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Astrophysical neutrino spectrum
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Diffuse supernova neutrino background  
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Supernova neutrino spectrum

• Neutrino burst of all flavours — lasting for ~ 10 seconds

Suliga “Young St@rs fisica 2022” talk 
Garching core-collapse supernova archive

• Neutrinos can be detected from Galactic supernova in large numbers

• Neutrino energies up to ~ 50 MeV
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Diffuse supernova neutrino background
• Galactic supernova is rare; the rate is ~ 1 per century

• We will detect ~ 1 or 2 neutrinos from a core-collapse supernova in 
Andromeda

• The probability of detecting a neutrino from a core-collapse 
supernova from galaxies farther away is      1 

<latexit sha1_base64="YwKMdfVLrPBSYzqhYRYR7jJhpHM=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU8kWWdtb0YvHitYW2qVk02wbms0uSVYoS3+CFw+KePUXefPfmG0rqOiDgcd7M8zMCxLBtcH4wymsrK6tbxQ3S1vbO7t75f2DOx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsEk8vc79wzpXksb800YX5ERpKHnBJjpZu+EINyBVexheehnLh17FrSaNRrtQZy5xbGFViiNSi/94cxTSMmDRVE656LE+NnRBlOBZuV+qlmCaETMmI9SyWJmPaz+akzdGKVIQpjZUsaNFe/T2Qk0noaBbYzImasf3u5+JfXS01Y9zMuk9QwSReLwlQgE6P8bzTkilEjppYQqri9FdExUYQam07JhvD1Kfqf3NWqrlf1rs8qzYtlHEU4gmM4BRfOoQlX0II2UBjBAzzBsyOcR+fFeV20FpzlzCH8gPP2CakMjhQ=</latexit>⌧

• However, the rate of supernova in the entire Universe is large; the 
rate is ~ 10 per second

• Can we detect the combined flux of neutrinos from all core-collapse 
supernova in the Universe?
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Diffuse supernova neutrino background

courtesy: John Beacom
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Diffuse supernova neutrino background
• An order of magnitude estimate of the DSNB flux using the scaling 

from SN 1987A data
<latexit sha1_base64="TuWwp/gqFN4v50RVr58OpR8LOhU="></latexit>"
dN⌫

dt

#

DSNB

⇡
"
dN⌫

dt

#

1987A

"
NSNMdet

4⇡D2

#�1

1987A

"
NSNMdet

4⇡D2

#

DSNB

Beacom 1004.3311, Lunardini 1007.3252, Mathews et al. 1907.10088, Suliga 2207.09632, Ando et al. 2306.16076

• For SN 1987A detection in Kamiokande-II: 
<latexit sha1_base64="IinKDvpZAeyCy8vxmjMJT1JisbE=">AAACGnicbVDLSgMxFM3UV62vqks3wSK40DoRaeuu6saVVLC10BmHTCZtQzOZIcmIZZjvcOOvuHGhiDtx49+YPha+Dlw4nHMv997jx5wpbdufVm5mdm5+Ib9YWFpeWV0rrm+0VJRIQpsk4pFs+1hRzgRtaqY5bceS4tDn9NofnI3861sqFYvElR7G1A1xT7AuI1gbySuiTnDhOSI5CLTrpY4MITquVU8y6OA4ltEdRNDZg2NDZTfpPsq8Ysku22PAvwRNSQlM0fCK704QkSSkQhOOleogO9ZuiqVmhNOs4CSKxpgMcI92DBU4pMpNx69lcMcoAexG0pTQcKx+n0hxqNQw9E1niHVf/fZG4n9eJ9HdmpsyESeaCjJZ1E041BEc5QQDJinRfGgIJpKZWyHpY4mJNmkWTAjo98t/SeuwjCrlyuVRqX46jSMPtsA22AUIVEEdnIMGaAIC7sEjeAYv1oP1ZL1ab5PWnDWd2QQ/YH18AT9gnyQ=</latexit>

[dN⌫/dt]1987A ⇡ 1 s�1

• Super-Kamiokande is 10 times larger than Kamiokande-II: 
<latexit sha1_base64="5xjE6Brn0F/cdTJigC5DpbvkazQ=">AAACJ3icbZDLSsNAFIYn9VbrLerSzWARXNVEpK0bqdWFG6WivUAbwmQybYdOLsxMxBLyNm58FTeCiujSN3HaZqFtDwx8/P85nDm/EzIqpGF8a5mFxaXllexqbm19Y3NL395piCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuBj5zQfCBQ38ezkMieWhnk+7FCOpJFs/a1/bcYd70CUysSZ4eXdTTY7gHMc8LZfOE9hBYciDR2gatp43Csa44CyYKeRBWjVbf+u4AY484kvMkBBt0wilFSMuKWYkyXUiQUKEB6hH2gp95BFhxeM7E3igFBd2A66eL+FY/TsRI0+IoeeoTg/Jvpj2RuI8rx3JbtmKqR9Gkvh4sqgbMSgDOAoNupQTLNlQAcKcqr9C3EccYamizakQzOmTZ6FxXDCLheLtSb5STePIgj2wDw6BCUqgAq5ADdQBBk/gBbyDD+1Ze9U+ta9Ja0ZLZ3bBv9J+fgGyR6SV</latexit>

