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The Higgs sector of the MSSM

A SUSY peculiarity: the Higgs quartic couplings are not free parameters as in SM / THDM

Two complex doublets H1 and H2 , five physical states after EWSB:  h , H , A , H±

At tree-level, the CP-even masses can be expressed in terms of MZ , MA  and tanß = v2/v1      

(in)famous upper bound on the tree-level mass: M tree
h < MZ | cos 2�|

For MA >> MZ  (decoupling limit)  the lightest scalar  h  has SM-like couplings to fermions and 
gauge bosons; the other Higgses are mass-degenerate, decoupled from gauge-boson pairs, 
and their couplings to up-type (down-type) SM fermions are suppressed (enhanced) by tanß

Large radiative corrections 
to obtain  Mh  ≈ 125 GeV :
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g h2-loop:

The dominant 1-loop corrections to the Higgs masses are due to the particles with the 
strongest couplings to the Higgs bosons:  the top (and bottom) quarks and squarks

Radiative corrections to the light-Higgs mass in the MSSM
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A quarter-century of calculations gave us full 1-loop, almost-full 2-loop and partial 3-loop results

When loop corrections are large, it is vital to include higher orders 

Public codes for the 2- or 3-loop calculation 
of the Higgs-boson masses in the MSSM:

CPsuperH, FeynHiggs, H3m, 

SPheno, SoftSUSY, SuSpect …

Also, public codes for 1- or 2-loop calculations in 
“generic” models (applicable Beyond MSSM) SARAH,  FlexibleSUSY



n-loop corrections to the Higgs masses contain terms enhanced by  ln(MS/MEW)n !!!

For multi-TeV SUSY masses, such terms must be resummed in an EFT approach

- “Maximal-mixing” scenarios (Xt  ≈ √6 MS) can work with stops around the TeV  
(but only if  tanß  and  MA  are large enough that  Mh ≈ MZ  at tree level)

- Small-mixing (Xt  << MS) or small tanß (or MA ) require multi-TeV stop masses 
to reach Mh ≈ 125 GeV  via the large logarithmic term

–

(decoupling limit,  MS =  average stop mass,  Xt = At - µ cotß  =  L-R stop mixing)
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Dominant 1-loop corrections to the light-Higgs mass from top/stop and sbottom loops:
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The simplest scenario:  all SUSY particles are heavy, with masses around MS
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<latexit sha1_base64="dhmN4Dp6XoFroG+JRIOsTF/a0r0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRssr46jCGZzDJfhwAy24hzZ0gEIMz/AKb0iiF/SOPpatFVTOnMIfoM8fDh6OLQ==</latexit><latexit sha1_base64="dhmN4Dp6XoFroG+JRIOsTF/a0r0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRssr46jCGZzDJfhwAy24hzZ0gEIMz/AKb0iiF/SOPpatFVTOnMIfoM8fDh6OLQ==</latexit><latexit sha1_base64="dhmN4Dp6XoFroG+JRIOsTF/a0r0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRssr46jCGZzDJfhwAy24hzZ0gEIMz/AKb0iiF/SOPpatFVTOnMIfoM8fDh6OLQ==</latexit><latexit sha1_base64="dhmN4Dp6XoFroG+JRIOsTF/a0r0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRssr46jCGZzDJfhwAy24hzZ0gEIMz/AKb0iiF/SOPpatFVTOnMIfoM8fDh6OLQ==</latexit>

 �
<latexit sha1_base64="dhmN4Dp6XoFroG+JRIOsTF/a0r0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRssr46jCGZzDJfhwAy24hzZ0gEIMz/AKb0iiF/SOPpatFVTOnMIfoM8fDh6OLQ==</latexit><latexit sha1_base64="dhmN4Dp6XoFroG+JRIOsTF/a0r0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRssr46jCGZzDJfhwAy24hzZ0gEIMz/AKb0iiF/SOPpatFVTOnMIfoM8fDh6OLQ==</latexit><latexit sha1_base64="dhmN4Dp6XoFroG+JRIOsTF/a0r0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRssr46jCGZzDJfhwAy24hzZ0gEIMz/AKb0iiF/SOPpatFVTOnMIfoM8fDh6OLQ==</latexit><latexit sha1_base64="dhmN4Dp6XoFroG+JRIOsTF/a0r0=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRssr46jCGZzDJfhwAy24hzZ0gEIMz/AKb0iiF/SOPpatFVTOnMIfoM8fDh6OLQ==</latexit>



SM (5f)

MSSM

QW

SM-EFT

R
G

E

R
G

E

The simplest scenario:  all SUSY particles are heavy, with masses around MS

MS

MEW  
(= MZ, Mt )

LSM�EFT = �m2|�|2 � �

2
|�|4 +

�
gt tR �T ✏ qL + h.c.

