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Why the NMSSM?
Relatively heavy Higgs @ LHC ⇒ fine-tuning in the MSSM 

µ-problem of the MSSM: SUSY conserving mass term for Hu, Hd 

µ = 0  ➠  experimentally excluded (µ ≥ 100 GeV) 

µ = MPlanck  ➠  hierarchy problem (µ ~ Msusy) 

Solution: add a gauge singlet S coupled to Hu, Hd 

After minimisation of the potential 

The NMSSM is the simplest SUSY extension of  the SM where     
the electroweak scale originates from the SUSY breaking only 

λ ∼ κ → 0, µeff ≠ 0  ➠  effective MSSM + decoupled singlet sector 

⇒ the parameter space of the NMSSM includes the MSSM and more



+ 3 minimization equations: 

⇒ 6 free parameters in the Higgs sector: λ, κ, Aλ, Aκ, µeff, tanβ 

Recall: in the MSSM, 2 free parameters in the Higgs sector (mA, tanβ) 

NB: Aλ, Aκ ↔ mA, mP (diagonal elements of the CP-odd mass matrix)
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What’s the NMSSM?
Particle content: 

   : one more neutralino ➠  

SR : one more neutral CP-even Higgs ➠  

SI : one more neutral CP-odd Higgs   ➠ 



�W = µHuHd + µ0S2 + �FS �Vsoft =
⇣
m2

3HuHd +m
02
S S2 + �SS + h.c.

⌘

Parameters at the weak scale
If Aλ = Aκ = 0, the Higgs sector is invariant under a U(1) R-symmetry 
explicitly broken by gaugino masses ⇒ a1 is a light pseudo-Goldstone 
Light pseudoscalar also with PQ symmetry when κ = 0 (nMSSM) 
In this case the singlino is also very light (                      for correct DM) 

In general:                                         , 

One can always put µ = 0  by the field redefinition  S → S − µ ⁄ λ 

However assuming ξF = ξS = µ’ = mS’ = m3 = 0 ⇔ Z3 symmetry 

⇒ Domain wall problem: anisotropies in CMB + wrong BBN 

➥ Assume tiny Z3-breaking interactions (no impact on spectrum) 

⇒ Tadpole problem: ξF = Λ Msusy,  ξS = Λ Msusy2  (hierarchy pb) 

➥ Assume new discrete R-symmetries at the high scale such that  
tadpole terms are generated radiatively with small coefficients 

NB: In nMSSM (where κ = 0), one needs ξF, ξS ≠ 0

ma1 ' 2mS̃



Parameters at the high scale
mSUGRA: M1/2, m0, A0 (at MGUT) + λ, κ, tanβ, sgn(µeff) (at Mweak) ?      
⇒ Z3-NMSSM: 1 free parameter (µeff) for 3 min. equations (Mweak)        
➥ Solution: assume semi-universal singlet soft terms at MGUT 

Parameters: λ, tanβ, sgn(µeff), M1/2, m0, A0, [Aλ, Aκ] 
Minimization conditions ⇒ µeff, κ, mS (at Mweak) 

Guess MGUT and κ, mS at this scale 
Run the RGEs down to Mweak, compute µeff, κ, mS 
Run the RGEs up to MGUT, distance from universality 

Similar algorithm for GMSB (checking for correct mS) 
cNMSSM: take Aλ = Aκ = A0, keep only mS = m0 (very constrained) 
NUH-NMSSM: Non-Universal Higgs sector  

Parameters: M1/2, m0, A0, Aλ, Aκ, λ, κ, tanβ, µeff 
Minimization conditions ⇒                         (at Mweak) 

➥ Used to study the nMSSM (κ = Aκ = 0  but  ξF, ξS ≠ 0)
mHu ,mHd ,mS
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The NMSSMTools package
Package that contains 4 programs: 
NMHDECAY for general NMSSM with soft terms at Mweak 

NMHDECAYCPV for Z3-NMSSM with CPV soft terms at Mweak 
NMSPEC for mSUGRA (non-universal) models with inputs at MGUT 

NMGMSB for GMSB (extended) models with inputs at Mmes 
Each in 4 versions: 1 point, random scan, grid scan or MCMC scan 

For a given set of input parameters, it computes: 
(2 loop) RGEs for all parameters Mweak ↔ MGUT 
Sparticle/Higgs masses and mixings (2 loop LL or à la Slavich) 
Higgs decay widths in 2/3 particles (QCD corrections as in HDECAY) 
DM relic density + (in)direct detection (interface with micrOMEGAs) 
B physics: b→sγ, Bs→µ+µ−, B→Xs l+l−, B→τυ, ΔMs(d), Υ→aγ, (g-2)µ… 

I/O files in SLHA2 conventions + script: run $PATH/$P{inp}$S
➡$PATH/$P{spectr}$S, $PATH/$P{omega}$S  (1 point) 

➡$PATH/$P{out}$S, $PATH/$P{err}$S  (scan versions)



Input files
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Radiative corrections to the Higgs mass
At tree level: 

Radiative corrections considered: 

Full one loop top/stop, bottom/sbottom: 

+ stop/sbottom D-term couplings: 

+ leading logs at two loops: 

EW leading logs at one loop: 

Higgs pole mass corrections: 

Terms à la Slavich: 

full two loop stop/sbottom: 

full one loop EW: 

Still missing: 



Interlude: how to cook a 125 GeV Higgs

➥ Requires heavy singlet sector 
disfavoured in     LSP scenarioeS

Large Msusy (as in the MSSM) 
 ⇒ large fine-tuning, defined as

� = max

✓����
@ ln(MZ)

@ ln(pi)

����

◆
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The large λ small tanβ solution
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The push-up mechanism
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mh = 110 GeV

mS =  90 GeVmS = 105 GeV

mh = 125 GeV
mixing

➥ Requires  λ ~ .1
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Left panel: upper bound on λ (λmax) as a function of tanβ for fixed κ = 0.01. Right panel: 
λmax as a function of κ for fixed tanβ = 10. Black (lower) bands: light spectrum, red (upper) 
bands: heavy spectrum. Inside the bands the top quark mass is 171.2 ± 2.1 GeV.

Theoretical constraints
No unphysical minimum of the scalar potential: 

                            ⇒  κ ≤ λ 
                       ⇒  λ ≤ g 

No Landau pole for λ, κ, ht below the GUT scale:



e�0
1

e�0e�±

Experimental constraints
After computing all observables, NMSSMTools checks: 

     (or gravitino) is the LSP 
LEP limits on       and      (direct search + Γinv(Z)) 

Tevatron + LEP constraints on gluinos/sfermions 
LEP limit on the charged Higgs mass mh± 
LEP constraints from neutral Higgs searches: 

e+e− → hZ with h → bb, ττ, jj, γγ, invisible, "any" (Z recoil mass) 
e+e− → hZ with h → aa and a → bb or ττ 
e+e− → ha with h → aa and a → bb or ττ 
e+e− → ha with h/a → bb or ττ 

Constraints on very light Higgs states/mixing with light mesons 
CDF/D0, BABAR, BELLE, CLEO and LHCb limits on B-physics 

BNL constraint on (g-2)µ from e+e− data (3σ away from SM)



Dark Matter constraints
Planck constraints: Ωh2 = 0.1187 +/- 10% (or just upper bound) 

SI limits from LUX, PandaX, XENON-1T
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Relic density and direct detection 
cross sections from micrOMEGAs



LHC constraints
Limit on the gluino mass: mg > 1.6 TeV 

Mass of the observed (SM-like) Higgs state: mh = 125.1 +/- 3 GeV 

Couplings of the observed Higgs: Constraints on heavy Higgs 
states H/A → bb or ττ
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Light singlino/higgsino scenario
Light higgsinos are natural: 

Mass given by µ (MSSM) or µeff (NMSSM) 

EWSB requires fine-tuning if  

But are not good dark matter candidates: 

Relic density too small unless |µeff| > 1 TeV 

Large Direct Detection rates (SD via Z-exchange) 

In the MSSM: 

bino LSP: relic density too large 

bino-higgsino mixing: DD rates too large unless mLSP > 1 TeV 

In the NMSSM: singlino LSP! 

Mass relation in singlet sector: 

Last term negligible in decoupling limit (λ, κ ~ 0) or large tanβ

µe↵ � MZ
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Singlino dark matter
Efficient processes to get correct relic density: 

annihilation via the pseudo-scalar singlet P in the s-channel 
requires  
hence            and tanβ not too large unless 
h or Z exchange in the s-channel if                    or  
co-annihilation with higgsinos if  

Note: singlino/singlet coupling ~ κ  ➠  no higgsino mixing needed 
Still: LSP acquires higgsino component unless mass splitting large 
Direct Detection limits affect the present scenario if 

SI: singlet Higgs exchange in the t-channel, negative interference 
with the SM-like Higgs ➠ cross section possibly below n floor 
SD: weaker constraint but t-channel Z exchange more efficient 
Z/LSP coupling from higgsino component ➠ upper bound on λ 
For light LSP: similar upper bound on λ from Z invisible width
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� & .2
<latexit sha1_base64="388C0iZLWKY+VrXWcl6OCF+9wu0=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchSS0tt0V3bisYB/QhDKZTNqhk0mYmYgl9FfcuFDErT/izr9x0lZQ0QMDh3PO5d45QcqoVLb9Yaytb2xubZd2yrt7+weH5lGlJ5NMYNLFCUvEIECSMMpJV1HFyCAVBMUBI/1gelX4/TsiJE34rZqlxI/RmNOIYqS0NDIrHtPhEEFvrHQqhpY7Mqu2Zdvuhd2CtlVzm/WGAwulVas70NGkQBWs0BmZ716Y4CwmXGGGpBw6dqr8HAlFMSPzspdJkiI8RWMy1JSjmEg/X9w+h2daCWGUCP24ggv1+0SOYilncaCTMVIT+dsrxL+8Yaaipp9TnmaKcLxcFGUMqgQWRcCQCoIVm2mCsKD6VognSCCsdF1lXcLXT+H/pOdajuY3tWr7clVHCZyAU3AOHNAAbXANOqALMLgHD+AJPBtz49F4MV6X0TVjNXMMfsB4+wRBl5Pt</latexit><latexit sha1_base64="388C0iZLWKY+VrXWcl6OCF+9wu0=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchSS0tt0V3bisYB/QhDKZTNqhk0mYmYgl9FfcuFDErT/izr9x0lZQ0QMDh3PO5d45QcqoVLb9Yaytb2xubZd2yrt7+weH5lGlJ5NMYNLFCUvEIECSMMpJV1HFyCAVBMUBI/1gelX4/TsiJE34rZqlxI/RmNOIYqS0NDIrHtPhEEFvrHQqhpY7Mqu2Zdvuhd2CtlVzm/WGAwulVas70NGkQBWs0BmZ716Y4CwmXGGGpBw6dqr8HAlFMSPzspdJkiI8RWMy1JSjmEg/X9w+h2daCWGUCP24ggv1+0SOYilncaCTMVIT+dsrxL+8Yaaipp9TnmaKcLxcFGUMqgQWRcCQCoIVm2mCsKD6VognSCCsdF1lXcLXT+H/pOdajuY3tWr7clVHCZyAU3AOHNAAbXANOqALMLgHD+AJPBtz49F4MV6X0TVjNXMMfsB4+wRBl5Pt</latexit><latexit sha1_base64="388C0iZLWKY+VrXWcl6OCF+9wu0=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchSS0tt0V3bisYB/QhDKZTNqhk0mYmYgl9FfcuFDErT/izr9x0lZQ0QMDh3PO5d45QcqoVLb9Yaytb2xubZd2yrt7+weH5lGlJ5NMYNLFCUvEIECSMMpJV1HFyCAVBMUBI/1gelX4/TsiJE34rZqlxI/RmNOIYqS0NDIrHtPhEEFvrHQqhpY7Mqu2Zdvuhd2CtlVzm/WGAwulVas70NGkQBWs0BmZ716Y4CwmXGGGpBw6dqr8HAlFMSPzspdJkiI8RWMy1JSjmEg/X9w+h2daCWGUCP24ggv1+0SOYilncaCTMVIT+dsrxL+8Yaaipp9TnmaKcLxcFGUMqgQWRcCQCoIVm2mCsKD6VognSCCsdF1lXcLXT+H/pOdajuY3tWr7clVHCZyAU3AOHNAAbXANOqALMLgHD+AJPBtz49F4MV6X0TVjNXMMfsB4+wRBl5Pt</latexit><latexit sha1_base64="388C0iZLWKY+VrXWcl6OCF+9wu0=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchSS0tt0V3bisYB/QhDKZTNqhk0mYmYgl9FfcuFDErT/izr9x0lZQ0QMDh3PO5d45QcqoVLb9Yaytb2xubZd2yrt7+weH5lGlJ5NMYNLFCUvEIECSMMpJV1HFyCAVBMUBI/1gelX4/TsiJE34rZqlxI/RmNOIYqS0NDIrHtPhEEFvrHQqhpY7Mqu2Zdvuhd2CtlVzm/WGAwulVas70NGkQBWs0BmZ716Y4CwmXGGGpBw6dqr8HAlFMSPzspdJkiI8RWMy1JSjmEg/X9w+h2daCWGUCP24ggv1+0SOYilncaCTMVIT+dsrxL+8Yaaipp9TnmaKcLxcFGUMqgQWRcCQCoIVm2mCsKD6VognSCCsdF1lXcLXT+H/pOdajuY3tWr7clVHCZyAU3AOHNAAbXANOqALMLgHD+AJPBtz49F4MV6X0TVjNXMMfsB4+wRBl5Pt</latexit>

