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[Norman et al. (1995)] 

Under the assumption of 
equipartition of energy between 
kinetic energy and magnetic field: 
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AGN	Flickering	
  Observations of blazar, X-ray binary, + local AGN 

observations indicate that being noisy is not perculiar.
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The	Role	Played	By	AGN	Flickering	
  A number of simulations of AGN fuelling suggest the large-

scale accretion rate follows a log-normal distribution with a 
flicker noise power spectrum! 

Gaspari et al. 2016Yang & Reynolds 2016
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  We developed a reduced model of 
a jet inflated lobe, keeping track of 
particle acceleration/cooling 
(inspired by previous efforts- eg. 
Hardcastle 2018)

Par?cle	Accelera?on	in	Flickering	Jets	
Jet	head		

Jet	termina8on	
shock		

[1	Pa	->	6x1012	eV	cm-3]		

Pressure	profile	external	medium		
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Jet	Inflated	Cocoon	
Model	

Assump8ons:	
	
•  Jet	termina8on	shock	is	accelera8on	

site	

•  Accelerated	par8cles	diffuse	
subsequently	diffuse	isotropically	
through	homogeneous	volume	

•  Diffusion	throughout	the	cocoon	
volume	is	at	the	Bohm	level	
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P0.1 = 80 eV cm�3
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The	Electron	Spectrum	
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The	Electron	Spectrum	
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Proxy	Electrons	with	Cooling	Times	
Comparable	to	the	UHECR	Escape	Times	
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Radia?ve	
Signatures	from	
Accelerated	
Electrons	

The	msynchro	code	used	here	has	been	
made	publicly	available	at	https://
github.com/jhmatthews/
msynchro	
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Proton/Nuclei	Injec?on	Spectra	
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fA =
Z2

A
f�
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The	Hadronic	Spectrum	

<latexit sha1_base64="d1WCatzN1y14u2e28UBs29/qDVU=">AAACF3icbVBNS8NAEN3U7/gV9ehlsQgVpCSi6EUoetCjgtVCE8pms9Glm03YnQgl5F948a948aCIV735b9zGHrT1wS6P92aYmRdmgmtw3S+rNjU9Mzs3v2AvLi2vrDpr69c6zRVlbZqKVHVCopngkrWBg2CdTDGShILdhP3ToX9zz5TmqbyCQcaChNxKHnNKwEg9p+mHcWH7sSK0iLAsiygre4XW5bHPJeDLRrYLO2fVH4Fd9py623Qr4EnijUgdjXDRcz79KKV5wiRQQbTuem4GQUEUcCpYafu5ZhmhfXLLuoZKkjAdFNVdJd42SoTjVJlnlqnU3x0FSbQeJKGpTAjc6XFvKP7ndXOIj4KCyywHJunPoDgXGFI8DAlHXDEKYmAIoYqbXTG9IyYjMFHaJgRv/ORJcr3X9A6a7uV+vXUyimMebaIt1EAeOkQtdI4uUBtR9ICe0At6tR6tZ+vNev8prVmjng30B9bHN2+0nsw=</latexit>

dn

dp ss

=

Z
Q(p, t)G(p, t)dt

<latexit sha1_base64="iTxym27qT5DVWJ5AlJyMSeaeecc="></latexit>

@n(p)

@t
= Q(p, t)� n(p)

⌧
esc

(p)
� n(p)

⌧
loss

� n(p)

⌧
adi
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The	Proton/Nuclei	Steady-State	
Spectra	Inside/Outside	Source	

~steady	state	via	escape	(introduces	steepening)	

~8me	limited/adiaba8c	losses	shaped	spectra	

~steady	state	escape	
spectrum	
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  Instantaneous maximum cosmic ray energy 
dependent on jet power

