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Plan of talk

Observations & status of UHECRSs:

o Moderndatais very constraining; no GZK violation; “usual suspects” sources —

AGNSs, long Gamma Rag Bursts (Co”apse of massive star)— all have Problems

NEW PROPOSAL : UUHECRs are Drocluceci 18 J|et5 of bmaru neutron star mergers.

* Thls 1S ﬁrst scenario Wl"llCh Potentxa”g satlsﬁes a” requnrements

o Can account for all UHECRs with a smgle mechanism.

* ‘*“ascmatmg Precllctloﬂ Hgl’)est energy UHECRs are r-process nuc el.
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Keg conditions on UHECR sources

Hillas criterion: CR escapes unless its Larmor radius is < source size Larmor

f

radius controlled bﬂ rigiditg, RE/CQ: = R ey =295%100 | B

Source number clensitg and energy injection rate:

© nez 1022 MPC~5 and dQ/dt =6 x10+4 erg l\/\l:>c~5 yr-! for E.x > 10 EeV

Highest energy UHECRSs are Proclucecl in TRANSIENTS (Amaterasu, OMQG)

Universal maximum rigiclitg (little source~-to-source variation)

Anomalouslg high energy of “OMG” & Amaterasu (250 EeV & 220 EeV)
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Constraints from SPec‘crum and Compositiom |

* Unger, GF, Anchorcloqui 2015: Take into account interactions in the

environment surrounding the accelerator, notjust with the CMB.
» Energy injection in UHECRs > 10 EeV: 6 x 10+ erg Mpc yr-
o Mixed coml:)osition; hard spectrum) depends on Rigiclitg: R=ebF/(Z¢e)

Spectrum Composition

¢ Auger 2013 prel.
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Constraints from Spoctrum and Composition, 1.

o But UFA did not allow for source-to-source variation. ..

+ Ehlert, Oikonomou, Unger 25: Where are the oxl:)octocl |ow~rigiclit9 tails?

No known source class worksl‘"’“\ — /

mean value of “4 EV!
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(c) Flux at Earth

* Rigiditg ranges onlg afactor 20 around
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Constraints from Spec‘crum and Composi‘cion, 111

< F‘itting Auger data using the magnetizecl turbulence spectral cutoH = goocl

fit with source spectrum E-2lsech[(E/ E_ .2l (M. Muzio for Comisso, GF, MM 24)
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Constraints from Arrival Directions
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« HIGHEST ENERGY UHECRS are !:)roclucecl
in TRANSIENTS
M. Unger and GRF; APJL 2072
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Keg conditions on UHECR sources

Hillas criterion: CR escapes unless its Larmor radius is < source size

= Rmax,E\/ - §X]O~H Fjet L|<m 5G

Source number clensity and energy irjection rate:

* Ne = 105 MI:)C;'5 and le/dt =6 x 107 erg MPC~5 9:“’ orbE > 10Eey
Highest energy UHECRSs are Producecl N TRANSIENTS

Universal maximum rigiclitg (little source-to-source variation)

Anomalous19 higlﬁ energy of “OMG” & Amaterasu (250 EeV & 220 EeV)




Binarg Neutron Star Mergers

, , Wl b , t = terger = 191.66 Ms
[ |o Universal Maximum ngldltg s natural -
* MBNS = (Z.éé}' * O.]+>M® Uy

| < Gravitationa”g—-clriveﬂ clgnamo

Kiuchi+ NatureAstron23

+ strong magnetic fields

e e bl e e

* E’:nergg il‘jCCﬁOﬂ rate: (obs=6x10+ cre MPC~59M) ‘ e

+ DBNSrate FNSmerg = ]O~]7OO C||:)C"5 9:‘“’ V nC FNSmerg = 100 GPC,§ 9',-]

* Energy injet alone .’ijz 10515 erg (Kiuchi+2%)
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Verg highest energy events explainecl!

Kasen+l/

Squeezed dynamical
v = 0.2c-0.3c

* I~process nucleosgnthesis takes Place in BNS mergers

Tidal dyftiical §
v=0.2 Cc

: ' , R
* F~ﬂUClCl Ccan DC acceleratecl ir OUt‘HOW Disk wind

v<0.1c
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Where are the UHECRSs accelerated?

Squeezed dynamical
v = 0.2c-0.3c

. Highly magnetizcd turbulent flow:

o B~r3/2 or slower using magnetic energy - T?:'SM",?

conservation (n.b., CR feed

Rt dr et/ T 00BIB (CPM29

» dEsgnch /dt 7 4'/9 <Y ﬁ)l BZ

Disk wind
v<0.1c

back increases B) .
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« Simple Mathematica estimate of r such that dE g dt > dE ) dt.
P accC Sﬂ Cl’7

o Forinitial B=105G at r =10 km, Ko =551V (reached at r = 106 cm)
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Summargz Source candidates & keg constraints

Powerful 1 . Accrelion
AGN long GRDPs 1 DES e BNS mergers
ne z 105 MPC~5 [X] [X] - . v
UHECR energy v X ? ? V]
injection ' i
Orclinar9 galaxg X X v [X] v
Universal o 4
Highest energy v,
events”?

All ca h”satisaﬂl:l‘f las size > Larmor radius
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New suggestion: {IHEC Ksare Prociucecl N binarg NS mergers.

- Uniquely, SO Far, BNS-merger mechanism can 5atis1cy all basic requirements:

*  Universal Maximum Rigiclitg Potentia”g explainecl.
o Canaccount forall CRs (clel:)enclent on BNS merger rate & power in CRs)

© Hig{hest energy events are r-process nuclei
L - - H

o Should see coincidences between 220 PeV neutrinos and GWs from 5N5~merger

Qualitatively it works well — next must look harder at details. ..
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