meS . 20 GeV
<latexit sha1_base64="1AIlUA79szIiEIOjR9c5yVBjRhU="></latexit><latexit sha1_base64="1AIlUA79szIiEIOjR9c5yVBjRhU="></latexit><latexit sha1_base64="1AIlUA79szIiEIOjR9c5yVBjRhU="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="TbfZja0L5zGd5gbnzRH5nsHbjt4=">AAACBnicbZDNSgMxFIXv1L9aq1a3boJF6KrMdKNLwYUuK9of6JSSydy2ocnMkGSUMswruPFV3LhQxEdw59uY/iy09UDg45yEm3uCRHBtXPfbKWxsbm3vFHdLe+X9g8PKUbmt41QxbLFYxKobUI2CR9gy3AjsJgqpDAR2gsnVLO88oNI8ju7NNMG+pKOIDzmjxlqDSk0OMv+Rh2i4CDG7y3PiC9Rac0kark8yX0lyje18UKm6dXcusg7eEqqwVHNQ+fLDmKUSI8ME1brnuYnpZ1QZzgTmJT/VmFA2oSPsWYyoRN3P5hvl5Mw6IRnGyp7IkLn7+0VGpdZTGdibkpqxXs1m5n9ZLzXDi37GoyQ1GLHFoGEqiInJrB4ScoXMiKkFyhS3fyVsTBVlxpZYsiV4qyuvQ7tR9yzfulCEEziFGnhwDpdwA01oAYMneIE3eHeenVfnY1FXwVn2dgx/5Hz+AG+fm7Q=</latexit><latexit sha1_base64="Hk9KBcVAr8sK/bhNjOuxqEWbqzA=">AAACBnicdZDNSgMxFIXv+G/9q27dBEVwVTJFbbsTXOhS0VahU0omc2tDk5khyShlmFdw46u4caGIj+DOtzHjD6jogcDHOQk394SpFMZS+upNTE5Nz8zOzVcWFpeWV6qrix2TZJpjmycy0RchMyhFjG0rrMSLVCNTocTzcHRQ5udXqI1I4jM7TrGn2GUsBoIz66x+dVv18+BaRGiFjDA/LQoSSDTGCEXqNCB5oBU5xE7Rr27SGqX1PdoitLZTb+42fFI6rZ1dn/gOSm3Cp4771ZcgSnimMLZcMmO6Pk1tL2faCi6xqASZwZTxEbvErsOYKTS9/H2jgmw5JyKDRLsTW/Lufn+RM2XMWIXupmJ2aH5npflX1s3soNnLRZxmFmP+MWiQSWITUtZDIqGRWzl2wLgW7q+ED5lm3LoSK66Er03J/9Cp13zHJxTmYB02YBt8aMA+HMExtIHDDdzBAzx6t9699/RR14T32dsa/JD3/AbH55vz</latexit><latexit sha1_base64="Ipjrs+X2np8ME+X7PqWizBY9jFc="></latexit><latexit sha1_base64="1AIlUA79szIiEIOjR9c5yVBjRhU="></latexit><latexit sha1_base64="1AIlUA79szIiEIOjR9c5yVBjRhU="></latexit><latexit sha1_base64="1AIlUA79szIiEIOjR9c5yVBjRhU="></latexit><latexit sha1_base64="1AIlUA79szIiEIOjR9c5yVBjRhU="></latexit><latexit sha1_base64="1AIlUA79szIiEIOjR9c5yVBjRhU="></latexit><latexit sha1_base64="1AIlUA79szIiEIOjR9c5yVBjRhU="></latexit>

mh ' 2meS
<latexit sha1_base64="xSz6Y5EbUb5Av4mW6h4gbApT84Y=">AAACB3icdVBNS8NAEN34bf2KehRksQieSlJaqzfRi0dFW4UmhM1m2i7dTeLuRimhNy/+FS8eFPHqX/Dmv3FjK6jog4HHezPMzAtTzpR2nHdrYnJqemZ2br60sLi0vGKvrrVUkkkKTZrwRF6GRAFnMTQ10xwuUwlEhBwuwv5R4V9cg1Qsic/1IAVfkG7MOowSbaTA3hRBD3uKCbjCVSyC3LthEWjGI8jPhsPALjsVx6nuOvvYqdSqe/WGiwtlv1Z3sWtIgTIa4ySw37wooZmAWFNOlGq7Tqr9nEjNKIdhycsUpIT2SRfahsZEgPLzzz+GeNsoEe4k0lSs8af6fSInQqmBCE2nILqnfnuF+JfXznRnz89ZnGYaYjpa1Mk41gkuQsERk0A1HxhCqGTmVkx7RBKqTXQlE8LXp/h/0qpWXMNPa+WDw3Ecc2gDbaEd5KIGOkDH6AQ1EUW36B49oifrznqwnq2XUeuENZ5ZRz9gvX4AHHCZfQ==</latexit><latexit sha1_base64="xSz6Y5EbUb5Av4mW6h4gbApT84Y=">AAACB3icdVBNS8NAEN34bf2KehRksQieSlJaqzfRi0dFW4UmhM1m2i7dTeLuRimhNy/+FS8eFPHqX/Dmv3FjK6jog4HHezPMzAtTzpR2nHdrYnJqemZ2br60sLi0vGKvrrVUkkkKTZrwRF6GRAFnMTQ10xwuUwlEhBwuwv5R4V9cg1Qsic/1IAVfkG7MOowSbaTA3hRBD3uKCbjCVSyC3LthEWjGI8jPhsPALjsVx6nuOvvYqdSqe/WGiwtlv1Z3sWtIgTIa4ySw37wooZmAWFNOlGq7Tqr9nEjNKIdhycsUpIT2SRfahsZEgPLzzz+GeNsoEe4k0lSs8af6fSInQqmBCE2nILqnfnuF+JfXznRnz89ZnGYaYjpa1Mk41gkuQsERk0A1HxhCqGTmVkx7RBKqTXQlE8LXp/h/0qpWXMNPa+WDw3Ecc2gDbaEd5KIGOkDH6AQ1EUW36B49oifrznqwnq2XUeuENZ5ZRz9gvX4AHHCZfQ==</latexit><latexit sha1_base64="xSz6Y5EbUb5Av4mW6h4gbApT84Y=">AAACB3icdVBNS8NAEN34bf2KehRksQieSlJaqzfRi0dFW4UmhM1m2i7dTeLuRimhNy/+FS8eFPHqX/Dmv3FjK6jog4HHezPMzAtTzpR2nHdrYnJqemZ2br60sLi0vGKvrrVUkkkKTZrwRF6GRAFnMTQ10xwuUwlEhBwuwv5R4V9cg1Qsic/1IAVfkG7MOowSbaTA3hRBD3uKCbjCVSyC3LthEWjGI8jPhsPALjsVx6nuOvvYqdSqe/WGiwtlv1Z3sWtIgTIa4ySw37wooZmAWFNOlGq7Tqr9nEjNKIdhycsUpIT2SRfahsZEgPLzzz+GeNsoEe4k0lSs8af6fSInQqmBCE2nILqnfnuF+JfXznRnz89ZnGYaYjpa1Mk41gkuQsERk0A1HxhCqGTmVkx7RBKqTXQlE8LXp/h/0qpWXMNPa+WDw3Ecc2gDbaEd5KIGOkDH6AQ1EUW36B49oifrznqwnq2XUeuENZ5ZRz9gvX4AHHCZfQ==</latexit><latexit sha1_base64="xSz6Y5EbUb5Av4mW6h4gbApT84Y=">AAACB3icdVBNS8NAEN34bf2KehRksQieSlJaqzfRi0dFW4UmhM1m2i7dTeLuRimhNy/+FS8eFPHqX/Dmv3FjK6jog4HHezPMzAtTzpR2nHdrYnJqemZ2br60sLi0vGKvrrVUkkkKTZrwRF6GRAFnMTQ10xwuUwlEhBwuwv5R4V9cg1Qsic/1IAVfkG7MOowSbaTA3hRBD3uKCbjCVSyC3LthEWjGI8jPhsPALjsVx6nuOvvYqdSqe/WGiwtlv1Z3sWtIgTIa4ySw37wooZmAWFNOlGq7Tqr9nEjNKIdhycsUpIT2SRfahsZEgPLzzz+GeNsoEe4k0lSs8af6fSInQqmBCE2nILqnfnuF+JfXznRnz89ZnGYaYjpa1Mk41gkuQsERk0A1HxhCqGTmVkx7RBKqTXQlE8LXp/h/0qpWXMNPa+WDw3Ecc2gDbaEd5KIGOkDH6AQ1EUW36B49oifrznqwnq2XUeuENZ5ZRz9gvX4AHHCZfQ==</latexit>

MZ ' 2meS
<latexit sha1_base64="k5/BfCbbNjPCD7FjZwkfp6jAEXU="></latexit><latexit sha1_base64="k5/BfCbbNjPCD7FjZwkfp6jAEXU="></latexit><latexit sha1_base64="k5/BfCbbNjPCD7FjZwkfp6jAEXU="></latexit><latexit sha1_base64="k5/BfCbbNjPCD7FjZwkfp6jAEXU="></latexit>

meS ' |µe↵ |
<latexit sha1_base64="4eLnvLc4MK3rrU14mpwf9QwmgC8="></latexit><latexit sha1_base64="4eLnvLc4MK3rrU14mpwf9QwmgC8="></latexit><latexit sha1_base64="4eLnvLc4MK3rrU14mpwf9QwmgC8="></latexit><latexit sha1_base64="4eLnvLc4MK3rrU14mpwf9QwmgC8="></latexit>

meS & 5 GeV
<latexit sha1_base64="C7OPaEA+c1sn3MWM0vgt2wcmxOY="></latexit><latexit sha1_base64="C7OPaEA+c1sn3MWM0vgt2wcmxOY="></latexit><latexit sha1_base64="C7OPaEA+c1sn3MWM0vgt2wcmxOY="></latexit><latexit sha1_base64="C7OPaEA+c1sn3MWM0vgt2wcmxOY="></latexit>



LHC constraints on light higgsinos
Search for                          , 
with                     (winos) 
and      = bino LSP
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<latexit sha1_base64="36R6IpzuaPYu3ErGgMNXiybMMyA="></latexit><latexit sha1_base64="36R6IpzuaPYu3ErGgMNXiybMMyA="></latexit><latexit sha1_base64="36R6IpzuaPYu3ErGgMNXiybMMyA="></latexit><latexit sha1_base64="36R6IpzuaPYu3ErGgMNXiybMMyA="></latexit>
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2
<latexit sha1_base64="dJeQ8S2SRYO31CaPrUPN79XEuCE="></latexit><latexit sha1_base64="dJeQ8S2SRYO31CaPrUPN79XEuCE="></latexit><latexit sha1_base64="dJeQ8S2SRYO31CaPrUPN79XEuCE="></latexit><latexit sha1_base64="dJeQ8S2SRYO31CaPrUPN79XEuCE="></latexit>

e�0
1

<latexit sha1_base64="LC/Za+qG/56/lMVkudqvwsafbVs=">AAAB/XicdVDJTgJBEO3BDXHD5ealIzHxRHoICNyIXjxiIksCSHp6CujQs6S7R4MT4q948aAxXv0Pb/6NPYCJGn1JJS/vVaWqnhMKrjQhH1ZqaXlldS29ntnY3Nreye7uNVUQSQYNFohAth2qQHAfGpprAe1QAvUcAS1nfJ74rRuQigf+lZ6E0PPo0OcDzqg2Uj970L3lLmguXIi7bMSnffua9LM5kiekcEqqmOSLhUqpbONEqRZLNrYNSZBDC9T72feuG7DIA18zQZXq2CTUvZhKzZmAaaYbKQgpG9MhdAz1qQeqF8+un+Jjo7h4EEhTvsYz9ftETD2lJp5jOj2qR+q3l4h/eZ1IDyq9mPthpMFn80WDSGAd4CQK7HIJTIuJIZRJbm7FbEQlZdoEljEhfH2K/yfNQt42/LKYq50t4kijQ3SETpCNyqiGLlAdNRBDd+gBPaFn6956tF6s13lrylrM7KMfsN4+AcrGlW8=</latexit><latexit sha1_base64="LC/Za+qG/56/lMVkudqvwsafbVs=">AAAB/XicdVDJTgJBEO3BDXHD5ealIzHxRHoICNyIXjxiIksCSHp6CujQs6S7R4MT4q948aAxXv0Pb/6NPYCJGn1JJS/vVaWqnhMKrjQhH1ZqaXlldS29ntnY3Nreye7uNVUQSQYNFohAth2qQHAfGpprAe1QAvUcAS1nfJ74rRuQigf+lZ6E0PPo0OcDzqg2Uj970L3lLmguXIi7bMSnffua9LM5kiekcEqqmOSLhUqpbONEqRZLNrYNSZBDC9T72feuG7DIA18zQZXq2CTUvZhKzZmAaaYbKQgpG9MhdAz1qQeqF8+un+Jjo7h4EEhTvsYz9ftETD2lJp5jOj2qR+q3l4h/eZ1IDyq9mPthpMFn80WDSGAd4CQK7HIJTIuJIZRJbm7FbEQlZdoEljEhfH2K/yfNQt42/LKYq50t4kijQ3SETpCNyqiGLlAdNRBDd+gBPaFn6956tF6s13lrylrM7KMfsN4+AcrGlW8=</latexit><latexit sha1_base64="LC/Za+qG/56/lMVkudqvwsafbVs=">AAAB/XicdVDJTgJBEO3BDXHD5ealIzHxRHoICNyIXjxiIksCSHp6CujQs6S7R4MT4q948aAxXv0Pb/6NPYCJGn1JJS/vVaWqnhMKrjQhH1ZqaXlldS29ntnY3Nreye7uNVUQSQYNFohAth2qQHAfGpprAe1QAvUcAS1nfJ74rRuQigf+lZ6E0PPo0OcDzqg2Uj970L3lLmguXIi7bMSnffua9LM5kiekcEqqmOSLhUqpbONEqRZLNrYNSZBDC9T72feuG7DIA18zQZXq2CTUvZhKzZmAaaYbKQgpG9MhdAz1qQeqF8+un+Jjo7h4EEhTvsYz9ftETD2lJp5jOj2qR+q3l4h/eZ1IDyq9mPthpMFn80WDSGAd4CQK7HIJTIuJIZRJbm7FbEQlZdoEljEhfH2K/yfNQt42/LKYq50t4kijQ3SETpCNyqiGLlAdNRBDd+gBPaFn6956tF6s13lrylrM7KMfsN4+AcrGlW8=</latexit><latexit sha1_base64="LC/Za+qG/56/lMVkudqvwsafbVs=">AAAB/XicdVDJTgJBEO3BDXHD5ealIzHxRHoICNyIXjxiIksCSHp6CujQs6S7R4MT4q948aAxXv0Pb/6NPYCJGn1JJS/vVaWqnhMKrjQhH1ZqaXlldS29ntnY3Nreye7uNVUQSQYNFohAth2qQHAfGpprAe1QAvUcAS1nfJ74rRuQigf+lZ6E0PPo0OcDzqg2Uj970L3lLmguXIi7bMSnffua9LM5kiekcEqqmOSLhUqpbONEqRZLNrYNSZBDC9T72feuG7DIA18zQZXq2CTUvZhKzZmAaaYbKQgpG9MhdAz1qQeqF8+un+Jjo7h4EEhTvsYz9ftETD2lJp5jOj2qR+q3l4h/eZ1IDyq9mPthpMFn80WDSGAd4CQK7HIJTIuJIZRJbm7FbEQlZdoEljEhfH2K/yfNQt42/LKYq50t4kijQ3SETpCNyqiGLlAdNRBDd+gBPaFn6956tF6s13lrylrM7KMfsN4+AcrGlW8=</latexit>

H is the ~125 GeV Higgs     
Best sensitivity in 3l (W,Z) 

Result: limit on cross section 
times branching ratios in the 
plane  

Line: assuming pure winos 
and 100% branching ratios 

How does this translate for 
light singlino/higgsinos?

me�±
1
= me�0

2
, me�0

1
<latexit sha1_base64="V7+i+vroSKGzrpA2yCyi6KJemyQ="></latexit><latexit sha1_base64="V7+i+vroSKGzrpA2yCyi6KJemyQ="></latexit><latexit sha1_base64="V7+i+vroSKGzrpA2yCyi6KJemyQ="></latexit><latexit sha1_base64="V7+i+vroSKGzrpA2yCyi6KJemyQ="></latexit>