�
+ . . .

� c6 |�|6 +
�
ct |�|2 tR �T ✏ qL + h.c.

�
+ . . .

<latexit sha1_base64="bEx19ZelKfbLGzGvQdmSRc5vLPY="></latexit><latexit sha1_base64="bEx19ZelKfbLGzGvQdmSRc5vLPY="></latexit><latexit sha1_base64="bEx19ZelKfbLGzGvQdmSRc5vLPY="></latexit><latexit sha1_base64="bEx19ZelKfbLGzGvQdmSRc5vLPY="></latexit>

g(MEW ), g0(MEW ), gs(MEW ), gt(MEW ) = (. . .)
<latexit sha1_base64="iVbhXwzyqoN+KMuOzLTZEwiuwsA="></latexit><latexit sha1_base64="OqIULkt36xXfmeopAZZZOueWlzg="></latexit><latexit sha1_base64="OqIULkt36xXfmeopAZZZOueWlzg="></latexit><latexit sha1_base64="TDBOqi+Wy8T5f/V1Rou3cv5emVk="></latexit>

�(MS) =

�
g2 + g0 2

�

4
cos2 2� + ��

c6(MS) = �
�
g2 + g0 2

�

64M2
S

sin2 4� + �c6
<latexit sha1_base64="UIkBmftmiM9A6tq7l9aKlPSPgIs="></latexit><latexit sha1_base64="UIkBmftmiM9A6tq7l9aKlPSPgIs="></latexit><latexit sha1_base64="UIkBmftmiM9A6tq7l9aKlPSPgIs="></latexit><latexit sha1_base64="UIkBmftmiM9A6tq7l9aKlPSPgIs="></latexit>

8
>><

>>:
<latexit sha1_base64="dpH+RoEgk7O+iZGJrBqtLUM+cjU=">AAACHHicbVDLSgMxFM34rPVVdelmsAiuykwVdFlw47KCrUIzlEx6pw1NMkNyRyhDP8SNv+LGhSJuXAj+jekD8XUgcDjnPnJPnElhMQg+vIXFpeWV1dJaeX1jc2u7srPbtmluOLR4KlNzEzMLUmhooUAJN5kBpmIJ1/HwfOJf34KxItVXOMogUqyvRSI4Qyd1K8dUQoK0oDH0hS6YMWw0LviY0k4YKBVRSkH35jo1oj/AWrdSDWrBFP4XCX+TKpmj2a280V7KcwUauWTWutEZRm4oCi5hXKa5hYzxIetDx1HNFNiomB439g+d0vOT1Lin0Z+q3zsKpqwdqdhVKoYD+9ubiP95nRyTs6gQOssRNJ8tSnLpY+pPkvJ7wgBHOXKEcSPcX30+YIZxdHmWXQh/Tv5L2vVaGNTCy5Nqoz6Po0T2yQE5IiE5JQ1yQZqkRTi5Iw/kiTx7996j9+K9zkoXvHnPHvkB7/0T1iqjAA==</latexit><latexit sha1_base64="dpH+RoEgk7O+iZGJrBqtLUM+cjU=">AAACHHicbVDLSgMxFM34rPVVdelmsAiuykwVdFlw47KCrUIzlEx6pw1NMkNyRyhDP8SNv+LGhSJuXAj+jekD8XUgcDjnPnJPnElhMQg+vIXFpeWV1dJaeX1jc2u7srPbtmluOLR4KlNzEzMLUmhooUAJN5kBpmIJ1/HwfOJf34KxItVXOMogUqyvRSI4Qyd1K8dUQoK0oDH0hS6YMWw0LviY0k4YKBVRSkH35jo1oj/AWrdSDWrBFP4XCX+TKpmj2a280V7KcwUauWTWutEZRm4oCi5hXKa5hYzxIetDx1HNFNiomB439g+d0vOT1Lin0Z+q3zsKpqwdqdhVKoYD+9ubiP95nRyTs6gQOssRNJ8tSnLpY+pPkvJ7wgBHOXKEcSPcX30+YIZxdHmWXQh/Tv5L2vVaGNTCy5Nqoz6Po0T2yQE5IiE5JQ1yQZqkRTi5Iw/kiTx7996j9+K9zkoXvHnPHvkB7/0T1iqjAA==</latexit><latexit sha1_base64="dpH+RoEgk7O+iZGJrBqtLUM+cjU=">AAACHHicbVDLSgMxFM34rPVVdelmsAiuykwVdFlw47KCrUIzlEx6pw1NMkNyRyhDP8SNv+LGhSJuXAj+jekD8XUgcDjnPnJPnElhMQg+vIXFpeWV1dJaeX1jc2u7srPbtmluOLR4KlNzEzMLUmhooUAJN5kBpmIJ1/HwfOJf34KxItVXOMogUqyvRSI4Qyd1K8dUQoK0oDH0hS6YMWw0LviY0k4YKBVRSkH35jo1oj/AWrdSDWrBFP4XCX+TKpmj2a280V7KcwUauWTWutEZRm4oCi5hXKa5hYzxIetDx1HNFNiomB439g+d0vOT1Lin0Z+q3zsKpqwdqdhVKoYD+9ubiP95nRyTs6gQOssRNJ8tSnLpY+pPkvJ7wgBHOXKEcSPcX30+YIZxdHmWXQh/Tv5L2vVaGNTCy5Nqoz6Po0T2yQE5IiE5JQ1yQZqkRTi5Iw/kiTx7996j9+K9zkoXvHnPHvkB7/0T1iqjAA==</latexit><latexit sha1_base64="dpH+RoEgk7O+iZGJrBqtLUM+cjU=">AAACHHicbVDLSgMxFM34rPVVdelmsAiuykwVdFlw47KCrUIzlEx6pw1NMkNyRyhDP8SNv+LGhSJuXAj+jekD8XUgcDjnPnJPnElhMQg+vIXFpeWV1dJaeX1jc2u7srPbtmluOLR4KlNzEzMLUmhooUAJN5kBpmIJ1/HwfOJf34KxItVXOMogUqyvRSI4Qyd1K8dUQoK0oDH0hS6YMWw0LviY0k4YKBVRSkH35jo1oj/AWrdSDWrBFP4XCX+TKpmj2a280V7KcwUauWTWutEZRm4oCi5hXKa5hYzxIetDx1HNFNiomB439g+d0vOT1Lin0Z+q3zsKpqwdqdhVKoYD+9ubiP95nRyTs6gQOssRNJ8tSnLpY+pPkvJ7wgBHOXKEcSPcX30+YIZxdHmWXQh/Tv5L2vVaGNTCy5Nqoz6Po0T2yQE5IiE5JQ1yQZqkRTi5Iw/kiTx7996j9+K9zkoXvHnPHvkB7/0T1iqjAA==</latexit>