[Mdet]DSNB/[Mdet]1987A ⇡ 10

• Distance to SN 1987A 
<latexit sha1_base64="LWl8LasJOdbrOzUme98xSJ4Kbzc=">AAACA3icbVDLSgMxFM34rPU16k43wSK4kDIjWl0W3bisYB/QGUomTdvQZBKSjFiGght/xY0LRdz6E+78GzPtLLT1wL0czrmX5J5IMqqN5307C4tLyyurhbXi+sbm1ra7s9vQIlGY1LFgQrUipAmjMakbahhpSUUQjxhpRsPrzG/eE6WpiO/MSJKQo35MexQjY6WOux8gKZV4gMEJPPeyngaKw6HE445b8sreBHCe+DkpgRy1jvsVdAVOOIkNZkjrtu9JE6ZIGYoZGReDRBOJ8BD1SdvSGHGiw3RywxgeWaULe0LZig2cqL83UsS1HvHITnJkBnrWy8T/vHZiepdhSmOZGBLj6UO9hEEjYBYI7FJFsGEjSxBW1P4V4gFSCBsbW9GG4M+ePE8ap2W/Uq7cnpWqV3kcBXAADsEx8MEFqIIbUAN1gMEjeAav4M15cl6cd+djOrrg5Dt74A+czx+P/ZY2</latexit>

⇡ 50 kpc

• Most of the supernova are at          , which is              
<latexit sha1_base64="YWYT66pzSXbVoJ42sGNGG6kwoLU=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPRi8cK9gPapWTTbBuaTUKSFevSn+HFgyJe/TXe/Dem7R609cHA470ZZuZFijNjff/bW1ldW9/YLGwVt3d29/ZLB4dNI1NNaINILnU7woZyJmjDMstpW2mKk4jTVjS6mfqtB6oNk+LejhUNEzwQLGYEWyd1nlAXK6XlIwp6pbJf8WdAyyTISRly1Hulr25fkjShwhKOjekEvrJhhrVlhNNJsZsaqjAZ4QHtOCpwQk2YzU6eoFOn9FEstSth0Uz9PZHhxJhxErnOBNuhWfSm4n9eJ7XxVZgxoVJLBZkvilOOrETT/1GfaUosHzuCiWbuVkSGWGNiXUpFF0Kw+PIyaZ5XgmqlendRrl3ncRTgGE7gDAK4hBrcQh0aQEDCM7zCm2e9F+/d+5i3rnj5zBH8gff5A5r6kNQ=</latexit>

z ⇡ 1
<latexit sha1_base64="u6KRygHJ2iGYHBbSunuRbJzDenI=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBQuKuhGgZtDBlBPOA7LLMTibJkNnZYWZWDEsaG3/FxkIRW//Bzr9xkmyhiQcuHM65l3vvCQWjSjvOt5VbWl5ZXcuvFzY2t7Z37N29pooTiUkDxyyW7RApwignDU01I20hCYpCRlrh8Hrit+6JVDTmd3okiB+hPqc9ipE2UmAf4rNa4EAPCSHjB1iG3ilMPRnBG4HHgV10Ss4UcJG4GSmCDPXA/vK6MU4iwjVmSKmO6wjtp0hqihkZF7xEEYHwEPVJx1COIqL8dPrFGB4bpQt7sTTFNZyqvydSFCk1ikLTGSE9UPPeRPzP6yS6d+mnlItEE45ni3oJgzqGk0hgl0qCNRsZgrCk5laIB0girE1wBROCO//yImmel9xKqXJbLlavsjjy4AAcgRPgggtQBTVQBw2AwSN4Bq/gzXqyXqx362PWmrOymX3wB9bnD7qtltY=</latexit>

c/H0 ⇡ 4Gpc
<latexit sha1_base64="LKKe+9D/DDe0gEM+E0D5HGuFn7c="></latexit>"
dN⌫

dt

#

DSNB

⇡ 1 s�1 ⇥ 100⇥ 10⇥ 10�10 ⇡ 3 yr�1
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Diffuse supernova neutrino background
<latexit sha1_base64="6PEZTtwQxMUtRE4VbkpNClcAhQU="></latexit>

d�

dE⌫
(E⌫) =

Z 1

0

h
(1 + z)'[E⌫(1 + z)]

i h
RSN(z)

i h���
cdt

dz

���dz
i

DSNB flux spectrum on Earth  
as a function of the neutrino  
energy

<latexit sha1_base64="2gjyufu62f+nhpnjglTvO1dWwxQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiCB4rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoaZJMM+6zRCa6HVLDpVDcR4GSt1PNaRxK3gpHtzO/9cS1EYl6xHHKg5gOlIgEo2gl/67XVVmvXHGr7hxklXg5qUCORq/81e0nLIu5QiapMR3PTTGYUI2CST4tdTPDU8pGdMA7lioacxNM5sdOyZlV+iRKtC2FZK7+npjQ2JhxHNrOmOLQLHsz8T+vk2F0HUyESjPkii0WRZkkmJDZ56QvNGcox5ZQpoW9lbAh1ZShzadkQ/CWX14lzYuqV6vWHi4r9Zs8jiKcwCmcgwdXUId7aIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fpxeOmg==</latexit>

E⌫

Neutrino emission per supernova Core-collapse supernova rate

<latexit sha1_base64="GVDnzlI6NsrdW9zC71XdKIxY+ag=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkoipXosiuCxgv2AJpbNdtMu3WzC7qZSQv+HFw+KePW/ePPfuG1z0NYHA4/3ZpiZ58ecKW3b31ZubX1jcyu/XdjZ3ds/KB4etVSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj25mfntMpWKReNCTmHohHggWMIK1kR7dMZbxkJVve65IznvFkl2x50CrxMlICTI0esUvtx+RJKRCE46V6jp2rL0US80Ip9OCmygaYzLCA9o1VOCQKi+dXz1FZ0bpoyCSpoRGc/X3RIpDpSahbzpDrIdq2ZuJ/3ndRAdXXspEnGgqyGJRkHCkIzSLAPWZpETziSGYSGZuRWSIJSbaBFUwITjLL6+S1kXFqVVq99VS/TqLIw8ncAplcOAS6nAHDWgCAQnP8Apv1pP1Yr1bH4vWnJXNHMMfWJ8/8xaSKw==</latexit>