And how to avoid them
1 charged higgsino     , 2 neutrals 
Assuming mass degenerate states 
total cross section ~ half of winos 
For mLSP = 5 GeV: not excluded if 
branching ratios to W, Z  < 100%

�±
1

<latexit sha1_base64="kdvtqRXRDT6bIQfEwKTeCw5P1iQ=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXJVNa2+6KblxWsA/sjCWTZtrQJDMkGaEM/Qs3LhRx69+482/MtBVU9MCFwzn3cu89QcyZNgh9OCura+sbm7mt/PbO7t5+4eCwo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wucz87j1VmkXyxkxj6gs8kixkBBsr3XpkzAbunReLQaGISgiVz1EDolKlXK/WXJgpjUrVha4lGYpgidag8O4NI5IIKg3hWOu+i2Ljp1gZRjid5b1E0xiTCR7RvqUSC6r9dH7xDJ5aZQjDSNmSBs7V7xMpFlpPRWA7BTZj/dvLxL+8fmLCup8yGSeGSrJYFCYcmghm78MhU5QYPrUEE8XsrZCMscLE2JDyNoSvT+H/pFMuuZZfV4rNi2UcOXAMTsAZcEENNMEVaIE2IECCB/AEnh3tPDovzuuidcVZzhyBH3DePgGJ7JDU</latexit><latexit sha1_base64="kdvtqRXRDT6bIQfEwKTeCw5P1iQ=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXJVNa2+6KblxWsA/sjCWTZtrQJDMkGaEM/Qs3LhRx69+482/MtBVU9MCFwzn3cu89QcyZNgh9OCura+sbm7mt/PbO7t5+4eCwo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wucz87j1VmkXyxkxj6gs8kixkBBsr3XpkzAbunReLQaGISgiVz1EDolKlXK/WXJgpjUrVha4lGYpgidag8O4NI5IIKg3hWOu+i2Ljp1gZRjid5b1E0xiTCR7RvqUSC6r9dH7xDJ5aZQjDSNmSBs7V7xMpFlpPRWA7BTZj/dvLxL+8fmLCup8yGSeGSrJYFCYcmghm78MhU5QYPrUEE8XsrZCMscLE2JDyNoSvT+H/pFMuuZZfV4rNi2UcOXAMTsAZcEENNMEVaIE2IECCB/AEnh3tPDovzuuidcVZzhyBH3DePgGJ7JDU</latexit><latexit sha1_base64="kdvtqRXRDT6bIQfEwKTeCw5P1iQ=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXJVNa2+6KblxWsA/sjCWTZtrQJDMkGaEM/Qs3LhRx69+482/MtBVU9MCFwzn3cu89QcyZNgh9OCura+sbm7mt/PbO7t5+4eCwo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wucz87j1VmkXyxkxj6gs8kixkBBsr3XpkzAbunReLQaGISgiVz1EDolKlXK/WXJgpjUrVha4lGYpgidag8O4NI5IIKg3hWOu+i2Ljp1gZRjid5b1E0xiTCR7RvqUSC6r9dH7xDJ5aZQjDSNmSBs7V7xMpFlpPRWA7BTZj/dvLxL+8fmLCup8yGSeGSrJYFCYcmghm78MhU5QYPrUEE8XsrZCMscLE2JDyNoSvT+H/pFMuuZZfV4rNi2UcOXAMTsAZcEENNMEVaIE2IECCB/AEnh3tPDovzuuidcVZzhyBH3DePgGJ7JDU</latexit><latexit sha1_base64="kdvtqRXRDT6bIQfEwKTeCw5P1iQ=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXJVNa2+6KblxWsA/sjCWTZtrQJDMkGaEM/Qs3LhRx69+482/MtBVU9MCFwzn3cu89QcyZNgh9OCura+sbm7mt/PbO7t5+4eCwo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wucz87j1VmkXyxkxj6gs8kixkBBsr3XpkzAbunReLQaGISgiVz1EDolKlXK/WXJgpjUrVha4lGYpgidag8O4NI5IIKg3hWOu+i2Ljp1gZRjid5b1E0xiTCR7RvqUSC6r9dH7xDJ5aZQjDSNmSBs7V7xMpFlpPRWA7BTZj/dvLxL+8fmLCup8yGSeGSrJYFCYcmghm78MhU5QYPrUEE8XsrZCMscLE2JDyNoSvT+H/pFMuuZZfV4rNi2UcOXAMTsAZcEENNMEVaIE2IECCB/AEnh3tPDovzuuidcVZzhyBH3DePgGJ7JDU</latexit>

�0
2,3

<latexit sha1_base64="14BOLerKaF7DYv8gyWZOjeuRslY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kJIZW9vuim5cVrAP6Iwlk2ba0ExmSDJCGfobblwo4tafceffmGkrqOiBC4dz7uXee/yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KV+d17KhWLxK2extQL8UiwgBGsjeS6ZMwGqXN2PrtDg2IJlRFyLlADonLFqVdrNsyURqVqQ9uQDCWwRGtQfHeHEUlCKjThWKm+jWLtpVhqRjidFdxE0RiTCR7RvqECh1R56fzmGTwxyhAGkTQlNJyr3ydSHCo1DX3TGWI9Vr+9TPzL6yc6qHspE3GiqSCLRUHCoY5gFgAcMkmJ5lNDMJHM3ArJGEtMtImpYEL4+hT+TzpO2Tb8plJqXi7jyIMjcAxOgQ1qoAmuQQu0AQExeABP4NlKrEfrxXpdtOas5cwh+AHr7RNS+pE3</latexit><latexit sha1_base64="14BOLerKaF7DYv8gyWZOjeuRslY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kJIZW9vuim5cVrAP6Iwlk2ba0ExmSDJCGfobblwo4tafceffmGkrqOiBC4dz7uXee/yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KV+d17KhWLxK2extQL8UiwgBGsjeS6ZMwGqXN2PrtDg2IJlRFyLlADonLFqVdrNsyURqVqQ9uQDCWwRGtQfHeHEUlCKjThWKm+jWLtpVhqRjidFdxE0RiTCR7RvqECh1R56fzmGTwxyhAGkTQlNJyr3ydSHCo1DX3TGWI9Vr+9TPzL6yc6qHspE3GiqSCLRUHCoY5gFgAcMkmJ5lNDMJHM3ArJGEtMtImpYEL4+hT+TzpO2Tb8plJqXi7jyIMjcAxOgQ1qoAmuQQu0AQExeABP4NlKrEfrxXpdtOas5cwh+AHr7RNS+pE3</latexit><latexit sha1_base64="14BOLerKaF7DYv8gyWZOjeuRslY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kJIZW9vuim5cVrAP6Iwlk2ba0ExmSDJCGfobblwo4tafceffmGkrqOiBC4dz7uXee/yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KV+d17KhWLxK2extQL8UiwgBGsjeS6ZMwGqXN2PrtDg2IJlRFyLlADonLFqVdrNsyURqVqQ9uQDCWwRGtQfHeHEUlCKjThWKm+jWLtpVhqRjidFdxE0RiTCR7RvqECh1R56fzmGTwxyhAGkTQlNJyr3ydSHCo1DX3TGWI9Vr+9TPzL6yc6qHspE3GiqSCLRUHCoY5gFgAcMkmJ5lNDMJHM3ArJGEtMtImpYEL4+hT+TzpO2Tb8plJqXi7jyIMjcAxOgQ1qoAmuQQu0AQExeABP4NlKrEfrxXpdtOas5cwh+AHr7RNS+pE3</latexit><latexit sha1_base64="14BOLerKaF7DYv8gyWZOjeuRslY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kJIZW9vuim5cVrAP6Iwlk2ba0ExmSDJCGfobblwo4tafceffmGkrqOiBC4dz7uXee/yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KV+d17KhWLxK2extQL8UiwgBGsjeS6ZMwGqXN2PrtDg2IJlRFyLlADonLFqVdrNsyURqVqQ9uQDCWwRGtQfHeHEUlCKjThWKm+jWLtpVhqRjidFdxE0RiTCR7RvqECh1R56fzmGTwxyhAGkTQlNJyr3ydSHCo1DX3TGWI9Vr+9TPzL6yc6qHspE3GiqSCLRUHCoY5gFgAcMkmJ5lNDMJHM3ArJGEtMtImpYEL4+hT+TzpO2Tb8plJqXi7jyIMjcAxOgQ1qoAmuQQu0AQExeABP4NlKrEfrxXpdtOas5cwh+AHr7RNS+pE3</latexit>

                           unless light bino or stau�±
1 ! W±(⇤) + �0

1
<latexit sha1_base64="bCmWl9fOMedjoQFD3M++aKJKwjk="></latexit><latexit sha1_base64="bCmWl9fOMedjoQFD3M++aKJKwjk="></latexit><latexit sha1_base64="bCmWl9fOMedjoQFD3M++aKJKwjk="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="hZdJQCGsxHIo5HpIO9J3X0OoSPE=">AAACAnicbZBPS8MwGMbfzn9zTq1evQSnMBVG60WPghePE9wfWLuSZukWlqYlSYVR9gW8+FW8eFDED+HNb2O29aCbLwR+PE/Cm+cJU86Udpxvq7S2vrG5Vd6u7FR39/btg2pbJZkktEUSnshuiBXlTNCWZprTbiopjkNOO+H4duZ3HqlULBEPepJSP8ZDwSJGsDZSYJ94ZMQCt++lMfJ0gjr93GD9/GyKLlDhOYFdcxrOfNAquAXUoJhmYH95g4RkMRWacKxUz3VS7edYakY4nVa8TNEUkzEe0p5BgWOq/HyeZopOjTJAUSLNERrN1d8vchwrNYlDczPGeqSWvZn4n9fLdHTt50ykmaaCLBZFGUcm9qwaNGCSEs0nBjCRzPwVkRGWmGhTYMWU4C5HXoX2ZcM1fO9AGY7gGOrgwhXcwB00oQUEnuAF3uDderZerY9FXSWr6O0Q/oz1+QOvEphL</latexit><latexit sha1_base64="n07fZN0mn2+pgoF1UNprKPMZ0oY=">AAACAnicdZDLSgMxGIX/8Vpr1erWTbAKVaFkSmvbneDGZQV7gU5bMmnahmYuJBmhDH0BN76KGxeK+BDufBszbQUV/SHwcU7Cn3PcUHClMf6wVlbX1jc2U1vp7czO7l52P9NUQSQpa9BABLLtEsUE91lDcy1YO5SMeK5gLXdylfitOyYVD/xbPQ1Z1yMjnw85JdpI/eyxQ8e8b/ec0EOODlCrFxvMn53O0DlaerifzeECxsULXEO4UCpWyxUbJUqtVLaRbSCZHCyn3s++O4OARh7zNRVEqY6NQ92NidScCjZLO5FiIaETMmIdgz7xmOrG8zQzdGKUARoG0hxfo7n6/UVMPKWmnmtuekSP1W8vEf/yOpEeVrsx98NIM58uFg0jgUzspBo04JJRLaYGCJXc/BXRMZGEalNg2pTwlRT9D81iwTZ8gyEFh3AEebChApdwDXVoAIV7eIRneLEerCfrdVHXirXs7QB+jPX2CQdpmIo=</latexit><latexit sha1_base64="xrVrHg1tJWjxogtTUnOvbzQ4Dec="></latexit><latexit sha1_base64="bCmWl9fOMedjoQFD3M++aKJKwjk="></latexit><latexit sha1_base64="bCmWl9fOMedjoQFD3M++aKJKwjk="></latexit><latexit sha1_base64="bCmWl9fOMedjoQFD3M++aKJKwjk="></latexit><latexit sha1_base64="bCmWl9fOMedjoQFD3M++aKJKwjk="></latexit><latexit sha1_base64="bCmWl9fOMedjoQFD3M++aKJKwjk="></latexit><latexit sha1_base64="bCmWl9fOMedjoQFD3M++aKJKwjk="></latexit>

                          and                          are of order    : comparable BRs 
                          limits much weaker ➠ consider only  
Alleviates constraints, notably for M1 ~ |µeff| (bino component of       ) 
                           (if kinematically allowed) suppressed compared to Z/h 
However if the latter are kinematically forbidden, BRs to S/P = 100% 
Other loophole: light bino (still singlino LSP) then higgsinos                   
considered (conservatively) not to contribute to the signal

�0
2,3 ! Z(⇤) + �0

1
<latexit sha1_base64="B63puwEcRtc/AOQ+jUrnLhoZSok="></latexit><latexit sha1_base64="B63puwEcRtc/AOQ+jUrnLhoZSok="></latexit><latexit sha1_base64="B63puwEcRtc/AOQ+jUrnLhoZSok="></latexit><latexit sha1_base64="B63puwEcRtc/AOQ+jUrnLhoZSok="></latexit>

�0
2,3 ! h(⇤) + �0

1
<latexit sha1_base64="PUuTqJdyzJ4kBPj/CiKhp91XO9c="></latexit><latexit sha1_base64="PUuTqJdyzJ4kBPj/CiKhp91XO9c="></latexit><latexit sha1_base64="PUuTqJdyzJ4kBPj/CiKhp91XO9c="></latexit><latexit sha1_base64="PUuTqJdyzJ4kBPj/CiKhp91XO9c="></latexit>

�0
2,3 ! h(⇤) + �0

1
<latexit sha1_base64="PUuTqJdyzJ4kBPj/CiKhp91XO9c="></latexit><latexit sha1_base64="PUuTqJdyzJ4kBPj/CiKhp91XO9c="></latexit><latexit sha1_base64="PUuTqJdyzJ4kBPj/CiKhp91XO9c="></latexit><latexit sha1_base64="PUuTqJdyzJ4kBPj/CiKhp91XO9c="></latexit>

�0
2,3 ! Z(⇤) + �0

1
<latexit sha1_base64="B63puwEcRtc/AOQ+jUrnLhoZSok="></latexit><latexit sha1_base64="B63puwEcRtc/AOQ+jUrnLhoZSok="></latexit><latexit sha1_base64="B63puwEcRtc/AOQ+jUrnLhoZSok="></latexit><latexit sha1_base64="B63puwEcRtc/AOQ+jUrnLhoZSok="></latexit>

