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Which is not zero! (?)

Where is the trick? Well, in fact you can proceed further and write:
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Where we used the condition for a strong shock for the last inequality. 
In the limit of infinite Mach number one sees that P1 goes to zero.
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A

2
(1� r2) = 0

<latexit sha1_base64="uc4zZEilFYyWKoDt5O8gKbtV2io="></latexit>

r = 1 is a solution (not a shock solution!) —> so let’s divide by (r-1)

u2
1

r
� c2s �

V 2
A

2
(r + 1) = 0

<latexit sha1_base64="5EVil7EtzgThHP263FVy6CxfZhc=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoiCWJBXUhVN24rGAf0KZhMp20QycPZiZCCfkQN/6KGxeKuHEh+DdO2iy0euByD+fcy8w9bsSokIbxpRUWFpeWV4qrpbX1jc0tfXunJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru+Drz2/eECxoGd3ISEdtHw4B6FCOpJEc/6Xkc4SR2zL6VJjyFxxA7om+pPnNazmXmWCms8CPzEF5Aw9HLRtWYAv4lZk7KIEfD0T96gxDHPgkkZkiIrmlE0k4QlxQzkpZ6sSARwmM0JF1FA+QTYSfT41J4oJQB9EKuKpBwqv7cSJAvxMR31aSP5EjMe5n4n9eNpXdmJzSIYkkCPHvIixmUIcySggPKCZZsogjCnKq/QjxCKhOp8iypEMz5k/+SllU1a9Xz21q5fpXHUQR7YB9UgAlOQR3cgAZoAgwewBN4Aa/ao/asvWnvs9GClu/sgl/QPr8BDoKezw==</latexit>



u2
1

r
� c2s �

V 2
A

2
(r + 1) = 0

<latexit sha1_base64="5EVil7EtzgThHP263FVy6CxfZhc=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoiCWJBXUhVN24rGAf0KZhMp20QycPZiZCCfkQN/6KGxeKuHEh+DdO2iy0euByD+fcy8w9bsSokIbxpRUWFpeWV4qrpbX1jc0tfXunJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru+Drz2/eECxoGd3ISEdtHw4B6FCOpJEc/6Xkc4SR2zL6VJjyFxxA7om+pPnNazmXmWCms8CPzEF5Aw9HLRtWYAv4lZk7KIEfD0T96gxDHPgkkZkiIrmlE0k4QlxQzkpZ6sSARwmM0JF1FA+QTYSfT41J4oJQB9EKuKpBwqv7cSJAvxMR31aSP5EjMe5n4n9eNpXdmJzSIYkkCPHvIixmUIcySggPKCZZsogjCnKq/QjxCKhOp8iypEMz5k/+SllU1a9Xz21q5fpXHUQR7YB9UgAlOQR3cgAZoAgwewBN4Aa/ao/asvWnvs9GClu/sgl/QPr8BDoKezw==</latexit>



u2
1

r
� c2s �

V 2
A

2
(r + 1) = 0

<latexit sha1_base64="5EVil7EtzgThHP263FVy6CxfZhc=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoiCWJBXUhVN24rGAf0KZhMp20QycPZiZCCfkQN/6KGxeKuHEh+DdO2iy0euByD+fcy8w9bsSokIbxpRUWFpeWV4qrpbX1jc0tfXunJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru+Drz2/eECxoGd3ISEdtHw4B6FCOpJEc/6Xkc4SR2zL6VJjyFxxA7om+pPnNazmXmWCms8CPzEF5Aw9HLRtWYAv4lZk7KIEfD0T96gxDHPgkkZkiIrmlE0k4QlxQzkpZ6sSARwmM0JF1FA+QTYSfT41J4oJQB9EKuKpBwqv7cSJAvxMR31aSP5EjMe5n4n9eNpXdmJzSIYkkCPHvIixmUIcySggPKCZZsogjCnKq/QjxCKhOp8iypEMz5k/+SllU1a9Xz21q5fpXHUQR7YB9UgAlOQR3cgAZoAgwewBN4Aa/ao/asvWnvs9GClu/sgl/QPr8BDoKezw==</latexit>

V 2
Ar

2 + r(2c2s + V 2
A)� 2u2

1 = 0

<latexit sha1_base64="wuO0td1Om+hXbrGEZ7U3Ayc32R8=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoSEsSCupCqLpxWcE+oI1hMp22QyeTMDMRSuhXuPFX3LhQxK2482+cpllo64ELZ865lzv3+BGjUlnWt5FbWl5ZXcuvFzY2t7Z3zN29pgxjgUkDhywUbR9JwignDUUVI+1IEBT4jLT80fXUbz0QIWnI79Q4Im6ABpz2KUZKS55ZbnqX9w4Uuk6ggCUHYk+mj9Q4hmXowNiztXQBLc8sWhUrBVwkdkaKIEPdM7+6vRDHAeEKMyRlx7Yi5SZIKIoZmRS6sSQRwiM0IB1NOQqIdJP0rAk80koP9kOhiyuYqr8nEhRIOQ583RkgNZTz3lT8z+vEqn/mJpRHsSIczxb1YwZVCKcZwR4VBCs21gRhQfVfIR4igbDSSRZ0CPb8yYuk6VTsauX8tlqsXWVx5MEBOAQlYINTUAM3oA4aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx+36pl4</latexit>



u2
1

r
� c2s �

V 2
A

2
(r + 1) = 0

<latexit sha1_base64="5EVil7EtzgThHP263FVy6CxfZhc=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoiCWJBXUhVN24rGAf0KZhMp20QycPZiZCCfkQN/6KGxeKuHEh+DdO2iy0euByD+fcy8w9bsSokIbxpRUWFpeWV4qrpbX1jc0tfXunJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru+Drz2/eECxoGd3ISEdtHw4B6FCOpJEc/6Xkc4SR2zL6VJjyFxxA7om+pPnNazmXmWCms8CPzEF5Aw9HLRtWYAv4lZk7KIEfD0T96gxDHPgkkZkiIrmlE0k4QlxQzkpZ6sSARwmM0JF1FA+QTYSfT41J4oJQB9EKuKpBwqv7cSJAvxMR31aSP5EjMe5n4n9eNpXdmJzSIYkkCPHvIixmUIcySggPKCZZsogjCnKq/QjxCKhOp8iypEMz5k/+SllU1a9Xz21q5fpXHUQR7YB9UgAlOQR3cgAZoAgwewBN4Aa/ao/asvWnvs9GClu/sgl/QPr8BDoKezw==</latexit>