'(E⌫) includes neutrino emission from supernova forming both neutron stars and 
black holes

<latexit sha1_base64="EU18c2dn/mQbFTEEGb8/WoJsfJ8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAiQtgViR6DXjxGMA9IljA76SRDZmeXmVkhLvkILx4U8er3ePNvnCR70MSChqKqm+6uIBZcG9f9dlZW19Y3NnNb+e2d3b39wsFhQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAaj26nffESleSQfzDhGP6QDyfucUWOlZskj5+TprFsoumV3BrJMvIwUIUOtW/jq9CKWhCgNE1TrtufGxk+pMpwJnOQ7icaYshEdYNtSSUPUfjo7d0JOrdIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/2Uy7jxKBk80X9RBATkenvpMcVMiPGllCmuL2VsCFVlBmbUN6G4C2+vEwaF2WvUq7cXxarN1kcOTiGEyiBB1dQhTuoQR0YjOAZXuHNiZ0X5935mLeuONnMEfyB8/kDNUqOMg==</latexit>

(1 + z) accounts for the redshift factor
<latexit sha1_base64="T5Kn+xfejkpBDKbP//G69Er1jLM="></latexit>

|dt/dz|�1 = H0(1 + z) [⌦⇤ + ⌦m(1 + z)3]1/2

<latexit sha1_base64="pudtYiu1VaiDMQaQCGPvRPj8TuQ=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT2WTIPJaZWTEu+QwvHhTx6td482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rgWrDlLy344SGAg8kixnB1kmdp17W1QIJ/Djplcp+xZ8BLZMgJ2XIUe+Vvrp9RVJBpSUcG9MJ/MSGGdaWEU4nxW5qaILJCA9ox1GJBTVhNjt5gk6d0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT/1GfaUosHzuCiWbuVkSGWGNiXUpFF0Kw+PIyaZ5XgmqlendRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A3iykWU=</latexit>zmax

• Most of the emission comes from           ,          is restricted by the formation of 
first massive stars (Riya and Rentala 2007.02951, Moller et al. 1804.03157, Ekanger et al., 2310.15254)

<latexit sha1_base64="pudtYiu1VaiDMQaQCGPvRPj8TuQ=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT2WTIPJaZWTEu+QwvHhTx6td482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7rgWrDlLy344SGAg8kixnB1kmdp17W1QIJ/Djplcp+xZ8BLZMgJ2XIUe+Vvrp9RVJBpSUcG9MJ/MSGGdaWEU4nxW5qaILJCA9ox1GJBTVhNjt5gk6d0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT/1GfaUosHzuCiWbuVkSGWGNiXUpFF0Kw+PIyaZ5XgmqlendRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A3iykWU=</latexit>zmax
<latexit sha1_base64="H/E42Mzj4ntgMzeN9k/GzeWgOhg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolK9Vj04rGC/YAmlM120i7dTcLuRqilf8OLB0W8+me8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZIphg2WiES1Q6pR8BgbhhuB7VQhlaHAVji8nfqtR1SaJ/GDGaUYSNqPecQZNVbyn4gvUGvNJbnolspuxZ2BLBMvJ2XIUe+WvvxewjKJsWGCat3x3NQEY6oMZwInRT/TmFI2pH3sWBpTiToYz26ekFOr9EiUKFuxITP198SYSq1HMrSdkpqBXvSm4n9eJzPRdTDmcZoZjNl8UZQJYhIyDYD0uEJmxMgSyhS3txI2oIoyY2Mq2hC8xZeXSfO84lUr1fvLcu0mj6MAx3ACZ+DBFdTgDurQAAYpPMMrvDmZ8+K8Ox/z1hUnnzmCP3A+fwBiEJFG</latexit>

z . 3

• DSNB flux spectrum computation demonstrates line-of-sight integral (individual 
contribution drops as      , the volume increases as     , thus the integral is only 
over distance) 

<latexit sha1_base64="B4QUMpxKhUOFtmao+wMeqwsV6WI=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKtB6LXjxWsB/QpmWz2bRLN5uwu1FKyP/w4kERr/4Xb/4bt20O2vpg4PHeDDPzvJgzpW372ypsbG5t7xR3S3v7B4dH5eOTjooSSWibRDySPQ8rypmgbc00p71YUhx6nHa96e3c7z5SqVgkHvQspm6Ix4IFjGBtpOHADyQmqZOlcljLRuWKXbUXQOvEyUkFcrRG5a+BH5EkpEITjpXqO3as3RRLzQinWWmQKBpjMsVj2jdU4JAqN11cnaELo/goiKQpodFC/T2R4lCpWeiZzhDriVr15uJ/Xj/RwbWbMhEnmgqyXBQkHOkIzSNAPpOUaD4zBBPJzK2ITLDJQZugSiYEZ/XlddKpVZ16tX5/VWne5HEU4QzO4RIcaEAT7qAFbSAg4Rle4c16sl6sd+tj2Vqw8plT+APr8weNBJKQ</latexit>