�2
<latexit sha1_base64="a47kck06tNLgyASMfpnkaT4qGM4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXJVNa2+6KblxWsA9px5LJZNrQJDMkGaEM/Qo3LhRx6+e482/MtBVU9EDgcM655N7jx5xpg9CHs7K6tr6xmdvKb+/s7u0XDg47OkoUoW0S8Uj1fKwpZ5K2DTOc9mJFsfA57fqTy8zv3lOlWSRvzDSmnsAjyUJGsLHS7YDbaIDvysNCEZUQKp+jBkSlSrlerbkwUxqVqgtdSzIUwRKtYeF9EEQkEVQawrHWfRfFxkuxMoxwOssPEk1jTCZ4RPuWSiyo9tL5wjN4apUAhpGyTxo4V79PpFhoPRW+TQpsxvq3l4l/ef3EhHUvZTJODJVk8VGYcGgimF0PA6YoMXxqCSaK2V0hGWOFibEd5W0JX5fC/0mnXHItv64UmxfLOnLgGJyAM+CCGmiCK9ACbUCAAA/gCTw7ynl0XpzXRXTFWc4cgR9w3j4Bwc2QYA==</latexit><latexit sha1_base64="a47kck06tNLgyASMfpnkaT4qGM4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXJVNa2+6KblxWsA9px5LJZNrQJDMkGaEM/Qo3LhRx6+e482/MtBVU9EDgcM655N7jx5xpg9CHs7K6tr6xmdvKb+/s7u0XDg47OkoUoW0S8Uj1fKwpZ5K2DTOc9mJFsfA57fqTy8zv3lOlWSRvzDSmnsAjyUJGsLHS7YDbaIDvysNCEZUQKp+jBkSlSrlerbkwUxqVqgtdSzIUwRKtYeF9EEQkEVQawrHWfRfFxkuxMoxwOssPEk1jTCZ4RPuWSiyo9tL5wjN4apUAhpGyTxo4V79PpFhoPRW+TQpsxvq3l4l/ef3EhHUvZTJODJVk8VGYcGgimF0PA6YoMXxqCSaK2V0hGWOFibEd5W0JX5fC/0mnXHItv64UmxfLOnLgGJyAM+CCGmiCK9ACbUCAAA/gCTw7ynl0XpzXRXTFWc4cgR9w3j4Bwc2QYA==</latexit><latexit sha1_base64="a47kck06tNLgyASMfpnkaT4qGM4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXJVNa2+6KblxWsA9px5LJZNrQJDMkGaEM/Qo3LhRx6+e482/MtBVU9EDgcM655N7jx5xpg9CHs7K6tr6xmdvKb+/s7u0XDg47OkoUoW0S8Uj1fKwpZ5K2DTOc9mJFsfA57fqTy8zv3lOlWSRvzDSmnsAjyUJGsLHS7YDbaIDvysNCEZUQKp+jBkSlSrlerbkwUxqVqgtdSzIUwRKtYeF9EEQkEVQawrHWfRfFxkuxMoxwOssPEk1jTCZ4RPuWSiyo9tL5wjN4apUAhpGyTxo4V79PpFhoPRW+TQpsxvq3l4l/ef3EhHUvZTJODJVk8VGYcGgimF0PA6YoMXxqCSaK2V0hGWOFibEd5W0JX5fC/0mnXHItv64UmxfLOnLgGJyAM+CCGmiCK9ACbUCAAA/gCTw7ynl0XpzXRXTFWc4cgR9w3j4Bwc2QYA==</latexit><latexit sha1_base64="a47kck06tNLgyASMfpnkaT4qGM4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXJVNa2+6KblxWsA9px5LJZNrQJDMkGaEM/Qo3LhRx6+e482/MtBVU9EDgcM655N7jx5xpg9CHs7K6tr6xmdvKb+/s7u0XDg47OkoUoW0S8Uj1fKwpZ5K2DTOc9mJFsfA57fqTy8zv3lOlWSRvzDSmnsAjyUJGsLHS7YDbaIDvysNCEZUQKp+jBkSlSrlerbkwUxqVqgtdSzIUwRKtYeF9EEQkEVQawrHWfRfFxkuxMoxwOssPEk1jTCZ4RPuWSiyo9tL5wjN4apUAhpGyTxo4V79PpFhoPRW+TQpsxvq3l4l/ef3EhHUvZTJODJVk8VGYcGgimF0PA6YoMXxqCSaK2V0hGWOFibEd5W0JX5fC/0mnXHItv64UmxfLOnLgGJyAM+CCGmiCK9ACbUCAAA/gCTw7ynl0XpzXRXTFWc4cgR9w3j4Bwc2QYA==</latexit>

�0
2,3

<latexit sha1_base64="14BOLerKaF7DYv8gyWZOjeuRslY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kJIZW9vuim5cVrAP6Iwlk2ba0ExmSDJCGfobblwo4tafceffmGkrqOiBC4dz7uXee/yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KV+d17KhWLxK2extQL8UiwgBGsjeS6ZMwGqXN2PrtDg2IJlRFyLlADonLFqVdrNsyURqVqQ9uQDCWwRGtQfHeHEUlCKjThWKm+jWLtpVhqRjidFdxE0RiTCR7RvqECh1R56fzmGTwxyhAGkTQlNJyr3ydSHCo1DX3TGWI9Vr+9TPzL6yc6qHspE3GiqSCLRUHCoY5gFgAcMkmJ5lNDMJHM3ArJGEtMtImpYEL4+hT+TzpO2Tb8plJqXi7jyIMjcAxOgQ1qoAmuQQu0AQExeABP4NlKrEfrxXpdtOas5cwh+AHr7RNS+pE3</latexit><latexit sha1_base64="14BOLerKaF7DYv8gyWZOjeuRslY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kJIZW9vuim5cVrAP6Iwlk2ba0ExmSDJCGfobblwo4tafceffmGkrqOiBC4dz7uXee/yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KV+d17KhWLxK2extQL8UiwgBGsjeS6ZMwGqXN2PrtDg2IJlRFyLlADonLFqVdrNsyURqVqQ9uQDCWwRGtQfHeHEUlCKjThWKm+jWLtpVhqRjidFdxE0RiTCR7RvqECh1R56fzmGTwxyhAGkTQlNJyr3ydSHCo1DX3TGWI9Vr+9TPzL6yc6qHspE3GiqSCLRUHCoY5gFgAcMkmJ5lNDMJHM3ArJGEtMtImpYEL4+hT+TzpO2Tb8plJqXi7jyIMjcAxOgQ1qoAmuQQu0AQExeABP4NlKrEfrxXpdtOas5cwh+AHr7RNS+pE3</latexit><latexit sha1_base64="14BOLerKaF7DYv8gyWZOjeuRslY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kJIZW9vuim5cVrAP6Iwlk2ba0ExmSDJCGfobblwo4tafceffmGkrqOiBC4dz7uXee/yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KV+d17KhWLxK2extQL8UiwgBGsjeS6ZMwGqXN2PrtDg2IJlRFyLlADonLFqVdrNsyURqVqQ9uQDCWwRGtQfHeHEUlCKjThWKm+jWLtpVhqRjidFdxE0RiTCR7RvqECh1R56fzmGTwxyhAGkTQlNJyr3ydSHCo1DX3TGWI9Vr+9TPzL6yc6qHspE3GiqSCLRUHCoY5gFgAcMkmJ5lNDMJHM3ArJGEtMtImpYEL4+hT+TzpO2Tb8plJqXi7jyIMjcAxOgQ1qoAmuQQu0AQExeABP4NlKrEfrxXpdtOas5cwh+AHr7RNS+pE3</latexit><latexit sha1_base64="14BOLerKaF7DYv8gyWZOjeuRslY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kJIZW9vuim5cVrAP6Iwlk2ba0ExmSDJCGfobblwo4tafceffmGkrqOiBC4dz7uXee/yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KV+d17KhWLxK2extQL8UiwgBGsjeS6ZMwGqXN2PrtDg2IJlRFyLlADonLFqVdrNsyURqVqQ9uQDCWwRGtQfHeHEUlCKjThWKm+jWLtpVhqRjidFdxE0RiTCR7RvqECh1R56fzmGTwxyhAGkTQlNJyr3ydSHCo1DX3TGWI9Vr+9TPzL6yc6qHspE3GiqSCLRUHCoY5gFgAcMkmJ5lNDMJHM3ArJGEtMtImpYEL4+hT+TzpO2Tb8plJqXi7jyIMjcAxOgQ1qoAmuQQu0AQExeABP4NlKrEfrxXpdtOas5cwh+AHr7RNS+pE3</latexit>

�0
2,3 ! S/P + �0

1
<latexit sha1_base64="KzmKthUxKu56wKEPggEhFgVhl5w=">AAACCHicdVDLSgMxFM34rPVVdenCYBEEpWZqa9td0Y3LivYBnWnJpJk2NPMgyQhl6NKNv+LGhSJu/QR3/o2ZtoKKHggczrmXm3OckDOpEPow5uYXFpeWUyvp1bX1jc3M1nZDBpEgtE4CHoiWgyXlzKd1xRSnrVBQ7DmcNp3hReI3b6mQLPBv1Ciktof7PnMZwUpL3cyeRQasG+ePT8cdBC0VwOuTGjyCE9nsoG4mi3II5c9QBaJcIV8ulkyYKJVC0YSmJgmyYIZaN/Nu9QISedRXhGMp2yYKlR1joRjhdJy2IklDTIa4T9ua+tij0o4nQcbwQCs96AZCP1/Bifp9I8aelCPP0ZMeVgP520vEv7x2pNyyHTM/jBT1yfSQG3Go8yatwB4TlCg+0gQTwfRfIRlggYnS3aV1CV9J4f+kkc+Zml8VstXzWR0psAv2wSEwQQlUwSWogTog4A48gCfwbNwbj8aL8TodnTNmOzvgB4y3Tz4rl5A=</latexit><latexit sha1_base64="KzmKthUxKu56wKEPggEhFgVhl5w=">AAACCHicdVDLSgMxFM34rPVVdenCYBEEpWZqa9td0Y3LivYBnWnJpJk2NPMgyQhl6NKNv+LGhSJu/QR3/o2ZtoKKHggczrmXm3OckDOpEPow5uYXFpeWUyvp1bX1jc3M1nZDBpEgtE4CHoiWgyXlzKd1xRSnrVBQ7DmcNp3hReI3b6mQLPBv1Ciktof7PnMZwUpL3cyeRQasG+ePT8cdBC0VwOuTGjyCE9nsoG4mi3II5c9QBaJcIV8ulkyYKJVC0YSmJgmyYIZaN/Nu9QISedRXhGMp2yYKlR1joRjhdJy2IklDTIa4T9ua+tij0o4nQcbwQCs96AZCP1/Bifp9I8aelCPP0ZMeVgP520vEv7x2pNyyHTM/jBT1yfSQG3Go8yatwB4TlCg+0gQTwfRfIRlggYnS3aV1CV9J4f+kkc+Zml8VstXzWR0psAv2wSEwQQlUwSWogTog4A48gCfwbNwbj8aL8TodnTNmOzvgB4y3Tz4rl5A=</latexit><latexit sha1_base64="KzmKthUxKu56wKEPggEhFgVhl5w=">AAACCHicdVDLSgMxFM34rPVVdenCYBEEpWZqa9td0Y3LivYBnWnJpJk2NPMgyQhl6NKNv+LGhSJu/QR3/o2ZtoKKHggczrmXm3OckDOpEPow5uYXFpeWUyvp1bX1jc3M1nZDBpEgtE4CHoiWgyXlzKd1xRSnrVBQ7DmcNp3hReI3b6mQLPBv1Ciktof7PnMZwUpL3cyeRQasG+ePT8cdBC0VwOuTGjyCE9nsoG4mi3II5c9QBaJcIV8ulkyYKJVC0YSmJgmyYIZaN/Nu9QISedRXhGMp2yYKlR1joRjhdJy2IklDTIa4T9ua+tij0o4nQcbwQCs96AZCP1/Bifp9I8aelCPP0ZMeVgP520vEv7x2pNyyHTM/jBT1yfSQG3Go8yatwB4TlCg+0gQTwfRfIRlggYnS3aV1CV9J4f+kkc+Zml8VstXzWR0psAv2wSEwQQlUwSWogTog4A48gCfwbNwbj8aL8TodnTNmOzvgB4y3Tz4rl5A=</latexit><latexit sha1_base64="KzmKthUxKu56wKEPggEhFgVhl5w=">AAACCHicdVDLSgMxFM34rPVVdenCYBEEpWZqa9td0Y3LivYBnWnJpJk2NPMgyQhl6NKNv+LGhSJu/QR3/o2ZtoKKHggczrmXm3OckDOpEPow5uYXFpeWUyvp1bX1jc3M1nZDBpEgtE4CHoiWgyXlzKd1xRSnrVBQ7DmcNp3hReI3b6mQLPBv1Ciktof7PnMZwUpL3cyeRQasG+ePT8cdBC0VwOuTGjyCE9nsoG4mi3II5c9QBaJcIV8ulkyYKJVC0YSmJgmyYIZaN/Nu9QISedRXhGMp2yYKlR1joRjhdJy2IklDTIa4T9ua+tij0o4nQcbwQCs96AZCP1/Bifp9I8aelCPP0ZMeVgP520vEv7x2pNyyHTM/jBT1yfSQG3Go8yatwB4TlCg+0gQTwfRfIRlggYnS3aV1CV9J4f+kkc+Zml8VstXzWR0psAv2wSEwQQlUwSWogTog4A48gCfwbNwbj8aL8TodnTNmOzvgB4y3Tz4rl5A=</latexit>

