
Exercise #1 — Solution

NPAC course on  
Astroparticles



Voyager 1 and 2: measuring the 
interstellar spectrum of cosmic rays!



Cosmic ray intensity measured by Voyager 1 and 2 in the local interstellar medium

j(E) = A

✓
E

E0

◆0.1

E < E0 ⇠ 1 GeV

= A

✓
E

E0

◆�2.7

E > E0

<latexit sha1_base64="uhyQhzCYGA79hXTjfmJMpjbbl28="></latexit>

Intensity is what is measured by instruments

[j] = [A] = eV�1cm�2s�1sr�1

<latexit sha1_base64="GiInYV9/jnmX+3rzC9clZ+vZGuY=">AAACGXicbVDLSgMxFM3UV62vqks3oUUQxDJTBHUhVN24rGAfMDOWTJq2scnMkGSEYZi/EDf+ihsXirjUVf/GdNqFtl5I7sk593JzjxcyKpVpjozcwuLS8kp+tbC2vrG5VdzeacogEpg0cMAC0faQJIz6pKGoYqQdCoK4x0jLG16N9dYDEZIG/q2KQ+Jy1Pdpj2KkNNUpmva9C8+hfTG+E0dwSJp3yZGVQsx1rqZQTp5SZDntFMtmxcwCzgNrCsq1knP4OKrF9U7xy+kGOOLEV5ghKW3LDJWbIKEoZiQtOJEkIcJD1Ce2hj7iRLpJtlkK9zXThb1A6OMrmLG/OxLEpYy5pys5UgM5q43J/zQ7Ur1TN6F+GCni48mgXsSgCuDYJtilgmDFYg0QFlT/FeIBEggrbWZBm2DNrjwPmtWKdVw5u9FuXIJJ5MEeKIEDYIETUAPXoA4aAIMn8ALewLvxbLwaH8bnpDRnTHt2wZ8wvn8AbeqhHg==</latexit>

Number of particles of a given energy (eV-1) passing through a unit surface orthogonal 
to the arrival direction of particles (cm-2) each second (s-1) and per unit solid angle (sr-1)

dS

<latexit sha1_base64="KYWhuaPqdaifd+rpu/Jcop0vxU8=">AAAB8HicbZDLSgMxFIbP1Fsdb1WXboJFcFVmRFAXYtGNy4r2Iu1QMpm0DU0yQ5IRytCncONCEXHni7h3I76N6WWh1R8CH/9/DjnnhAln2njel5Obm19YXMovuyura+sbhc2tmo5TRWiVxDxWjRBrypmkVcMMp41EUSxCTuth/2KU1++o0iyWN2aQ0EDgrmQdRrCx1m3WUgJFQ3TdLhS9kjcW+gv+FIpn7+5p8vrpVtqFj1YUk1RQaQjHWjd9LzFBhpVhhNOh20o1TTDp4y5tWpRYUB1k44GHaM86EerEyj5p0Nj92ZFhofVAhLZSYNPTs9nI/C9rpqZzHGRMJqmhkkw+6qQcmRiNtkcRU5QYPrCAiWJ2VkR6WGFi7I1cewR/duW/UDso+YelkyuvWD6HifKwA7uwDz4cQRkuoQJVICDgHh7hyVHOg/PsvExKc860Zxt+yXn7BpUJk0c=</latexit>

d⌦

<latexit sha1_base64="poHHz/GFhVjOTmIGQWjPkecTo3U=">AAAB9XicbVDLSsNAFJ3UV42vqks3g0VwVRIR1IVYdOPOCvYBbSyTyU07dCYJMxOlhP6HGxc+cOtnuHcj/o3Tx0JbD1w4nHMv997jJ5wp7TjfVm5ufmFxKb9sr6yurW8UNrdqKk4lhSqNeSwbPlHAWQRVzTSHRiKBCJ9D3e9dDP36HUjF4uhG9xPwBOlELGSUaCPdZi0pcDDArSsBHdIuFJ2SMwKeJe6EFM8+7NPk5cuutAufrSCmqYBIU06UarpOor2MSM0oh4HdShUkhPZIB5qGRkSA8rLR1QO8Z5QAh7E0FWk8Un9PZEQo1Re+6RREd9W0NxT/85qpDo+9jEVJqiGi40VhyrGO8TACHDAJVPO+IYRKZm7FtEskodoEZZsQ3OmXZ0ntoOQelk6unWL5HI2RRztoF+0jFx2hMrpEFVRFFEn0gJ7Qs3VvPVqv1tu4NWdNZrbRH1jvP1SYlWs=</latexit>



It is more convenient to think in terms of the CR number density n(E)

[n(E)] = eV�1cm�3

<latexit sha1_base64="1u2MnWJKZqubY42TrrHy8YpH52U=">AAACB3icbVDLSgMxFM3UV62vUZeChBahIpYZFdSFUBTBZQX7gHYsmTRtQ5PMkGSEMszOjXu/wo0LRdz6C+76N6aPhbYeuNzDOfeS3OOHjCrtOAMrNTe/sLiUXs6srK6tb9ibWxUVRBKTMg5YIGs+UoRRQcqaakZqoSSI+4xU/d7V0K8+EKloIO50PyQeRx1B2xQjbaSmvVsX+et9D17AuCE5JJX7+NBNIOamHydJ0845BWcEOEvcCckVs42D50GxX2ra341WgCNOhMYMKVV3nVB7MZKaYkaSTCNSJES4hzqkbqhAnCgvHt2RwD2jtGA7kKaEhiP190aMuFJ97ptJjnRXTXtD8T+vHun2mRdTEUaaCDx+qB0xqAM4DAW2qCRYs74hCEtq/gpxF0mEtYkuY0Jwp0+eJZWjgntSOL81aVyCMdJgB2RBHrjgFBTBDSiBMsDgEbyAN/BuPVmv1of1OR5NWZOdbfAH1tcPFieajw==</latexit>