1

r2

<latexit sha1_base64="yNH6PgeCKNlAux7YiDKw7gD3NDs=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4xyiOBlcwOszBhdnYz02tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2L1gOOE+xEdKBEKRtFK9/qx0iuW3LI7B1klXkZKkKHeK351+zFLI66QSWpMx3MT9CdUo2CSTwvd1PCEshEd8I6likbc+JP5qVNyZpU+CWNtSyGZq78nJjQyZhwFtjOiODTL3kz8z+ukGF75E6GSFLlii0VhKgnGZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdgQvOWXV0mzUvaq5erdRal2ncWRhxM4hXPw4BJqcAt1aACDATzDK7w50nlx3p2PRWvOyWaO4Q+czx8GHY2l</latexit>

r2

Beacom 1004.3311, Lunardini 1007.3252, Mathews et al. 1907.10088, Suliga 2207.09632, Ando et al. 2306.16076
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Diffuse supernova neutrino background
• The spectrum of neutrinos from distant                                                 

supernova gets redshifted
Mastbaum “Neutrino  
2022” talk

• The supernova rate can either be measured                                          
or inferred from star formation rate

Anandagoda et al., 2023�
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Ekanger et al., 2310.15254

<latexit sha1_base64="ziR5sm0hzKdbYTuyEp+XrynuwKo="></latexit>

RSN(z) = RSF(z)

R 50
8 M (M)dM

R 100
0.1 M (M)dM
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Diffuse supernova neutrino background
• A compilation of various calculations of the diffuse supernova neutrino background 

flux

 Energy [MeV]eν

10 20 30 40 50 60 70 80

/s
ec

/M
eV

]
2

 F
lu

x 
[/c

m
eν

D
SN

B
 

4−10

3−10

2−10

1−10

1

10
=0.1, NO)λαHoriuchi+21 (Extrapolated, 

Tabrizi+21 (NS+BH, NO)
2.0, NO)αKresse+21 (W20-BH2.7-

 = 0.1)
2.5,crit
ξHoriuchi+18 (

Nakazato+15 (Max, IO)
Nakazato+15 (Min, NO)
Galais+10 (NO)
Horiuchi+09 (6 MeV, Max)
Lunardini09
Ando+03 (updated at NNN05)
Kaplinghat+00
Malaney97
Hartmann+97
Totani+95

Super-K 2109.11174

• A large number of 
calculations of the DSNB flux 
has been performed over the 
last three decades: the 
calculations broadly agree 
even after including a wide 
variety of uncertainties

• Most of the flux calculations 
concentrate on the      flux, 
as that is the most easily 
detectable neutrino flavour.  
We expect other neutrino 
flavours to have a similar flux

<latexit sha1_base64="olt4r88U3yD2VwzXxh9crcmRVYA=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4KpkiY7srunFZwT5gZiiZNNOGZpIhyQhl6Ge4caGIW7/GnX9jpq2gogcuHM65l3vviVLOtEHowymtrW9sbpW3Kzu7e/sH1cOjnpaZIrRLJJdqEGFNORO0a5jhdJAqipOI0340vS78/j1VmklxZ2YpDRM8FixmBBsr+UGEVR6IbD6kw2oN1ZGF58GCuE3kWtJqNRuNFnQXFkI1sEJnWH0PRpJkCRWGcKy176LUhDlWhhFO55Ug0zTFZIrH1LdU4ITqMF+cPIdnVhnBWCpbwsCF+n0ix4nWsySynQk2E/3bK8S/PD8zcTPMmUgzQwVZLoozDo2Exf9wxBQlhs8swUQxeyskE6wwMTalig3h61P4P+k16q5X924vau2rVRxlcAJOwTlwwSVogxvQAV1AgAQP4Ak8O8Z5dF6c12VryVnNHIMfcN4+Afdokbw=</latexit>
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Diffuse supernova neutrino background
• The main interaction that is used to detect DSNB is the inverse beta interaction

detected either  
via Cherenkov or  
scintillation emission

detected either  
via capture on proton or  
Gadolinium

Vogel & Beacom hep-ph/9903554; Strumia & Vissani astro-ph/0302055; Ricciardi, 
Vignaroli & Vissani 2206.05567

• Threshold of interaction

: kinetic energy of the positron

• Largest cross section at the relevant energies (~ MeV - 50 MeV)

Ranjan Laha

• Other neutrino interactions have also been used to search for DSNB; however, 
these interactions have much smaller cross-sections
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Diffuse supernova neutrino background
• Neutron capture on free proton produces 2.2 MeV photon  ---  delay time ~ 200 

µsec --- capture cross section 0.3 barns

Mastbaum “Neutrino  
2022” talk 

technique used in Super-K 
2021 search 2109.11174

Ranjan Laha

• Neutron capture on Gadolinium produces ~ 8 MeV photons                                         
---  delay time ~ 20 µsec --- capture cross section 49000 barns

Perez-Gonzalez “CERN 
Neutrino platform 
2023” talk 

technique used in Super-K 
2023 search 2305.05135

Beacom and Vagins hep-ph/0309300
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Super-Kamiokande detector

Ranjan Laha

• Super-Kamiokande is a 50 kilo-ton water Cherenkov 
detector

• The fiducial volume for DSNB search is  
22.5 kilo-ton 

• Some physics analyses already published with gadolinium 
loading    (2305.05135, 2403.06760,2403.07796)

Super-K 2311.05105
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Diffuse supernova neutrino background

Ranjan Laha
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Ekanger et al., 2310.15254

• The number of events can vary between  
~ 0.5 to 5 per year

number of free protons

late phase  
treatment
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Diffuse supernova neutrino background

Ranjan Laha
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SK-IV 2970 days, Observed 90% C.L. (This work)

SK-IV 2970 days, Expected 90% C.L. (This work)

SK-IV 960 days (Astropart Phys 60, 41, 2015)

SK-I/II/III 2853 days (Phys Rev D  85, 052007, 2012)

KamLAND 2343 days (Astrophys J 745, 2012)