�0
3,4 ! �0

2
<latexit sha1_base64="dhJd8sQvls1eN6KYDlqVIi8UneM=">AAACAnicdVDLSgMxFM3UV62vqitxEyyCCymZ2tp2V3TjsoJ9QDsdMmnahmYyQ5IRylDc+CtuXCji1q9w59+YaSuo6IHA4Zx7uTnHCzlTGqEPK7W0vLK6ll7PbGxube9kd/eaKogkoQ0S8EC2PawoZ4I2NNOctkNJse9x2vLGl4nfuqVSsUDc6ElIHR8PBRswgrWR3OxBl4yYG5+dFqc9BLs6gDOh0ENuNofyCBXOURWifLFQKZVtmCjVYsmGtiEJcmCBupt97/YDEvlUaMKxUh0bhdqJsdSMcDrNdCNFQ0zGeEg7hgrsU+XEswhTeGyUPhwE0jyh4Uz9vhFjX6mJ75lJH+uR+u0l4l9eJ9KDihMzEUaaCjI/NIg4NEmTPmCfSUo0nxiCiWTmr5CMsMREm9YypoSvpPB/0izkbcOvi7naxaKONDgER+AE2KAMauAK1EEDEHAHHsATeLburUfrxXqdj6asxc4++AHr7RNULpYa</latexit><latexit sha1_base64="dhJd8sQvls1eN6KYDlqVIi8UneM=">AAACAnicdVDLSgMxFM3UV62vqitxEyyCCymZ2tp2V3TjsoJ9QDsdMmnahmYyQ5IRylDc+CtuXCji1q9w59+YaSuo6IHA4Zx7uTnHCzlTGqEPK7W0vLK6ll7PbGxube9kd/eaKogkoQ0S8EC2PawoZ4I2NNOctkNJse9x2vLGl4nfuqVSsUDc6ElIHR8PBRswgrWR3OxBl4yYG5+dFqc9BLs6gDOh0ENuNofyCBXOURWifLFQKZVtmCjVYsmGtiEJcmCBupt97/YDEvlUaMKxUh0bhdqJsdSMcDrNdCNFQ0zGeEg7hgrsU+XEswhTeGyUPhwE0jyh4Uz9vhFjX6mJ75lJH+uR+u0l4l9eJ9KDihMzEUaaCjI/NIg4NEmTPmCfSUo0nxiCiWTmr5CMsMREm9YypoSvpPB/0izkbcOvi7naxaKONDgER+AE2KAMauAK1EEDEHAHHsATeLburUfrxXqdj6asxc4++AHr7RNULpYa</latexit><latexit sha1_base64="dhJd8sQvls1eN6KYDlqVIi8UneM=">AAACAnicdVDLSgMxFM3UV62vqitxEyyCCymZ2tp2V3TjsoJ9QDsdMmnahmYyQ5IRylDc+CtuXCji1q9w59+YaSuo6IHA4Zx7uTnHCzlTGqEPK7W0vLK6ll7PbGxube9kd/eaKogkoQ0S8EC2PawoZ4I2NNOctkNJse9x2vLGl4nfuqVSsUDc6ElIHR8PBRswgrWR3OxBl4yYG5+dFqc9BLs6gDOh0ENuNofyCBXOURWifLFQKZVtmCjVYsmGtiEJcmCBupt97/YDEvlUaMKxUh0bhdqJsdSMcDrNdCNFQ0zGeEg7hgrsU+XEswhTeGyUPhwE0jyh4Uz9vhFjX6mJ75lJH+uR+u0l4l9eJ9KDihMzEUaaCjI/NIg4NEmTPmCfSUo0nxiCiWTmr5CMsMREm9YypoSvpPB/0izkbcOvi7naxaKONDgER+AE2KAMauAK1EEDEHAHHsATeLburUfrxXqdj6asxc4++AHr7RNULpYa</latexit><latexit sha1_base64="dhJd8sQvls1eN6KYDlqVIi8UneM=">AAACAnicdVDLSgMxFM3UV62vqitxEyyCCymZ2tp2V3TjsoJ9QDsdMmnahmYyQ5IRylDc+CtuXCji1q9w59+YaSuo6IHA4Zx7uTnHCzlTGqEPK7W0vLK6ll7PbGxube9kd/eaKogkoQ0S8EC2PawoZ4I2NNOctkNJse9x2vLGl4nfuqVSsUDc6ElIHR8PBRswgrWR3OxBl4yYG5+dFqc9BLs6gDOh0ENuNofyCBXOURWifLFQKZVtmCjVYsmGtiEJcmCBupt97/YDEvlUaMKxUh0bhdqJsdSMcDrNdCNFQ0zGeEg7hgrsU+XEswhTeGyUPhwE0jyh4Uz9vhFjX6mJ75lJH+uR+u0l4l9eJ9KDihMzEUaaCjI/NIg4NEmTPmCfSUo0nxiCiWTmr5CMsMREm9YypoSvpPB/0izkbcOvi7naxaKONDgER+AE2KAMauAK1EEDEHAHHsATeLburUfrxXqdj6asxc4++AHr7RNULpYa</latexit>



Recasting procedure and results
      and       not mass degenerate (                                                      )  
➥ find the           production cross sections (from an array) 
➥ weigh by Xi/(X1+X2) where Xi =              reduced coupling 

squared (production) times branching ratios to W, Z (decay) 
➥ Find a degenerate triplet (mass mT) with same cross section 
➥ Compare to the cross section excluded by CMS at

�±
1

<latexit sha1_base64="kdvtqRXRDT6bIQfEwKTeCw5P1iQ=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXJVNa2+6KblxWsA/sjCWTZtrQJDMkGaEM/Qs3LhRx69+482/MtBVU9MCFwzn3cu89QcyZNgh9OCura+sbm7mt/PbO7t5+4eCwo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wucz87j1VmkXyxkxj6gs8kixkBBsr3XpkzAbunReLQaGISgiVz1EDolKlXK/WXJgpjUrVha4lGYpgidag8O4NI5IIKg3hWOu+i2Ljp1gZRjid5b1E0xiTCR7RvqUSC6r9dH7xDJ5aZQjDSNmSBs7V7xMpFlpPRWA7BTZj/dvLxL+8fmLCup8yGSeGSrJYFCYcmghm78MhU5QYPrUEE8XsrZCMscLE2JDyNoSvT+H/pFMuuZZfV4rNi2UcOXAMTsAZcEENNMEVaIE2IECCB/AEnh3tPDovzuuidcVZzhyBH3DePgGJ7JDU</latexit><latexit sha1_base64="kdvtqRXRDT6bIQfEwKTeCw5P1iQ=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXJVNa2+6KblxWsA/sjCWTZtrQJDMkGaEM/Qs3LhRx69+482/MtBVU9MCFwzn3cu89QcyZNgh9OCura+sbm7mt/PbO7t5+4eCwo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wucz87j1VmkXyxkxj6gs8kixkBBsr3XpkzAbunReLQaGISgiVz1EDolKlXK/WXJgpjUrVha4lGYpgidag8O4NI5IIKg3hWOu+i2Ljp1gZRjid5b1E0xiTCR7RvqUSC6r9dH7xDJ5aZQjDSNmSBs7V7xMpFlpPRWA7BTZj/dvLxL+8fmLCup8yGSeGSrJYFCYcmghm78MhU5QYPrUEE8XsrZCMscLE2JDyNoSvT+H/pFMuuZZfV4rNi2UcOXAMTsAZcEENNMEVaIE2IECCB/AEnh3tPDovzuuidcVZzhyBH3DePgGJ7JDU</latexit><latexit sha1_base64="kdvtqRXRDT6bIQfEwKTeCw5P1iQ=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXJVNa2+6KblxWsA/sjCWTZtrQJDMkGaEM/Qs3LhRx69+482/MtBVU9MCFwzn3cu89QcyZNgh9OCura+sbm7mt/PbO7t5+4eCwo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wucz87j1VmkXyxkxj6gs8kixkBBsr3XpkzAbunReLQaGISgiVz1EDolKlXK/WXJgpjUrVha4lGYpgidag8O4NI5IIKg3hWOu+i2Ljp1gZRjid5b1E0xiTCR7RvqUSC6r9dH7xDJ5aZQjDSNmSBs7V7xMpFlpPRWA7BTZj/dvLxL+8fmLCup8yGSeGSrJYFCYcmghm78MhU5QYPrUEE8XsrZCMscLE2JDyNoSvT+H/pFMuuZZfV4rNi2UcOXAMTsAZcEENNMEVaIE2IECCB/AEnh3tPDovzuuidcVZzhyBH3DePgGJ7JDU</latexit><latexit sha1_base64="kdvtqRXRDT6bIQfEwKTeCw5P1iQ=">AAAB8XicdVDLSgMxFM34rPVVdekmWARXJVNa2+6KblxWsA/sjCWTZtrQJDMkGaEM/Qs3LhRx69+482/MtBVU9MCFwzn3cu89QcyZNgh9OCura+sbm7mt/PbO7t5+4eCwo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wucz87j1VmkXyxkxj6gs8kixkBBsr3XpkzAbunReLQaGISgiVz1EDolKlXK/WXJgpjUrVha4lGYpgidag8O4NI5IIKg3hWOu+i2Ljp1gZRjid5b1E0xiTCR7RvqUSC6r9dH7xDJ5aZQjDSNmSBs7V7xMpFlpPRWA7BTZj/dvLxL+8fmLCup8yGSeGSrJYFCYcmghm78MhU5QYPrUEE8XsrZCMscLE2JDyNoSvT+H/pFMuuZZfV4rNi2UcOXAMTsAZcEENNMEVaIE2IECCB/AEnh3tPDovzuuidcVZzhyBH3DePgGJ7JDU</latexit>

