, time window center t0,fit and flare width ⍵

● Time-integrated flux (the 5σ background TS is estimated using Wilk's theorem)
○ Left: fluence sensitivity and 5σ discovery potential as a function of injected time window width at declination = 0°
○ Middle: results at different declinations (half of the whole sky) when injected time window width is fixed as 100 

seconds. For declinations near poles, results are not reliable due to large angular uncertainties
○ Right: an example graph of background test statistic (TS) distribution and signal + background TS distribution 

when injected time width is fixed to 100 seconds at declination = 20°

References
[1] Ando SI, Beacom JF. Physical review letters. 2005; 95(6):061103.
[2] Abbasi R et al. arXiv:2011.05096. 2020.
[3] Aartsen MG et al. Physical review letters. 2019;122(5):051102.
[4] Abbasi R et al. Astroparticle physics. 2012; 35(10):615-24.
[5] Aartsen MG et al. The Astrophysical Journal. 2016; 816(2):75.

1.Astrophysical neutrino transients
● Choked gamma-ray bursts (duration < 1,000 s)
○ Insufficiently energetic jet or massive 

surrounding envelope of material
○ May occur at a higher rate than GRBs
○ Suppressed fluence of high-energy 

neutrinos due to energy losses of mesons 
and muons before decay

○ Other unexpected transient sources
from cataclysmic astrophysical events 

5. Discussion
● Less sensitive compared to triggered searches
● Better options for profiling the event angular resolution
● All-sky archival searches for GRBs
● Tend to improve previously published work

Fig 2. Diagram of the IceCube 
Neutrino Observatory

Fig 3. Top View of IceCube 
Arrays (red: DeepCore arrays)

  cjchen@icecube.wisc.edu
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Fig 1. Simple diagram 
showing the choked jet

See talk by M. Larson

Fig 4. Per-event anular uncertainty vs. reconstructed neutrino 
energy at several declination

Fig 5. Results from different ΔTs Fig 6. Results at different declinations Fig 7. An example of TS distributions 
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