




Feels like a lifetime ago…



Not yet time to surrender…

[KUTS11, MPI Munich 20-22/11/2019, Opening Talk]

Hirō "Hiroo" Onoda (小野田 寛郎 

Onoda Hirō, 19 March 1922 – 16 January 
2014) was an Imperial Japanese Army 
intelligence officer who fought in World 
War II and was a Japanese holdout who 
did not surrender at war's end in August 
1945. After the war ended Onoda spent 29 
years hiding out in the Philippines until his 
former commander traveled from Japan to 
formally relieve him from duty by order of 
Emperor Shōwa in 1974.[1][2] He held the 
rank of second lieutenant in the Imperial 
Japanese Army. He was the penultimate 
Japanese soldier to surrender, with Teruo 
Nakamura surrendering later in 1974.
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Then the world went crazy 2020

20222021



We all tried to cope…



At least, something good came out of it
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“Prospects” shopping list:  FO calculations

• Complete the calculation of the 2-loop corrections to the Higgs-boson masses 
(beyond the “gaugeless limit”) in the MSSM and the NMSSM

• Full 2-loop calculation of scalar self-energies in a general renormalizable theory 
completed in 2019;  now adapt the results to specific SUSY models

• Complete the calculation of the 3-loop corrections to the Higgs-boson masses  
in the “gaugeless limit”  (large cancellations among                              )  
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• Additional 2-loop results (gauge-boson self-energies, muon-decay amplitude) 
necessary to connect DR parameters to physical observables    



“Prospects” shopping list:  EFT calculations

• NLL result (1-loop matching, 2-loop RGE) already available for a general theory,           
can be adapted to any SUSY model without heavy gauge bosons 

• EFT ≠ SM : 3-loop RGEs of the EFT also needed for a full NNLL result;             
also 2-loop matching conditions for trilinear couplings with singlets and triplets

• N3LL  calculation: complete at least the                correction to        in the MSSM,          
beyond the              expansion;                 

<latexit sha1_base64="KOcaLjxQ+gd92qxX68eYg+Bzzas="></latexit>

O(y4t g
4
s)

<latexit sha1_base64="lqyNJlO6+FUazmf2mVRpBQZVok8=">AAACGnicbVDLSsNAFL3xWeur6tLNYBFclUR8LQU3bgqKVoWmlMnkxg5OHszcCCXkF9zqwq9xJ27d+DdOaha+DsxwOOdc5s4JMiUNue6HMzU9Mzs331hoLi4tr6y21tavTJprgT2RqlTfBNygkgn2SJLCm0wjjwOF18HdSeVf36M2Mk0uaZzhIOa3iYyk4FRJvrroDlttt+NOwP4SryZtqHE2XHPAD1ORx5iQUNyYvudmNCi4JikUlk0/N5hxccdvsW9pwmM0g2KybMm2rRKyKNX2JMQm6veJgsfGjOPAJmNOI/Pbq8T/vH5O0dGgkEmWEybi66EoV4xSVv2chVKjIDW2hAst7a5MjLjmgmw/TT/EqGqj8JVtL+TDwjc2lVF901hh4euYXXTLsrSdeb8b+kuudjveQWf/fK99vFu314BN2IId8OAQjuEUzqAHAkbwAI/w5Dw7L86r8/YVnXLqmQ34Aef9EydtoMg=</latexit>

�SM
<latexit sha1_base64="uB7dVJSkEfRWuPSjcsppis+mlHA=">AAACHXicbVDLSitBFDzjVa/Gty7dNAbBVZwRX0vBjZuAEmMCmTD09JzRJj0Pus9cCMN8hFtd+DV3J27Fv7ETZ+GroJuiqg59usJcSUOu++bM/Jmdm/+7sNhYWl5ZXVvf2LwxWaEFdkWmMt0PuUElU+ySJIX9XCNPQoW9cHQ+8Xv/UBuZpdc0znGY8NtUxlJwslKvH9B+O+gE60235U7BfhKvJk2ocRlsOOBHmSgSTEkobszAc3MallyTFAqrhl8YzLkY8VscWJryBM2wnO5bsV2rRCzOtD0psan6eaLkiTHjJLTJhNOd+e5NxN+8QUHx6bCUaV4QpuLjobhQjDI2+TyLpEZBamwJF1raXZm445oLshU1/AhjX3Xapa9sgREPSt/YVE71TWOFpa8T1mlXVWU787439JPcHLS849bR1WHz7KBubwG2YQf2wIMTOIMLuIQuCBjBPTzAo/Pk/HeenZeP6IxTz2zBFziv7zVhodc=</latexit>

Xt/MS

• Include dimension-6 operators to account for                   contributions?
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�SM• EFT = SM : full 2-loop SUSY-scale matching condition for        needed for NNLL          
(possibly in a general theory); renormalization-scheme subtleties (e.g. heavy g )~



“Prospects” shopping list:  Hybrid calculations

• Incorporate any advance in FO and EFT calculations

• Find an “OS” definition of Xt  that avoids the occurrence of              termsln
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“Prospects” shopping list:  Uncertainty estimates

• Compute extra corrections to reduce the uncertainties… ;-)                                   
Then adapt the uncertainty estimates to the improved calculations

• Extend uncertainty estimates to non-minimal EFT scenarios (e.g, THDM-EFT)

• “Automated” uncertainty estimates for a general renormalizable theory?

• Use uncertainty estimates to identify best EFT setup for a given SUSY scenario



What have we been up to since last KUTS?