M2
h = 2 v2 �(QW ) + 12 v4 c6(QW ) + . . . + (�M2

h)
SM�EFT

<latexit sha1_base64="0tGLOIgmKF6LagKXMMV9knXkZ6c="></latexit><latexit sha1_base64="0tGLOIgmKF6LagKXMMV9knXkZ6c="></latexit><latexit sha1_base64="0tGLOIgmKF6LagKXMMV9knXkZ6c="></latexit><latexit sha1_base64="0tGLOIgmKF6LagKXMMV9knXkZ6c="></latexit>
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The simplest scenario:  all SUSY particles are heavy, with masses around MS

MS

MEW  
(= MZ, Mt )

LSM�EFT = �m2|�|2 � �

2
|�|4 +

�
gt tR �T ✏ qL + h.c.

�
+ . . .

� c6 |�|6 +
�
ct |�|2 tR �T ✏ qL + h.c.

�
+ . . .

<latexit sha1_base64="bEx19ZelKfbLGzGvQdmSRc5vLPY="></latexit><latexit sha1_base64="bEx19ZelKfbLGzGvQdmSRc5vLPY="></latexit><latexit sha1_base64="bEx19ZelKfbLGzGvQdmSRc5vLPY="></latexit><latexit sha1_base64="bEx19ZelKfbLGzGvQdmSRc5vLPY="></latexit>

 Using the “pure” SM as EFT resums the large logarithms, but neglects effects of O(v2/M2
S)