�0
2,3

<latexit sha1_base64="14BOLerKaF7DYv8gyWZOjeuRslY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kJIZW9vuim5cVrAP6Iwlk2ba0ExmSDJCGfobblwo4tafceffmGkrqOiBC4dz7uXee/yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KV+d17KhWLxK2extQL8UiwgBGsjeS6ZMwGqXN2PrtDg2IJlRFyLlADonLFqVdrNsyURqVqQ9uQDCWwRGtQfHeHEUlCKjThWKm+jWLtpVhqRjidFdxE0RiTCR7RvqECh1R56fzmGTwxyhAGkTQlNJyr3ydSHCo1DX3TGWI9Vr+9TPzL6yc6qHspE3GiqSCLRUHCoY5gFgAcMkmJ5lNDMJHM3ArJGEtMtImpYEL4+hT+TzpO2Tb8plJqXi7jyIMjcAxOgQ1qoAmuQQu0AQExeABP4NlKrEfrxXpdtOas5cwh+AHr7RNS+pE3</latexit><latexit sha1_base64="14BOLerKaF7DYv8gyWZOjeuRslY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kJIZW9vuim5cVrAP6Iwlk2ba0ExmSDJCGfobblwo4tafceffmGkrqOiBC4dz7uXee/yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KV+d17KhWLxK2extQL8UiwgBGsjeS6ZMwGqXN2PrtDg2IJlRFyLlADonLFqVdrNsyURqVqQ9uQDCWwRGtQfHeHEUlCKjThWKm+jWLtpVhqRjidFdxE0RiTCR7RvqECh1R56fzmGTwxyhAGkTQlNJyr3ydSHCo1DX3TGWI9Vr+9TPzL6yc6qHspE3GiqSCLRUHCoY5gFgAcMkmJ5lNDMJHM3ArJGEtMtImpYEL4+hT+TzpO2Tb8plJqXi7jyIMjcAxOgQ1qoAmuQQu0AQExeABP4NlKrEfrxXpdtOas5cwh+AHr7RNS+pE3</latexit><latexit sha1_base64="14BOLerKaF7DYv8gyWZOjeuRslY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kJIZW9vuim5cVrAP6Iwlk2ba0ExmSDJCGfobblwo4tafceffmGkrqOiBC4dz7uXee/yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KV+d17KhWLxK2extQL8UiwgBGsjeS6ZMwGqXN2PrtDg2IJlRFyLlADonLFqVdrNsyURqVqQ9uQDCWwRGtQfHeHEUlCKjThWKm+jWLtpVhqRjidFdxE0RiTCR7RvqECh1R56fzmGTwxyhAGkTQlNJyr3ydSHCo1DX3TGWI9Vr+9TPzL6yc6qHspE3GiqSCLRUHCoY5gFgAcMkmJ5lNDMJHM3ArJGEtMtImpYEL4+hT+TzpO2Tb8plJqXi7jyIMjcAxOgQ1qoAmuQQu0AQExeABP4NlKrEfrxXpdtOas5cwh+AHr7RNS+pE3</latexit><latexit sha1_base64="14BOLerKaF7DYv8gyWZOjeuRslY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4kJIZW9vuim5cVrAP6Iwlk2ba0ExmSDJCGfobblwo4tafceffmGkrqOiBC4dz7uXee/yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KV+d17KhWLxK2extQL8UiwgBGsjeS6ZMwGqXN2PrtDg2IJlRFyLlADonLFqVdrNsyURqVqQ9uQDCWwRGtQfHeHEUlCKjThWKm+jWLtpVhqRjidFdxE0RiTCR7RvqECh1R56fzmGTwxyhAGkTQlNJyr3ydSHCo1DX3TGWI9Vr+9TPzL6yc6qHspE3GiqSCLRUHCoY5gFgAcMkmJ5lNDMJHM3ArJGEtMtImpYEL4+hT+TzpO2Tb8plJqXi7jyIMjcAxOgQ1qoAmuQQu0AQExeABP4NlKrEfrxXpdtOas5cwh+AHr7RNS+pE3</latexit>
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<latexit sha1_base64="JzEg1YgqlQ8O5khbChcpBEJP2k4="></latexit><latexit sha1_base64="JzEg1YgqlQ8O5khbChcpBEJP2k4="></latexit><latexit sha1_base64="JzEg1YgqlQ8O5khbChcpBEJP2k4="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="yyvKfjVU+N9jqUsse1vqhC34HAo=">AAACN3icbVDLSgMxFL3js9aq1a2bYBHcKDN1oUvBhS4r2Id02iGT3tpgMjMmGaEM821u/AJ3foAbF4r4A6YPUasHAifnnMtNTpgIro3rPjlz8wuLS8uFleJqaW19o7xZaug4VQzrLBaxaoVUo+AR1g03AluJQipDgc3w5nTkN+9QaR5Hl2aYYEfS64j3OaPGSkH5SgaZzwY8OOy6OdknX1ev6ycyJ77mEm9n1e9YdTTlC9TaBknV9UnmK0nOsJEH5Yp74I5B/hJvSiowRS0oP/q9mKUSI8ME1brtuYnpZFQZzgTmRT/VmFB2Q6+xbWlEJepONq4gJ7tW6ZF+rOyJDBmrPycyKrUeytAmJTUDPeuNxP+8dmr6x52MR0lqMGKTRf1UEBOTUZ+kxxUyI4aWUKa4fSthA6ooM7b1oi3Bm/3yX9KoHniWX7hQgG3YgT3w4AhO4BxqUAcG9/AMr/DmPDgvzvukrjln2tsW/ILz8QnNt625</latexit><latexit sha1_base64="nfIqrMyZclLV1aXBGP/wyCb9g5E="></latexit><latexit sha1_base64="Nx8t0L/UdpabB9Q68F2VTGplw6U="></latexit><latexit sha1_base64="JzEg1YgqlQ8O5khbChcpBEJP2k4="></latexit><latexit sha1_base64="JzEg1YgqlQ8O5khbChcpBEJP2k4="></latexit><latexit sha1_base64="JzEg1YgqlQ8O5khbChcpBEJP2k4="></latexit><latexit sha1_base64="JzEg1YgqlQ8O5khbChcpBEJP2k4="></latexit><latexit sha1_base64="JzEg1YgqlQ8O5khbChcpBEJP2k4="></latexit><latexit sha1_base64="JzEg1YgqlQ8O5khbChcpBEJP2k4="></latexit>
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<latexit sha1_base64="zYM6zZ6FqPCgMDdgVAM2T8u10+k=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuCqZ0tp2V3TjsoKthc50yKSZNjRzIckIw1BfxY0LRdz6IO58GzNtBRX9IfDxn3M4J78XcyYVQh9GYW19Y3OruF3a2d3bPzAPj/oySgShPRLxSAw8LClnIe0ppjgdxILiwOP01ptd5vXbOyoki8IblcbUCfAkZD4jWGnLNcs2mTLXGtlxABfIRsg1K6iKUO0ctSGq1mutRtOCudOuNyxoachVASt1XfPdHkckCWioCMdSDi0UKyfDQjHC6bxkJ5LGmMzwhA41hjig0skWx8/hqXbG0I+EfqGCC/f7RIYDKdPA050BVlP5u5abf9WGifJbTsbCOFE0JMtFfsKhimCeBBwzQYniqQZMBNO3QjLFAhOl8yrpEL5+Cv+Hfq1qab6uVzoXqziK4BicgDNggSbogCvQBT1AQAoewBN4Nu6NR+PFeF22FozVTBn8kPH2CRHKlGU=</latexit><latexit sha1_base64="zYM6zZ6FqPCgMDdgVAM2T8u10+k=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuCqZ0tp2V3TjsoKthc50yKSZNjRzIckIw1BfxY0LRdz6IO58GzNtBRX9IfDxn3M4J78XcyYVQh9GYW19Y3OruF3a2d3bPzAPj/oySgShPRLxSAw8LClnIe0ppjgdxILiwOP01ptd5vXbOyoki8IblcbUCfAkZD4jWGnLNcs2mTLXGtlxABfIRsg1K6iKUO0ctSGq1mutRtOCudOuNyxoachVASt1XfPdHkckCWioCMdSDi0UKyfDQjHC6bxkJ5LGmMzwhA41hjig0skWx8/hqXbG0I+EfqGCC/f7RIYDKdPA050BVlP5u5abf9WGifJbTsbCOFE0JMtFfsKhimCeBBwzQYniqQZMBNO3QjLFAhOl8yrpEL5+Cv+Hfq1qab6uVzoXqziK4BicgDNggSbogCvQBT1AQAoewBN4Nu6NR+PFeF22FozVTBn8kPH2CRHKlGU=</latexit><latexit sha1_base64="zYM6zZ6FqPCgMDdgVAM2T8u10+k=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuCqZ0tp2V3TjsoKthc50yKSZNjRzIckIw1BfxY0LRdz6IO58GzNtBRX9IfDxn3M4J78XcyYVQh9GYW19Y3OruF3a2d3bPzAPj/oySgShPRLxSAw8LClnIe0ppjgdxILiwOP01ptd5vXbOyoki8IblcbUCfAkZD4jWGnLNcs2mTLXGtlxABfIRsg1K6iKUO0ctSGq1mutRtOCudOuNyxoachVASt1XfPdHkckCWioCMdSDi0UKyfDQjHC6bxkJ5LGmMzwhA41hjig0skWx8/hqXbG0I+EfqGCC/f7RIYDKdPA050BVlP5u5abf9WGifJbTsbCOFE0JMtFfsKhimCeBBwzQYniqQZMBNO3QjLFAhOl8yrpEL5+Cv+Hfq1qab6uVzoXqziK4BicgDNggSbogCvQBT1AQAoewBN4Nu6NR+PFeF22FozVTBn8kPH2CRHKlGU=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="xJcHhPiIpZR5BeDHjZZGQcNwg+g=">AAAB8XicbZBPS8MwGMbf+nfOqVWPXoJD8DRaL3oUvHic4P7A2pU0S7ewJC1JKpQyv4oXD4r4Zbz5bcy6HXTzgcCP50l43zxxxpk2nvftbGxube/s1vbq+42DwyP3uNHVaa4I7ZCUp6ofY005k7RjmOG0nymKRcxpL57ezfPeE1WapfLRFBkNBR5LljCCjbUi9zQgExb5wyATqEI29CK36bW8Smgd/CU0Yal25H4Fo5TkgkpDONZ64HuZCUusDCOczupBrmmGyRSP6cCixILqsKyWn6EL64xQkip7pEGV+/tFiYXWhYjtTYHNRK9mc/O/bJCb5CYsmcxyQyVZDEpyjkyK5k2gEVOUGF5YwEQxuysiE6wwMbavui3BX/3yOnSvWr7lBw9qcAbncAk+XMMt3EMbOkCggBd4g3fn2Xl1PhZ1bTjL3k7gj5zPH1bikr8=</latexit><latexit sha1_base64="VdXVxX9xGpPjUAMSLDXPUTsJZok=">AAAB8XicdZDNSgMxFIXv1L9aq1ZdugkWwVXJlNa2O8GNywr2B9ppyaRpG5rMDElGKEN9FTcuFPFl3Pk2ZtoKKnog8HFOwr05fiS4Nhh/OJmNza3tnexubi+/f3BYOMq3dRgrylo0FKHq+kQzwQPWMtwI1o0UI9IXrOPPrtO8c8+U5mFwZ+YR8ySZBHzMKTHWGhZO+nTKh+6gH0m0RD7Aw0IRlzAuX+IGwqVKuV6tuSh1GpWqi1wLqYqwVnNYeO+PQhpLFhgqiNY9F0fGS4gynAq2yPVjzSJCZ2TCehYDIpn2kuXyC3RunREah8qewKCl+/1FQqTWc+nbm5KYqf6dpeZfWS8247qX8CCKDQvoatA4FsiEKG0Cjbhi1Ii5BUIVt7siOiWKUGP7ytkSvn6K/od2ueRavsWQhVM4gwtwoQZXcANNaAGFOTzCM7w4D86T87qqK+OsezuGH3LePgGvKpL+</latexit><latexit sha1_base64="FDajufMQfqBtkZ+TIKbaHPmoce8=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuCqZ0tp2V3TjsoKthc50yKSZNjRzIckIw1BfxY0LRdz6IO58GzNtBRX9IfDxn3M4J78XcyYVQh9GYW19Y3OruF3a2d3bPzAPj/oySgShPRLxSAw8LClnIe0ppjgdxILiwOP01ptd5vXbOyoki8IblcbUCfAkZD4jWGnLNcs2mTLXGtlxABfIRsg1K6iKUO0ctSGq1mutRtOCudOuNyxoachVASt1XfPdHkckCWioCMdSDi0UKyfDQjHC6bxkJ5LGmMzwhA41hjig0skWx8/hqXbG0I+EfqGCC/f7RIYDKdPA050BVlP5u5abf9WGifJbTsbCOFE0JMtFfsKhimCeBBwzQYniqQZMBNO3QjLFAhOl8yrpEL5+Cv+Hfq1qab5Glc7FKo4iOAYn4AxYoAk64Ap0QQ8QkIIH8ASejXvj0XgxXpetBWM1UwY/ZLx9AhCKlGE=</latexit><latexit sha1_base64="zYM6zZ6FqPCgMDdgVAM2T8u10+k=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuCqZ0tp2V3TjsoKthc50yKSZNjRzIckIw1BfxY0LRdz6IO58GzNtBRX9IfDxn3M4J78XcyYVQh9GYW19Y3OruF3a2d3bPzAPj/oySgShPRLxSAw8LClnIe0ppjgdxILiwOP01ptd5vXbOyoki8IblcbUCfAkZD4jWGnLNcs2mTLXGtlxABfIRsg1K6iKUO0ctSGq1mutRtOCudOuNyxoachVASt1XfPdHkckCWioCMdSDi0UKyfDQjHC6bxkJ5LGmMzwhA41hjig0skWx8/hqXbG0I+EfqGCC/f7RIYDKdPA050BVlP5u5abf9WGifJbTsbCOFE0JMtFfsKhimCeBBwzQYniqQZMBNO3QjLFAhOl8yrpEL5+Cv+Hfq1qab6uVzoXqziK4BicgDNggSbogCvQBT1AQAoewBN4Nu6NR+PFeF22FozVTBn8kPH2CRHKlGU=</latexit><latexit sha1_base64="zYM6zZ6FqPCgMDdgVAM2T8u10+k=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuCqZ0tp2V3TjsoKthc50yKSZNjRzIckIw1BfxY0LRdz6IO58GzNtBRX9IfDxn3M4J78XcyYVQh9GYW19Y3OruF3a2d3bPzAPj/oySgShPRLxSAw8LClnIe0ppjgdxILiwOP01ptd5vXbOyoki8IblcbUCfAkZD4jWGnLNcs2mTLXGtlxABfIRsg1K6iKUO0ctSGq1mutRtOCudOuNyxoachVASt1XfPdHkckCWioCMdSDi0UKyfDQjHC6bxkJ5LGmMzwhA41hjig0skWx8/hqXbG0I+EfqGCC/f7RIYDKdPA050BVlP5u5abf9WGifJbTsbCOFE0JMtFfsKhimCeBBwzQYniqQZMBNO3QjLFAhOl8yrpEL5+Cv+Hfq1qab6uVzoXqziK4BicgDNggSbogCvQBT1AQAoewBN4Nu6NR+PFeF22FozVTBn8kPH2CRHKlGU=</latexit><latexit sha1_base64="zYM6zZ6FqPCgMDdgVAM2T8u10+k=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuCqZ0tp2V3TjsoKthc50yKSZNjRzIckIw1BfxY0LRdz6IO58GzNtBRX9IfDxn3M4J78XcyYVQh9GYW19Y3OruF3a2d3bPzAPj/oySgShPRLxSAw8LClnIe0ppjgdxILiwOP01ptd5vXbOyoki8IblcbUCfAkZD4jWGnLNcs2mTLXGtlxABfIRsg1K6iKUO0ctSGq1mutRtOCudOuNyxoachVASt1XfPdHkckCWioCMdSDi0UKyfDQjHC6bxkJ5LGmMzwhA41hjig0skWx8/hqXbG0I+EfqGCC/f7RIYDKdPA050BVlP5u5abf9WGifJbTsbCOFE0JMtFfsKhimCeBBwzQYniqQZMBNO3QjLFAhOl8yrpEL5+Cv+Hfq1qab6uVzoXqziK4BicgDNggSbogCvQBT1AQAoewBN4Nu6NR+PFeF22FozVTBn8kPH2CRHKlGU=</latexit><latexit sha1_base64="zYM6zZ6FqPCgMDdgVAM2T8u10+k=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuCqZ0tp2V3TjsoKthc50yKSZNjRzIckIw1BfxY0LRdz6IO58GzNtBRX9IfDxn3M4J78XcyYVQh9GYW19Y3OruF3a2d3bPzAPj/oySgShPRLxSAw8LClnIe0ppjgdxILiwOP01ptd5vXbOyoki8IblcbUCfAkZD4jWGnLNcs2mTLXGtlxABfIRsg1K6iKUO0ctSGq1mutRtOCudOuNyxoachVASt1XfPdHkckCWioCMdSDi0UKyfDQjHC6bxkJ5LGmMzwhA41hjig0skWx8/hqXbG0I+EfqGCC/f7RIYDKdPA050BVlP5u5abf9WGifJbTsbCOFE0JMtFfsKhimCeBBwzQYniqQZMBNO3QjLFAhOl8yrpEL5+Cv+Hfq1qab6uVzoXqziK4BicgDNggSbogCvQBT1AQAoewBN4Nu6NR+PFeF22FozVTBn8kPH2CRHKlGU=</latexit><latexit sha1_base64="zYM6zZ6FqPCgMDdgVAM2T8u10+k=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuCqZ0tp2V3TjsoKthc50yKSZNjRzIckIw1BfxY0LRdz6IO58GzNtBRX9IfDxn3M4J78XcyYVQh9GYW19Y3OruF3a2d3bPzAPj/oySgShPRLxSAw8LClnIe0ppjgdxILiwOP01ptd5vXbOyoki8IblcbUCfAkZD4jWGnLNcs2mTLXGtlxABfIRsg1K6iKUO0ctSGq1mutRtOCudOuNyxoachVASt1XfPdHkckCWioCMdSDi0UKyfDQjHC6bxkJ5LGmMzwhA41hjig0skWx8/hqXbG0I+EfqGCC/f7RIYDKdPA050BVlP5u5abf9WGifJbTsbCOFE0JMtFfsKhimCeBBwzQYniqQZMBNO3QjLFAhOl8yrpEL5+Cv+Hfq1qab6uVzoXqziK4BicgDNggSbogCvQBT1AQAoewBN4Nu6NR+PFeF22FozVTBn8kPH2CRHKlGU=</latexit><latexit sha1_base64="zYM6zZ6FqPCgMDdgVAM2T8u10+k=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiuCqZ0tp2V3TjsoKthc50yKSZNjRzIckIw1BfxY0LRdz6IO58GzNtBRX9IfDxn3M4J78XcyYVQh9GYW19Y3OruF3a2d3bPzAPj/oySgShPRLxSAw8LClnIe0ppjgdxILiwOP01ptd5vXbOyoki8IblcbUCfAkZD4jWGnLNcs2mTLXGtlxABfIRsg1K6iKUO0ctSGq1mutRtOCudOuNyxoachVASt1XfPdHkckCWioCMdSDi0UKyfDQjHC6bxkJ5LGmMzwhA41hjig0skWx8/hqXbG0I+EfqGCC/f7RIYDKdPA050BVlP5u5abf9WGifJbTsbCOFE0JMtFfsKhimCeBBwzQYniqQZMBNO3QjLFAhOl8yrpEL5+Cv+Hfq1qab6uVzoXqziK4BicgDNggSbogCvQBT1AQAoewBN4Nu6NR+PFeF22FozVTBn8kPH2CRHKlGU=</latexit>