Why? Because we will need to compute the CR energy density:

wCR =

Z
dE E n(E)

<latexit sha1_base64="4Ocs6C5M8hth0JbDsPTgdczOMRM=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDEZtkVRS0kwRCwjGIekIRldjJJhszOLjOzSliTzsbO77CxUMTWT7DzI/wHJ49CEw9cOJxzL/fe44WMSmXbX8bM7Nz8wmJiKbm8srq2bm5slmQQCUyKOGCBqHhIEkY5KSqqGKmEgiDfY6TsdXIDv3xDhKQBv1bdkNR91OK0STFSWnLNnVs3zl314BmsUa5gXBM+bPTysJ/vQ57O77tmyrbsIeA0ccYklc1YR5m778eCa37WGgGOfMIVZkjKqmOHqh4joShmpJesRZKECHdQi1Q15cgnsh4PH+nBPa00YDMQuvQ1Q/X3RIx8Kbu+pzt9pNpy0huI/3nVSDVP6jHlYaQIx6NFzYhBFcBBKrBBBcGKdTVBWFB9K8RtJBBWOrukDsGZfHmalA4s59A6vdRpnIMREmAb7II0cMAxyIILUABFgME9eAIv4NV4MJ6NN+N91DpjjGe2wB8YHz8zaZss</latexit>

[wCR] = eV cm�3

<latexit sha1_base64="DOrzRKQjgNNDmNd4aekrAR5WMf4=">AAACBXicbVDLSsNAFJ3UV62vqEtdDC2CIJZEBXUhFLtxWcU+oIllMp22Q2eSMDNRQogLN/6AH+HGhSJu/Qd3/Runj4VWD1w4nHMv997jhYxKZVkDIzMzOze/kF3MLS2vrK6Z6xs1GUQCkyoOWCAaHpKEUZ9UFVWMNEJBEPcYqXv98tCv3xIhaeBfqzgkLkddn3YoRkpLLXO7eddKylepC89g4ggOSQ3eY36T7B+macssWEVrBPiX2BNSKOWdvadBKa60zC+nHeCIE19hhqRs2lao3AQJRTEjac6JJAkR7qMuaWrqI06km4y+SOGOVtqwEwhdvoIj9edEgriUMfd0J0eqJ6e9ofif14xU58RNqB9Givh4vKgTMagCOIwEtqkgWLFYE4QF1bdC3EMCYaWDy+kQ7OmX/5LaQdE+Kp5e6jTOwRhZsAXyYBfY4BiUwAWogCrA4AE8g1fwZjwaL8a78TFuzRiTmU3wC8bnNwmxmqQ=</latexit>

How do we go from j to n?

j =
dn

dE dt dS d⌦

<latexit sha1_base64="0YdL+VEKS+E9U6/sD+ZtvLijoBA=">AAACK3icbZDLSgMxFIYzXmu9VV2IuAkWwVWZEcG6EEpFcGdF2wqdUjJppsYmmSHJCGUYn8eNryKiC7UIrgQfw/SiaPWHwMd/zuHk/F7IqNK2/WKNjU9MTk2nZtKzc/MLi5ml5YoKIolJGQcskOceUoRRQcqaakbOQ0kQ9xipeu2DXr16RaSigTjTnZDUOWoJ6lOMtLEameIl3IeuLxGOY1dy2ExE8kXwEF4PUX/T6TdB95iTFk oamayds/uCf8EZQraQf7tf7X6slRqZB7cZ4IgToTFDStUcO9T1GElNMSNJ2o0UCRFuoxapGRSIE1WP+7cmcNM4TegH0jyhYd/9OREjrlSHe6aTI32hRms9879aLdJ+vh5TEUaaCDxY5EcM6gD2goNNKgnWrGMAYUnNXyG+QCY4beJNmxCc0ZP/QmU75+zk9k5MGkUwUAqsgw2wBRywCwrgCJRAGWBwA+7AE3i2bq1Hq2u9DlrHrOHMCvgl6/0TbAyrmw==</latexit>

dS

<latexit sha1_base64="KYWhuaPqdaifd+rpu/Jcop0vxU8=">AAAB8HicbZDLSgMxFIbP1Fsdb1WXboJFcFVmRFAXYtGNy4r2Iu1QMpm0DU0yQ5IRytCncONCEXHni7h3I76N6WWh1R8CH/9/DjnnhAln2njel5Obm19YXMovuyura+sbhc2tmo5TRWiVxDxWjRBrypmkVcMMp41EUSxCTuth/2KU1++o0iyWN2aQ0EDgrmQdRrCx1m3WUgJFQ3TdLhS9kjcW+gv+FIpn7+5p8vrpVtqFj1YUk1RQaQjHWjd9LzFBhpVhhNOh20o1TTDp4y5tWpRYUB1k44GHaM86EerEyj5p0Nj92ZFhofVAhLZSYNPTs9nI/C9rpqZzHGRMJqmhkkw+6qQcmRiNtkcRU5QYPrCAiWJ2VkR6WGFi7I1cewR/duW/UDso+YelkyuvWD6HifKwA7uwDz4cQRkuoQJVICDgHh7hyVHOg/PsvExKc860Zxt+yXn7BpUJk0c=</latexit>

d⌦

<latexit sha1_base64="poHHz/GFhVjOTmIGQWjPkecTo3U=">AAAB9XicbVDLSsNAFJ3UV42vqks3g0VwVRIR1IVYdOPOCvYBbSyTyU07dCYJMxOlhP6HGxc+cOtnuHcj/o3Tx0JbD1w4nHMv997jJ5wp7TjfVm5ufmFxKb9sr6yurW8UNrdqKk4lhSqNeSwbPlHAWQRVzTSHRiKBCJ9D3e9dDP36HUjF4uhG9xPwBOlELGSUaCPdZi0pcDDArSsBHdIuFJ2SMwKeJe6EFM8+7NPk5cuutAufrSCmqYBIU06UarpOor2MSM0oh4HdShUkhPZIB5qGRkSA8rLR1QO8Z5QAh7E0FWk8Un9PZEQo1Re+6RREd9W0NxT/85qpDo+9jEVJqiGi40VhyrGO8TACHDAJVPO+IYRKZm7FtEskodoEZZsQ3OmXZ0ntoOQelk6unWL5HI2RRztoF+0jFx2hMrpEFVRFFEn0gJ7Qs3VvPVqv1tu4NWdNZrbRH1jvP1SYlWs=</latexit>