<latexit sha1_base64="Ois9U6V5LQKc0MsU2k5XtJJeldM=">AAAB/HicdVDJSgNBFHzjGuM2mqOXxiDES5wZBD0GvHgRI5oFksnQ0+kkTXoWunsCwxB/xYsHRbz6Id78GzuLELeCB0XVe7yi/JgzqSzrw1haXlldW89t5De3tnd2zb39uowSQWiNRDwSTR9LyllIa4opTpuxoDjwOW34w4uJ3xhRIVkU3qk0pm6A+yHrMYKVljyzkLUJ5uh6XBp1nJMr77bjHHtm0S5bUyDrF/myijBH1TPf292IJAENFeFYypZtxcrNsFCMcDrOtxNJY0yGuE9bmoY4oNLNpuHH6EgrXdSLhJ5Qoam6eJHhQMo08PVmgNVA/vQm4l9eK1G9czdjYZwoGpLZo17CkYrQpAnUZYISxVNNMBFMZ0VkgAUmSveVXyzhf1J3yrZVtm9OixVnXkcODuAQSmDDGVTgEqpQAwIpPMATPBv3xqPxYrzOVpeM+U0BvsF4+wSehpNi</latexit><latexit sha1_base64="Ois9U6V5LQKc0MsU2k5XtJJeldM=">AAAB/HicdVDJSgNBFHzjGuM2mqOXxiDES5wZBD0GvHgRI5oFksnQ0+kkTXoWunsCwxB/xYsHRbz6Id78GzuLELeCB0XVe7yi/JgzqSzrw1haXlldW89t5De3tnd2zb39uowSQWiNRDwSTR9LyllIa4opTpuxoDjwOW34w4uJ3xhRIVkU3qk0pm6A+yHrMYKVljyzkLUJ5uh6XBp1nJMr77bjHHtm0S5bUyDrF/myijBH1TPf292IJAENFeFYypZtxcrNsFCMcDrOtxNJY0yGuE9bmoY4oNLNpuHH6EgrXdSLhJ5Qoam6eJHhQMo08PVmgNVA/vQm4l9eK1G9czdjYZwoGpLZo17CkYrQpAnUZYISxVNNMBFMZ0VkgAUmSveVXyzhf1J3yrZVtm9OixVnXkcODuAQSmDDGVTgEqpQAwIpPMATPBv3xqPxYrzOVpeM+U0BvsF4+wSehpNi</latexit><latexit sha1_base64="Ois9U6V5LQKc0MsU2k5XtJJeldM=">AAAB/HicdVDJSgNBFHzjGuM2mqOXxiDES5wZBD0GvHgRI5oFksnQ0+kkTXoWunsCwxB/xYsHRbz6Id78GzuLELeCB0XVe7yi/JgzqSzrw1haXlldW89t5De3tnd2zb39uowSQWiNRDwSTR9LyllIa4opTpuxoDjwOW34w4uJ3xhRIVkU3qk0pm6A+yHrMYKVljyzkLUJ5uh6XBp1nJMr77bjHHtm0S5bUyDrF/myijBH1TPf292IJAENFeFYypZtxcrNsFCMcDrOtxNJY0yGuE9bmoY4oNLNpuHH6EgrXdSLhJ5Qoam6eJHhQMo08PVmgNVA/vQm4l9eK1G9czdjYZwoGpLZo17CkYrQpAnUZYISxVNNMBFMZ0VkgAUmSveVXyzhf1J3yrZVtm9OixVnXkcODuAQSmDDGVTgEqpQAwIpPMATPBv3xqPxYrzOVpeM+U0BvsF4+wSehpNi</latexit><latexit sha1_base64="Ois9U6V5LQKc0MsU2k5XtJJeldM=">AAAB/HicdVDJSgNBFHzjGuM2mqOXxiDES5wZBD0GvHgRI5oFksnQ0+kkTXoWunsCwxB/xYsHRbz6Id78GzuLELeCB0XVe7yi/JgzqSzrw1haXlldW89t5De3tnd2zb39uowSQWiNRDwSTR9LyllIa4opTpuxoDjwOW34w4uJ3xhRIVkU3qk0pm6A+yHrMYKVljyzkLUJ5uh6XBp1nJMr77bjHHtm0S5bUyDrF/myijBH1TPf292IJAENFeFYypZtxcrNsFCMcDrOtxNJY0yGuE9bmoY4oNLNpuHH6EgrXdSLhJ5Qoam6eJHhQMo08PVmgNVA/vQm4l9eK1G9czdjYZwoGpLZo17CkYrQpAnUZYISxVNNMBFMZ0VkgAUmSveVXyzhf1J3yrZVtm9OixVnXkcODuAQSmDDGVTgEqpQAwIpPMATPBv3xqPxYrzOVpeM+U0BvsF4+wSehpNi</latexit>

g(MEW ), g0(MEW ), gs(MEW ), gt(MEW ) = (. . .)
<latexit sha1_base64="iVbhXwzyqoN+KMuOzLTZEwiuwsA="></latexit><latexit sha1_base64="OqIULkt36xXfmeopAZZZOueWlzg="></latexit><latexit sha1_base64="OqIULkt36xXfmeopAZZZOueWlzg="></latexit><latexit sha1_base64="TDBOqi+Wy8T5f/V1Rou3cv5emVk="></latexit>