V 2
Ar

2 + r(2c2s + V 2
A)� 2u2

1 = 0

<latexit sha1_base64="wuO0td1Om+hXbrGEZ7U3Ayc32R8=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoSEsSCupCqLpxWcE+oI1hMp22QyeTMDMRSuhXuPFX3LhQxK2482+cpllo64ELZ865lzv3+BGjUlnWt5FbWl5ZXcuvFzY2t7Z3zN29pgxjgUkDhywUbR9JwignDUUVI+1IEBT4jLT80fXUbz0QIWnI79Q4Im6ABpz2KUZKS55ZbnqX9w4Uuk6ggCUHYk+mj9Q4hmXowNiztXQBLc8sWhUrBVwkdkaKIEPdM7+6vRDHAeEKMyRlx7Yi5SZIKIoZmRS6sSQRwiM0IB1NOQqIdJP0rAk80koP9kOhiyuYqr8nEhRIOQ583RkgNZTz3lT8z+vEqn/mJpRHsSIczxb1YwZVCKcZwR4VBCs21gRhQfVfIR4igbDSSRZ0CPb8yYuk6VTsauX8tlqsXWVx5MEBOAQlYINTUAM3oA4aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx+36pl4</latexit>

r2

M2
A

+ r(
2

M2
+

1

M2
A

)� 2 = 0

<latexit sha1_base64="WBNv5jvBiIcB2fQrnBNQuKzM20M="></latexit>



u2
1

r
� c2s �

V 2
A

2
(r + 1) = 0

<latexit sha1_base64="5EVil7EtzgThHP263FVy6CxfZhc=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoiCWJBXUhVN24rGAf0KZhMp20QycPZiZCCfkQN/6KGxeKuHEh+DdO2iy0euByD+fcy8w9bsSokIbxpRUWFpeWV4qrpbX1jc0tfXunJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru+Drz2/eECxoGd3ISEdtHw4B6FCOpJEc/6Xkc4SR2zL6VJjyFxxA7om+pPnNazmXmWCms8CPzEF5Aw9HLRtWYAv4lZk7KIEfD0T96gxDHPgkkZkiIrmlE0k4QlxQzkpZ6sSARwmM0JF1FA+QTYSfT41J4oJQB9EKuKpBwqv7cSJAvxMR31aSP5EjMe5n4n9eNpXdmJzSIYkkCPHvIixmUIcySggPKCZZsogjCnKq/QjxCKhOp8iypEMz5k/+SllU1a9Xz21q5fpXHUQR7YB9UgAlOQR3cgAZoAgwewBN4Aa/ao/asvWnvs9GClu/sgl/QPr8BDoKezw==</latexit>

V 2
Ar

2 + r(2c2s + V 2
A)� 2u2

1 = 0

<latexit sha1_base64="wuO0td1Om+hXbrGEZ7U3Ayc32R8=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoSEsSCupCqLpxWcE+oI1hMp22QyeTMDMRSuhXuPFX3LhQxK2482+cpllo64ELZ865lzv3+BGjUlnWt5FbWl5ZXcuvFzY2t7Z3zN29pgxjgUkDhywUbR9JwignDUUVI+1IEBT4jLT80fXUbz0QIWnI79Q4Im6ABpz2KUZKS55ZbnqX9w4Uuk6ggCUHYk+mj9Q4hmXowNiztXQBLc8sWhUrBVwkdkaKIEPdM7+6vRDHAeEKMyRlx7Yi5SZIKIoZmRS6sSQRwiM0IB1NOQqIdJP0rAk80koP9kOhiyuYqr8nEhRIOQ583RkgNZTz3lT8z+vEqn/mJpRHsSIczxb1YwZVCKcZwR4VBCs21gRhQfVfIR4igbDSSRZ0CPb8yYuk6VTsauX8tlqsXWVx5MEBOAQlYINTUAM3oA4aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx+36pl4</latexit>

r2

M2
A

+ r(
2

M2
+

1

M2
A

)� 2 = 0

<latexit sha1_base64="WBNv5jvBiIcB2fQrnBNQuKzM20M="></latexit>

X



u2
1

r
� c2s �

V 2
A

2
(r + 1) = 0

<latexit sha1_base64="5EVil7EtzgThHP263FVy6CxfZhc=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoiCWJBXUhVN24rGAf0KZhMp20QycPZiZCCfkQN/6KGxeKuHEh+DdO2iy0euByD+fcy8w9bsSokIbxpRUWFpeWV4qrpbX1jc0tfXunJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru+Drz2/eECxoGd3ISEdtHw4B6FCOpJEc/6Xkc4SR2zL6VJjyFxxA7om+pPnNazmXmWCms8CPzEF5Aw9HLRtWYAv4lZk7KIEfD0T96gxDHPgkkZkiIrmlE0k4QlxQzkpZ6sSARwmM0JF1FA+QTYSfT41J4oJQB9EKuKpBwqv7cSJAvxMR31aSP5EjMe5n4n9eNpXdmJzSIYkkCPHvIixmUIcySggPKCZZsogjCnKq/QjxCKhOp8iypEMz5k/+SllU1a9Xz21q5fpXHUQR7YB9UgAlOQR3cgAZoAgwewBN4Aa/ao/asvWnvs9GClu/sgl/QPr8BDoKezw==</latexit>