DSNB Theoretical Predictions

Super-Kamiokande 2109.11174

Super-Kamiokande 2305.05135

• Sensitivity of Super-K 
Gd (0.01%) is similar to 
that of Super-K IV 
search inspite of the 
fact that the live-time 
is five times smaller 
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Diffuse supernova neutrino background

Ranjan Laha

Mastbaum “Neutrino  
2022” talk

• A large number of neutrino experiments are being built/ planned which can 
detect DSNB

• A variety of astrophysical and new physics studies can be conducted with this 
upcoming detection



Ranjan Laha

GZK (Greisen-Zatsepin-Kuzmin)/  
BZ (Berezinsky-Zatsepin)/  

cosmogenic neutrinos
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Ultra-high energy cosmic rays

Ranjan Laha

Empirical �t

modi�ed from HD et al. PoS (ICRC 2017) 533

proton �ux helium �ux oxygen �ux iron �ux

All particle �uxLHC
pp @ 13 TeV

LHC
p-Pb @ 8.2 TeV

Albrecht et al., 
2105.06148
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Ultra-high energy cosmic rays

Ranjan Laha

• Cosmic rays are the highest energy particles that we have detected

• The cosmic-ray flux is suppressed beyond ~ 1020 eV

• Why is the flux suppressed? (i) intrinsic astrophysical source properties or     
(ii)  due to something else?

• Hillas plot
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Emax = maximum achievable energy in a  
source with characteristic size     and  
magnetic field strength
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�sh = velocity of the shock
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� = Lorentz factor of the motion

The diagonal lines show the minimum 
product of        required to accelerate 
protons (red) or iron nuclei (blue) to 
1020 eV for a fast shock assuming 
some value of 
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Ultra-high energy cosmic rays

Ranjan Laha
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• Luminosity in ultra-high energy cosmic rays versus their number density for a 
number of astrophysical sources 

• The suppression in the flux of ultra-high energy cosmic rays is probably due to 
propagation effects
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Ultra-high energy neutrinos

Ranjan Laha

• As ultra-high energy cosmic rays are propagating through the Universe, they will 
interact with the underlying photon background (primarily cosmic microwave 
background, however, extra-galactic radio background and extragalactic 
background light is also important)
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A+ � ! (A� nN) + nN photo-disintegration

pair-production

Greisen PRL 1966 
Zatsepin and Kuz’min JTEP Lett. 1966

Berezinsky and Zatsepin PLB 1969 
Berezinsky and Zatsepin Sov. J. Nucl. Phys.  
(1970)

GZK process

BZ neutrinos 
cosmogenic neutrinos
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Ultra-high energy neutrinos

Ranjan Laha

The threshold for GZK process:
<latexit sha1_base64="dLnY4x1D8JUBmc90teAoCFa4IoE="></latexit>
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Meures thesis

• Peak cross-section is  
approximately              at the        
resonance  
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500µb
<latexit sha1_base64="cUB9jmffttwewYIjZYry82mFEPA=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAEIeyKRI9BPXiMYB6QrGF20psMmZ1dZ2aFsOQnvHhQxKu/482/cfI4aGJBQ1HVTXdXkAiujet+O0vLK6tr67mN/ObW9s5uYW+/ruNUMayxWMSqGVCNgkusGW4ENhOFNAoENoLB9dhvPKHSPJb3ZpigH9Ge5CFn1Fip2b5BYejDaadQdEvuBGSReDNShBmqncJXuxuzNEJpmKBatzw3MX5GleFM4CjfTjUmlA1oD1uWShqh9rPJvSNybJUuCWNlSxoyUX9PZDTSehgFtjOipq/nvbH4n9dKTXjpZ1wmqUHJpovCVBATk/HzpMsVMiOGllCmuL2VsD5VlBkbUd6G4M2/vEjqZyWvXCrfnRcrV7M4cnAIR3ACHlxABW6hCjVgIOAZXuHNeXRenHfnY9q65MxmDuAPnM8fgpmPpA==</latexit>

�+

• The mean free path of the  
proton at this peak cross-
section is approximately 10 Mpc

• In general, sources of  
ultra-high energy cosmic rays are  
within 100 Mpc from the Earth

• We do not know sources of ultra-high energy cosmic rays, neutrinos will help us 
discover these sources
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• The neutrino flux on Earth due to the interaction of ultra-high energy cosmic 
rays during propagation over cosmological distances is an integral over redshift 
and the proton energy       where    denotes the source  

<latexit sha1_base64="n1Wv8lCnIlxIl+F/JtyEO+1/ns4="></latexit>

Fi(E⌫i) =
c

4⇡E⌫i

Z Z
L(z, Es

p)Y (Es
p, E⌫i , z)

dEs
p

Es
p

dz

<latexit sha1_base64="Gc5EkPi9zkvDQmSf/zl9n0tByoo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgUwWMF0xbaWDbbSbt0swm7G6GU/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0EmmGPosEYlqhVSj4BJ9w43AVqqQxqHAZji8mfrNJ1SaJ/LBjFIMYtqXPOKMGiv5t930UXdLZbfizkCWiZeTMuSod0tfnV7CshilYYJq3fbc1ARjqgxnAifFTqYxpWxI+9i2VNIYdTCeHTshp1bpkShRtqQhM/X3xJjGWo/i0HbG1Az0ojcV//PamYmugjGXaWZQsvmiKBPEJGT6OelxhcyIkSWUKW5vJWxAFWXG5lO0IXiLLy+TxnnFq1aq9xfl2nUeRwGO4QTOwINLqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8fqjeOnA==</latexit>