�(MS) =

�
g2 + g0 2

�

4
cos2 2� + ��

c6(MS) = �
�
g2 + g0 2

�

64M2
S

sin2 4� + �c6
<latexit sha1_base64="UIkBmftmiM9A6tq7l9aKlPSPgIs="></latexit><latexit sha1_base64="UIkBmftmiM9A6tq7l9aKlPSPgIs="></latexit><latexit sha1_base64="UIkBmftmiM9A6tq7l9aKlPSPgIs="></latexit><latexit sha1_base64="UIkBmftmiM9A6tq7l9aKlPSPgIs="></latexit>
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>><

>>:
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• SUSY-scale boundary conditions:  full 1-loop  +  2-loop in the “gaugeless limit” (g, g’= 0)       
[Bagnaschi, Giudice, P.S. & Strumia, 1407.4081    +    Bagnaschi, Pardo-Vega & P.S., 1703.08166] 

• Evolution between the SUSY and EW scales:   full 3-loop RGE of the SM                      
[as collected in Buttazzo et al.,  1307.3536v4]

• EW-scale (=SM) boundary conditions:   full 2-loop   +   3-loop QCD  for  gt                     
[interpolating formulae from Buttazzo et al.,  1307.3536v4  –  see also Kniehl et al.,  1503.02138]

Reminder:  N 
nLL resummation of large logs requires n-loop matching and (n+1)-loop RGE

Status of the calculation in the simplest heavy-SUSY scenario:   full NLL and partial NNLL

Public codes for this calculation:      SusyHD  [Pardo-Vega & Villadoro],   HSSUSY  [Bagnaschi & Voigt] 
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*

(*) see Alexander’s talk for a brand-new partial N3LL calculation   [Harlander et al., 1807.03509]
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Sources of theoretical uncertainty in the EFT calculation

• “SUSY uncertainty” :

• “SM uncertainty” :

Incomplete calculation of the threshold corrections     
to the SM parameters at the SUSY matching scale

Incomplete determination of the SM parameters 
and of the pole Higgs mass at the weak scale

• “EFT uncertainty” :
The truncation of the EFT to dimension-4 operators 
misses corrections suppressed by powers of  v2/M2

S
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Sources of theoretical uncertainty in the EFT calculation

• “SUSY uncertainty” :

• “SM uncertainty” :

Incomplete calculation of the threshold corrections     
to the SM parameters at the SUSY matching scale

Incomplete determination of the SM parameters 
and of the pole Higgs mass at the weak scale

• “EFT uncertainty” :
The truncation of the EFT to dimension-4 operators 
misses corrections suppressed by powers of  v2/M2
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estimated by varying the matching scale and the 
   definition of the top Yukawa in the thresholds

estimated by varying QW and including higher-order 
QCD terms in the extraction of the top Yukawa

   estimated by rescaling                                       �� ! ��
�
1± 2 v2/M2
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Sources of theoretical uncertainty in the EFT calculation

• “SUSY uncertainty” :

• “SM uncertainty” :

Incomplete calculation of the threshold corrections     
to the SM parameters at the SUSY matching scale

Incomplete determination of the SM parameters 
and of the pole Higgs mass at the weak scale

• “EFT uncertainty” :
The truncation of the EFT to dimension-4 operators 
misses corrections suppressed by powers of  v2/M2
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estimated by varying the matching scale and the 
   definition of the top Yukawa in the thresholds

estimated by varying QW and including higher-order 
QCD terms in the extraction of the top Yukawa

   estimated by rescaling                                       �� ! ��
�
1± 2 v2/M2

S

�
<latexit sha1_base64="SebtNwU8SFacdldD0jXod2TjoU0="></latexit><latexit sha1_base64="SebtNwU8SFacdldD0jXod2TjoU0="></latexit><latexit sha1_base64="SebtNwU8SFacdldD0jXod2TjoU0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="nEgNh8wTHsixm2DWiwDmmhtTF68="></latexit><latexit sha1_base64="1aEdva6TJY5AMEXv3gQBnegzTL0="></latexit><latexit sha1_base64="qbuKgEytkxQULBRVuoaKPA4p8uA="></latexit><latexit sha1_base64="SebtNwU8SFacdldD0jXod2TjoU0="></latexit><latexit sha1_base64="SebtNwU8SFacdldD0jXod2TjoU0="></latexit><latexit sha1_base64="SebtNwU8SFacdldD0jXod2TjoU0="></latexit><latexit sha1_base64="SebtNwU8SFacdldD0jXod2TjoU0="></latexit><latexit sha1_base64="SebtNwU8SFacdldD0jXod2TjoU0="></latexit><latexit sha1_base64="SebtNwU8SFacdldD0jXod2TjoU0="></latexit>

(too crude?)