The	Shape	of	the	UHECR	Cutoff	
Produced	by	a	Flickering	Source	

<latexit sha1_base64="fbJFIzd4D2PIk0bEpv/m4sj0fEI=">AAACO3icbVDLThsxFPXwKBCgDbBkYxEhwYIww0PAAgmBKnUJFQlImTDyOHcSF89D9h1EZJnvYsNPsOummy5aVd12XydkwetIlo7OuUfX98SFFBp9/7s3Nj4x+WFqeqYyOzf/8VN1YbGp81JxaPBc5uoyZhqkyKCBAiVcFgpYGku4iK9PBv7FDSgt8uwc+wW0U9bNRCI4QydF1a9hnJjK58ik7NYe0sC/MsGBDSUkuBYminETxo CMnkXmm7Vm4O9s2ztQ3Tt9ZTYCa0Mluj1cd7nNLeucZlSt+XV/CPqWBCNSIyOcRtXHsJPzMoUMuWRatwK/wLZhCgWXYCthqaFg/Jp1oeVoxlLQbTO83dJVp3Rokiv3MqRD9XnCsFTrfhq7yZRhT7/2BuJ7XqvEZL9tRFaUCBl/WpSUkmJOB0XSjlDAUfYdYVwJ91fKe8w1hq7uiisheH3yW9Lcqge7df9sp3Z0PKpjmiyTFbJGArJHjsgXckoahJN78oP8Ir+9B++n98f7+zQ65o0yS+QFvH//Aazlre0=</latexit>

E
max

= 1019

✓
�Q

j

1043 erg s�1

◆
1/2

eV
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The	Shape	of	the	UHECR	Cutoff	
Produced	by	a	Flickering	Source	

<latexit sha1_base64="2R/yh5pT2dZXPi1tqJrvgTGMEWE="></latexit>

f(x,Q0) =

Z
ye


� xp

yQ

0

� (ln y)2

2�2

�

d lny

Method-	approximate	integral	as	value	at	peak	of	integrand.	
	

<latexit sha1_base64="IiFQmL3jCddsuMSlJVr0hzs2uyI=">AAACWnicbVHNa9swHJW9rR/uPrK1t13EwiCFLdhhYzuW9dJjC0tbiFwjK3IiKsuq9PNIEPondxmD/SuDKY4PW7sHgqf3fg9JT6WWwkKa/oziR4+f7Ozu7ScHT589fzF4+erSNq1hfMoa2ZjrklouheJTECD5tTac1qXkV+Xt6ca/+saNFY36CmvN85oulKgEoxCkYnBHysol1Wj17qJwqT8mVGvTrPC6cNpjfuOI5BXM3pPKUO ZW3hF7Z8B1dpfwvvdGRKpt7PjGTbx3E2LFoqbdBhMjFkvIfeKLwTAdpx3wQ5L1ZIh6nBeD72TesLbmCpik1s6yVEPuqAHBJPcJaS3XlN3SBZ8FqmjNbe66ajx+G5Q5rhoTlgLcqX8nHK2tXddlmKwpLO19byP+z5u1UH3OnVC6Ba7Y9qCqlRgavOkZz4XhDOQ6EMqMCHfFbElDURB+IwklZPef/JBcTsbZx3F68WF48qWvYw+9Rm/QCGXoEzpBZ+gcTRFDP9DvaCfajX7FcbwfH2xH46jPHKJ/EB/9AWm3tno=</latexit>

f(x,Q0) ⇡ ype


� xp

y

p

Q

0

� (ln y

p

)2

2�2

�
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(y

*e
xp
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2 ]*e

-(l
n 
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2 )

y
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x=10-2
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x=101

x=102
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<latexit sha1_base64="Fc9bQiXaf0xmK7C3eQegU0TXOmc="></latexit>

n(E) / E�p

Z 1

0
Qj(t) exp

"
� E

Ek

s
Q0

�jQj(t)

#
dt
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The	Shape	of	the	UHECR	Cutoff	
Produced	by	a	Flickering	Source	

Peak	occurs	at:	

<latexit sha1_base64="MmSEx5jZ1ctBT1yVvq0ooArXvws="></latexit>

x = 2y

1/2
p

✓
lnyp

�2
� 1

◆

First	a	bit	of	insight:	
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The	Shape	of	the	UHECR	Cutoff	
Produced	by	a	Flickering	Source	

<latexit sha1_base64="NKhrcSRVMVKP20Y3EC944d8sZ+U="></latexit>

yp(x,�) =

✓
�2

x/4

W(e��2/2�2
x/4)