Es
p

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

<latexit sha1_base64="NYRu7FPl9LrwC3EEgA/mp/AGhsk=">AAACL3icbVBbS8MwGE29znmb+uhLcAgKY7Qi0xdhKBOfZIK7yDZLmqYalqYlSYVZ+o988a/sRUQRX/0Xptu8bR4InJxzPpLvOCGjUpnmszE1PTM7N59ZyC4uLa+s5tbW6zKIBCY1HLBANB0kCaOc1BRVjDRDQZDvMNJwuiep37gjQtKAX6peSDo+uuHUoxgpLdm506udih1eywKs2HGbRzZNCvB+Fx793GHb9QTCsXv+pSQpD6H7HUnsXN4smgPASWKNSB6MULVz/bYb4MgnXGGGpGxZZqg6MRKKYkaSbDuSJES4i25IS1OOfCI78WDfBG5rxYVeIPThCg7U3xMx8qXs+Y5O+kjdynEvFf/zWpHyDjsx5WGkCMfDh7yIQRXAtDzoUkGwYj1NEBZU/xXiW6TLUbrirC7BGl95ktT3ilapWLrYz5ePR3VkwCbYAjvAAgegDM5AFdQABg+gD17Aq/FoPBlvxvswOmWMZjbAHxgfn6xGqPo=</latexit>

Y (Es
p, E⌫i , z) = E⌫i

dN⌫i

dNpdE⌫i

• The neutrino yield function

Engel, Seckel and Stanev astro-ph/0101216

• Source function per unit redshift
<latexit sha1_base64="BpkkFhU65uMnzy6oLfPewIVBDbU="></latexit>

L(z, Es
p) = L0(E

s
p) ⌘(z)H(z)

where
<latexit sha1_base64="aSybrGXfI/7aNM80Or4rsHsJSTY="></latexit>

⌘(z) =
dt

dz
⇡ 1

H0(1 + z)
[⌦m(1 + z)3 + ⌦⇤]

�1/2

<latexit sha1_base64="FDGwFDAWe4uhBaR0GyAFYZKQYvc=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyURqS6LbrqsYB/QhjKZTtqhk0mYmQht6Je4caGIWz/FnX/jpM1CWw8MHM65l3vm+DFnSjvOt7WxubW9s1vYK+4fHB6V7OOTtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yX3md56oVCwSj3oaUy/EI8ECRrA20sAu9UOsxwTztDFHldnlwC47VWcBtE7cnJQhR3Ngf/WHEUlCKjThWKme68TaS7HUjHA6L/YTRWNMJnhEe4YKHFLlpYvgc3RhlCEKImme0Gih/t5IcajUNPTNZBZTrXqZ+J/XS3Rw66VMxImmgiwPBQlHOkJZC2jIJCWaTw3BRDKTFZExlpho01XRlOCufnmdtK+qbq1ae7gu1+/yOgpwBudQARduoA4NaEILCCTwDK/wZs2sF+vd+liOblj5zin8gfX5AwF/kq0=</latexit>

H(z) is the cosmological source evolution function

• Modern calculations mostly involve CRPropa
https://crpropa.github.io/CRPropa3/ Batista et al., 2208.00107
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Engel, Seckel and Stanev  
astro-ph/0101216

• Neutrinos are denoted by dashed lines

• Anti-neutrinos are denoted by dotted 
lines

• Total neutrino + anti-neutrinos are 
denoted by solid lines

• W&B is the Waxmann-Bahcall bound

• The muon neutrino flux peaks at a 
neutrino energy corresponding to the 
resonance energy of the interaction.  

• The electron neutrino spectrum will have 
two peaks, one corresponding to the 
resonance and one additional low energy 
component from the decaying neutron
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Vliet et al 
1901.01899

<latexit sha1_base64="RIQGgb/bC/tvOXBjxQrx45y/J7k="></latexit>

dN

dE
/ E�↵ exp

⇣
� E

Emax

⌘

Injection energy 
spectrum of protons

Single flavour 
cosmogenic neutrino 
spectrum

<latexit sha1_base64="PeuxpV676xUi9VQCaM43OWlQ2P0=">AAACD3icbVDLSgMxFM34rPVVdekmWJR2U2ZEqhSEohuXFewDOsOQSdM2NMkMeQil9A/c+CtuXCji1q07/8a0HUFbTwj3cM69JPdECaNKu+6Xs7S8srq2ntnIbm5t7+zm9vYbKjYSkzqOWSxbEVKEUUHqmmpGWokkiEeMNKPB9cRv3hOpaCzu9DAhAUc9QbsUI22lMHdS8IUJCazASfW5+WEamSK8hAWvYk8xzOXdkjsFXCReSvIgRS3MffqdGBtOhMYMKdX23EQHIyQ1xYyMs75RJEF4gHqkbalAnKhgNN1nDI+t0oHdWNorNJyqvydGiCs15JHt5Ej31bw3Ef/z2kZ3L4IRFYnRRODZQ13DoI7hJBzYoZJgzYaWICyp/SvEfSQR1jbCrA3Bm195kTROS165VL49y1ev0jgy4BAcgQLwwDmoghtQA3WAwQN4Ai/g1Xl0np03533WuuSkMwfgD5yPb/RWmW8=</latexit>

(⌫e : ⌫µ : ⌫⌧ ) = (1 : 1 : 1)

• Assuming a pure proton injection spectrum and a certain source redshift 
evolution

• Neutrinos will be important to discriminate between various models
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• Ultra-high energy photons (along with neutrinos) are also important to 
understand these sources

Chakraborty, Mehta, and Sarmah   
2307.15667

Chakraborty, Mehta, and Sarmah   
2307.15667

• Latest calculations study the 
importance of taking into account all 
the astrophysical parameters in the 
calculation

• The gamma-ray spectrum is also 
guaranteed along with the neutrinos; 
however, gamma-rays cannot travel 
for very long distances
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Ackermann et al., 
2203.08096
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Pierre Auger Observatory