For  MS  ~  TeV and “maximal” Xt  the naive estimate of  the “EFT uncertainty” is quite generous 

[Bagnaschi, P.S. & Pardo-Vega,   1703.08166]

Effects of dim-6 operators on the dominant one- and two-loop corrections to the Higgs mass
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Fixed-order vs EFT calculation:  who wins for MS  ~  TeV ?
[ e.g. Allanach & Voigt,   1804.09410  –  see Alexander’s talk ]
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• The fixed-order calculation loses  
accuracy for MS  ~  few TeV (large logs)

• The EFT calculation loses accuracy for 
MS    <  1 TeV  (           terms)v2/M2
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~

• In this example, the observed value of 
Mh corresponds to MS ≈ 2-3 TeV

• In general,  (Mh )EFT  <  (Mh )f.o.



Fixed-order vs EFT calculation:  who wins for MS  ~  TeV ?
[ e.g. Allanach & Voigt,   1804.09410  –  see Alexander’s talk ]
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• The fixed-order calculation loses  
accuracy for MS  ~  few TeV (large logs)

• The EFT calculation loses accuracy for 
MS    <  1 TeV  (           terms)v2/M2
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~

• In this example, the observed value of 
Mh corresponds to MS ≈ 2-3 TeV

The EFT result seems more precise
 there, but some ambiguity remains

• In general,  (Mh )EFT  <  (Mh )f.o.



• FeynHiggs  > 2.10    [Hahn et al., 1312.4937   +   Bahl & Hollik, 1608.01880  +  Bahl et al., 1706.00346]

“Hybrid” calculations:  combining fixed-order and EFT

• FlexibleEFTHiggs   [Athron et al., 1609.00371  +  1710.03760] ,                                                            
SPheno/SARAH      [Porod & Staub, 1703.03267]
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• FeynHiggs  > 2.10    [Hahn et al., 1312.4937   +   Bahl & Hollik, 1608.01880  +  Bahl et al., 1706.00346]

“Hybrid” calculations:  combining fixed-order and EFT

• FlexibleEFTHiggs   [Athron et al., 1609.00371  +  1710.03760] ,                                                            
SPheno/SARAH      [Porod & Staub, 1703.03267]
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<latexit sha1_base64="6yxDtuCDSZEfqt1BpuFG6amn+Mc=">AAACGnicbVBNSwMxEM36bf2qevSyWAS9lF0p6LHgxaOCbYVmKdl0tg0m2SWZFcrS3+HFv+LFgyLexIv/xrTdg1YfDDzem0lmXpxJYTEIvryFxaXlldW19crG5tb2TnV3r23T3HBo8VSm5jZmFqTQ0EKBEm4zA0zFEjrx3cXE79yDsSLVNzjKIFJsoEUiOEMn9aohlZBgncYwELpgxrDRuOBjSrsNpSJKKeh+KVMjBkM86VVrQT2Ywv9LwpLUSImrXvWD9lOeK9DIJbO2GwYZRu5RFFzCuEJzCxnjd2wAXUc1U2CjYnra2D9ySt9PUuNKoz9Vf04UTFk7UrHrVAyHdt6biP953RyT86gQOssRNJ99lOTSx9Sf5OT3hQGOcuQI40a4XX0+ZIZxdGlWXAjh/Ml/Sfu0Hgb18LpRawZlHGvkgBySYxKSM9Ikl+SKtAgnD+SJvJBX79F79t6891nrglfO7JNf8D6/AQ+Zog4=</latexit><latexit sha1_base64="6yxDtuCDSZEfqt1BpuFG6amn+Mc=">AAACGnicbVBNSwMxEM36bf2qevSyWAS9lF0p6LHgxaOCbYVmKdl0tg0m2SWZFcrS3+HFv+LFgyLexIv/xrTdg1YfDDzem0lmXpxJYTEIvryFxaXlldW19crG5tb2TnV3r23T3HBo8VSm5jZmFqTQ0EKBEm4zA0zFEjrx3cXE79yDsSLVNzjKIFJsoEUiOEMn9aohlZBgncYwELpgxrDRuOBjSrsNpSJKKeh+KVMjBkM86VVrQT2Ywv9LwpLUSImrXvWD9lOeK9DIJbO2GwYZRu5RFFzCuEJzCxnjd2wAXUc1U2CjYnra2D9ySt9PUuNKoz9Vf04UTFk7UrHrVAyHdt6biP953RyT86gQOssRNJ99lOTSx9Sf5OT3hQGOcuQI40a4XX0+ZIZxdGlWXAjh/Ml/Sfu0Hgb18LpRawZlHGvkgBySYxKSM9Ikl+SKtAgnD+SJvJBX79F79t6891nrglfO7JNf8D6/AQ+Zog4=</latexit><latexit sha1_base64="6yxDtuCDSZEfqt1BpuFG6amn+Mc=">AAACGnicbVBNSwMxEM36bf2qevSyWAS9lF0p6LHgxaOCbYVmKdl0tg0m2SWZFcrS3+HFv+LFgyLexIv/xrTdg1YfDDzem0lmXpxJYTEIvryFxaXlldW19crG5tb2TnV3r23T3HBo8VSm5jZmFqTQ0EKBEm4zA0zFEjrx3cXE79yDsSLVNzjKIFJsoEUiOEMn9aohlZBgncYwELpgxrDRuOBjSrsNpSJKKeh+KVMjBkM86VVrQT2Ywv9LwpLUSImrXvWD9lOeK9DIJbO2GwYZRu5RFFzCuEJzCxnjd2wAXUc1U2CjYnra2D9ySt9PUuNKoz9Vf04UTFk7UrHrVAyHdt6biP953RyT86gQOssRNJ99lOTSx9Sf5OT3hQGOcuQI40a4XX0+ZIZxdGlWXAjh/Ml/Sfu0Hgb18LpRawZlHGvkgBySYxKSM9Ikl+SKtAgnD+SJvJBX79F79t6891nrglfO7JNf8D6/AQ+Zog4=</latexit><latexit sha1_base64="6yxDtuCDSZEfqt1BpuFG6amn+Mc=">AAACGnicbVBNSwMxEM36bf2qevSyWAS9lF0p6LHgxaOCbYVmKdl0tg0m2SWZFcrS3+HFv+LFgyLexIv/xrTdg1YfDDzem0lmXpxJYTEIvryFxaXlldW19crG5tb2TnV3r23T3HBo8VSm5jZmFqTQ0EKBEm4zA0zFEjrx3cXE79yDsSLVNzjKIFJsoEUiOEMn9aohlZBgncYwELpgxrDRuOBjSrsNpSJKKeh+KVMjBkM86VVrQT2Ywv9LwpLUSImrXvWD9lOeK9DIJbO2GwYZRu5RFFzCuEJzCxnjd2wAXUc1U2CjYnra2D9ySt9PUuNKoz9Vf04UTFk7UrHrVAyHdt6biP953RyT86gQOssRNJ99lOTSx9Sf5OT3hQGOcuQI40a4XX0+ZIZxdGlWXAjh/Ml/Sfu0Hgb18LpRawZlHGvkgBySYxKSM9Ikl+SKtAgnD+SJvJBX79F79t6891nrglfO7JNf8D6/AQ+Zog4=</latexit>