Relevant papers since KUTS-11:   2019/12 

• 1912.04199   Bahl, Heinemeyer, Hollik, Weiglein                                                   
Theoretical uncertainties in the MSSM Higgs boson mass calculation

• 1912.06168   Liu                                                                                         
Leading Two-loop corrections to the mass of Higgs boson                                  
in the High scale Dirac gaugino supersymmetry

• 1912.10002   Bahl, Sobolev, Weiglein                                                         
Precise prediction for the mass of the light MSSM Higgs boson                        
for the case of a heavy gluino



Relevant papers since KUTS-11:   2020 

• 2003.04639   Kwasnitza, Stöckinger, Voigt                                                  
Improved MSSM Higgs mass calculation using the 3-loop FlexibleEFTHiggs 
approach including xt -resummation

• 2007.11010   Domingo, Paßehr                                                                 
Towards Higgs masses and decay widths satisfying the symmetries                  
in the (N)MSSM

• 2009.07572   Bahl, Sobolev, Weiglein                                                                 
The light MSSM Higgs boson mass for large tanβ and complex input parameters

• 2009.12887   Biekötter                                                                          
munuSSM: A python package for the μ-from-ν Supersymmetric Standard Model

• 2010.01989   Bahl, Sobolev                                                                             
Two-loop matching of renormalizable operators: general considerations and 
applications

• 2010.04711  Bahl, Murphy, Rzehak                                                                           
Hybrid calculation of the MSSM Higgs boson masses using the complex THDM 
as EFT



Relevant papers since KUTS-11:   2021 

• 2103.06773   Braathen, Goodsell, Paßehr, Pinsard                                                                        
Expectation management

• 2103.08616   Kwasnitza, Stöckinger                                                                      
Resummation of terms enhanced by trilinear squark-Higgs couplings in the MSSM

• 2105.01139   Domingo, Paßehr                                                                   
Fighting off field dependence in MSSM Higgs-mass corrections                         
of order αtαs and αt^2

• 2106.06990   Dao, Gabelmann, Mühlleitner, Rzehak                                                                 
Two-loop O((αt+ αλ + ακ)^2) corrections to the Higgs boson masses                 
in the CP-violating NMSSM

• 2109.00585   Domingo, Paßehr                                                                   
Curing tachyonic tree-level syndrome in NMSSM light-singlet scenarios

• 2109.15277   Ke, Slavich                                                                              
Higgs-mass constraints on a supersymmetric solution of the muon g−2 anomaly

• 2112.11419    Bahl, Braathen, Weiglein                                                                            
External leg corrections as an origin of large logarithms

• 2112.15295   Reyes, Fazio                                                                             
High-Precision Calculations of the Higgs Boson Mass



Relevant papers since KUTS-11:   2022-2023

• 2206.04618   Bagnaschi, Goodsell, Slavich                                                                            
Higgs-mass prediction in the NMSSM with heavy BSM particles



Relevant papers since KUTS-11:   2022-2023

• 2206.04618   Bagnaschi, Goodsell, Slavich                                                                            
Higgs-mass prediction in the NMSSM with heavy BSM particles

• 2212.11213   Bahl, Braathen, Weiglein                                                                          
Theoretical concepts and measurement prospects for BSM trilinear couplings: 
case study for scalar top quarks

• 2212.13757  Rehman, Heinemeyer                                                                        
Non-Holomorphic Soft-Term Contributions to the Higgs-Boson Masses in the 
Feynman Diagrammatic Approach



What is going on?
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It might be a case of both “SUSY fatigue” and “Higgs-mass fatigue”…
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• Most of the issues addressed in our studies are not specific to SUSY models, 
especially when considering the trend towards “automation”

• Higgs properties (not just mass) still one of the best portals to BSM physics
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What is going on?

• Most of the issues addressed in our studies are not specific to SUSY models, 
especially when considering the trend towards “automation”

• Higgs properties (not just mass) still one of the best portals to BSM physics

It might be a case of both “SUSY fatigue” and “Higgs-mass fatigue”…

Time to widen the focus of KUTS?

• Identifying future directions for KUTS is one of the purposes of this workshop,               
do not hesitate to contribute to the discussion!       

• From “Higgs-mass calculations in SUSY”   to  “Precision calculations in BSM” ?                                                            
(including non-SUSY models, other Higgs properties, non-Higgs observables…)

• IMO no phenomenology, lest we become “Higgs Days without experimentalists”



The Program

Monday Afternoon:
Old-style KUTS: 

The NMSSM

• Martin Gabelmann:  Recent developments in NMSSMCALC 

• Pietro Slavich:  Higgs mass in the NMSSM with heavy BSM particles

Tuesday Morning:
New observables:

MW prediction

• Wojciech Kotlarski:     MW in FlexibleSUSY

• Mark Goodsell:           MW in SARAH

Tuesday Afternoon I:
New observables:

Trilinear Higgs couplings

• Martin Gabelmann:       Automated Higgs trilinear calculation

• Johannes Braathen:     Higgs trilinear calculations @ 2-loop

Friday Morning:
Wrap-up • All participants:             Discussion on the future of KUTS

Tuesday Afternoon II:
General issues

• Johannes Braathen:    External-leg corrections as origin of large logs

• Sven Heinemeyer:       Automated renormalization-scheme choice



Let the KUTS-12 begin!!!



Let the KUTS-12 begin!!!
KUTS2 -1 ???