! j

v
=

dn

dE v dt dS d⌦

<latexit sha1_base64="2nD8xBeTu3xR8KP0B/pT0C1GoSQ="></latexit>

vdt

<latexit sha1_base64="3O90DMS3GKRApOfSLr9Fwnt2194=">AAAB8XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmRFAXYtGNywr2gu1QMpm0DU0yQ5IplKFv4caFIrr0Qdy7Ed/GtHWhrT8EPv7/HHLOCRPOtPG8Lye3sLi0vJJfddfWNza3Cts7NR2nitAqiXmsGiHWlDNJq4YZThuJoliEnNbD/tU4rw+o0iyWt2aY0EDgrmQdRrCx1t0AZS0lUDQy7ULRK3kToXnwf6B48e6eJ6+fbqVd+GhFMUkFlYZwrHXT9xITZFgZRjgdua1U0wSTPu7SpkWJBdVBNpl4hA6sE6FOrOyTBk3c3x0ZFloPRWgrBTY9PZuNzf+yZmo6p0HGZJIaKsn0o07KkYnReH0UMUWJ4UMLmChmZ0WkhxUmxh7JtUfwZ1eeh9pRyT8und14xfIlTJWHPdiHQ/DhBMpwDRWoAgEJ9/AIT452Hpxn52VamnN+enbhj5y3b6E3k+g=</latexit>

dV

<latexit sha1_base64="glHAuWCxtXfORzjSBVBTru1dmc0=">AAAB73icbZDLSgMxFIbP1Fsdb1WXboJFcFVmRFAXYtGNywr2Au1QMpm0DU0yY5IRytCXcONCEcGVT+Lejfg2ppeFtv4Q+Pj/c8g5J0w408bzvp3cwuLS8kp+1V1b39jcKmzv1HScKkKrJOaxaoRYU84krRpmOG0kimIRcloP+1ejvH5PlWaxvDWDhAYCdyXrMIKNtRpZSwkUDWvtQtEreWOhefCnULz4cM+Tty+30i58tqKYpIJKQzjWuul7iQkyrAwjnA7dVqppgkkfd2nTosSC6iAbzztEB9aJUCdW9kmDxu7vjgwLrQcitJUCm56ezUbmf1kzNZ3TIGMySQ2VZPJRJ+XIxGi0PIqYosTwgQVMFLOzItLDChNjT+TaI/izK89D7ajkH5fObrxi+RImysMe7MMh+HACZbiGClSBAIcHeIJn5855dF6c10lpzpn27MIfOe8/QUyTIA==</latexit>

volume

=
1

4⇡

dn

dE dV
=

n

4⇡

<latexit sha1_base64="eg62hoMVE/LVcmc18No63emgEBc="></latexit>



n(E) =
4⇡

v
j(E)

<latexit sha1_base64="D+1RvNi18IiWfGT8hmiUKuvUf+g=">AAACBHicbVC7SgNBFJ31GeNr1UIkzWAQYhN2JWAshKAIlhHMA5IlzE5mkzGzs8vMbCAsW9j4KzYWitj6DWKnja2f4eRRaOKBC4dz7uXee9yQUaks68OYm19YXFpOraRX19Y3Ns2t7aoMIoFJBQcsEHUXScIoJxVFFSP1UBDku4zU3N750K/1iZA04NdqEBLHRx1OPYqR0lLLzPDcxSE8hU1PIBwXYDOkSdxP4I2WW2bWylsjwFliT0i2VPx62/383iu3zPdmO8CRT7jCDEnZsK1QOTESimJGknQzkiREuIc6pKEpRz6RTjx6IoEHWmlDLxC6uIIj9fdEjHwpB76rO32kunLaG4r/eY1IeUUnpjyMFOF4vMiLGFQBHCYC21QQrNhAE4QF1bdC3EU6DqVzS+sQ7OmXZ0n1KG8X8idXOo0zMEYKZMA+yAEbHIMSuARlUAEY3IJ78AiejDvjwXg2Xsatc8ZkZgf8gfH6A0rBmmI=</latexit>

Let us now compute the CR energy density

wCR =

Z
dE E n(E) = 4⇡

Z
dE

E

v(E)
j(E)

<latexit sha1_base64="8hGm/8aOwDsc4IO1FVF9MhJya+Q="></latexit>

Trick: split the integral

Z Emax

Emin

dE... =

Z E0

Emin

dE...+

Z Emax

E0

dE...