�±
1 �

0
iW

<latexit sha1_base64="6EygEMSTsHr/cZ9RjN7zN/72xvo=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASL4KpkSmvbXdGNywr2Ap3pkEkzbWjmQpIR6lB8FTcuFHHre7jzbcy0FVT0h8DHf87hnPxezJlUCH0YuZXVtfWN/GZha3tnd8/cP+jIKBGEtknEI9HzsKSchbStmOK0FwuKA4/Trje5zOrdWyoki8IbNY2pE+BRyHxGsNKWax7ZZMxca2DHAZwjG6CuaxZRCaHyOWpAVKqU69WaBTOnUala0NKQqQiWarnmuz2MSBLQUBGOpexbKFZOioVihNNZwU4kjTGZ4BHtawxxQKWTzq+fwVPtDKEfCf1CBefu94kUB1JOA093BliN5e9aZv5V6yfKrzspC+NE0ZAsFvkJhyqCWRRwyAQlik81YCKYvhWSMRaYKB1YQYfw9VP4P3TKJUvzdaXYvFjGkQfH4AScAQvUQBNcgRZoAwLuwAN4As/GvfFovBivi9acsZw5BD9kvH0CwYqUxg==</latexit><latexit sha1_base64="6EygEMSTsHr/cZ9RjN7zN/72xvo=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASL4KpkSmvbXdGNywr2Ap3pkEkzbWjmQpIR6lB8FTcuFHHre7jzbcy0FVT0h8DHf87hnPxezJlUCH0YuZXVtfWN/GZha3tnd8/cP+jIKBGEtknEI9HzsKSchbStmOK0FwuKA4/Trje5zOrdWyoki8IbNY2pE+BRyHxGsNKWax7ZZMxca2DHAZwjG6CuaxZRCaHyOWpAVKqU69WaBTOnUala0NKQqQiWarnmuz2MSBLQUBGOpexbKFZOioVihNNZwU4kjTGZ4BHtawxxQKWTzq+fwVPtDKEfCf1CBefu94kUB1JOA093BliN5e9aZv5V6yfKrzspC+NE0ZAsFvkJhyqCWRRwyAQlik81YCKYvhWSMRaYKB1YQYfw9VP4P3TKJUvzdaXYvFjGkQfH4AScAQvUQBNcgRZoAwLuwAN4As/GvfFovBivi9acsZw5BD9kvH0CwYqUxg==</latexit><latexit sha1_base64="6EygEMSTsHr/cZ9RjN7zN/72xvo=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASL4KpkSmvbXdGNywr2Ap3pkEkzbWjmQpIR6lB8FTcuFHHre7jzbcy0FVT0h8DHf87hnPxezJlUCH0YuZXVtfWN/GZha3tnd8/cP+jIKBGEtknEI9HzsKSchbStmOK0FwuKA4/Trje5zOrdWyoki8IbNY2pE+BRyHxGsNKWax7ZZMxca2DHAZwjG6CuaxZRCaHyOWpAVKqU69WaBTOnUala0NKQqQiWarnmuz2MSBLQUBGOpexbKFZOioVihNNZwU4kjTGZ4BHtawxxQKWTzq+fwVPtDKEfCf1CBefu94kUB1JOA093BliN5e9aZv5V6yfKrzspC+NE0ZAsFvkJhyqCWRRwyAQlik81YCKYvhWSMRaYKB1YQYfw9VP4P3TKJUvzdaXYvFjGkQfH4AScAQvUQBNcgRZoAwLuwAN4As/GvfFovBivi9acsZw5BD9kvH0CwYqUxg==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="oYBlTg21wUby1awvQ9Y/Cn8aD9U=">AAAB8nicbZBPS8MwGMbfzn9zTq3izUtwCJ5G60WPghePE9wfWLuSZukWlqQlSYVZhl/FiwdF/DDe/DZm3Q66+UDgx/MkvG+eOONMG8/7diobm1vbO9Xd2l59/+DQPap3dJorQtsk5anqxVhTziRtG2Y47WWKYhFz2o0nt/O8+0iVZql8MNOMhgKPJEsYwcZakXsSkDGL/EGQCVQiG3jdyG14Ta8UWgd/CQ1YqhW5X8EwJbmg0hCOte77XmbCAivDCKezWpBrmmEywSPatyixoDosyu1n6Nw6Q5Skyh5pUOn+flFgofVUxPamwGasV7O5+V/Wz01yHRZMZrmhkiwGJTlHJkXzKtCQKUoMn1rARDG7KyJjrDAxtrCaLcFf/fI6dC6bvuV7D6pwCmdwAT5cwQ3cQQvaQOAJXuAN3p1n59X5WNRVcZa9HcMfOZ8/ArSTHw==</latexit><latexit sha1_base64="Z2/XK2AYo9D5F0imJFy+bYB3Wvs=">AAAB8nicdZBPSwJBGMbftX9mVlt06zIkQSeZFU29BV06GqQGrsrsOKuDs3+YmQ1skb5Klw5F9GG69W2aVYOKemDgx/PM8L7zeLHgSmP8YeXW1jc2t/LbhZ3i7t6+fVDsqCiRlLVpJCJ56xHFBA9ZW3Mt2G0sGQk8wbre9DLLu3dMKh6FN3oWs35AxiH3OSXaWEP7yKUTPnQGbhygBfIB7g7tEi5jXDnHTYTL1UqjVndQ5jSrNQc5BjKVYKXW0H53RxFNAhZqKohSPQfHup8SqTkVbF5wE8ViQqdkzHoGQxIw1U8X28/RqXFGyI+kOaFGC/f7i5QESs0Cz9wMiJ6o31lm/pX1Eu03+ikP40SzkC4H+YlAOkJZFWjEJaNazAwQKrnZFdEJkYRqU1jBlPD1U/Q/dCplx/A1hjwcwwmcgQN1uIAraEEbKNzDIzzDi/VgPVmvy7py1qq3Q/gh6+0TWvyTXg==</latexit><latexit sha1_base64="nDYyZr/6Teo3KLwLZi4/Ws3EiaU=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASL4KpkSmvbXdGNywr2Ap3pkEkzbWjmQpIR6lB8FTcuFHHre7jzbcy0FVT0h8DHf87hnPxezJlUCH0YuZXVtfWN/GZha3tnd8/cP+jIKBGEtknEI9HzsKSchbStmOK0FwuKA4/Trje5zOrdWyoki8IbNY2pE+BRyHxGsNKWax7ZZMxca2DHAZwjG6CuaxZRCaHyOWpAVKqU69WaBTOnUala0NKQqQiWarnmuz2MSBLQUBGOpexbKFZOioVihNNZwU4kjTGZ4BHtawxxQKWTzq+fwVPtDKEfCf1CBefu94kUB1JOA093BliN5e9aZv5V6yfKrzspC+NE0ZAsFvkJhyqCWRRwyAQlik81YCKYvhWSMRaYKB1YQYfw9VP4P3TKJUvzNSo2L5Zx5MExOAFnwAI10ARXoAXagIA78ACewLNxbzwaL8brojVnLGcOwQ8Zb5/ASpTC</latexit><latexit sha1_base64="6EygEMSTsHr/cZ9RjN7zN/72xvo=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASL4KpkSmvbXdGNywr2Ap3pkEkzbWjmQpIR6lB8FTcuFHHre7jzbcy0FVT0h8DHf87hnPxezJlUCH0YuZXVtfWN/GZha3tnd8/cP+jIKBGEtknEI9HzsKSchbStmOK0FwuKA4/Trje5zOrdWyoki8IbNY2pE+BRyHxGsNKWax7ZZMxca2DHAZwjG6CuaxZRCaHyOWpAVKqU69WaBTOnUala0NKQqQiWarnmuz2MSBLQUBGOpexbKFZOioVihNNZwU4kjTGZ4BHtawxxQKWTzq+fwVPtDKEfCf1CBefu94kUB1JOA093BliN5e9aZv5V6yfKrzspC+NE0ZAsFvkJhyqCWRRwyAQlik81YCKYvhWSMRaYKB1YQYfw9VP4P3TKJUvzdaXYvFjGkQfH4AScAQvUQBNcgRZoAwLuwAN4As/GvfFovBivi9acsZw5BD9kvH0CwYqUxg==</latexit><latexit sha1_base64="6EygEMSTsHr/cZ9RjN7zN/72xvo=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASL4KpkSmvbXdGNywr2Ap3pkEkzbWjmQpIR6lB8FTcuFHHre7jzbcy0FVT0h8DHf87hnPxezJlUCH0YuZXVtfWN/GZha3tnd8/cP+jIKBGEtknEI9HzsKSchbStmOK0FwuKA4/Trje5zOrdWyoki8IbNY2pE+BRyHxGsNKWax7ZZMxca2DHAZwjG6CuaxZRCaHyOWpAVKqU69WaBTOnUala0NKQqQiWarnmuz2MSBLQUBGOpexbKFZOioVihNNZwU4kjTGZ4BHtawxxQKWTzq+fwVPtDKEfCf1CBefu94kUB1JOA093BliN5e9aZv5V6yfKrzspC+NE0ZAsFvkJhyqCWRRwyAQlik81YCKYvhWSMRaYKB1YQYfw9VP4P3TKJUvzdaXYvFjGkQfH4AScAQvUQBNcgRZoAwLuwAN4As/GvfFovBivi9acsZw5BD9kvH0CwYqUxg==</latexit><latexit sha1_base64="6EygEMSTsHr/cZ9RjN7zN/72xvo=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASL4KpkSmvbXdGNywr2Ap3pkEkzbWjmQpIR6lB8FTcuFHHre7jzbcy0FVT0h8DHf87hnPxezJlUCH0YuZXVtfWN/GZha3tnd8/cP+jIKBGEtknEI9HzsKSchbStmOK0FwuKA4/Trje5zOrdWyoki8IbNY2pE+BRyHxGsNKWax7ZZMxca2DHAZwjG6CuaxZRCaHyOWpAVKqU69WaBTOnUala0NKQqQiWarnmuz2MSBLQUBGOpexbKFZOioVihNNZwU4kjTGZ4BHtawxxQKWTzq+fwVPtDKEfCf1CBefu94kUB1JOA093BliN5e9aZv5V6yfKrzspC+NE0ZAsFvkJhyqCWRRwyAQlik81YCKYvhWSMRaYKB1YQYfw9VP4P3TKJUvzdaXYvFjGkQfH4AScAQvUQBNcgRZoAwLuwAN4As/GvfFovBivi9acsZw5BD9kvH0CwYqUxg==</latexit><latexit sha1_base64="6EygEMSTsHr/cZ9RjN7zN/72xvo=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASL4KpkSmvbXdGNywr2Ap3pkEkzbWjmQpIR6lB8FTcuFHHre7jzbcy0FVT0h8DHf87hnPxezJlUCH0YuZXVtfWN/GZha3tnd8/cP+jIKBGEtknEI9HzsKSchbStmOK0FwuKA4/Trje5zOrdWyoki8IbNY2pE+BRyHxGsNKWax7ZZMxca2DHAZwjG6CuaxZRCaHyOWpAVKqU69WaBTOnUala0NKQqQiWarnmuz2MSBLQUBGOpexbKFZOioVihNNZwU4kjTGZ4BHtawxxQKWTzq+fwVPtDKEfCf1CBefu94kUB1JOA093BliN5e9aZv5V6yfKrzspC+NE0ZAsFvkJhyqCWRRwyAQlik81YCKYvhWSMRaYKB1YQYfw9VP4P3TKJUvzdaXYvFjGkQfH4AScAQvUQBNcgRZoAwLuwAN4As/GvfFovBivi9acsZw5BD9kvH0CwYqUxg==</latexit><latexit sha1_base64="6EygEMSTsHr/cZ9RjN7zN/72xvo=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASL4KpkSmvbXdGNywr2Ap3pkEkzbWjmQpIR6lB8FTcuFHHre7jzbcy0FVT0h8DHf87hnPxezJlUCH0YuZXVtfWN/GZha3tnd8/cP+jIKBGEtknEI9HzsKSchbStmOK0FwuKA4/Trje5zOrdWyoki8IbNY2pE+BRyHxGsNKWax7ZZMxca2DHAZwjG6CuaxZRCaHyOWpAVKqU69WaBTOnUala0NKQqQiWarnmuz2MSBLQUBGOpexbKFZOioVihNNZwU4kjTGZ4BHtawxxQKWTzq+fwVPtDKEfCf1CBefu94kUB1JOA093BliN5e9aZv5V6yfKrzspC+NE0ZAsFvkJhyqCWRRwyAQlik81YCKYvhWSMRaYKB1YQYfw9VP4P3TKJUvzdaXYvFjGkQfH4AScAQvUQBNcgRZoAwLuwAN4As/GvfFovBivi9acsZw5BD9kvH0CwYqUxg==</latexit><latexit sha1_base64="6EygEMSTsHr/cZ9RjN7zN/72xvo=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASL4KpkSmvbXdGNywr2Ap3pkEkzbWjmQpIR6lB8FTcuFHHre7jzbcy0FVT0h8DHf87hnPxezJlUCH0YuZXVtfWN/GZha3tnd8/cP+jIKBGEtknEI9HzsKSchbStmOK0FwuKA4/Trje5zOrdWyoki8IbNY2pE+BRyHxGsNKWax7ZZMxca2DHAZwjG6CuaxZRCaHyOWpAVKqU69WaBTOnUala0NKQqQiWarnmuz2MSBLQUBGOpexbKFZOioVihNNZwU4kjTGZ4BHtawxxQKWTzq+fwVPtDKEfCf1CBefu94kUB1JOA093BliN5e9aZv5V6yfKrzspC+NE0ZAsFvkJhyqCWRRwyAQlik81YCKYvhWSMRaYKB1YQYfw9VP4P3TKJUvzdaXYvFjGkQfH4AScAQvUQBNcgRZoAwLuwAN4As/GvfFovBivi9acsZw5BD9kvH0CwYqUxg==</latexit>

mT ,m�0
1

<latexit sha1_base64="kg+vcuodZSLuRxIOoBhGVVtqAk8=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFcSMmU1ra7ohuXFfqCdhwyadqGJjNDklHK2E9x40IRt36JO//GTFtBRQ9cOJxzL/fe40ecKY3Qh7Wyura+sZnZym7v7O7t27mDtgpjSWiLhDyUXR8ryllAW5ppTruRpFj4nHb8yWXqd26pVCwMmnoaUVfgUcCGjGBtJM/OCa95BoWX9MmYec4Nmnl2HhUQKp6jGkSFUrFarjgwVWqlsgMdQ1LkwRINz37vD0ISCxpowrFSPQdF2k2w1IxwOsv2Y0UjTCZ4RHuGBlhQ5Sbz02fwxCgDOAylqUDDufp9IsFCqanwTafAeqx+e6n4l9eL9bDqJiyIYk0Dslg0jDnUIUxzgAMmKdF8aggmkplbIRljiYk2aWVNCF+fwv9Ju1hwDL8u5esXyzgy4Agcg1PggAqogyvQAC1AwB14AE/g2bq3Hq0X63XRumItZw7BD1hvn2Yhk3I=</latexit><latexit sha1_base64="kg+vcuodZSLuRxIOoBhGVVtqAk8=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFcSMmU1ra7ohuXFfqCdhwyadqGJjNDklHK2E9x40IRt36JO//GTFtBRQ9cOJxzL/fe40ecKY3Qh7Wyura+sZnZym7v7O7t27mDtgpjSWiLhDyUXR8ryllAW5ppTruRpFj4nHb8yWXqd26pVCwMmnoaUVfgUcCGjGBtJM/OCa95BoWX9MmYec4Nmnl2HhUQKp6jGkSFUrFarjgwVWqlsgMdQ1LkwRINz37vD0ISCxpowrFSPQdF2k2w1IxwOsv2Y0UjTCZ4RHuGBlhQ5Sbz02fwxCgDOAylqUDDufp9IsFCqanwTafAeqx+e6n4l9eL9bDqJiyIYk0Dslg0jDnUIUxzgAMmKdF8aggmkplbIRljiYk2aWVNCF+fwv9Ju1hwDL8u5esXyzgy4Agcg1PggAqogyvQAC1AwB14AE/g2bq3Hq0X63XRumItZw7BD1hvn2Yhk3I=</latexit><latexit sha1_base64="kg+vcuodZSLuRxIOoBhGVVtqAk8=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFcSMmU1ra7ohuXFfqCdhwyadqGJjNDklHK2E9x40IRt36JO//GTFtBRQ9cOJxzL/fe40ecKY3Qh7Wyura+sZnZym7v7O7t27mDtgpjSWiLhDyUXR8ryllAW5ppTruRpFj4nHb8yWXqd26pVCwMmnoaUVfgUcCGjGBtJM/OCa95BoWX9MmYec4Nmnl2HhUQKp6jGkSFUrFarjgwVWqlsgMdQ1LkwRINz37vD0ISCxpowrFSPQdF2k2w1IxwOsv2Y0UjTCZ4RHuGBlhQ5Sbz02fwxCgDOAylqUDDufp9IsFCqanwTafAeqx+e6n4l9eL9bDqJiyIYk0Dslg0jDnUIUxzgAMmKdF8aggmkplbIRljiYk2aWVNCF+fwv9Ju1hwDL8u5esXyzgy4Agcg1PggAqogyvQAC1AwB14AE/g2bq3Hq0X63XRumItZw7BD1hvn2Yhk3I=</latexit><latexit sha1_base64="kg+vcuodZSLuRxIOoBhGVVtqAk8=">AAAB+nicdVDLSgMxFM34rPU11aWbYBFcSMmU1ra7ohuXFfqCdhwyadqGJjNDklHK2E9x40IRt36JO//GTFtBRQ9cOJxzL/fe40ecKY3Qh7Wyura+sZnZym7v7O7t27mDtgpjSWiLhDyUXR8ryllAW5ppTruRpFj4nHb8yWXqd26pVCwMmnoaUVfgUcCGjGBtJM/OCa95BoWX9MmYec4Nmnl2HhUQKp6jGkSFUrFarjgwVWqlsgMdQ1LkwRINz37vD0ISCxpowrFSPQdF2k2w1IxwOsv2Y0UjTCZ4RHuGBlhQ5Sbz02fwxCgDOAylqUDDufp9IsFCqanwTafAeqx+e6n4l9eL9bDqJiyIYk0Dslg0jDnUIUxzgAMmKdF8aggmkplbIRljiYk2aWVNCF+fwv9Ju1hwDL8u5esXyzgy4Agcg1PggAqogyvQAC1AwB14AE/g2bq3Hq0X63XRumItZw7BD1hvn2Yhk3I=</latexit>