◆

Inversions	of	rela8on:	

<latexit sha1_base64="MmSEx5jZ1ctBT1yVvq0ooArXvws="></latexit>

x = 2y

1/2
p

✓
lnyp

�2
� 1

◆

<latexit sha1_base64="/sJ+cffdKtGcRjkdhFOpNJYC8q8=">AAAB/nicbVDLSsNAFL2prxpfUXHlZrAIdVMSUXQjFN24rGAf0NYymU7aoZMHMxOhDQF/xY0LRdz6He78GydtFtp64HIP59zL3DluxJlUtv1tFJaWV1bXiuvmxubW9o61u9eQYSwIrZOQh6LlYkk5C2hdMcVpKxIU+y6nTXd0k/nNRyokC4N7NY5o18eDgHmMYKWlnnXQcb3EbJYnJ/QhyVp6NTHTnlWyK/YUaJE4OSlBjlrP+ur0QxL7NFCEYynbjh2pboKFYoTT1OzEkkaYjPCAtjUNsE9lN5men6JjrfSRFwpdgUJT9fdGgn0px76rJ32shnLey8T/vHasvMtuwoIoVjQgs4e8mCMVoiwL1GeCEsXHmmAimL4VkSEWmCidmKlDcOa/vEgapxXnvGLfnZWq13kcRTiEIyiDAxdQhVuoQR0IJPAMr/BmPBkvxrvxMRstGPnOPvyB8fkDSByUZw==</latexit>

W(z)eW(z) = zwhere	
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Conclusion	

§  Simple AGN model developed to investigated the effect jet 
variability has on non-thermal signatures

§  Electron and UHECR luminosities track jet power with a 
response set by cooling/escape time

§  Proxy electrons are noted, capable of probing source activity 
level on the relevant timescale for present UHECR escape

§  Variation in power causes variation in both the resultant shape 
of the spectral break and cut-off features
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Extra	Slides	



Local Scales Effect Highest Energies 
(logarithmic scale) 
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dGZK ⇠ 100 Mpc

[A. Taylor et al., Phys Rev D (2011)] 

L0 ⇡ 4⇥ 1044 erg Mpc�3 yr�1

[E. Waxman, Astrophys. J. 452 (1995)] 

L0 ⇡ L0n0 n0 ⇠ 10�5 Mpc�3

Only AGN and GRB appears to satisfy these requirements as the 
sources of extragalactic cosmic rays	

⇡ E0ṅ0 ṅ0 ⇠ 10�6 Mpc�3 yr�1

[R. Lang and A. Taylor in prep.] 
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⌧esync =
9
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Noise	Produc?on		

 0

 2

 4

 6

 8

 10

 12

 14

 0  0.2  0.4  0.6  0.8  1

A(
t)

t

red
pink

whiteImpulse	response	

A(t) = ✓(t)t�↵

@A

@t
= rand� bAn

driver	

response	

<latexit sha1_base64="O77xNYfoxU+IgPcmyjWkTnhrW4c=">AAACB3icbVDLSsNAFJ3UV42vqEtBgkVoNyURRTdC1YUuK9gHNLFMJpN26OTBzI1QQnZu/BU3LhRx6y+482+cPhbaeuDC4Zx7ufceL+FMgmV9a4WFxaXlleKqvra+sbllbO80ZZwKQhsk5rFoe1hSziLaAAacthNBcehx2vIGVyO/9UCFZHF0B8OEuiHuRSxgBIOSusa+4wWZfl0OKucOi8C8KEOF3mcsgNwHPe8aJatqjWHOE3tKSmiKetf4cvyYpCGNgHAsZce2EnAzLIARTnPdSSVNMBngHu0oGuGQSjcb/5Gbh0rxzSAWqtQtY/X3RIZDKYehpzpDDH05643E/7xOCsGZm7EoSYFGZLIoSLkJsTkKxfSZoAT4UBFMBFO3mqSPBSagotNVCPbsy/OkeVS1T6rW7XGpdjmNo4j20AEqIxudohq6QXXUQAQ9omf0it60J+1Fe9c+Jq0FbTqzi/5A+/wBpTaX6Q==</latexit>