<latexit sha1_base64="PkfpPAs3ES5Oj+n1p93Yq5fNV9k="></latexit>

E > E0 ⇠ 1 GeV ! E =
1

2
mv2 ! v =

✓
2E

m

◆1/2

E < E) ⇠ 1 GeV ! v = c

<latexit sha1_base64="CjFFhPWffV0gbftcu68x1rSXZIE="></latexit>



j(E) = A

✓
E

E0

◆0.1

E < E0 ⇠ 1 GeV

= A

✓
E

E0

◆�2.7

E > E0

<latexit sha1_base64="uhyQhzCYGA79hXTjfmJMpjbbl28="></latexit>

wCR =

Z
dE E n(E) = 4⇡

Z
dE

E

v(E)
j(E)

<latexit sha1_base64="8hGm/8aOwDsc4IO1FVF9MhJya+Q="></latexit>

= 4⇡A

"Z E0

Emin

dE
⇣ m

2E

⌘1/2
E

✓
E

E0

◆0.1

+

Z Emax

E0

dE
E

c

✓
E

E0

◆�2.7
#

<latexit sha1_base64="Bx3l85iv2v7sD0DXZfpzjquaivw="></latexit>

m =
E0

c2

<latexit sha1_base64="MGCrZXvh/cf1bgPoYjqxH+vONnc=">AAAB/HicbVDLSsNAFJ34rPUV7ULEzWARXJWkCNaFUBTBZQX7gDaGyXTSDp1MwsxECCH+ihsXirj1O8Sdbtz6GU4fC209cOFwzr3ce48XMSqVZX0Yc/MLi0vLuZX86tr6xqa5td2QYSwwqeOQhaLlIUkY5aSuqGKkFQmCAo+Rpjc4H/rNWyIkDfm1SiLiBKjHqU8xUlpyzUIAT2HHFwinF66VpfimnLlm0SpZI8BZYk9IsVr5etv5/N6tueZ7pxviOCBcYYakbNtWpJwUCUUxI1m+E0sSITxAPdLWlKOASCcdHZ/BA610oR8KXVzBkfp7IkWBlEng6c4Aqb6c9obif147Vn7FSSmPYkU4Hi/yYwZVCIdJwC4VBCuWaIKwoPpWiPtIJ6F0Xnkdgj398ixplEv2UenkSqdxBsbIgT2wDw6BDY5BFVyCGqgDDBJwDx7Bk3FnPBjPxsu4dc6YzBTAHxivP//omCM=</latexit>

1p
2

✓
E

E0

◆�1/2 E

c

<latexit sha1_base64="1gY5msbiA6565ILIASkWROgsdUQ="></latexit>



j(E) = A

✓
E

E0

◆0.1

E < E0 ⇠ 1 GeV

= A

✓
E

E0

◆�2.7

E > E0

<latexit sha1_base64="uhyQhzCYGA79hXTjfmJMpjbbl28="></latexit>

wCR =

Z
dE E n(E) = 4⇡

Z
dE

E

v(E)
j(E)

<latexit sha1_base64="8hGm/8aOwDsc4IO1FVF9MhJya+Q="></latexit>

= 4⇡A

"Z E0

Emin

dE
⇣ m

2E

⌘1/2
E

✓
E

E0

◆0.1

+

Z Emax

E0

dE
E

c

✓
E

E0

◆�2.7
#

<latexit sha1_base64="Bx3l85iv2v7sD0DXZfpzjquaivw="></latexit>

=
4⇡AE2

0

c

"Z E0

Emin

d

✓
E

E0

◆
1p
2

✓
E

E0

◆0.6

+

Z Emax

E0

d

✓
E

E0

◆✓
E

E0

◆�1.7
#

<latexit sha1_base64="KEIpnrC9bPH5BWcipQskQ44YOMg="></latexit>

E/E0 = x

<latexit sha1_base64="J1oUZTdR0DHMY5aX7ODfRyqjcks=">AAAB8HicbVDLSgNBEOyNrxhfUY9ehgRBEOKuCOpBCErAYwTzkGQJs5PZZMjs7DIzKy5LvkIPHhTx6ud4y984eRw0saChqOqmu8uLOFPatkdWZml5ZXUtu57b2Nza3snv7tVVGEtCayTkoWx6WFHOBK1ppjltRpLiwOO04Q1uxn7jkUrFQnGvk4i6Ae4J5jOCtZEeKieVjo2u0FMnX7RL9gRokTgzUiwX2scvo3JS7eS/292QxAEVmnCsVMuxI+2mWGpGOB3m2rGiESYD3KMtQwUOqHLTycFDdGiULvJDaUpoNFF/T6Q4UCoJPNMZYN1X895Y/M9rxdq/cFMmolhTQaaL/JgjHaLx96jLJCWaJ4ZgIpm5FZE+lphok1HOhODMv7xI6qcl56x0eWfSuIYpsnAABTgCB86hDLdQhRoQCOAZ3uDdktar9WF9Tlsz1mxmH/7A+voB446SKA==</latexit>



=
4⇡AE0

c


1p
2

x1.6

1.6
|1xmin

� x�0.7

0.7
|xmax
1

�

<latexit sha1_base64="Q2tInFdSTB6gqH43epS5rZAIRyM="></latexit>

wCR =
4⇡AE0

c


1p
2

Z 1

xmin

dx x0.6 +

Z xmax

1
dx x�1.7

�

<latexit sha1_base64="JcJsflXqu45+zgGLA6z84Ggc7UU="></latexit>

xmin ⌧ 1 xmax � 1

<latexit sha1_base64="0qbxxBFACX5mCKfP/u80WgtAM38=">AAACDHicbVDLSgMxFM34rPVVFdy4CRbBVZkRQd2VunHZgn1AO5RMmpmGJpkhyUjLUPdu/BNx40IRd+IHuHPjt5jpdKGtBwKHc87l5h4vYlRp2/6yFhaXlldWc2v59Y3Nre3Czm5DhbHEpI5DFsqWhxRhVJC6ppqRViQJ4h4jTW9wmfrNGyIVDcW1HkXE5SgQ1KcYaSN1C8VhN+FUjGGHMejA2wwwVdHQqEEAHZOyS/YEcJ44U1Is79e+6UPlvdotfHZ6IY45ERozpFTbsSPtJkhqihkZ5zuxIhHCAxSQtqECcaLcZHLMGB4ZpQf9UJonNJyovycSxJUacc8kOdJ9Neul4n9eO9b+uZtQEcWaCJwt8mMGdQjTZmCPSoI1GxmCsKTmrxD3kURYm/7ypgRn9uR50jgpOaeli5ppowIy5MABOATHwAFnoAyuQBXUAQZ34BE8gxfr3nqyXq23LLpgTWf2wB9YHz864Z7M</latexit>

