Is Natural SUSY Expired?
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YES, of course!
~30 yrs ago!
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The ~125 GeV Higgs
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Naturalness and Higgs Properties

Gluons % —»- —-—— - - - - X Photons

A Natural Higgs is not the SM Higgs

2

W ,
Pgg—sh = 1+ — ~ 1+ tuning

Tit=
i



The very SM-like Higgs

| | |
ATLAS Preliminary

W,ZH — bb
\s=7TeV: |Ldt = 4.7 "
\s=8TeV: [Ldt= 13"

H—o 1t
\s=7TeV: |Ldt= 46"
\s=8TeV: [Ldt= 130"

H- wWw" S wiv

\s=7TeV: |Ldt =461
\s=8TeV: |Ldt =20.7 b

H— vy
\s=7TeV: |Ldt= 4.8 %"
\s=8TeV: |Ldi =207 i

H— zZ" = 4

Vs=7TeV: |Ldt= 4.6 "
\s=8TeV: |Ldt=20.71b"

I I I !
i my = 125.5 GeV

Combined
\s=7TeV: [Ldt=46-481"
\s =8 TeV: |Ldt = 13- 20.7 fb™

w=1.30+0.20

Signal strength (u)

H— bb
n=1.15+0.62

H—o 1t
u=1.10+ 0.41

H— vy
u=077+0.27

H— WW
u=0.68+0.20

H— ZZ
n=0.92+0.28

\s=7TeV,L<5.1fb" {s=8TeV,L<19.6fb"

0

CMS Preliminary m, = 125.7 GeV
P, = 0-65
-
-
——
1 I | 11 1 0 i 10 1 1 I I -] | | -]
0.5 1 2 2.5

15
Best fit GfGSM



ATLAS Preliminary (Simulation)

(s =14 TeV: [Ldt=300 b ; [Ldt=3000 fb”
.det=300 fb! extrapolated from 7+8 TeV
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Why SUSY
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SUSY and the Higgs



SUSY and the 125 GeV Higgs
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SUSY and the 125 GeV Higgs

ms :@ %m—f <1o+ a*(1 — a2/12))
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SUSY and the 125 GeV Higgs



SUSY and the 125 GeV Higgs



The Missing Superpartner Problem



The Missing Superpartner Problem

Squark-gluino-neutralino model
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Ms (GeV)

NMSSM

(low scale GM M = =300 TeV )
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M; (GeV)

Push-Up Model

(low scale GM + large A-terms M =300 TeV )
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“Hiding” SUSY

RPV

Split Families

Dirac gauginos



solution #1:

“Natural” SUSY



“Natural” SUSY

Dimopoulos-Giudice, Pomarol-Tommasini '95
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“Natural” SUSY

Dimopoulos-Giudice, Pomarol-Tommasini '95




“Natural” SUSY

Dimopoulos-Giudice, Pomarol-Tommasini '95
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Only need light higgsinos, stops, gluinos
(and light mess. scale A)

10% tuning = W <250 GeV, m, < 700GeV, M . <14TeV

(assuming ultra-low med-scale and msmp(/\)=0)



Status of Natural SUSY
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U(1)' - Split Families

(low scale GM M = 1000 TeV )
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solution #2:

RPV



RPV SUSY

1 1
Wapyv = i HyLi + 5 NijrLiL Ef + )\g_j WLiQ; Dy + 5)\;’} LU DDy
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Wrpy = piHyL; + 5

Baryonic

RPV:
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RPV SUSY

1 1 e e e
Wrpv = piHyLi + 5)\é.jkLi'-Lj Ey 4+ N LiQ; D, + i DDy

Baryonic RPV:

mg3
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RPV SUSY

i 1N e e
Wgrpy = 2% H, L; + 5/\33;1113[‘ j EE + /\E} A:L"i-(-'\.)j DE + 3'_ D j D L

Baryonic RPV:
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RPV SUSY

4 1 : 1 rc )C )¢
Wrpv = piHyLi + 5)\-31 ikLiLj By + N LiQj Dy + 'a" D5 Dy

Baryonic RPV:
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e 7 < detector A" = 10°(3-body) A" = 107° (2-body)



RPV SUSY

_ 1 | _ )
Wrpv = piHuLi+ SNijiLiLj Ef + Ny LiQj D, + "f Py

Baryonic RPV:
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RPV SUSY

_ 1 | _ )
Wrpv = piHuLi+ SNijiLiLj Ef + Ny LiQj D, + "f Py

Baryonic RPV:
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e baryon number wash-out... DY IS 1077



RPV SUSY

1 1
Wrpy = piHyLi + §AijkLiLjE}2 + N LiQi Dy + fDEDf;-
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RPV SUSY

1 1
Wrpy = piHyLi + §AijkLiLjE}2 + N LiQi Dy + fDEDf;-
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RPV SUSY

1 1
Wrpv = piHyLi + 5)\é.jkLi'-Lj Ey 4+ N LiQ; D, + Tf DD

Baryonic RPV: (after model building)

- Jets + MET
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“solution” #3:

Dirac gauginos



Dirac gauginos
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Dirac gauginos
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Dirac gauginos
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Dirac gauginos
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Dirac gauginos
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Push-Up
NMSSM
Split Families
RPV

Dirac

Summary

Before After
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Principle of Naturalness

LHC
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