G(f) =

Z
A(t)eiftdt

= �(↵+ 1)f↵�1
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RedPink/FlickerWhite

100

102

104

106

108

1010

1012

1014

100 101 102 103 104 105 106

P(
f)

f

"noise_fourier_white.out" u($1):($2**2.0)
"noise_fourier_white_log.out" u($1):($2**2.0/$1)

100

102

104

106

108

1010

1012

1014

100 101 102 103 104 105 106

P(
f)

f

"noise_fourier_red.out" u($1):($2**2.0)
"noise_fourier_red_log.out" u($1):($2**2.0/$1)

100

102

104

106

108

1010

1012

1014

100 101 102 103 104 105 106

P(
f)

f

"noise_fourier_pink.out" u($1):($2**2.0)
"noise_fourier_pink_log.out" u($1):($2**2.0/$1)

<latexit sha1_base64="YRUXg+r/hzSWF5+QsF7S4ypYAFA=">AAAB9XicbVBNS8NAEN34WeNX1aOXYBE8lUQUvQhFLx4r2A9oYtlsJ+3SzSbsTpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8MBVco+t+W0vLK6tr66UNe3Nre2e3vLff1EmmGDRYIhLVDqkGwSU0kKOAdqqAxqGAVji8mfitR1CaJ/IeRykEMe1LHnFG0UgPfhjlth8C0ivXHnfLFbfqTuEsEq8gFVKg3i1/+b2EZTFIZIJq3f HcFIOcKuRMwNj2Mw0pZUPah46hksagg3x69dg5NkrPiRJlSqIzVX9P5DTWehSHpjOmONDz3kT8z+tkGF0GOZdphiDZbFGUCQcTZxKB0+MKGIqRIZQpbm512IAqytAEZZsQvPmXF0nztOqdV927s0rtuoijRA7JETkhHrkgNXJL6qRBGFHkmbySN+vJerHerY9Z65JVzByQP7A+fwAj2ZGf</latexit>

� = 0
<latexit sha1_base64="s9bslC0xiJH7/J0Ws5zzxta/tl4=">AAAB9XicbVBNS8NAEJ34WeNX1aOXYBE8lUQUvQhFLx4r2A9oYtlsN+3SzSbsTpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8MBVco+t+W0vLK6tr66UNe3Nre2e3vLff1EmmKGvQRCSqHRLNBJesgRwFa6eKkTgUrBUObyZ+65EpzRN5j6OUBTHpSx5xStBID34Y5bYfMiRXnj3ulitu1Z3CWSReQSpQoN4tf/m9hGYxk0gF0brjuSkGOVHIqWBj2880Swkdkj7rGCpJzHSQT68eO8dG6TlRokxJdKbq74mcxFqP4tB0xgQHet6biP95nQyjyyDnMs2QSTpbFGXCwcSZROD0uGIUxcgQQhU3tzp0QBShaIKyTQje/MuLpHla9c6r7t1ZpXZdxFGCQziCE/DgAmpwC3VoAAUFz/AKb9aT9WK9Wx+z1iWrmDmAP7A+fwAlX5Gg</latexit>

� = 1
<latexit sha1_base64="IigJMSq+PVEodIlu9lHY0MnAeOs=">AAAB9XicbVDLSgNBEOyNr7i+oh69DAbBU9gNil6EoBePEcwDsjHMTnqTIbMPZmaVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7/ERwpR3n2yqsrK6tbxQ37a3tnd290v5BU8WpZNhgsYhl26cKBY+wobkW2E4k0tAX2PJHN1O/9YhS8Ti61+MEuyEdRDzgjGojPXh+kNmej5peVe1Jr1R2Ks4MZJm4OSlDjnqv9OX1Y5aGGGkmqFId10l0N6NScyZwYnupwoSyER1gx9CIhqi62ezqCTkxSp8EsTQVaTJTf09kNFRqHPqmM6R6qBa9qfif10l1cNnNeJSkGiM2XxSkguiYTCMgfS6RaTE2hDLJza2EDamkTJugbBOCu/jyMmlWK+55xbk7K9eu8ziKcATHcAouXEANbqEODWAg4Rle4c16sl6sd+tj3lqw8plD+APr8wcm5ZGh</latexit>