=
4⇡AE0

c


1p
2

1

1.6
+

1

0.7

�

<latexit sha1_base64="w+TUo10OWbI8yB/DcSQ/E8SfUpM="></latexit>

0.44 1.43

<latexit sha1_base64="mYSzMv8kgYwYwce6nNkLOB4byt8=">AAAB9XicbVDJSgNBEK2JWxy3qEcvjUHwNMzogHoQg148RjALJGPo6fQkTXoWunuUMMTv8OLBBa9+hncv4t/YWQ6a+KDg8V4VVfX8hDOpbPvbyM3NLywu5ZfNldW19Y3C5lZVxqkgtEJiHou6jyXlLKIVxRSn9URQHPqc1vzexdCv3VIhWRxdq35CvRB3IhYwgpWWbmzLddG9BnIs97BVKNqWPQKaJc6EFM8+zNPk5csstwqfzXZM0pBGinAsZcOxE+VlWChGOB2YzVTSBJMe7tCGphEOqfSy0dUDtKeVNgpioStSaKT+nshwKGU/9HVniFVXTntD8T+vkarg2MtYlKSKRmS8KEg5UjEaRoDaTFCieF8TTATTtyLSxQITpYMydQjO9MuzpHpgOa51cmUXS+cwRh52YBf2wYEjKMEllKECBAQ8wBM8G3fGo/FqvI1bc8ZkZhv+wHj/AUHjlBM=</latexit>

= 1.87
4⇡AE0

c

<latexit sha1_base64="i/vrMXzXvmsAsfUeLxVk0mEDeBQ=">AAACCHicbVC7SgNBFJ2NrxhfqxYiFg4GwSrsSiCxEKIiWEYwD8guy+xkNhky+2BmVgjL2tn4KzYWitj6BWKnja2f4eRRaOKBC4dz7uXee9yIUSEN40PLzMzOzS9kF3NLyyura/r6Rl2EMcekhkMW8qaLBGE0IDVJJSPNiBPku4w03N7ZwG9cEy5oGFzJfkRsH3UC6lGMpJIcffcYmoVyCd5Ay+MIJ0VoRRSewHPHSBOcQkfPGwVjCDhNzDHJV8pfb1uf39tVR3+32iGOfRJIzJAQLdOIpJ0gLilmJM1ZsSARwj3UIS1FA+QTYSfDR1K4r5Q29EKuKpBwqP6eSJAvRN93VaePZFdMegPxP68VS69sJzSIYkkCPFrkxQzKEA5SgW3KCZasrwjCnKpbIe4iFYhU2eVUCObky9Okflgwi4WjS5XGKRghC3bAHjgAJiiBCrgAVVADGNyCe/AInrQ77UF71l5GrRltPLMJ/kB7/QH2aps0</latexit>

1 eV/cm3

<latexit sha1_base64="5gU1qyj3Bf0RCJDXiLl7l3RH28A=">AAAB+nicbVDLSgMxFM34rPU11aWb0CIIQp1RQd0V3bisYB/QGUsmzbShSWZIMsow1q9w68aFIm79Enf9G9PHQlsPXDiccy/33hPEjCrtOENrYXFpeWU1t5Zf39jc2rYLO3UVJRKTGo5YJJsBUoRRQWqaakaasSSIB4w0gv7VyG/cE6loJG51GhOfo66gIcVIG6ltF1z4BDNPckjqR5jfnQzadskpO2PAeeJOSalS9A6fh5W02r a/vU6EE06Exgwp1XKdWPsZkppiRgZ5L1EkRriPuqRlqECcKD8bnz6A+0bpwDCSpoSGY/X3RIa4UikPTCdHuqdmvZH4n9dKdHjuZ1TEiSYCTxaFCYM6gqMcYIdKgjVLDUFYUnMrxD0kEdYmrbwJwZ19eZ7Uj8vuafnixqRxCSbIgT1QBAfABWegAq5BFdQABg/gBbyBd+vRerU+rM9J64I1ndkFf2B9/QCqR5X5</latexit>

A = 1.3⇥ 10�9eV�1cm�2s�1sr�1

<latexit sha1_base64="i2oPu963Q5k163gGLewVSFm6GCU="></latexit>



E0

<latexit sha1_base64="dWc47JpcIG5lOEDplovbnfvm6z8=">AAAB6nicbVDLSgNBEOyNrxhfUcGLl8EgeAq7Iqi3EBE8JmgekCxhdjKbDJmZXWZmhbDkE7x4UMSrV//CL/DmxW9x8jhoYkFDUdVNd1cQc6aN6345maXlldW17HpuY3Nreye/u1fXUaIIrZGIR6oZYE05k7RmmOG0GSuKRcBpIxhcjf3GPVWaRfLODGPqC9yTLGQEGyvdXnfcTr7gFt0J0CLxZqRQOqh+s/fyR6WT/2x3I5IIKg3hWOuW58bGT7EyjHA6yrUTTWNMBrhHW5ZKLKj208mpI3RslS4KI2VLGjRRf0+kWGg9FIHtFNj09bw3Fv/zWokJL/yUyTgxVJLpojDhyERo/DfqMkWJ4UNLMFHM3opIHytMjE0nZ0Pw5l9eJPXTondWvKzaNMowRRYO4QhOwINzKMENVKAGBHrwAE/w7HDn0XlxXqetGWc2sw9/4Lz9AJ7zkRU=</latexit>