V 2
Ar

2 + r(2c2s + V 2
A)� 2u2

1 = 0

<latexit sha1_base64="wuO0td1Om+hXbrGEZ7U3Ayc32R8=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoSEsSCupCqLpxWcE+oI1hMp22QyeTMDMRSuhXuPFX3LhQxK2482+cpllo64ELZ865lzv3+BGjUlnWt5FbWl5ZXcuvFzY2t7Z3zN29pgxjgUkDhywUbR9JwignDUUVI+1IEBT4jLT80fXUbz0QIWnI79Q4Im6ABpz2KUZKS55ZbnqX9w4Uuk6ggCUHYk+mj9Q4hmXowNiztXQBLc8sWhUrBVwkdkaKIEPdM7+6vRDHAeEKMyRlx7Yi5SZIKIoZmRS6sSQRwiM0IB1NOQqIdJP0rAk80koP9kOhiyuYqr8nEhRIOQ583RkgNZTz3lT8z+vEqn/mJpRHsSIczxb1YwZVCKcZwR4VBCs21gRhQfVfIR4igbDSSRZ0CPb8yYuk6VTsauX8tlqsXWVx5MEBOAQlYINTUAM3oA4aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx+36pl4</latexit>

r2

M2
A

+ r(
2

M2
+

1

M2
A

)� 2 = 0

<latexit sha1_base64="WBNv5jvBiIcB2fQrnBNQuKzM20M="></latexit>

X
The only positive solution is:

r =
p
2
u1

VA
=

p
2MA

<latexit sha1_base64="HfXgVZ99PuKkbSmBeFscjAkQV/M=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0VwVZJSUBdCqxs3QgX7gCaEyXTSDp08nJkIZch/uPFX3LhQxJXgwr9x2mZRWw9cOJxzL/fe4yeMCmlZP0ZhZXVtfaO4Wdra3tndM/cP2iJOOSYtHLOYd30kCKMRaUkqGekmnKDQZ6Tjj64nfueRcEHj6F6OE+KGaBDRgGIkteSZVQ4voSMeuFTVDDoBR1ilnp2pttfI5i3lYMTgbeY1PLNsVawp4DKxc1IGOZqe+eX0Y5yGJJKYISF6tpVIVyEuKWYkKzmpIAnCIzQgPU0jFBLhqulvGTzRSh8GMdcVSThV5ycUCoUYh77uDJEcikVvIv7n9VIZnLuKRkkqSYRni4KUQRnDSVCwTznBko01QZhTfSvEQ6TzkTrOkg7BXnx5mbSrFbtWubirletXeRxFcASOwSmwwRmogxvQBC2AwRN4AW/g3Xg2Xo0P43PWWjDymUPwB8b3L2R9oGs=</latexit>

The only positive solution is:



u2
1

r
� c2s �

V 2
A

2
(r + 1) = 0

<latexit sha1_base64="5EVil7EtzgThHP263FVy6CxfZhc=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoiCWJBXUhVN24rGAf0KZhMp20QycPZiZCCfkQN/6KGxeKuHEh+DdO2iy0euByD+fcy8w9bsSokIbxpRUWFpeWV4qrpbX1jc0tfXunJcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru+Drz2/eECxoGd3ISEdtHw4B6FCOpJEc/6Xkc4SR2zL6VJjyFxxA7om+pPnNazmXmWCms8CPzEF5Aw9HLRtWYAv4lZk7KIEfD0T96gxDHPgkkZkiIrmlE0k4QlxQzkpZ6sSARwmM0JF1FA+QTYSfT41J4oJQB9EKuKpBwqv7cSJAvxMR31aSP5EjMe5n4n9eNpXdmJzSIYkkCPHvIixmUIcySggPKCZZsogjCnKq/QjxCKhOp8iypEMz5k/+SllU1a9Xz21q5fpXHUQR7YB9UgAlOQR3cgAZoAgwewBN4Aa/ao/asvWnvs9GClu/sgl/QPr8BDoKezw==</latexit>

V 2
Ar

2 + r(2c2s + V 2
A)� 2u2

1 = 0

<latexit sha1_base64="wuO0td1Om+hXbrGEZ7U3Ayc32R8=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoSEsSCupCqLpxWcE+oI1hMp22QyeTMDMRSuhXuPFX3LhQxK2482+cpllo64ELZ865lzv3+BGjUlnWt5FbWl5ZXcuvFzY2t7Z3zN29pgxjgUkDhywUbR9JwignDUUVI+1IEBT4jLT80fXUbz0QIWnI79Q4Im6ABpz2KUZKS55ZbnqX9w4Uuk6ggCUHYk+mj9Q4hmXowNiztXQBLc8sWhUrBVwkdkaKIEPdM7+6vRDHAeEKMyRlx7Yi5SZIKIoZmRS6sSQRwiM0IB1NOQqIdJP0rAk80koP9kOhiyuYqr8nEhRIOQ583RkgNZTz3lT8z+vEqn/mJpRHsSIczxb1YwZVCKcZwR4VBCs21gRhQfVfIR4igbDSSRZ0CPb8yYuk6VTsauX8tlqsXWVx5MEBOAQlYINTUAM3oA4aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx+36pl4</latexit>

r2

M2
A

+ r(
2

M2
+

1

M2
A

)� 2 = 0

<latexit sha1_base64="WBNv5jvBiIcB2fQrnBNQuKzM20M="></latexit>

X
The only positive solution is:

r =
p
2
u1

VA
=

p
2MA

<latexit sha1_base64="HfXgVZ99PuKkbSmBeFscjAkQV/M=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0VwVZJSUBdCqxs3QgX7gCaEyXTSDp08nJkIZch/uPFX3LhQxJXgwr9x2mZRWw9cOJxzL/fe4yeMCmlZP0ZhZXVtfaO4Wdra3tndM/cP2iJOOSYtHLOYd30kCKMRaUkqGekmnKDQZ6Tjj64nfueRcEHj6F6OE+KGaBDRgGIkteSZVQ4voSMeuFTVDDoBR1ilnp2pttfI5i3lYMTgbeY1PLNsVawp4DKxc1IGOZqe+eX0Y5yGJJKYISF6tpVIVyEuKWYkKzmpIAnCIzQgPU0jFBLhqulvGTzRSh8GMdcVSThV5ycUCoUYh77uDJEcikVvIv7n9VIZnLuKRkkqSYRni4KUQRnDSVCwTznBko01QZhTfSvEQ6TzkTrOkg7BXnx5mbSrFbtWubirletXeRxFcASOwSmwwRmogxvQBC2AwRN4AW/g3Xg2Xo0P43PWWjDymUPwB8b3L2R9oGs=</latexit>

The only positive solution is:

For a non-magnetised plasma r —> infinity when M —> infinity.  
For a magnetised plasma there is, in general, a limit to r even when M —> infinity. 

The only case when r diverge is for M —> infinity AND MA —> infinity.  
But this is the case of an unmagnetised plasma!



Exercise #2 — Solution



Density of the intracluster medium

Mtot ⇠ 1015M� �! MIC ⇠ 0.1⇥Mtot ⇠ 1014M�

<latexit sha1_base64="bxr1M2gWSMZbiVFTOcPiJ9sBZXI="></latexit>



Density of the intracluster medium

Mtot ⇠ 1015M� �! MIC ⇠ 0.1⇥Mtot ⇠ 1014M�

<latexit sha1_base64="bxr1M2gWSMZbiVFTOcPiJ9sBZXI="></latexit>

nIC =
MIC

4⇡
3 R3mp

⇠ 10�3cm�3

<latexit sha1_base64="fLOS/Yk7wBJlXdgWYBhiYpKYfL8="></latexit>



Density of the intracluster medium

Mtot ⇠ 1015M� �! MIC ⇠ 0.1⇥Mtot ⇠ 1014M�

<latexit sha1_base64="bxr1M2gWSMZbiVFTOcPiJ9sBZXI="></latexit>

nIC =
MIC

4⇡
3 R3mp

⇠ 10�3cm�3

<latexit sha1_base64="fLOS/Yk7wBJlXdgWYBhiYpKYfL8="></latexit>

Energy loss time

⌧pp = (nIC�ppc)
�1 ⇡ 5⇥ 1010yr

<latexit sha1_base64="nFc9xIJTgAeyBynNkJFHd8YB7ik="></latexit>



Density of the intracluster medium

Mtot ⇠ 1015M� �! MIC ⇠ 0.1⇥Mtot ⇠ 1014M�

<latexit sha1_base64="bxr1M2gWSMZbiVFTOcPiJ9sBZXI="></latexit>

nIC =
MIC

4⇡
3 R3mp

⇠ 10�3cm�3

<latexit sha1_base64="fLOS/Yk7wBJlXdgWYBhiYpKYfL8="></latexit>

Energy loss time

⌧pp = (nIC�ppc)
�1 ⇡ 5⇥ 1010yr

<latexit sha1_base64="nFc9xIJTgAeyBynNkJFHd8YB7ik="></latexit>

Longer than the age of the Universe!



Density of the intracluster medium

Mtot ⇠ 1015M� �! MIC ⇠ 0.1⇥Mtot ⇠ 1014M�

<latexit sha1_base64="bxr1M2gWSMZbiVFTOcPiJ9sBZXI="></latexit>

nIC =
MIC

4⇡
3 R3mp

⇠ 10�3cm�3

<latexit sha1_base64="fLOS/Yk7wBJlXdgWYBhiYpKYfL8="></latexit>

Energy loss time

⌧pp = (nIC�ppc)
�1 ⇡ 5⇥ 1010yr

<latexit sha1_base64="nFc9xIJTgAeyBynNkJFHd8YB7ik="></latexit>

Longer than the age of the Universe!

Escape time

⌧esc ⇠
R2

D
⇠ 2⇥ 1012

✓
Ep

10 TeV

◆�0.3

yr

<latexit sha1_base64="Mh7N7LD0Bl08329+SrAsgl2/QQg="></latexit>



Density of the intracluster medium

Mtot ⇠ 1015M� �! MIC ⇠ 0.1⇥Mtot ⇠ 1014M�

<latexit sha1_base64="bxr1M2gWSMZbiVFTOcPiJ9sBZXI="></latexit>

nIC =
MIC

4⇡
3 R3mp

⇠ 10�3cm�3

<latexit sha1_base64="fLOS/Yk7wBJlXdgWYBhiYpKYfL8="></latexit>

Energy loss time

⌧pp = (nIC�ppc)
�1 ⇡ 5⇥ 1010yr

<latexit sha1_base64="nFc9xIJTgAeyBynNkJFHd8YB7ik="></latexit>

Longer than the age of the Universe!

Escape time

⌧esc ⇠
R2

D
⇠ 2⇥ 1012

✓
Ep

10 TeV

◆�0.3

yr

<latexit sha1_base64="Mh7N7LD0Bl08329+SrAsgl2/QQg="></latexit>
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Density of the intracluster medium
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<latexit sha1_base64="fLOS/Yk7wBJlXdgWYBhiYpKYfL8="></latexit>
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Longer than the age 
of the Universe!