full NLL
partial NNLL

fixed-order:
full 1-loop,  partial 2-loop

fixed-order as in SoftSUSY (or SPheno/SARAH)
full 1-loop (+ partial 2-loop) 

(N)LL resummation
of large logarithms

(Both approaches require non-trivial manipulations to avoid double counting of large logs)
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Relevant mostly for
Mh << 125 GeV…
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Fixed in
FH 2.14
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Beyond the simplest heavy-SUSY scenario

SM

MSSM

THDM

“THDM”

MSSM

SM +
b̃, w̃, g̃,

<latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit>

h̃1, h̃2
<latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit>

“Split SUSY”

SM

MSSM

“THDM+Split (1)”

SM

THDM +
b̃, w̃, g̃,

<latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit>

h̃1, h̃2
<latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit>

SM +
b̃, w̃, g̃,

<latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit>

h̃1, h̃2
<latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit>

MSSM

“THDM+Split (2)”

SM

THDM +
b̃, w̃, g̃,

<latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit>

h̃1, h̃2
<latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit>

THDM



Beyond the simplest heavy-SUSY scenario

SM

MSSM

THDM

“THDM”

MSSM

SM +
b̃, w̃, g̃,

<latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit>

h̃1, h̃2
<latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit>

“Split SUSY”

So far, accuracy of large-log resummation is only NLL  (2-loop RGEs, matching mostly 1-loop)

The use of  “generic”  calculations helps cover the plethora of possible mass hierarchies

SM

MSSM

“THDM+Split (1)”

SM

THDM +
b̃, w̃, g̃,

<latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit>

h̃1, h̃2
<latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit><latexit sha1_base64="DrTCEPOW+Rp7aWJjZMnbIxLtHq0=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgopSkCLosuHFZwT6gCWEymbZDJ5MwcyOUUNz4K25cKOLWr3Dn3zhtg2jrgQtnzrmXufeEqeAaHOfLWlldW9/YLG2Vt3d29/btg8O2TjJFWYsmIlHdkGgmuGQt4CBYN1WMxKFgnXB0PfU790xpnsg7GKfMj8lA8j6nBIwU2McecBExPAzcqlfFP686DuyKU3NmwMvELUgFFWgG9qcXJTSLmQQqiNY910nBz4kCTgWblL1Ms5TQERmwnqGSxEz7+eyECT4zSoT7iTIlAc/U3xM5ibUex6HpjAkM9aI3Ff/zehn0r/ycyzQDJun8o34mMCR4mgeOuGIUxNgQQhU3u2I6JIpQMKmVTQju4snLpF2vuU7Nvb2oNOpFHCV0gk7ROXLRJWqgG9RELUTRA3pCL+jVerSerTfrfd66YhUzR+gPrI9vpAmVlg==</latexit>

