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OUTLINEOUTLINE
1. Motivation of Effective Field Theories

(EFTs) in Context of Higgs Mass
Calculations

2. Implementation in SARAH

3. Introduction to Matching Conditions

4. Application: High Scale NMSSM

5. Conclusions & Outlook
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BSM HIGGS MASS PREDICTIONSBSM HIGGS MASS PREDICTIONS
Experimental data pushes new physics scale 

towards the multi-TeV scale.

Relaxing the requirement of naturalness
BSM models still contrained to correctly predict the
measured Higgs mass value
Problem: large mass gaps spoil �xed order
calculations through large logarithms
Solution: resummation with effective �eld theory
(EFT) techniques

 

MBSM
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MOTIVATION: EFT VS. FIXED ORDER IN THE MSSMMOTIVATION: EFT VS. FIXED ORDER IN THE MSSM
[Allanach, Voigt] 
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IMPLEMENTATION IN SARAHIMPLEMENTATION IN SARAH
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STATE OF THE ART ISTATE OF THE ART I
 Fixed order calculation

one loop self energies for all particles

two loop self energies for scalars
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STATE OF THE ART IISTATE OF THE ART II
 

 

EFT Higgs mass calculation

only if one light scalar is present
2 . 3
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EFT Higgs mass calculation

only if one light scalar is present
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NEW IMPLEMENTATIONNEW IMPLEMENTATION
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MATCHING CONDITIONSMATCHING CONDITIONS
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TOP-DOWNTOP-DOWN
integrating out heavy degrees of freedom

Feynman diagrammatic approach

Expand amplitudes in 
p2

M 2
BSM
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TREE-LEVEL MATCHINGTREE-LEVEL MATCHING
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ONE-LOOP MATCHINGONE-LOOP MATCHING
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MIXED LOOPSMIXED LOOPS
Mixed loop  contains heavy and light �elds
Non local -possibly divergent- loop contributions
may enter the matching condition
IR divergences caused by light �elds must cancel in
the matching condition

=
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CANCELLATION IN SUBSETSCANCELLATION IN SUBSETS
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APPLICATIONSAPPLICATIONS
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PREVIOUS WORKSPREVIOUS WORKS
Many studies already exist in literature

Ref Date High Scale Low Scale

[Wells] 2003 MSSM SM(+EWinos)

[Giudice et al.] 2004 MSSM SM(+EWinos)

[Haber et al.] 2009 MSSM 2HDM

[Giudice et al.] 2011 MSSM SM(+EWinos)

[Bagnaschi et al.] 2014 MSSM SM(+EWinos)

[Lee et al.] 2015 MSSM 2HDM(+EWinos)

[Bagnaschi et al.] 2017 MSSM SM

[Zarate] 2017 NMSSM SM
4 . 1
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CODESCODES

They all have either SM or 2HDM Higgs sectors in the
low energy theory

Also a long list of computer codes exist:

Tool High Scale Low Scale (Higgs Sector)

SusyHD [Vega, Villadoro] MSSM SM

FeynHiggs [Heinemeyer et al.] (N)MSSM 2HDM

FlexibleSUSY [Athron et al.] generic 2HDM

SARAH/SPheno [Staub, Porod] generic SM (+ X)

4 . 2
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APPLICATION: NMSSMAPPLICATION: NMSSM
 

 

 

⊃ SWNMSSM λs HuHd − →−
SSB

vsλs
  

=μMSSM
eff

HuHd

Tree-Level matching already in literature [Zarate]

First cross-check: decouple the singlet

heavy singlet mass

heavy singlet VEV ∝vs
MSUSY

λs

 while keeping → 0λs  constantvsλs

 should recover the MSSM!→ 4 . 3
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NMSSM@NMSSM@ tantanββ == 44
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NMSSM VS MSSMNMSSM VS MSSM
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CONTOURSCAN WITH DEGENERATED MASSESCONTOURSCAN WITH DEGENERATED MASSES
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DECOUPLING WITH MINIMAL SINGLET CONTRIBUTIONDECOUPLING WITH MINIMAL SINGLET CONTRIBUTION

choose  such that the singlet diagram vanishes.Tλ

4 . 7
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DECOUPLING WITH MINIMAL SINGLET CONTRIBUTIONDECOUPLING WITH MINIMAL SINGLET CONTRIBUTION

  
(black points have  always above 125 GeV)mh

4 . 8
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NON-DECOUPLING PARAMETRISATIONNON-DECOUPLING PARAMETRISATION
 

parametrise  not with 

set 
 does not give the MSSM

universal trilinear soft couplings   
 

heavy Higgs mass:   

→ EFT only valid for not too small 

vS →vS
μ

λS

=vS MSUSY

→ 0λs
∝ MSUSY

∝M 2
h2

λsM
2
SUSY

λs
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NON-DECOUPLING PARAMETRISATIONNON-DECOUPLING PARAMETRISATION
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CONCLUSIONS & OUTLOOKCONCLUSIONS & OUTLOOK
Precise Higgs mass predictions for large mass gaps:

(N)MSSM → SM matchings
running and matching of multiple quartics
able to study extended Higgs sectors  
 

Take advantage of the new implementation:
MSSM  2HDM

NMSSM  SSM + EWinos
…

→
already in literature [Wagner et. al],[Nierste et. al]

reproduced within minutes of runtime

→
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THANK YOU FOR YOUR ATTENTIONTHANK YOU FOR YOUR ATTENTION
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BACKUPBACKUP
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NMSSM NLO ESTIMATENMSSM NLO ESTIMATE
already done in literature [Zarate]

take singlet tree-level thresholds
take MSSM NLO thresholds

replace 
misses the NLO singlet contributions  

μ → vSλS

6 . 2
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SINGLET NLO CONTRIBUTIONSSINGLET NLO CONTRIBUTIONS
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POLE MASS MATCHINGPOLE MASS MATCHING

 

  

match pole masses of SM an BSM theories

( ) = ( )mBSM
H

2
MBSM mSM

H

2
MBSM

use relation for the SM pole mass

( ) = ( ) ( )mSM
H

2
MBSM v2 MBSM λSM MBSM

extract effective quartic coupling at the matching scale

= ( − )λSM
1

v2
mBSM

H

2
ΠSM
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POLE MASS MATCHINGPOLE MASS MATCHING
In case of more then one light Higgs 

(e.g. effective 2HDM):

non-trivial releations between multiple quartics, VEVs and

mass parameters

system often overconstrained (more quartics than mass

parameters)
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MSSM HIGGS MASS PREDICTIONSMSSM HIGGS MASS PREDICTIONS
[Porod, Staub, '17]

6 . 6



5/21/2018 playground:martin:planck18

https://wiki.particle.kit.edu/_export/revealjs/playground/martin/planck18?theme=dokuwiki&build_all_lists=0&transition=none&progress_bar=false&slideNumber=c%2Fh&print-pdf#6 . 7