Energetic protons do not have time to cool nor to escape! —> they accumulate in 
clusters for an Hubble time
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<latexit sha1_base64="fO3jbcqZKgEL7Y9iTv4phaUcA1U=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0hKQb0VvXisYFshDWWz3bRLN9lldyKW0J/hxYMiXv013vw3btsctPXBwOO9GWbmRUpwA5737ZTW1jc2t8rblZ3dvf2D6uFRx8hMU9amUkj9EBHDBE9ZGzgI9qA0I0kkWDca38z87iPThsv0HiaKhQkZpjzmlICVgh5RSssn7Ln1frXmud4ceJX4BamhAq1+9as3kDRLWApUEGMC31MQ5kQDp4JNK73MMEXomAxZYGlKEmbCfH7yFJ9ZZYBjqW2lgOfq74mcJMZMksh2JgRGZtmbif95QQbxZZjzVGXAUrpYFGcCg8Sz//GAa0ZBTCwhVHN7K6YjogkFm1LFhuAvv7xKOnXXb7hXd41a87qIo4xO0Ck6Rz66QE10i1qojSiS6Bm9ojcHnBfn3flYtJacYuYY/YHz+QNCspCa</latexit>
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<latexit sha1_base64="fO3jbcqZKgEL7Y9iTv4phaUcA1U=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0hKQb0VvXisYFshDWWz3bRLN9lldyKW0J/hxYMiXv013vw3btsctPXBwOO9GWbmRUpwA5737ZTW1jc2t8rblZ3dvf2D6uFRx8hMU9amUkj9EBHDBE9ZGzgI9qA0I0kkWDca38z87iPThsv0HiaKhQkZpjzmlICVgh5RSssn7Ln1frXmud4ceJX4BamhAq1+9as3kDRLWApUEGMC31MQ5kQDp4JNK73MMEXomAxZYGlKEmbCfH7yFJ9ZZYBjqW2lgOfq74mcJMZMksh2JgRGZtmbif95QQbxZZjzVGXAUrpYFGcCg8Sz//GAa0ZBTCwhVHN7K6YjogkFm1LFhuAvv7xKOnXXb7hXd41a87qIo4xO0Ck6Rz66QE10i1qojSiS6Bm9ojcHnBfn3flYtJacYuYY/YHz+QNCspCa</latexit>
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The Coma cluster is an extended source

#Coma =
2R

d

<latexit sha1_base64="OhiWyUl6oPIrnMycowrwmR/jllc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZJSUBdCsRuXVewDmhAmk0k7dCYJM5NCCdm68VfcuFDErX/gzr9x2mahrQcuHM65l3vv8RNGpbKsb6O0tr6xuVXeruzs7u0fmIdHXRmnApMOjlks+j6ShNGIdBRVjPQTQRD3Gen549bM702IkDSOHtQ0IS5Hw4iGFCOlJc+EzgQJNSIKeVkr5iiH19AJBcJZHd7nWZB7ZtWqWXPAVWIXpAoKtD3zywlinHISKcyQlAPbSpSb6S0UM5JXnFSSBOExGpKBphHiRLrZ/JMcnmklgGEsdEUKztXfExniUk65rzs5UiO57M3E/7xBqsJLN6NRkioS4cWiMGVQxXAWCwyoIFixqSYIC6pvhXiEdA5Kh1fRIdjLL6+Sbr1mN2pXd41q86aIowxOwCk4Bza4AE1wC9qgAzB4BM/gFbwZT8aL8W58LFpLRjFzDP7A+PwBFzCZ9g==</latexit>

So the sensitivity becomes:

�ext = �min
#Coma

#min

<latexit sha1_base64="hbJk1/z6pF5AWOpfBodc+0RD8kU=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZUYEdSEU3bisYFXolCGT3rHBJDMkd8QyzO+48VfcKCjq1h8xfSx8HQicnHPvTe6JMyks+v67NzU9Mzs3X1moLi4tr6zW1tYvbJobDm2eytRcxcyCFBraKFDCVWaAqVjCZXxzMvQvb8FYkepzHGTQVexai0Rwhk6Kas0w64uogDss6REdX5TQJQ0Tw3gR3jKDfUAWFSepYmX5XRnWlVGt7jf8EehfEkxInUzQimrPYS/luQKNXDJrO4GfYbdwUwWXUFbD3ELG+A27ho6jmimw3WK0aUm3ndKjSWrc0UhH6veOgilrByp2lYph3/72huJ/XifH5KBbCJ3lCJqPH0pySTGlw9hoTxjgKAeOMG6E+yvlfeYiQhdu1YUQ/F75L7nYbQR7jcOzvXrzeBJHhWySLbJDArJPmuSUtEibcHJPHskLefUevCfvzfsYl055k54N8gPe5xc4E6kh</latexit>

At this point Q0 can be determined by equating

��

4⇡d2
= �ext

<latexit sha1_base64="uLX/IpRO8hg6mxYMrXoDAebarq0=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJSkFdCEU3LivYCzQxTKaTduhMEmYmYgl5CTe+ihsXirgV3Pk2TtostPXAwMf/n8OZ8/sxo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvY6MEoFJG0csEj0fScJoSNqKKkZ6sSCI+4x0/fFV7nfviZA0Cm/VJCYuR8OQBhQjpSXPPHECgXDqtEbUS50h4hxlWdqATkzh4K6ewQuNuUceVOaZVatmTQsugl1AFRTV8swvZxDhhJNQYYak7NtWrNwUCUUxI1nFSSSJER6jIelrDBEn0k2nV2XwSCsDGERCv1DBqfp7IkVcygn3dSdHaiTnvVz8z+snKjhzUxrGiSIhni0KEgZVBPOI4IAKghWbaEBYUP1XiEdIx6R0kBUdgj1/8iJ06jW7UTu/aVSbl0UcZXAADsExsMEpaIJr0AJtgMEjeAav4M14Ml6Md+Nj1loyipl98KeMzx9KDp7p</latexit>



Is this plausible?