• Designed for detecting ultra-
high energy cosmic-rays, 
neutrinos, and gamma-rays

Ebr talk “Ultra-high  
energy neutrinos at the  
Pierre Auger  
Observatory”
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Ebr talk “Ultra-high energy 
neutrinos at the Pierre Auger 
Observatory”

A variety of neutrino detection techniques

Ebr talk “Ultra-high energy neutrinos at the Pierre Auger Observatory”
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• Neutrinos can pass through a lot of matter, thus, one can use this to distinguish it 
from cosmic-rays

• Protons, nuclei, and photons will interact higher in the atmosphere, whereas 
neutrinos will interact much lower in the atmosphere

• At large zenith angles, one can discriminate between neutrinos and other  
cosmic-rays by using the “shower age”

• All flavours of neutrinos can be detected using this technique, for both charged 
current and neutral current interactions

• Search for down-going neutrinos:
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• Search for Earth-skimming neutrinos:

• For Earth-skimming (i.e., up-going neutrinos, typically for neutrinos within 50  of 
the horizon),     can interact via charged-current interaction to produce   , and 
then the    decays after traveling some distance; only decays to electrons and 
hadrons are observable

<latexit sha1_base64="2VN2DUm6ISntGShHQM1UX1sndzM=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbBU8kWWdtb0YvHCvYD2qVk02wbmuwuSVYoS/+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxLBtcH4wymsrW9sbhW3Szu7e/sH5cOjjo5TRVmbxiJWvYBoJnjE2oYbwXqJYkQGgnWD6XXud++Z0jyO7swsYb4k44iHnBKTSwND0mG5gqvYwvNQTtw6di1pNOq1WgO5CwvjCqzQGpbfB6OYppJFhgqidd/FifEzogyngs1Lg1SzhNApGbO+pRGRTPvZ4tY5OrPKCIWxshUZtFC/T2REaj2Tge2UxEz0by8X//L6qQnrfsajJDUsostFYSqQiVH+OBpxxagRM0sIVdzeiuiEKEKNjadkQ/j6FP1POrWq61W924tK82oVRxFO4BTOwYVLaMINtKANFCbwAE/w7Ejn0XlxXpetBWc1cww/4Lx9AnwEjpA=</latexit>⌧<latexit sha1_base64="Pmw0BIehyF5DmEv4evxuMJDzJUk=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgKewGWZNb0IvHCCYGskuYncwmQ2Zn13kIYclPePGgiFd/x5t/4+QhqGhBQ1HVTXdXlHGmtOt+OIWV1bX1jeJmaWt7Z3evvH/QUamRhLZJylPZjbCinAna1kxz2s0kxUnE6W00vpz5t/dUKpaKGz3JaJjgoWAxI1hbqRsI0w80Nv1yxa26Fr6PZsSru54ljUa9Vmsgb265bgWWaPXL78EgJSahQhOOlep5bqbDHEvNCKfTUmAUzTAZ4yHtWSpwQlWYz++dohOrDFCcSltCo7n6fSLHiVKTJLKdCdYj9dubiX95PaPjepgzkRlNBVksig1HOkWz59GASUo0n1iCiWT2VkRGWGKibUQlG8LXp+h/0qlVPb/qX59VmhfLOIpwBMdwCh6cQxOuoAVtIMDhAZ7g2blzHp0X53XRWnCWM4fwA87bJ4w6kFY=</latexit>⌫⌧
<latexit sha1_base64="2VN2DUm6ISntGShHQM1UX1sndzM=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbBU8kWWdtb0YvHCvYD2qVk02wbmuwuSVYoS/+CFw+KePUPefPfmG0rqOiDgcd7M8zMCxLBtcH4wymsrW9sbhW3Szu7e/sH5cOjjo5TRVmbxiJWvYBoJnjE2oYbwXqJYkQGgnWD6XXud++Z0jyO7swsYb4k44iHnBKTSwND0mG5gqvYwvNQTtw6di1pNOq1WgO5CwvjCqzQGpbfB6OYppJFhgqidd/FifEzogyngs1Lg1SzhNApGbO+pRGRTPvZ4tY5OrPKCIWxshUZtFC/T2REaj2Tge2UxEz0by8X//L6qQnrfsajJDUsostFYSqQiVH+OBpxxagRM0sIVdzeiuiEKEKNjadkQ/j6FP1POrWq61W924tK82oVRxFO4BTOwYVLaMINtKANFCbwAE/w7Ejn0XlxXpetBWc1cww/4Lx9AnwEjpA=</latexit>⌧