j

<latexit sha1_base64="dol3bUnLN9EsZbZIYYKN6MEIVEU=">AAAB6HicbVDJSgNBEK1xjXGLelSkMQiewowI6i3oxWMCZoFkCD2dmqSTnoXuHiEMOXry4kERr35FvsOb3+BP2FkOmvig4PFeFVX1vFhwpW37y1paXlldW89sZDe3tnd2c3v7VRUlkmGFRSKSdY8qFDzEiuZaYD2WSANPYM3r34792gNKxaPwXg9idAPaCbnPGdVGKvdaubxdsCcgi8SZkXzxaFT+fjwelVq5z2Y7YkmAoWaCKtVw7Fi7KZWaM4HDbDNRGFPWpx1sGBrSAJWbTg4dklOjtIkfSVOhJhP190RKA6UGgWc6A6q7at4bi/95jUT7V27KwzjRGLLpIj8RREdk/DVpc4lMi4EhlElubiWsSyVl2mSTNSE48y8vkup5wbkoXJdNGjcwRQYO4QTOwIFLKMIdlKACDBCe4AVerZ71bL1Z79PWJWs2cwB/YH38AMHgkKE=</latexit>

0.1

-2.7

E0

<latexit sha1_base64="dWc47JpcIG5lOEDplovbnfvm6z8=">AAAB6nicbVDLSgNBEOyNrxhfUcGLl8EgeAq7Iqi3EBE8JmgekCxhdjKbDJmZXWZmhbDkE7x4UMSrV//CL/DmxW9x8jhoYkFDUdVNd1cQc6aN6345maXlldW17HpuY3Nreye/u1fXUaIIrZGIR6oZYE05k7RmmOG0GSuKRcBpIxhcjf3GPVWaRfLODGPqC9yTLGQEGyvdXnfcTr7gFt0J0CLxZqRQOqh+s/fyR6WT/2x3I5IIKg3hWOuW58bGT7EyjHA6yrUTTWNMBrhHW5ZKLKj208mpI3RslS4KI2VLGjRRf0+kWGg9FIHtFNj09bw3Fv/zWokJL/yUyTgxVJLpojDhyERo/DfqMkWJ4UNLMFHM3opIHytMjE0nZ0Pw5l9eJPXTondWvKzaNMowRRYO4QhOwINzKMENVKAGBHrwAE/w7HDn0XlxXqetGWc2sw9/4Lz9AJ7zkRU=</latexit>

n

<latexit sha1_base64="SjJJrXPnpQA/c4Iz5QLwJ7GJXhQ=">AAAB6HicbZBNS8NAEIYn9avGr6pHL8EieCqJCOpBLHrx2IL9gDaUzXbSrt1swu5GKKG/wIsHRbzqj/HuRfw3blsP2vrCwsP7zrAzEyScKe26X1ZuYXFpeSW/aq+tb2xuFbZ36ipOJcUajXksmwFRyJnAmmaaYzORSKKAYyMYXI3zxh1KxWJxo4cJ+hHpCRYySrSxqqJTKLoldyJnHrwfKF682+fJ26dd6RQ+2t2YphEKTTlRquW5ifYzIjWjHEd2O1WYEDogPWwZFCRC5WeTQUfOgXG6ThhL84R2Ju7vjoxESg2jwFRGRPfVbDY2/8taqQ5P/YyJJNUo6PSjMOWOjp3x1k6XSaSaDw0QKpmZ1aF9IgnV5ja2OYI3u/I81I9K3nHprOoWy5cwVR72YB8OwYMTKMM1VKAGFBDu4RGerFvrwXq2XqalOeunZxf+yHr9BjqHkDs=</latexit>

-2.7

-0.4

E0

<latexit sha1_base64="dWc47JpcIG5lOEDplovbnfvm6z8=">AAAB6nicbVDLSgNBEOyNrxhfUcGLl8EgeAq7Iqi3EBE8JmgekCxhdjKbDJmZXWZmhbDkE7x4UMSrV//CL/DmxW9x8jhoYkFDUdVNd1cQc6aN6345maXlldW17HpuY3Nreye/u1fXUaIIrZGIR6oZYE05k7RmmOG0GSuKRcBpIxhcjf3GPVWaRfLODGPqC9yTLGQEGyvdXnfcTr7gFt0J0CLxZqRQOqh+s/fyR6WT/2x3I5IIKg3hWOuW58bGT7EyjHA6yrUTTWNMBrhHW5ZKLKj208mpI3RslS4KI2VLGjRRf0+kWGg9FIHtFNj09bw3Fv/zWokJL/yUyTgxVJLpojDhyERo/DfqMkWJ4UNLMFHM3opIHytMjE0nZ0Pw5l9eJPXTondWvKzaNMowRRYO4QhOwINzKMENVKAGBHrwAE/w7HDn0XlxXqetGWc2sw9/4Lz9AJ7zkRU=</latexit>

E2n

<latexit sha1_base64="U2jcdKgmNtBcPiye1RzPBvYJMOU=">AAAB7XicbZDLSgMxFIbP1Fsdb1WXboJFcFVmiqAuxKIILivYC9SxZNJMG5tJhiQjlNJ3cONCETcufBT3bsS3Mb0stPWHwMf/n0POOWHCmTae9+1k5uYXFpeyy+7K6tr6Rm5zq6plqgitEMmlqodYU84ErRhmOK0niuI45LQWds+Hee2eKs2kuDa9hAYxbgsWMYKNtaoXt0WERDOX9wreSGgW/AnkTz/ck+Ttyy03c583LUnSmApDONa64XuJCfpYGUY4Hbg3qaYJJl3cpg2LAsdUB/3RtAO0Z50WiqSyTxg0cn939HGsdS8ObWWMTUdPZ0Pzv6yRmugo6DORpIYKMv4oSjkyEg1XRy2mKDG8ZwETxeysiHSwwsTYA7n2CP70yrNQLRb8g8LxlZcvncFYWdiBXdgHHw6hBJdQhgoQuIMHeIJnRzqPzovzOi7NOJOebfgj5/0HmsiRgg==</latexit>