Once Q0 is determined we can estimate the power of CR sources in the cluster

PCR =

Z

1 GeV
dEpQ(Ep)Ep

<latexit sha1_base64="n0n3+y+UAIc5hj51aE9lN/5e1t4=">AAACGXicbZBNS8MwGMfT+TbnW9Wjl+AQ5mW0MlAPwnCIHjdxL7CWkmbZFpamJUmFUerH8OJX8eJBEY968tuYbjvo5gMJP/7/5yF5/n7EqFSW9W3klpZXVtfy64WNza3tHXN3ryXDWGDSxCELRcdHkjDKSVNRxUgnEgQFPiNtf1TL/PY9EZKG/E6NI+IGaMBpn2KktOSZVt1LarcpvIAO5cpL7AdHBPCatFKYZNRL4ZUXwUZJ38cZembRKluTgotgz6AIZlX3zE+nF+I4IFxhhqTs2lak3AQJRTEjacGJJYkQHqEB6WrkKCDSTSabpfBIKz3YD4U+XMGJ+nsiQYGU48DXnQFSQznvZeJ/XjdW/TM3oTyKFeF4+lA/ZlCFMIsJ9qggWLGxBoQF1X+FeIgEwkqHWdAh2PMrL0LrpGxXyueNSrF6OYsjDw7AISgBG5yCKrgBddAEGDyCZ/AK3own48V4Nz6mrTljNrMP/pTx9QMDkZ5v</latexit>

What is the CR power of all the galaxies in the Come cluster?

Milky Way —> PMW ⇠ 1041erg/s

<latexit sha1_base64="4YyTIU6TtnLnAECoFSryqC6rPFk=">AAACBnicbVDLSsNAFL3xWesr6lKEwSK4qokU1F3RjRuhgn1AG8NkOmmHziRhZiKU0JUbf8WNC0Xc+g3u/BunbRbaeuDCmXPuZe49QcKZ0o7zbS0sLi2vrBbWiusbm1vb9s5uQ8WpJLROYh7LVoAV5Syidc00p61EUiwCTpvB4GrsNx+oVCyO7vQwoZ7AvYiFjGBtJN8+qPnZTXOEOooJ5Dr3WcU1DykQlb0T5dslp+xMgOaJm5MS5Kj59lenG5NU0EgTjpVqu06ivQxLzQino2InVTTBZIB7tG1ohAVVXjY5Y4SOjNJFYSxNRRpN1N8TGRZKDUVgOgXWfTXrjcX/vHaqw3MvY1GSahqR6UdhypGO0TgT1GWSEs2HhmAimdkVkT6WmGiTXNGE4M6ePE8ap2W3Ur64rZSql3kcBdiHQzgGF86gCtdQgzoQeIRneIU368l6sd6tj2nrgpXP7MEfWJ8/46iXgA==</latexit>

Number of galaxies: 2000, but much smaller than the MW, so we expect

PCR ⌧ PMW ⇥ 2000

<latexit sha1_base64="0/vDDsX+PKWMMJZUlstakoZlhbc=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEiuCqZUlB3xW7cCFXsBdphyKRpG5q5kJwRytCVG1/FjQtF3PoM7nwb03YW2vpD4OM/53Byfj+WQgMh31ZuZXVtfSO/Wdja3tnds/cPmjpKFOMNFslItX2quRQhb4AAydux4jTwJW/5o9q03nrgSosovIdxzN2ADkLRF4yCsTz7uO6ltbsJ7kqJDd60DIIIuMZlQohnF0mJzISXwcmgiDLVPfur24tYEvAQmKRadxwSg5tSBYJJPil0E81jykZ0wDsGQ2o2uensjAk+NU4P9yNlXgh45v6eSGmg9TjwTWdAYagXa1Pzv1ongf6Fm4owToCHbL6on0gMEZ5mgntCcQZybIAyJcxfMRtSRRmY5AomBGfx5GVolktOpXR5WylWr7I48ugInaAz5KBzVEXXqI4aiKFH9Ixe0Zv1ZL1Y79bHvDVnZTOH6I+szx+lSpdU</latexit>

In fact, if you put numbers in, you get the opposite, so the answer is: NO.
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Superluminal diffusion

ld D trelevant physical quantities

ld ⇠
p
D ⇥ tdiffusion length

vd =
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t
⇠
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D

t
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for shortest times we have superluminal motion —> PARADOX!

definition of diffusion coefficient: product between particle mean free path and velocity

D ⇠ �mapc ! t⇤ =
�mfp

c

scattering time!!! —> diffusion is not a good description before t* 
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The Trinity test

Measure roughly the radius of the shock…

Assuming that the shock is in the Sedov phase Rs ⇠
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<latexit sha1_base64="5NwAKUULQXjY+3kJP3MOSS4BxJ0="></latexit>



The Trinity test

Measure roughly the radius of the shock…

Assuming that the shock is in the Sedov phase Rs ⇠
✓
E
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t2/5

<latexit sha1_base64="5NwAKUULQXjY+3kJP3MOSS4BxJ0="></latexit>

Everything is given except for E —> the “official” estimate is ~20 kiloTon



Free expansion phase?