• Such a technique cannot be used to search for     or <latexit sha1_base64="401gss71pfPW1DSboO+3lssxgCk=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BIvgqWSLrO2t6MVjBbcttEvJprNtaDa7JFmhLP0NXjwo4tUf5M1/Y/ohqOiDgcd7M8zMC1PBtSHkwymsrW9sbhW3Szu7e/sH5cOjtk4yxcBniUhUN6QaBJfgG24EdFMFNA4FdMLJ9dzv3IPSPJF3ZppCENOR5BFn1FjJ78tsAINyhVSJhefhOXHrxLWk0ajXag3sLixCKmiF1qD83h8mLItBGiao1j2XpCbIqTKcCZiV+pmGlLIJHUHPUklj0EG+OHaGz6wyxFGibEmDF+r3iZzGWk/j0HbG1Iz1b28u/uX1MhPVg5zLNDMg2XJRlAlsEjz/HA+5AmbE1BLKFLe3YjamijJj8ynZEL4+xf+Tdq3qelXv9qLSvFrFUUQn6BSdIxddoia6QS3kI4Y4ekBP6NmRzqPz4rwuWwvOauYY/YDz9gkvl473</latexit>⌫e
<latexit sha1_base64="SZqwAqnMaEIWky3cNtC7U+U9ZeU=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4KpkiY7srunFZwT6gM5RMmmlDk8yQh1BKP8KNC0Xc+j3u/BszbQUVPXDhcM693HtPnHGmDUIfXmFtfWNzq7hd2tnd2z8oHx51dGoVoW2S8lT1YqwpZ5K2DTOc9jJFsYg57caT69zv3lOlWSrvzDSjkcAjyRJGsHFSN5R2EAo7KFdQFTkEAcyJX0e+I41GvVZrQH9hIVQBK7QG5fdwmBIrqDSEY637PspMNMPKMMLpvBRaTTNMJnhE+45KLKiOZotz5/DMKUOYpMqVNHChfp+YYaH1VMSuU2Az1r+9XPzL61uT1KMZk5k1VJLlosRyaFKY/w6HTFFi+NQRTBRzt0IyxgoT4xIquRC+PoX/k06t6gfV4Pai0rxaxVEEJ+AUnAMfXIImuAEt0AYETMADeALPXuY9ei/e67K14K1mjsEPeG+fxsWP5A==</latexit>⌫µ

<latexit sha1_base64="401gss71pfPW1DSboO+3lssxgCk=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BIvgqWSLrO2t6MVjBbcttEvJprNtaDa7JFmhLP0NXjwo4tUf5M1/Y/ohqOiDgcd7M8zMC1PBtSHkwymsrW9sbhW3Szu7e/sH5cOjtk4yxcBniUhUN6QaBJfgG24EdFMFNA4FdMLJ9dzv3IPSPJF3ZppCENOR5BFn1FjJ78tsAINyhVSJhefhOXHrxLWk0ajXag3sLixCKmiF1qD83h8mLItBGiao1j2XpCbIqTKcCZiV+pmGlLIJHUHPUklj0EG+OHaGz6wyxFGibEmDF+r3iZzGWk/j0HbG1Iz1b28u/uX1MhPVg5zLNDMg2XJRlAlsEjz/HA+5AmbE1BLKFLe3YjamijJj8ynZEL4+xf+Tdq3qelXv9qLSvFrFUUQn6BSdIxddoia6QS3kI4Y4ekBP6NmRzqPz4rwuWwvOauYY/YDz9gkvl473</latexit>⌫e does not produce a shower which will escape the Earth
<latexit sha1_base64="SZqwAqnMaEIWky3cNtC7U+U9ZeU=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4KpkiY7srunFZwT6gM5RMmmlDk8yQh1BKP8KNC0Xc+j3u/BszbQUVPXDhcM693HtPnHGmDUIfXmFtfWNzq7hd2tnd2z8oHx51dGoVoW2S8lT1YqwpZ5K2DTOc9jJFsYg57caT69zv3lOlWSrvzDSjkcAjyRJGsHFSN5R2EAo7KFdQFTkEAcyJX0e+I41GvVZrQH9hIVQBK7QG5fdwmBIrqDSEY637PspMNMPKMMLpvBRaTTNMJnhE+45KLKiOZotz5/DMKUOYpMqVNHChfp+YYaH1VMSuU2Az1r+9XPzL61uT1KMZk5k1VJLlosRyaFKY/w6HTFFi+NQRTBRzt0IyxgoT4xIquRC+PoX/k06t6gfV4Pai0rxaxVEEJ+AUnAMfXIImuAEt0AYETMADeALPXuY9ei/e67K14K1mjsEPeG+fxsWP5A==</latexit>⌫µ does not produce a shower

• Such search techniques are also used to search for ultra-high energy neutrinos 
in the Telescope Array Observatory    arXiv: 1905.03738
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• Antarctic Impulsive 
Transient Antenna (ANITA)

• An array of radio antennas suspended 
from a balloon flying at ~ 37 km above 
Antartica

• 4 flights: ANITA-I, ANITA-II, 
ANITA-III, and ANITA-IV

Flight Path - First Loop

Flight Path - Second Loop

Flight Path - Third Loop

source: Wikipedia

ANITA 1902.04005
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Connolly talk

• Askaryan effect: instead of individual 
track events, one searches for the 
coherent Cherenkov signal from the 
net “current” that is developed due to 
the 20% charge asymmetry in the 
shower

• ANITA observes 
Earth-skimming 
neutrinos

Capone “Particle and astroparticle physics” lectures



37

Ultra-high energy neutrinos

Ranjan Laha

• A large number of neutrino experiments are being built/ planned which can 
detect GZK/ BZ/ cosmogenic neutrino flux

• A variety of astrophysical and new physics studies can be conducted with this 
upcoming detection

https://icecube-gen2.wisc.edu https://ara.wipac.wisc.edu/home https://radio.uchicago.edu https://grand.cnrs.fr

https://trinity.physics.gatech.edu



Conclusions
• We will detect two new astrophysical neutrinos fluxes soon: diffuse supernova 

neutrinos and GZK/ BZ/ cosmogenic neutrinos, which will help us understand 
the Universe even better 

• Diffuse supernova neutrino background is produced by all unresolved core-
collapse supernova in the Universe 

• GZK/ BZ/ cosmogenic neutrinos is produced due to the attenuation of ultra-
high energy cosmic rays on the underlying cosmological photon background 

• Near-future guaranteed data set from various different neutrino telescopes 
(either currently running or under construction) have the potential to discover 
these neutrino fluxes  

• We will be able to better understand particle physics and astrophysics from 
these upcoming discoveries

Questions & comments: ranjanlaha@iisc.ac.in
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