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Breakout rooms
Now go to one of the following breakout rooms

1. Relic density (standard)

2. Relic density (dark sector, coupled Boltzmann eqs.)

3. Gamma-ray (and other CR) spectra

4. J-factors

5. Neutrino signals

6. General technical support [installation/coding/shell usage/…]

You can swap later. Material from all rooms (1-5) will be provided later.

You can start right away with problem I and II above… 
See also the link to the tutorial from the ISAPP homepage

💡Actively help each other while Joakim and me go around !
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Scalar Singlet model, continued

Copy examples/aux/ScalarSinglet_RD.f to your private directory and 
Problem III: 

Now let’s have a look at one of the example programs

1. make sure that you can compile and run this main program
2. Try to understand what the program does, and how

3. Produce a plot that shows               resulting in the correct 
relic density, as well as the change (in percent) when instead 
using the ‘correction’ of the annihilation rate from problem II 

[you can ignore/comment out the parts about kinetic decoupling; we don’t need them here]
<latexit sha1_base64="MkRy3X1FFHIuE1etYk2YHwmZJwA=">AAACDHicdVDLSsNAFJ3UV62PRl26GSxC3YTEaq27ohuXFewDmhAmk0k7dPJgZiKU0F/wB9zqH7gTt/6DP+B3OGkjaNEDA4dzz33M8RJGhTTND620srq2vlHerGxt7+xW9b39nohTjkkXxyzmAw8JwmhEupJKRgYJJyj0GOl7k+u83r8nXNA4upPThDghGkU0oBhJJbl61WbK7KN66Np4TE9cvWYa56Z12TShaZhzzEnLaljQKpQaKNBx9U/bj3EakkhihoQYWmYinQxxSTEjs4qdCpIgPEEjMlQ0QiERTjY/fAaPleLDIObqRRLO1Z8dGQqFmIaecoZIjsVyLRf/rCU0H7i0XQYtJ6NRkkoS4cXyIGVQxjBPBvqUEyzZVBGEOVX3QzxGHGGp8quoYL5/D/8nvVPDahqN27Na+6qIqAwOwRGoAwtcgDa4AR3QBRik4BE8gWftQXvRXrW3hbWkFT0H4Be09y/j2JtU</latexit>

�(m�)

Hint : The default setting is a rather dense tabulation. To save time, in particular 
when testing, you thus want to first increase the parameter settings for 
logdeltam and logdeltamres
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Thermal averages

Choose one (or two) parameter combinations of                where 
you expect differences in the relic density calculation for the two 
‘models’ from the previous problem. Plot                  for these 
cases, and convince yourself that this explains the differences 
you found in problem III.

Problem IV: 

Understanding a relic density plot like from the previous 
example typically boils down to understanding the behaviour 
of the thermally averaged annihilation cross section  

Hint : The thermal average is computed by the function src/rd/dsrdthav.f

<latexit sha1_base64="MkRy3X1FFHIuE1etYk2YHwmZJwA=">AAACDHicdVDLSsNAFJ3UV62PRl26GSxC3YTEaq27ohuXFewDmhAmk0k7dPJgZiKU0F/wB9zqH7gTt/6DP+B3OGkjaNEDA4dzz33M8RJGhTTND620srq2vlHerGxt7+xW9b39nohTjkkXxyzmAw8JwmhEupJKRgYJJyj0GOl7k+u83r8nXNA4upPThDghGkU0oBhJJbl61WbK7KN66Np4TE9cvWYa56Z12TShaZhzzEnLaljQKpQaKNBx9U/bj3EakkhihoQYWmYinQxxSTEjs4qdCpIgPEEjMlQ0QiERTjY/fAaPleLDIObqRRLO1Z8dGQqFmIaecoZIjsVyLRf/rCU0H7i0XQYtJ6NRkkoS4cXyIGVQxjBPBvqUEyzZVBGEOVX3QzxGHGGp8quoYL5/D/8nvVPDahqN27Na+6qIqAwOwRGoAwtcgDa4AR3QBRik4BE8gWftQXvRXrW3hbWkFT0H4Be09y/j2JtU</latexit>

�(m�)

<latexit sha1_base64="AqvqxI58/pb7HudXY/UNrVKnRB8=">AAACFHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSQMBYwcJYJPqQmqhyXCe1ajuR7VSqov4GP8AKf8CGWNn5Ab4DJ80ALUeydHzOfdgnSBhV2nG+rMrK6tr6RnWztrW9s7tn7x90VJxKTNo4ZrHsBUgRRgVpa6oZ6SWSIB4w0g3Gd7nfnRCpaCwe9TQhPkeRoCHFSBtpYB95DImIEegpGnEEJ54s7gO77jScAnCZuCWpgxKtgf3tDWOcciI0Zkipvusk2s+Q1BQzMqt5qSIJwmMUkb6hAnGi/Kz4wAyeGmUIw1iaIzQs1N8dGeJKTXlgKjnSI7Xo5eK/XkLzgQvbdXjjZ1QkqSYCz5eHKYM6hnlCcEglwZpNDUFYUvN+iEdIIqxNjjUTjLsYwzLpnDfcq8bFw2W9eVtGVAXH4AScARdcgya4By3QBhjMwDN4Aa/Wk/VmvVsf89KKVfYcgj+wPn8Ablme3w==</latexit>