Mbomb = 214 tons

<latexit sha1_base64="sLOk0GB/vXqvpEuCUHS3VJ+ahMo=">AAACAXicbVDNSgMxGMzWv1r/Vr0IXoKl4KnsloJ6EIpevAgVbCu0y5JNs21okl2SrFCW9uKrePGgiFffwptvY7bdg7YOBIaZfHzfTBAzqrTjfFuFldW19Y3iZmlre2d3z94/aKsokZi0cMQi+RAgRRgVpKWpZuQhlgTxgJFOMLrO/M4jkYpG4l6PY+JxNBA0pBhpI/n20a2fBhEPJvAS1tw6nPYkhzoSyrfLTtWZAS4TNydlkKPp21+9foQTToTGDCnVdZ1YeymSmmJGJqVeokiM8AgNSNdQgThRXjpLMIEVo/RhGEnzhIYz9fdEirhS4+zMCkd6qBa9TPzP6yY6PPdSKuJEE4Hni8KEmYgwqwP2qSRYs7EhCEtqboV4iCTC2pRWMiW4i5GXSbtWdevVi7t6uXGV11EEx+AEnAIXnIEGuAFN0AIYTMEzeAVv1pP1Yr1bH/OvBSufOQR/YH3+AJwmlbw=</latexit>

Mass of the bomb —>



Free expansion phase?

Mbomb = 214 tons

<latexit sha1_base64="sLOk0GB/vXqvpEuCUHS3VJ+ahMo=">AAACAXicbVDNSgMxGMzWv1r/Vr0IXoKl4KnsloJ6EIpevAgVbCu0y5JNs21okl2SrFCW9uKrePGgiFffwptvY7bdg7YOBIaZfHzfTBAzqrTjfFuFldW19Y3iZmlre2d3z94/aKsokZi0cMQi+RAgRRgVpKWpZuQhlgTxgJFOMLrO/M4jkYpG4l6PY+JxNBA0pBhpI/n20a2fBhEPJvAS1tw6nPYkhzoSyrfLTtWZAS4TNydlkKPp21+9foQTToTGDCnVdZ1YeymSmmJGJqVeokiM8AgNSNdQgThRXjpLMIEVo/RhGEnzhIYz9fdEirhS4+zMCkd6qBa9TPzP6yY6PPdSKuJEE4Hni8KEmYgwqwP2qSRYs7EhCEtqboV4iCTC2pRWMiW4i5GXSbtWdevVi7t6uXGV11EEx+AEnAIXnIEGuAFN0AIYTMEzeAVv1pP1Yr1bH/OvBSufOQR/YH3+AJwmlbw=</latexit>

Mass of the bomb —>

Mass of the swept up gas —> Msw =
4⇡

3
R3

s%

<latexit sha1_base64="D8YsLD70HtO6wblpZ6lV8ExctDI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRJbUBdC0Y0boYp9QFPDZDpph04yYWZSKSF/4MZfceNCEbdu3fk3TtsstPXAhcM593LvPV7EqFSW9W3kFhaXllfyq4W19Y3NLXN7pyF5LDCpY864aHlIEkZDUldUMdKKBEGBx0jTG1yO/eaQCEl5eKdGEekEqBdSn2KktOSah9duIh9SeA4dXyCcVKAT0TQpp/DWlfdl6AyREH3umkWrZE0A54mdkSLIUHPNL6fLcRyQUGGGpGzbVqQ6CRKKYkbSghNLEiE8QD3S1jREAZGdZPJPCg+00oU+F7pCBSfq74kEBVKOAk93Bkj15aw3Fv/z2rHyTzsJDaNYkRBPF/kxg4rDcTiwSwXBio00QVhQfSvEfaRzUTrCgg7Bnn15njSOS3aldHZTKVYvsjjyYA/sgyNggxNQBVegBuoAg0fwDF7Bm/FkvBjvxse0NWdkM7vgD4zPH5RYm8U=</latexit>



Free expansion phase?

Mbomb = 214 tons

<latexit sha1_base64="sLOk0GB/vXqvpEuCUHS3VJ+ahMo=">AAACAXicbVDNSgMxGMzWv1r/Vr0IXoKl4KnsloJ6EIpevAgVbCu0y5JNs21okl2SrFCW9uKrePGgiFffwptvY7bdg7YOBIaZfHzfTBAzqrTjfFuFldW19Y3iZmlre2d3z94/aKsokZi0cMQi+RAgRRgVpKWpZuQhlgTxgJFOMLrO/M4jkYpG4l6PY+JxNBA0pBhpI/n20a2fBhEPJvAS1tw6nPYkhzoSyrfLTtWZAS4TNydlkKPp21+9foQTToTGDCnVdZ1YeymSmmJGJqVeokiM8AgNSNdQgThRXjpLMIEVo/RhGEnzhIYz9fdEirhS4+zMCkd6qBa9TPzP6yY6PPdSKuJEE4Hni8KEmYgwqwP2qSRYs7EhCEtqboV4iCTC2pRWMiW4i5GXSbtWdevVi7t6uXGV11EEx+AEnAIXnIEGuAFN0AIYTMEzeAVv1pP1Yr1bH/OvBSufOQR/YH3+AJwmlbw=</latexit>

Mass of the bomb —>

Mass of the swept up gas —> Msw =
4⇡

3
R3

s%

<latexit sha1_base64="D8YsLD70HtO6wblpZ6lV8ExctDI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRJbUBdC0Y0boYp9QFPDZDpph04yYWZSKSF/4MZfceNCEbdu3fk3TtsstPXAhcM593LvPV7EqFSW9W3kFhaXllfyq4W19Y3NLXN7pyF5LDCpY864aHlIEkZDUldUMdKKBEGBx0jTG1yO/eaQCEl5eKdGEekEqBdSn2KktOSah9duIh9SeA4dXyCcVKAT0TQpp/DWlfdl6AyREH3umkWrZE0A54mdkSLIUHPNL6fLcRyQUGGGpGzbVqQ6CRKKYkbSghNLEiE8QD3S1jREAZGdZPJPCg+00oU+F7pCBSfq74kEBVKOAk93Bkj15aw3Fv/z2rHyTzsJDaNYkRBPF/kxg4rDcTiwSwXBio00QVhQfSvEfaRzUTrCgg7Bnn15njSOS3aldHZTKVYvsjjyYA/sgyNggxNQBVegBuoAg0fwDF7Bm/FkvBjvxse0NWdkM7vgD4zPH5RYm8U=</latexit>