Results in the pNMSSM 
➥red: excluded for arbitrary M1 
➥blue: for M1 > 300 GeV 

Diagonal band: coannihilation 

Near Z/h funnel: S/P not needed 
for annihilation: �0

2,3 ! S/P + �0
1

<latexit sha1_base64="KzmKthUxKu56wKEPggEhFgVhl5w=">AAACCHicdVDLSgMxFM34rPVVdenCYBEEpWZqa9td0Y3LivYBnWnJpJk2NPMgyQhl6NKNv+LGhSJu/QR3/o2ZtoKKHggczrmXm3OckDOpEPow5uYXFpeWUyvp1bX1jc3M1nZDBpEgtE4CHoiWgyXlzKd1xRSnrVBQ7DmcNp3hReI3b6mQLPBv1Ciktof7PnMZwUpL3cyeRQasG+ePT8cdBC0VwOuTGjyCE9nsoG4mi3II5c9QBaJcIV8ulkyYKJVC0YSmJgmyYIZaN/Nu9QISedRXhGMp2yYKlR1joRjhdJy2IklDTIa4T9ua+tij0o4nQcbwQCs96AZCP1/Bifp9I8aelCPP0ZMeVgP520vEv7x2pNyyHTM/jBT1yfSQG3Go8yatwB4TlCg+0gQTwfRfIRlggYnS3aV1CV9J4f+kkc+Zml8VstXzWR0psAv2wSEwQQlUwSWogTog4A48gCfwbNwbj8aL8TodnTNmOzvgB4y3Tz4rl5A=</latexit><latexit sha1_base64="KzmKthUxKu56wKEPggEhFgVhl5w=">AAACCHicdVDLSgMxFM34rPVVdenCYBEEpWZqa9td0Y3LivYBnWnJpJk2NPMgyQhl6NKNv+LGhSJu/QR3/o2ZtoKKHggczrmXm3OckDOpEPow5uYXFpeWUyvp1bX1jc3M1nZDBpEgtE4CHoiWgyXlzKd1xRSnrVBQ7DmcNp3hReI3b6mQLPBv1Ciktof7PnMZwUpL3cyeRQasG+ePT8cdBC0VwOuTGjyCE9nsoG4mi3II5c9QBaJcIV8ulkyYKJVC0YSmJgmyYIZaN/Nu9QISedRXhGMp2yYKlR1joRjhdJy2IklDTIa4T9ua+tij0o4nQcbwQCs96AZCP1/Bifp9I8aelCPP0ZMeVgP520vEv7x2pNyyHTM/jBT1yfSQG3Go8yatwB4TlCg+0gQTwfRfIRlggYnS3aV1CV9J4f+kkc+Zml8VstXzWR0psAv2wSEwQQlUwSWogTog4A48gCfwbNwbj8aL8TodnTNmOzvgB4y3Tz4rl5A=</latexit><latexit sha1_base64="KzmKthUxKu56wKEPggEhFgVhl5w=">AAACCHicdVDLSgMxFM34rPVVdenCYBEEpWZqa9td0Y3LivYBnWnJpJk2NPMgyQhl6NKNv+LGhSJu/QR3/o2ZtoKKHggczrmXm3OckDOpEPow5uYXFpeWUyvp1bX1jc3M1nZDBpEgtE4CHoiWgyXlzKd1xRSnrVBQ7DmcNp3hReI3b6mQLPBv1Ciktof7PnMZwUpL3cyeRQasG+ePT8cdBC0VwOuTGjyCE9nsoG4mi3II5c9QBaJcIV8ulkyYKJVC0YSmJgmyYIZaN/Nu9QISedRXhGMp2yYKlR1joRjhdJy2IklDTIa4T9ua+tij0o4nQcbwQCs96AZCP1/Bifp9I8aelCPP0ZMeVgP520vEv7x2pNyyHTM/jBT1yfSQG3Go8yatwB4TlCg+0gQTwfRfIRlggYnS3aV1CV9J4f+kkc+Zml8VstXzWR0psAv2wSEwQQlUwSWogTog4A48gCfwbNwbj8aL8TodnTNmOzvgB4y3Tz4rl5A=</latexit><latexit sha1_base64="KzmKthUxKu56wKEPggEhFgVhl5w=">AAACCHicdVDLSgMxFM34rPVVdenCYBEEpWZqa9td0Y3LivYBnWnJpJk2NPMgyQhl6NKNv+LGhSJu/QR3/o2ZtoKKHggczrmXm3OckDOpEPow5uYXFpeWUyvp1bX1jc3M1nZDBpEgtE4CHoiWgyXlzKd1xRSnrVBQ7DmcNp3hReI3b6mQLPBv1Ciktof7PnMZwUpL3cyeRQasG+ePT8cdBC0VwOuTGjyCE9nsoG4mi3II5c9QBaJcIV8ulkyYKJVC0YSmJgmyYIZaN/Nu9QISedRXhGMp2yYKlR1joRjhdJy2IklDTIa4T9ua+tij0o4nQcbwQCs96AZCP1/Bifp9I8aelCPP0ZMeVgP520vEv7x2pNyyHTM/jBT1yfSQG3Go8yatwB4TlCg+0gQTwfRfIRlggYnS3aV1CV9J4f+kkc+Zml8VstXzWR0psAv2wSEwQQlUwSWogTog4A48gCfwbNwbj8aL8TodnTNmOzvgB4y3Tz4rl5A=</latexit>



Results in the NUH-NMSSM
Large MCMC scans of NUH-NMSSM parameter space (~ 1012 pts) 

➥Fine-tuning map in the                   plane divided in a 2D histogram 
➥In each bin: keep the point with the lowest fine-tuning
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Excluded (white) region = 
red+part of blue in pNMSSM 

Low FT regions (light blue): 

close to Z/h funnels 

coannihilation region 

light singlino (                      ) 

P + off-shell Z (                    )   

Large FT in regions where 
CMS constraints are strong

m�±
1
,m�0

1
<latexit sha1_base64="6cM13vuO7TAN+1rEqd0Iw78aCrI=">AAACBXicdVDLSgMxFM34rPU16lIXwSK4kJIprW13RTcuK9gHdOqQSdM2NJkZkoxQhm7c+CtuXCji1n9w59+YaSs+0AMXTs65l9x7/IgzpRF6txYWl5ZXVjNr2fWNza1te2e3qcJYEtogIQ9l28eKchbQhmaa03YkKRY+py1/dJ76rRsqFQuDKz2OaFfgQcD6jGBtJM8+EF7ikiHznGs3EpMT+PVGE8/OoTxChVNUhShfLFRKZQemSrVYcqBjSIocmKPu2W9uLySxoIEmHCvVcVCkuwmWmhFOJ1k3VjTCZIQHtGNogAVV3WR6xQQeGaUH+6E0FWg4Vb9PJFgoNRa+6RRYD9VvLxX/8jqx7le6CQuiWNOAzD7qxxzqEKaRwB6TlGg+NgQTycyukAyxxESb4LImhM9L4f+kWcg7hl8Wc7WzeRwZsA8OwTFwQBnUwAWogwYg4Bbcg0fwZN1ZD9az9TJrXbDmM3vgB6zXD/i1mDs=</latexit><latexit sha1_base64="6cM13vuO7TAN+1rEqd0Iw78aCrI=">AAACBXicdVDLSgMxFM34rPU16lIXwSK4kJIprW13RTcuK9gHdOqQSdM2NJkZkoxQhm7c+CtuXCji1n9w59+YaSs+0AMXTs65l9x7/IgzpRF6txYWl5ZXVjNr2fWNza1te2e3qcJYEtogIQ9l28eKchbQhmaa03YkKRY+py1/dJ76rRsqFQuDKz2OaFfgQcD6jGBtJM8+EF7ikiHznGs3EpMT+PVGE8/OoTxChVNUhShfLFRKZQemSrVYcqBjSIocmKPu2W9uLySxoIEmHCvVcVCkuwmWmhFOJ1k3VjTCZIQHtGNogAVV3WR6xQQeGaUH+6E0FWg4Vb9PJFgoNRa+6RRYD9VvLxX/8jqx7le6CQuiWNOAzD7qxxzqEKaRwB6TlGg+NgQTycyukAyxxESb4LImhM9L4f+kWcg7hl8Wc7WzeRwZsA8OwTFwQBnUwAWogwYg4Bbcg0fwZN1ZD9az9TJrXbDmM3vgB6zXD/i1mDs=</latexit><latexit sha1_base64="6cM13vuO7TAN+1rEqd0Iw78aCrI=">AAACBXicdVDLSgMxFM34rPU16lIXwSK4kJIprW13RTcuK9gHdOqQSdM2NJkZkoxQhm7c+CtuXCji1n9w59+YaSs+0AMXTs65l9x7/IgzpRF6txYWl5ZXVjNr2fWNza1te2e3qcJYEtogIQ9l28eKchbQhmaa03YkKRY+py1/dJ76rRsqFQuDKz2OaFfgQcD6jGBtJM8+EF7ikiHznGs3EpMT+PVGE8/OoTxChVNUhShfLFRKZQemSrVYcqBjSIocmKPu2W9uLySxoIEmHCvVcVCkuwmWmhFOJ1k3VjTCZIQHtGNogAVV3WR6xQQeGaUH+6E0FWg4Vb9PJFgoNRa+6RRYD9VvLxX/8jqx7le6CQuiWNOAzD7qxxzqEKaRwB6TlGg+NgQTycyukAyxxESb4LImhM9L4f+kWcg7hl8Wc7WzeRwZsA8OwTFwQBnUwAWogwYg4Bbcg0fwZN1ZD9az9TJrXbDmM3vgB6zXD/i1mDs=</latexit><latexit sha1_base64="6cM13vuO7TAN+1rEqd0Iw78aCrI=">AAACBXicdVDLSgMxFM34rPU16lIXwSK4kJIprW13RTcuK9gHdOqQSdM2NJkZkoxQhm7c+CtuXCji1n9w59+YaSs+0AMXTs65l9x7/IgzpRF6txYWl5ZXVjNr2fWNza1te2e3qcJYEtogIQ9l28eKchbQhmaa03YkKRY+py1/dJ76rRsqFQuDKz2OaFfgQcD6jGBtJM8+EF7ikiHznGs3EpMT+PVGE8/OoTxChVNUhShfLFRKZQemSrVYcqBjSIocmKPu2W9uLySxoIEmHCvVcVCkuwmWmhFOJ1k3VjTCZIQHtGNogAVV3WR6xQQeGaUH+6E0FWg4Vb9PJFgoNRa+6RRYD9VvLxX/8jqx7le6CQuiWNOAzD7qxxzqEKaRwB6TlGg+NgQTycyukAyxxESb4LImhM9L4f+kWcg7hl8Wc7WzeRwZsA8OwTFwQBnUwAWogwYg4Bbcg0fwZN1ZD9az9TJrXbDmM3vgB6zXD/i1mDs=</latexit>

m�±
1
> 20 GeV

<latexit sha1_base64="0NzR7pYI/OAPGBFaCSZcXXci95w="></latexit><latexit sha1_base64="0NzR7pYI/OAPGBFaCSZcXXci95w="></latexit><latexit sha1_base64="0NzR7pYI/OAPGBFaCSZcXXci95w="></latexit><latexit sha1_base64="0NzR7pYI/OAPGBFaCSZcXXci95w="></latexit>

m�±
1
> mtop
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Direct detection rates
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SI Direct Detection rates can fall below the n floor 
in regions where LSP is very singlino-like 
elsewhere due to S/h negative interference



Minimal GMSB is a very predictive setup 
It solves easily the SUSY flavour problem 

Problem: it is hard to obtain a 125 GeV Higgs 

Solutions: 

1. New tree level Dmh at messenger scale, possible in the NMSSM 
with extra Higgs singlet + singlet/messenger coupling 

2. Large At at messenger scale from matter/messenger coupling

Gauge mediated SUSY breaking
SUSY has too many free parameters ⇒ predictive scenarios?



Solution 1: the DGS model
2 messengers Fu, Fd coupled to the singlet [Delgado, Guidice, Slavich ’07] 

Only 4 parameters (all other fixed by correct EWSB):
l: Higgs singlet/doublet coupling HuHdS 

x: singlet/messenger coupling FuFdS 

M: messenger scale 

L: SUSY scale

The push-up scenario [Allanach, Badziak, Hugonie, Ziegler ’15]: 

mh1 ~ 90 GeV (singlet-like), mh2 ~ 125 GeV (SM-like) ⇒  l, x ~ 10-2 

Additional light pseudoscalar Higgs with ma ~ 25 GeV 

Gluino/squarks as light as ~ 1.5 TeV (depending on L) 

Singlino NLSP ~ 100 GeV decaying to gravitino + pseudoscalar 

Possibly displaced singlino to gravitino decay (depending on M) 

First studied in [Allanach, Badziak, Cottin, Desai, Hugonie, Ziegler ’16] 

Updated in [Badziak, Desai, Hugonie, Ziegler ’18]: new constraints on    
the Heavy Higgs sector push the gluino mass beyond the LHC reach…



Solution 2: the U model
1 messenger Fu coupled to matter and Higgs sector 

Now 5 free parameters: lt: FuQU coupling 

lS: FuHdS coupling

M: messenger scale 

L: SUSY scale

Possibly light gluino with displaced singlino NLSP to gravitino LSP decay!

fin
e 

tu
ni

ng
Excluded 
by LHC

Allowed 
by LHC

l:  HuHdS coupling



Solutions 1 & 2: the DGSU model
Mixture of the 2 previous models with 2 messengers Fu, Fd 

Still 5 free parameters: x: FuFdS coupling  

lt: FuQU+ FuSHd

M: messenger scale 

L: SUSY scale

Again light gluino with displaced singlino NLSP to gravitino LSP decay

fin
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ng Excluded 
by LHC

Allowed 
by LHC

Excluded 
by LHC

Allowed 
by LHC

l:  HuHdS coupling



Conclusions

Light singlino/higgsino scenario still alive and kicking 

Could be challenging to test 

Small DD rates (possibly below the n floor) 

                          difficult channel at the LHC 

Benchmark points given in [arXiv:1806.09478] 

➥ Test ATLAS sensitivity to non degenerate higgsinos 

Displaced singlino NLSP to gravitino LSP vertices in GMSB 
models could also be challenging signals [arXiv:1810.05618]
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