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Scalar Singlet model, continued

1.After copying the example program, also add the following block 
to your makefile (just copy&paste from examples/aux/makefile):

Solution (problem III)

ScalarSinglet_RD: DS_MODULE = silveira_zee 
ScalarSinglet_RD: INC_MODULE = $(INC_SILVEIRAZEE) 
ScalarSinglet_RD: ScalarSinglet_RD.f 
ScalarSinglet_RD: $(LIB)/libds_core.a $(LIB)/libds_core_user.a 
        $(ADD_SCR) libds_tmp.a $(LIB)/libds_$(DS_MODULE)_user.a $(LIB)/libds_core_user.a \  
        $(LIB)/libds_$(DS_MODULE).a $(LIB)/libds_core.a 
        $(FF) $(FOPT) $(INC) $(INC_MODULE) -L$(LIB) -o ScalarSinglet_RD ScalarSinglet_RD.f \ 
        libds_tmp.a 
        rm -f libds_tmp.a

2. Running ScalarSinglet_RD produces a data file 
ScalarSinglet_RD_acc.dat which you can feed into your 
favourite plotting program

3. To do the same with the modified annihilation rate, just add 
‘my_replaceables/dsanwx.f’ at the locations indicated by the 
red arrows

!Remember to change the output file name before re-running! 
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Scalar Singlet model, continued

Solution (problem III)
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!As expected, a different energy dependence has the strongest impact close to the resonance
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Thermal averages

1. We need a little main program to tabulate        . Possible solution:

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

h�vi
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Thermal averages

2.Then, we need to add the usual block to the makefile: 
Solution (problem IV)

ScalarSinglet_sigma_tab: DS_MODULE = silveira_zee 
ScalarSinglet_sigma_tab: INC_MODULE = $(INC_SILVEIRAZEE) 
ScalarSinglet_sigma_tab: ScalarSinglet_sigma_tab.f my_replaceables/dsanwx.f 
ScalarSinglet_sigma_tab: $(LIB)/libds_core.a $(LIB)/libds_core_user.a 
        $(ADD_SCR) libds_tmp.a $(LIB)/libds_$(DS_MODULE)_user.a $(LIB)/libds_core_user.a $
(LIB)/libds_$(DS_MODULE).a $(LIB)/libds_core.a 
        $(FF) $(FOPT) $(INC) $(INC_MODULE) -L$(LIB) -o ScalarSinglet_sigma_tab 
ScalarSinglet_sigma_tab.f my_replaceables/dsanwx.f \ 
        libds_tmp.a 
        rm -f libds_tmp.a

!
If you simply comment in/out the new 
line in your replaced file, you can use the 
same makefile block for both versions3. Make, run, and plot:

0.5 1 5 10 50 100
10-26

10-25

10-24

10-23

T [GeV]

<σ
v>

[c
m
3
/s
]

As expected, the additional 
factor of E2 leads to an 
enhancement at high 
temperatures…


