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MSSM Higgs sector simple at tree level, only 2 inputs: MA, tanβ

1. The definition of the hMSSM

The LHC told us : Mh = 125 GeV, MS ≳ 1TeV 

hMSSM: trade the value Mh = 125 GeV against the radiative corrections 

Back to tree-level: only 2 inputs MA, tanβ for Higgs sector and non SUSY parameters: 

Effective and model ‘independent approach’ approach of the MSSM Higgs sector : 
• opens the low tanβ region in a very simple and economical and accurate way 
• requires large MS at low tanβ; not defined at very low MA  
• needs large fine-tuning (but theory already fined-tuned anyway..)

Complications due to Radiative Corrections involving MS,Xt,Xb,µ,…
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1. The definition of the hMSSM
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2. Assumptions: standard mass matrix
The CP-even Higgs sector is usually described by the 2×2 mass matrix : 

It is by diagonalizing this matrix that one obtains MH, Mh and α:  
• tree–level masses are given in terms of MA and MZ plus the angle β; 

• radiative corrections (with the SUSY parameters) appear only in ∆M2
ij. 

Assumption clearly valid at scales MS not far for 1 TeV (common wisdom…) 

In the hMSSM, we assume that this picture is valid at much higher scales. 

This is the main ‘problem’ and subject of discussion: 

Question 1): how far can we go in MS while retaining this simple form?  

Question 2): when RGE improving, the matrix has still a convenient form? 
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2. Assumptions: standard mass matrix
The complete approach: effective THDM with heavy SUSY

Carena et al., (1410.4969)

i) Match the THDM quartic couplings to their MSSM values.  

!

ii) Evolve (RGEs) all seven lambdas from MS to the weak scale. 

iii) CP-even Higgs mass matrix in terms of lambdas at the weak-scale: 
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Comparison:  hMSSM vs effective THDM with heavy SUSY at low tanβ

2. Assumptions: standard mass matrix

Gabriel Lee and Carlos Wager (work in progress) 
for the HXSWG

ΔMH < 1% Δα/|α| < 4%
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Comparison:  hMSSM vs effective THDM with heavy SUSY at low tanβ

2. Assumptions: standard mass matrix

Gabriel Lee and Carlos Wager (work in progress) 
for the HXSWG

Δct/|ct| < 2% ΔcV/|cV| < 1%

ct = cα/sβ cV = sβ-α
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2. Assumptions: dominance of main correction
Dominant correction to ∆M2 due to top/stop sector and approximately:	



We have checked the approximation in two different configurations:	


Include subleading terms in ∆M2!
(Carena,Wagner,Haber,Hempfling...)!
λt,λb,Xt=Xb and varying μ         
with some choice of MS, tanβ.	



Scan of the MSSM parameters!
with all Higgs rad. corrections	



(we use Suspect with BDSZ RC)	


and impact of MS, At, μ, Ab	

!

Very good approximation (≤ few percent) for MH, α for not too large µ. 
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2. Assumptions: dominance of main correction

Comparing hMSSM  and FeynHiggs 

Agreement at the level of 0.1% – 1% except for very low tanß 

9



In the hMSSM 
approximation the charged 
Higgs mass sticks to its tree-
level value: 

10

2. Assumptions: dominance of main correction
hMSSM vs FeynHiggs : charged Higgs mass 



2. Assumptions: no direct corrections
Higgs couplings given by α and β: no large direct corrections

Higgs couplings to u,d and V: Higgs self–couplings: Hhh+hhh 

OK, but with one exception:  
the ∆b ∝µtanβ/MS correction to gΦbb 

σ(pp→ Φ) ∝ (1 + ∆b)−2
 

BR(ττ)∝Γτ/(Γτ +Γb) 
⇒ σ × BR ∝ 1 − ∆b/5 

Need very large ∆b>100% 

to have impact ∆thσ ≈ 25% 

⇒ Not so bad! 
!
!

gHbb ≈gAbb =1/(1 + ∆b) important in one 
case: pp→H/A →ττ 
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3. Consequences
Combine ATLAS+CMS pp→H± →τν and pp→A/H→τ+τ− 

•From t→bH+ →bτν search: 
MA ∼<140 GeV is now excluded; 

•pp → ττ sensitive at high tanβ: 
– weaker at low MA (no h events)  
– stronger at high MA (no SUSY). 

• low tanβ can now be considered. 
(A excludes small part of low tanβ) 
⇒ forbidden area excluded! 
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3. Consequences
Extend search for heavy SM Higgs for MSSM and consider new channels: 

pp→H→ZZ ; pp→H→WW ; pp→H→hh ; pp→A→hZ 

Also consider pp → Φ → t ̄t  
– crucial at low tanβ, high MA  
– very interesting features... 

challenging and nice analyses! 13
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Fully covering the MSSM Higgs sector at the LHC
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L = LSM +
X

i

ci
Oi

⇤2

mstop

B. Henning, X. Lu and H. Murayama 
arXiv:1404.1058  
Wilson coefficients for degenerate 
stop soft SUSY breaking masses

A. Drozd, J. Ellis, J.Q. and T. You 
appear soon… 
general expression of the Wilson 
coefficients : non-degenerate stop 
masses
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4. Covering the MSSM stop sector at the LHC 
Matching between the MSSM and the dim6-EFT



m
Q3
� =m

tR
� =m

t
�

tan�=20

200 500 1000 2000 5000
10-4

0.001

0.010

0.100

1

10

m
t
�

R
=c

G
G

E
FT
/c
G
G

M
S
S
M
-1

��=�

��=�� �
~

��=�� �
~

Individual
95% CL Bounds

m
Q3
� =m

tR
� =m

t
�

tan�=20

cGG
MSSM

c�
MSSM

cGG
EFT

c�
EFT

12
3
�
M
h
�
12
7
G
eV

m
t 1�

�
0
G
eV

-3 -2 -1 0 1 2 3

200

400

600

800

1000

Xt /mt
�

m
t�
[G
eV

]

A. Drozd, J. Ellis, J.Q. and T. You

•EFT vs full MSSM calculation agrees well 
 (non-trivial check!) 
!
•EFT calculation simplified by Covariant Derivative Expansion method  

Henning, Lu & Murayama [arXiv:1412.1837]  
•Systematic way of integrating out UV degrees of freedom in manifestly gauge-

invariant way  
• Work in progress...  
!
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4. Covering the MSSM stop sector at the LHC 
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General case: non-degenerate stops
A. Drozd, J. Ellis, J.Q. and T. You

•The current sensitivity is already comparable to that of direct LHC searches 
!!
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4. Covering the MSSM stop sector at the LHC 
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General case: non-degenerate stops

A. Drozd, J. Ellis, J.Q. and T. You

•Future FCC-ee measurements could be sensitive to stop masses above a TeV 

!
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4. Covering the MSSM stop sector at the LHC 



5. Conclusion
If you “buy” these three basic assumptions: 

• Conventional mass matrix for CP Higgses  
• Dominance of leading radiative correction  
• No impact of direct corrections to couplings 

a very simple description of the MSSM space; easy to implement: 
• again only two inputs, so no scan, no grid, no set of benchmarks... 
• it allows the possibility to address low tanβ “model-independently”,  
• allows more action: plenty of channels to be investigated/interpreted. 

Matching between EFT-MSSM  
•The universal 1-loop EFT facilitates extending constraints to any UV model. 
•The current sensitivity is already comparable to that of direct LHC searches. 
•Future FCC-ee measurements could be sensitive to stop masses above a TeV.  
!!
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From P. Slavich



From P. Slavich
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From P. Slavich
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From T. You