� = 2

<latexit sha1_base64="O77xNYfoxU+IgPcmyjWkTnhrW4c=">AAACB3icbVDLSsNAFJ3UV42vqEtBgkVoNyURRTdC1YUuK9gHNLFMJpN26OTBzI1QQnZu/BU3LhRx6y+482+cPhbaeuDC4Zx7ufceL+FMgmV9a4WFxaXlleKqvra+sbllbO80ZZwKQhsk5rFoe1hSziLaAAacthNBcehx2vIGVyO/9UCFZHF0B8OEuiHuRSxgBIOSusa+4wWZfl0OKucOi8C8KEOF3mcsgNwHPe8aJatqjWHOE3tKSmiKetf4cvyYpCGNgHAsZce2EnAzLIARTnPdSSVNMBngHu0oGuGQSjcb/5Gbh0rxzSAWqtQtY/X3RIZDKYehpzpDDH05643E/7xOCsGZm7EoSYFGZLIoSLkJsTkKxfSZoAT4UBFMBFO3mqSPBSagotNVCPbsy/OkeVS1T6rW7XGpdjmNo4j20AEqIxudohq6QXXUQAQ9omf0it60J+1Fe9c+Jq0FbTqzi/5A+/wBpTaX6Q==</latexit>

G(f) =

Z
A(t)eiftdt

<latexit sha1_base64="0h+Lf7Ql1UadXjPsJLTj7DoBGwM=">AAAB/3icbVC7SgNBFL0bX3F9rQo2NoNBiE3YDYo2QtBCywjmAUkMs5PZZMjsg5lZIWy28FdsLBSx9Tfs/BsnyRaaeOBeDufcy9w5bsSZVLb9beSWlldW1/Lr5sbm1vaOtbtXl2EsCK2RkIei6WJJOQtoTTHFaTMSFPsupw13eD3xG49USBYG92oU0Y6P+wHzGMFKS13roO16iVkteieX4xvdxw9JOTXTrlWwS/YUaJE4GSlAhmrX+mr3QhL7NFCEYylbjh2pToKFYoTT1GzHkkaYDHGftjQNsE9lJ5nen6JjrfSQFwpdgUJT9fdGgn0pR76rJ32sBnLem4j/ea1YeRedhAVRrGhAZg95MUcqRJMwUI8JShQfaYKJYPpWRAZYYKJ0ZKYOwZn/8iKpl0vOWcm+Oy1UrrI48nAIR1AEB86hArdQhRoQGMMzvMKb8WS8GO/Gx2w0Z2Q7+/AHxucPgjOUfQ==</latexit>

P(f) = |G(f)|2

Noise	Frequency	Distribu?on	(PSD)	

<latexit sha1_base64="TZXS+5W7os97sUmGI+gmFSmLrWE=">AAACBnicbVDLSgMxFM3UVx1foy5FCBahLiwzouiy6MZlBfuAzlgyaaYNzSRDkhHKMCs3/oobF4q49Rvc+Tem7Sy0eiBwOOdebs4JE0aVdt0vq7SwuLS8Ul6119Y3Nrec7Z2WEqnEpIkFE7ITIkUY5aSpqWakk0iC4pCRdji6mvjteyIVFfxWjxMSxGjAaUQx0kbqOft+GGV2oxod+YkUiRYwusuO/ZBolNt5z6m4NXcK+Jd4BamAAo2e8+n3BU5jwjVmSKmu5yY6yJDUFDOS236qSILwCA1I11COYqKCbBojh4dG6cNISPO4hlP150aGYqXGcWgmY6SHat6biP953VRHF0FGeZJqwvHsUJQyaNJOOoF9KgnWbGwIwpKav0I8RBJhbZqzTQnefOS/pHVS885q7s1ppX5Z1FEGe+AAVIEHzkEdXIMGaAIMHsATeAGv1qP1bL1Z77PRklXs7IJfsD6+AcCzmAk=</latexit>

P(f) / f�� Power Spectrum Density 
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Proton Spectra 
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