Substitute numbers —> Msw o Mbomb

<latexit sha1_base64="kUue6FyiMrvcwfEzm2P3U4Bq7yo=">AAAB/XicbZBNS8MwHMZTX+d8qy83L8Ex8DRaGai3oRcvwgT3AlspaZZ2YWlSklSZpfhVvHhQxKvfw5vfxmzrQTf/EPjxPPmTJ0+QMKq043xbS8srq2vrpY3y5tb2zq69t99WIpWYtLBgQnYDpAijnLQ01Yx0E0lQHDDSCUZXE79zT6Sigt/pcUK8GEWchhQjbSTfPrzxM/WQw34URdBwIOIg9+2KU3OmAxfBLaACimn69ld/IHAaE64xQ0r1XCfRXoakppiRvNxPFUkQHqGI9AxyFBPlZdP0OawaZQBDIc3hGk7V3xsZipUam1iwGiM9VPPeRPzP66U6PPcyypNUE45nD4Upg1rASRVwQCXBmo0NICypyQrxEEmEtSmsbEpw57+8CO3TmluvXdzWK43Loo4SOALH4AS44Aw0wDVoghbA4BE8g1fwZj1ZL9a79TG7umQVOwfgz1ifP0YWlSI=</latexit>



Free expansion phase?

Mbomb = 214 tons

<latexit sha1_base64="sLOk0GB/vXqvpEuCUHS3VJ+ahMo=">AAACAXicbVDNSgMxGMzWv1r/Vr0IXoKl4KnsloJ6EIpevAgVbCu0y5JNs21okl2SrFCW9uKrePGgiFffwptvY7bdg7YOBIaZfHzfTBAzqrTjfFuFldW19Y3iZmlre2d3z94/aKsokZi0cMQi+RAgRRgVpKWpZuQhlgTxgJFOMLrO/M4jkYpG4l6PY+JxNBA0pBhpI/n20a2fBhEPJvAS1tw6nPYkhzoSyrfLTtWZAS4TNydlkKPp21+9foQTToTGDCnVdZ1YeymSmmJGJqVeokiM8AgNSNdQgThRXjpLMIEVo/RhGEnzhIYz9fdEirhS4+zMCkd6qBa9TPzP6yY6PPdSKuJEE4Hni8KEmYgwqwP2qSRYs7EhCEtqboV4iCTC2pRWMiW4i5GXSbtWdevVi7t6uXGV11EEx+AEnAIXnIEGuAFN0AIYTMEzeAVv1pP1Yr1bH/OvBSufOQR/YH3+AJwmlbw=</latexit>

Mass of the bomb —>

Mass of the swept up gas —> Msw =
4⇡

3
R3

s%

<latexit sha1_base64="D8YsLD70HtO6wblpZ6lV8ExctDI=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VxVRJbUBdC0Y0boYp9QFPDZDpph04yYWZSKSF/4MZfceNCEbdu3fk3TtsstPXAhcM593LvPV7EqFSW9W3kFhaXllfyq4W19Y3NLXN7pyF5LDCpY864aHlIEkZDUldUMdKKBEGBx0jTG1yO/eaQCEl5eKdGEekEqBdSn2KktOSah9duIh9SeA4dXyCcVKAT0TQpp/DWlfdl6AyREH3umkWrZE0A54mdkSLIUHPNL6fLcRyQUGGGpGzbVqQ6CRKKYkbSghNLEiE8QD3S1jREAZGdZPJPCg+00oU+F7pCBSfq74kEBVKOAk93Bkj15aw3Fv/z2rHyTzsJDaNYkRBPF/kxg4rDcTiwSwXBio00QVhQfSvEfaRzUTrCgg7Bnn15njSOS3aldHZTKVYvsjjyYA/sgyNggxNQBVegBuoAg0fwDF7Bm/FkvBjvxse0NWdkM7vgD4zPH5RYm8U=</latexit>

Substitute numbers —> Msw o Mbomb

<latexit sha1_base64="kUue6FyiMrvcwfEzm2P3U4Bq7yo=">AAAB/XicbZBNS8MwHMZTX+d8qy83L8Ex8DRaGai3oRcvwgT3AlspaZZ2YWlSklSZpfhVvHhQxKvfw5vfxmzrQTf/EPjxPPmTJ0+QMKq043xbS8srq2vrpY3y5tb2zq69t99WIpWYtLBgQnYDpAijnLQ01Yx0E0lQHDDSCUZXE79zT6Sigt/pcUK8GEWchhQjbSTfPrzxM/WQw34URdBwIOIg9+2KU3OmAxfBLaACimn69ld/IHAaE64xQ0r1XCfRXoakppiRvNxPFUkQHqGI9AxyFBPlZdP0OawaZQBDIc3hGk7V3xsZipUam1iwGiM9VPPeRPzP66U6PPcyypNUE45nD4Upg1rASRVwQCXBmo0NICypyQrxEEmEtSmsbEpw57+8CO3TmluvXdzWK43Loo4SOALH4AS44Aw0wDVoghbA4BE8g1fwZj1ZL9a79TG7umQVOwfgz1ifP0YWlSI=</latexit>

We are NOT in the free expansion phase!