1.6

-0.7

SED = Spectral 
Energy Distribution

It tells you where 
the energy is



The injection spectrum of CRs in the Galactic disk

Total spectrum of CRs [N(E)] = eV�1

<latexit sha1_base64="UDphLaDmsQe2ucjfAhwhDv1wHhc=">AAAB/3icbVDLSsNAFJ3UV62vqODGzdAiVMSSiKAuhKIIrqSCfUASy2Q6aYdOHsxMhBCz8B/8AjcuFHHrb7jr3zh9LLT1wIXDOfdy7z1uxKiQhjHQcnPzC4tL+eXCyura+oa+udUQYcwxqeOQhbzlIkEYDUhdUslIK+IE+S4jTbd/OfSbD4QLGgZ3MomI46NuQD2KkVRSW9+xbspX+w48h6nNfUga9+mhmWVtvWRUjBHgLDEnpFQt2gfPg2pSa+vfdifEsU8CiRkSwjKNSDop4pJiRrKCHQsSIdxHXWIpGiCfCCcd3Z/BPaV0oBdyVYGEI/X3RIp8IRLfVZ0+kj0x7Q3F/zwrlt6pk9IgiiUJ8HiRFzMoQzgMA3YoJ1iyRBGEOVW3QtxDHGGpIiuoEMzpl2dJ46hiHlfOblUaF2CMPNgFRVAGJjgBVXANaqAOMHgEL+ANvGtP2qv2oX2OW3PaZGYb/IH29QN2Npd5</latexit>

Residence time in the disk

N(E) / E�2.7

<latexit sha1_base64="opZ8rI+ZF1SgQRQaiZrW8X/c/Uc=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM7QIFbEkRajuilJwJRXsA5pYJtOJHTrJhJmJEELBj/AH3LhQxK3f4a5/4/Sx0NYDFw7n3Mu993gRo1JZ1sjILC2vrK5l13Mbm1vbO+buXlPyWGDSwJxx0faQJIyGpKGoYqQdCYICj5GWN7ga+61HIiTl4Z1KIuIG6CGkPsVIaalrHtwUa8fQiQSPFIe1+/S0XKoMu2bBKlkTwEViz0ihmndOnkfVpN41v50ex3FAQoUZkrJjW5FyUyQUxYwMc04sSYTwAD2QjqYhCoh008n5Q3iklR70udAVKjhRf0+kKJAyCTzdGSDVl/PeWPzP68TKP3dTGkaxIiGeLvJjBvWn4yxgjwqCFUs0QVhQfSvEfSQQVjqxnA7Bnn95kTTLJfusdHGr07gEU2TBIciDIrBBBVTBNaiDBsAgBS/gDbwbT8ar8WF8TlszxmxmH/yB8fUDyauXFw==</latexit>

⌧c / E�0.3

<latexit sha1_base64="yTFjjFPGfkjE2RA6CdlUodfOM5A=">AAACAHicbVDLSsNAFJ3UV62vqKALN4NFcGNJVFB3pSK4bME+oIlhMp20QyeZMDMRSsjGX3HjwiJuXfsF7tz4LU4fC209MHA4517unOPHjEplWV9GbmFxaXklv1pYW9/Y3DK3dxqSJwKTOuaMi5aPJGE0InVFFSOtWBAU+ow0/f71yG8+ECEpj+7UICZuiLoRDShGSkueue8olHgYOrHgseLw5j49sUpnmWcWrZI1Bpwn9pQUy3u1bzqsfFQ989PpcJyEJFKYISnbthUrN0VCUcxIVnASSWKE+6hL2ppGKCTSTccBMniklQ4MuNAvUnCs/t5IUSjlIPT1ZIhUT856I/E/r52o4NJNaRQnikR4cihIGNRJR23ADhUEKzbQBGFB9V8h7iGBsNKdFXQJ9mzkedI4LdnnpauabqMCJsiDA3AIjoENLkAZ3IIqqAMMMvAEXsDQeDSejVfjbTKaM6Y7u+APjPcfOWqZOw==</latexit>

N(E) = Q(E)⌧c ! Q(E) =
N(E)

⌧c(E)
/ E�2.7+0.3 = E�2.4

<latexit sha1_base64="nhF3pGk1foYjMfRCnn8JnnWXHOE="></latexit>

[Q(E)] = eV�1s�1

<latexit sha1_base64="0YzqQTjoCiUWeiNtgMEtuKgWKRY=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhahIpZEBHUhFEVw2YJ9QBLLZDpth04ezEyEELJy4wf4E25cKOLWb3DXv3GadqGtBy73cM69zNzjhowKaRgjLbewuLS8kl8trK1vbG7p2ztNEUQckwYOWMDbLhKEUZ80JJWMtENOkOcy0nKH12O/9UC4oIF/J+OQOB7q+7RHMZJK6uj7Vr18c+jAS5jY3IOkeZ8cmykUWUs7esmoGBngPDGnpFQt2kfPo2pc6+jfdjfAkUd8iRkSwjKNUDoJ4pJiRtKCHQkSIjxEfWIp6iOPCCfJzkjhgVK6sBdwVb6Emfp7I0GeELHnqkkPyYGY9cbif54Vyd65k1A/jCTx8eShXsSgDOA4E9ilnGDJYkUQ5lT9FeIB4ghLlVxBhWDOnjxPmicV87RyUVdpXIEJ8mAPFEEZmOAMVMEtqIEGwOARvIA38K49aa/ah/Y5Gc1p051d8Afa1w8oq5oJ</latexit>