h�vi

<latexit sha1_base64="XNaKRmOh6auCV0sfgoBHqThaAcg=">AAACGHicdVC7TsMwFHV4lvIKMHaxqJDKEiUUStkqWBiL1JfURJXjuq1Vx4lsp1IVdeA3+AFW+AM2xMrGD/AduGmQoIIjWTo+515f3+NHjEpl2x/Gyura+sZmbiu/vbO7t28eHLZkGAtMmjhkoej4SBJGOWkqqhjpRIKgwGek7Y9v5n57QoSkIW+oaUS8AA05HVCMlJZ6ZsFliA8Zga6kwwDBiSsW91LjtGcWbevCdq4qNrQtO0VKqk7ZgU6mFEGGes/8dPshjgPCFWZIyq5jR8pLkFAUMzLLu7EkEcJjNCRdTTkKiPSSdIkZPNFKHw5CoQ9XMFV/diQokHIa+LoyQGokl725+KcX0fmDS9PVoOollEexIhwvhg9iBlUI5ynBPhUEKzbVBGFB9f8hHiGBsNJZ5nUw39vD/0nrzHIqVvnuvFi7ziLKgQI4BiXggEtQA7egDpoAg3vwCJ7As/FgvBivxtuidMXIeo7ALxjvX5XIn+4=</latexit>

h�vi(T )
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Variations of the ‘Steigman plot’
Now let’s have a look at variations of the same theme, for a 
slightly more complex example program

Copy examples/aux/oh2_generic_wimp.f to your private directory and 
Problem V: 

1. make sure that you can compile and run it

2. Produce the ‘Steigman plot’ for ‘p-wave annihilation’, i.e. 
assume

3. Add a generic Sommerfeld enhancement           of the s-wave 
cross section, assuming a mediator mass of 1 GeV.

4. Explore the effect of adding a sharp Breit-Wigner resonance, by 
using                                     , with mR=200 GeV and Γ/m=0.001.

[Note the effect of the two makefile targets for this program! Cf. also Fig. 3 in the DarkSUSY article

<latexit sha1_base64="PQMD3SIKcm/9yKkHuRAMTNRrfHA=">AAACEXicdVDLTgIxFO3gC/E1PnZuGomJKzIDirgjunGJiTwSQNIpBRramabtkOCEr/AH3OofuDNu/QJ/wO+wM4yJEj1Jk5Nz7u2993iCUaUd58PKLC2vrK5l13Mbm1vbO/buXkMFocSkjgMWyJaHFGHUJ3VNNSMtIQniHiNNb3wV+80JkYoG/q2eCtLlaOjTAcVIG6lnH3QUHXIEJ7AjZCB0ACd3xZ6ddwpnjntRdqBTcBIkpOKWXOimSh6kqPXsz04/wCEnvsYMKdV2HaG7EZKaYkZmuU6oiEB4jIakbaiPOFHdKNl+Bo+N0oeDQJrna5ioPzsixJWacs9UcqRHatGLxT89QeMPF6brQaUbUV+Emvh4PnwQMmgOj+OBfSoJ1mxqCMKSmv0hHiGJsDYh5kww39fD/0mjWHDLhdLNab56mUaUBYfgCJwAF5yDKrgGNVAHGNyDR/AEnq0H68V6td7mpRkr7dkHv2C9fwG5FJ1l</latexit>

�v / v2

[Cf. Fig. 4 in https://arxiv.org/pdf/2007.03696]
<latexit sha1_base64="FAjb/7JFCmL1PMR2LLmMhWTkQXc=">AAAB/3icdVDLSgMxFM34rPVVdekmWIS6GTJWa90V3bisaB/QDiWTpm1oJjMkmUIZuvAH3OofuBO3foo/4HeYmY6gRQ8EDufcV44XcqY0Qh/W0vLK6tp6biO/ubW9s1vY22+qIJKENkjAA9n2sKKcCdrQTHPaDiXFvsdpyxtfJ35rQqVigbjX05C6Ph4KNmAE60S6K01OeoUiss+Rc1lBENkoRUqqTtmBTqYUQYZ6r/DZ7Qck8qnQhGOlOg4KtRtjqRnhdJbvRoqGmIzxkHYMFdinyo3TW2fw2Ch9OAikeULDVP3ZEWNfqanvmUof65Fa9BLxTy9kycCF7XpQdWMmwkhTQebLBxGHOoBJGLDPJCWaTw3BRDJzPyQjLDHRJrK8Ceb79/B/0jy1nYpdvj0r1q6yiHLgEByBEnDABaiBG1AHDUDACDyCJ/BsPVgv1qv1Ni9dsrKeA/AL1vsXzKWWZQ==</latexit>

S(v)

<latexit sha1_base64="VYZfPjHMPzcht6/e5gNXpJ1s0mg="></latexit>

�v / 1/[(s�m2
R)

+m2
R�

2
R]

Hints : @3 Particle physics-dependent, but ‘generic’ auxiliary functions like 
Sommerfeld enhancement factors are found in src_models/common/aux/
@4 Does your code capture the resonance correctly? Remember (from the 
general intro) that the RD routines build on two interface functions…

https://arxiv.org/pdf/2007.03696
https://arxiv.org/pdf/2007.03696

