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* Higgs boson, Naturalness and SUSY;
e Stop mass limit in Natural MSSM;
 Monojet signal of higgsinos in Natural MSSM.



Higgs boson, SUSY searches-Naturalness
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* The ATLAS and CMS experiments have unequivocally
discovered a new neutral boson of mass ~ 125 GeV;

* Measuring its properties is a fundamental step to determine
its nature:
Signal strengths;
Couplings (to fermions and bosons);
Quantum numbers (spin and parity);
Exotic Higgs decays.
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Naturalness, MSSM

Classmal Quantum Quantum
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Supersymmetry can stabilize the Higgs mass
by introducing
the symmetry between fermions and bosons



* [n MSSM, we usually start to discuss the fine
tuning from the minimization of scalar
potential of the MSSM leads to the well-
known relation:
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2 tan® 3 — 1 I

My

. 1s the soft mass;

2.4 1s the radiative correction;

{4 1s higgsino mass.



MZ mb, + 38— (md, + 3U) tan? 3
2 tan? 3 — 1

* |In large tanb approximation,

l 1 loop level

my = —2(mj;. ) + . l

arxiv:1112.2703
2 loop level
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e So, if low fine tuning, spectrum of sparticles
should be:

|| ~ 100 — 200GeV;

m;, < 1 TeV;
ms < 3 TeV; 10 % Fine tuning

mg , ~ 10 — 30 TeV;

mp ~ 125 GeV.

If you believe naturalness principle, the target of
SUSY searches would be:
light stop and light Higgsinos!
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* The limit on the stop mass at LHC
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 What is stop mass limit in natural susy?

Since the component of the lighter stop
will affect its decay modes, we class it into

two scenarios:

Scenario | the stop is left-hand like ni<mg,
Scenario Il the stop is right-hand like mi>ms,



l. Constraints on stop in natural MSSM

Scan of the following parameter space

mg, < 2TeV —3TeV < A, = A, < 3TeV
my, =mg, < 2TeV 100 GeV < u < 200 GeV
my; = my, =mz = 2TeV 1<tanp <60

my,,, = Mg, =mg, , =5TeV 100 GeV < my < 2000 GeV

We also require my, < 1.5 TeV, mi, < 2 TeV



l. Constraints on stop in natural MSSM
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l. Constraints on stop in natural MSSM

 Attention:

Degenerate Higgsinos |

ATLAS stop/sbottom direct searches| natural MSSM stop/sbottom decays
(+ jets + Er t— 90 b— X7
tt(hadronic)+ £ t = X1, b— tX]
2+ By b— b o f T — bXT




l. Constraints on stop in natural MSSM
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l. Constraints on stop in natural MSSM
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A stop lighter than 600 GeV can be excluded at 95% CL.




Il. Monojet signal of higgsinos in Natural MSSM

1. Feature of light higgsinos at collider

Mgt — Mgy = ii"jz (1 —sin23 — %)
+§i§z tan® Oy (1 + sin2/3),

Mgy — Mg = ;ii (1 —sin2p+ i—z)
+§i§; tan® Oy (1 —sin 23) .

My>p ) pieah



Il. Monojet signal of higgsinos in Natural MSSM

2. Monojet for light higgsinos

*Small-splitting region is generally less sensitive
because visible particles are soft

*To improve, ISR jets or photons will be very helpful.




Il. Monojet signal of higgsinos in Natural MSSM

ATLAS 8TeV result:
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Il. Monojet signal of higgsinos in Natural MSSM

The Signals are:
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Signal is enhanced by
the sum of all the
higgsinos final states !
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Il. Monojet signal of higgsinos in Natural MSSM

The backgrounds are:

Z(— vv) + 7, irreducible background;
W (— fvy) + j, when lepton missing or close to jet
W (— Tv;) + j, since 2nd jet from tau tends to E7"** side

tt, dileptonic and semileptonic decay.



Il. Monojet signal of higgsinos in Natural MSSM
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Il. Monojet signal of higgsinos in Natural MSSM
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No matter discovery or exclusion, the low fine tuning region can be touched by the LHC!



Conclusions

Conclusions:
e Natural SUSY is the most promising scenario of SUSY;
e Stop sector has been tightly constraints by the LHC data;

* Electroweakinos sector can be a feasible way to probe
Natural SUSY;
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