SM +
b̃, w̃, g̃,

<latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit><latexit sha1_base64="ve+ivJqjIoDj8doSEcd6Vt+RikE=">AAACC3icbZDLSsNAFIYnXmu9RV26GVoEF6EkRdBlwY3LCvYCTSmTyaQdOpmEmROlhO7d+CpuXCji1hdw59s4bbPQ1h8GPv5zDmfOH6SCa3Ddb2ttfWNza7u0U97d2z84tI+O2zrJFGUtmohEdQOimeCStYCDYN1UMRIHgnWC8fWs3rlnSvNE3sEkZf2YDCWPOCVgrIFd8YGLkOHA8R1c8IMhp+Chgwd21a25c+FV8AqookLNgf3lhwnNYiaBCqJ1z3NT6OdEAaeCTct+pllK6JgMWc+gJDHT/Xx+yxSfGSfEUaLMk4Dn7u+JnMRaT+LAdMYERnq5NjP/q/UyiK76OZdpBkzSxaIoExgSPAsGh1wxCmJigFDFzV8xHRFFKJj4yiYEb/nkVWjXa55b824vqo16EUcJnaIKOkceukQNdIOaqIUoekTP6BW9WU/Wi/VufSxa16xi5gT9kfX5A5/CmM0=</latexit>

h̃1, h̃2
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ia, 1407.4081]

- The prediction depends on the high-scale parameter tanß  (and Xt  in HSS)

- The observed Mh  determines an upper bound on the SUSY-breaking scale

Pushing un-naturalness: High-scale SUSY vs Split SUSY

(heavy scalars, light higgsinos and gauginos)



Effective THDM with heavy SUSY

1) SUSY boundary 
conditions at the 

scale MS :

2)  RG evolution of all seven lambdas from MS to the weak scale;

3)  scalar mass matrix in terms of the weak-scale lambdas:

(NOTE: loop 
corrections)

[Haber & Hempfling, early 90s,  (...),  Lee & Wagner, 1508.00576,  Bagnaschi, Voigt et al., 1512.07761,  Bahl & Hollik, 1805.00867] 
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Public codes for the effective THDM

• MhEFT    [Lee & Wagner, 1508.00576]

• FlexibleSUSY/FlexibleBSM    [Athron et al., 1710.03760,  see also Bagnaschi et al., 1512.07761]

Partial 1- / 2-loop thresholds at MS ;  
2-loop RGE for THDM (partial  for -inos);  

usual SM calculation below Q = MA

MSSM

THDM THDM +
-inos

MSSMPartial 1- / 2-loop thresholds at MS ;  
Full 2-loop RGE for THDM (& -inos)

• Coming soon:  effective THDM in  FeynHiggs    [see Bahl & Hollik, 1805.00867]

MSSM

THDM

SM

THDM +
-inos

MSSM

SM

[Coming soon:  Full 1-loop thresholds, 
independent matching scale for -inos]

Full 1-loop (+partial 2-loop) thresholds;  
Full 2-loop RGE for THDM (& -inos);              

multiple matching scales;
“hybrid” calculation (combined with fixed-order)

MSSM

THDM

SM +
-inos

SM

THDM +
-inos

THDM

MSSMMSSM

THDM +
-inos

SMSM
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FeynHiggs  vs  MhEFT

The small differences are likely due to the improvements of the FeynHiggs calculation
(full 1-loop thresholds and full 2-loop RGEs)

[Bahl & H
ollik, 1805.00867]



Summary: 
Status of the Higgs-mass calculation in the MSSM with heavy SUSY

• The simplest MSSM scenario with all large masses around MS is well under control     

(Full NLL, partial NNLL, partial N3LL, dim-6 operators, uncertainty estimates…)

• The focus for the MSSM has shifted towards more-complicated mass hierarchies:                           

Light THDM, light gauginos, light higgsinos and all combinations thereof                        

(NLL resummation at best  –  anyway,  >2-loop RGEs will be a bottleneck)

• BMSSM scenarios with heavy SUSY have been tackled only by “generic” calculators            

( LL resummation in  SARAH ,  NLL resummation in  FlexibleEFTHiggs )





Next: Dresden, April 2019