CR power in the Galaxy PCR = 1041erg/s

<latexit sha1_base64="VsL0JGKLhFVWcf2wV6PPn0aS96s=">AAACBXicbVDLSsNAFJ3UV62vqEtdDC2CINRECupCKHbjsop9QBPDZDpth04mYWYihJCNG3/Aj3DjQhG3/oO7/o3Tx0KrBy4czrmXe+/xI0alsqyRkVtYXFpeya8W1tY3NrfM7Z2mDGOBSQOHLBRtH0nCKCcNRRUj7UgQFPiMtPxhbey37omQNOS3KomIG6A+pz2KkdKSZ+7XvbR2k8ELaFt3acXOYOqIABLRP5aZZ5assjUB/EvsGSlVi87R06ia1D3zy+mGOA4IV5ghKTu2FSk3RUJRzEhWcGJJIoSHqE86mnIUEOmmky8yeKCVLuyFQhdXcKL+nEhRIGUS+LozQGog572x+J/XiVXvzE0pj2JFOJ4u6sUMqhCOI4FdKghWLNEEYUH1rRAPkEBY6eAKOgR7/uW/pHlStivl82udxiWYIg/2QBEcAhucgiq4AnXQABg8gGfwCt6MR+PFeDc+pq05YzazC37B+PwGBlaaAg==</latexit>

Q(E) = A

✓
E

E0

◆�2.4

<latexit sha1_base64="suLRPLhFPLwz/Ydb1JbEmjL7kFE="></latexit>

PCR =

Z

E0

dEQ(E)E

<latexit sha1_base64="Xjc7BQreKfctRUbvcRNdNVUGJHY=">AAACDnicbVDLSgMxFM34rPU16tJNsBTqpsyIoC6EYilIcdGKfUCnDJk0bUMzmSHJCGWYL3Djr7hxoYhb1+78Bn/CTNuFth643MM595Lc44WMSmVZX8bS8srq2npmI7u5tb2za+7tN2UQCUwaOGCBaHtIEkY5aSiqGGmHgiDfY6Tljcqp37onQtKA36lxSLo+GnDapxgpLblmvubG5dsEXkKHcuXGFddKYOwIH/YSWIH1QuVYN9fMWUVrArhI7BnJla6qN6Wq+K655qfTC3DkE64wQ1J2bCtU3RgJRTEjSdaJJAkRHqEB6WjKkU9kN56ck8C8VnqwHwhdXMGJ+nsjRr6UY9/Tkz5SQznvpeJ/XidS/fNuTHkYKcLx9KF+xKAKYJoN7FFBsGJjTRAWVP8V4iESCCudYFaHYM+fvEiaJ0X7tHhRT9MAU2TAITgCBWCDM1AC16AGGgCDB/AEXsCr8Wg8G2/G+3R0yZjtHIA/MD5+APDtnHc=</latexit>

= B

Z

E0

dE

✓
E

E0

◆�2.4

E

<latexit sha1_base64="YbsHXohj5k8jkB36LAxnRbe86oI="></latexit>

= BE0

Z

1
dx x�1.4

<latexit sha1_base64="kxzzHHC2wq9ZWJJOoYMiszjKW5g=">AAACEHicbVDLSgNBEJz1GeMr6tFLo4heDLsSUA9CiAgeI5gHJHGZnUySIbOzy8ysJCyrX+DFD/EiiAdFvHr05t84eRw0WtBQVHXT3eWFnClt21/W1PTM7Nx8aiG9uLS8sppZWy+rIJKElkjAA1n1sKKcCVrSTHNaDSXFvsdpxeueDvzKNZWKBeJS90Pa8HFbsBYjWBvJzeyeQAHOXBvqTGg3dhKI69KHZgI9uIHeVbzvZHMJgJvZtrP2EPCXOGOync8nt97TQ1J0M5/1ZkAinwpNOFaq5tihbsRYakY4TdL1SNEQky5u05qhAvtUNeLhQwnsGKUJrUCaEhqG6s+JGPtK9X3PdPpYd9SkNxD/82qRbh01YibCSFNBRotaEQcdwCAdaDJJieZ9QzCRzNwKpIMlJtpkmDYhOJMv/yXlg6yTyx5fmDQKaIQU2kRbaA856BDl0TkqohIi6A49ohf0at1bz9ab9T5qnbLGMxvoF6yPbxPYndU=</latexit>

=
BE2

0

0.4

<latexit sha1_base64="rJygSru/dQxwK/nJqjweZc1DCoo=">AAAB/3icbVDLSsNAFJ3UV62vqKCIm8EiuApJKVgXQqkILivYB7QxTKaTdujkwcxEKDELf8WNC0Xc+hfiTjdu/Qynj4W2HrhwOOde7r3HjRgV0jQ/tMzc/MLiUnY5t7K6tr6hb27VRRhzTGo4ZCFvukgQRgNSk1Qy0ow4Qb7LSMPtnw39xg3hgobBlRxExPZRN6AexUgqydF3TmHb4wgnFXjumNeFNDGNYgodPW8a5ghwllgTki+Xvt52P7/3qo7+3u6EOPZJIDFDQrQsM5J2grikmJE0144FiRDuoy5pKRognwg7Gd2fwkOldKAXclWBhCP190SCfCEGvqs6fSR7Ytobiv95rVh6JTuhQRRLEuDxIi9mUIZwGAbsUE6wZANFEOZU3QpxD6k4pIosp0Kwpl+eJfWCYRWNk0uVRgWMkQX74AAcAQscgzK4AFVQAxjcgnvwCJ60O+1Be9Zexq0ZbTKzDf5Ae/0BtvyYZQ==</latexit>

B =
0.4PCR

E2
0

⇠ 2.5⇥ 1034eV�1s�1

<latexit sha1_base64="QoMQXBvwyupD1+AC0fuWYMvFEJk="></latexit>


