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Natural SUSY: Rough 1dea

Supersymmetry is a solution to
the hierarchy problem

stabilization of the EW scale

SUSY (Higgs, Higgsino)

chiral symmetry fermion: protection scalar

Natural SUSY
roughly
SUSY breaking - scale of EW/SB
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SUSY breaking -
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Natural SUSY

confronting experiment

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 2012)
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MSUGRA/CMSSM : O-lep +j's + E7 ss |L=47 1 2011) [ATLAS-CONF-2012-033] 1.40TeV. § =g mass
MSUGRA/CMSSM : 1-lep +'s + E7 s |L=47 " (2011) [ATLAS-CONF-2012-041) 1.20TeV. g =g mass det =(0.03-4.7) fo"
] MSUGRA/CMSSM : multijets + ET,miss L=4.7 fb” (2011) [ATLAS-CONF-2012-037] 850Gev. g mass (large mg) Is=7TeV
'§ Pheno model : O-lep +j's + E7 s |L=47 ™ 2011) [ATLAS-CONF-2012-033] 1.38Tev. qmass (m(g) <2 TeV, light %?) ATLAS
§ Pheno model : 0-lep +j's + Eq g5 |L=47 " (2011) [ATLAS-CONF-2012:033] 940Gev. g mass (m(Q) <2 TeV, light i?) Preliminary
:S) Gluino med. X (§— qOx") : 1-lep +j's + E1 es |E=47 15" (2011) [ATLAS-CONF-2012-041] 900GeV g mass (m(i?) <200 GeV, m(%") =%(m(§°)+m(§))
2 GMSB : 2-lep OSSF + E7 miss |L=1.0" (2011) [ATLAS-CONF-2011-156] 810Gev. g mass (tang < 35)
Inde e d the = GMSB:1-t+js+E Tumiss |L=2-1 6™ (2011) [ATLAS-CONF-2012-005] 920Gev. g mass (tang > 20)
) GMSB :2-t +j's+E Tmiss |L=21 0" (2011) [ATLAS-CONF-2012-002] 990 Gev g mass (tang > 20)
° ° GGM :yy + ET iss |L=1.11b7 (2011) [1111.4116] 805GeV g mass (m(i?) > 50 GeV)
window is OPEN | chmomeS-by:vemiiss ey G mass (m(y") <300 G
-§ Gluino med.T (g—>ttx ) : 1-lep + b's + Er s g mass (m(x,) < 150 GeV)
2 Gluino med. T (g—>ttx ): o. _Ie(;)) (SS) +1's + E s g mass (m(x,) < 210 GeV)
g Giluino meij;t ig—>tti ) s multi-j's + E1 s - g rr;ass (m(i1) <200 GeV)
S Direct bb (b,— by.) : 2 b-jets + E; e b mass (m(y,) < 60 GeV)
~ DirectT (GMSB) :2 _(f__l_l)_ +bjet+E_ Tmass (15 <m(7) <230 GeV)
«y  Direct gaugino (Ti -3l %) . 2-lep SS + ET’mISS L=1.0fb™ (2011) [1110.6189] 170Gev.| ¥, mass ((m(x1) <40 GeV,% X1, m(x;) = m(xz), m(i) =%(m(§?) +m(§2)))
o Direct gaugino ()T)Z — 3I %, %) : 3-lep + E; miss L=2.11b" (2011) [ATLAS-CONF-2012:023] 250 GeV 7, Mass (m(i?) <170 GeV, and as above)
ﬁ """""""""""""""""" AMSB : long-lived 3 X % mass (1 <t(%) <2 ns, 90 GeV limit in [0.2,90] ns)
-§ Stable massive particles (SMP) : R-hadrons g mass
8 SMP : R-hadrons b mass
é SMP : R-hadrons Tmass
% SMP : R-hadrons (Pixel det. only) g mass
- GMSB : stable T
> ------------------------------------- RPV hlgh-masseu L=1.1 b (2011) [1109.3089] 1.32Tev. Vv, mass (15,,=0.10, A,,,=0.05)
& Bilinear RPV : 1-lep +j's + E7 55 [L=1.016" (2011) [1109.6606] 760GeV. G =g mass (Ct gp < 15 mm)
MSUGRA/CMSSM - BC1 RPV : 4-lepton + E ¢ s [r=2.1 b (2011) [ATLAS-CONF-2012-035] 1.77TeV. g mass
~ Hypercolour scalar gluons : 4 jets, m~m, Sgluon mass (exc g < 100 GeV, Mg~ 1403 Ge)
'''''''''''''''''''''''''''''''''''''''''''' 1 L1111 ] ] L1111 Ll 1 L1110

*Only a selection of the available mass limits on new states or phenomena shown
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Natural SUSY

confronting experiment

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 2012)
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------------------ MSUGRA/CMSSM : OIep + J'S +E Tmlss L=4.7 fb” (2011) [ATLAS-CONF-20
MSUGRA/CMSSM : 1-lep +j's + E7 ss |L=47 ™ (2011) [ATLAS-CONF-20
MSUGRA/CMSSM : multijets + E s |L=47 b (2011) [ATLAS-CONF-20

Pheno model : 0-lep +j's + E s |L=47 16" (2011) [ATLAS-CONF-20

Pheno model : 0-lep +j's + E7 s |L=47 ™ (2011) [ATLAS-CONF-20

Gluino med. ™ (§— qax) : 1-lep +j's + E s |[E=4716" (2011) [ATLAS-CONF:20
GMSB : 2-lep OSSF + E7 miss |L=1.0 1 (2011) [ATLAS-CONF-20

GMSB :1-t+js+E

GMSB:2-t +j's+E

Inclusive searches

T.miss |L=211b" (2011) [ATLAS-CONF-20

-1
T miss L=2.1fb™ (2011) [ATLAS-CONF-20

L=1.1fb" (2011) [1111.4116]
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AMSB : long-lived %
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- RPV : high-mass eu
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Long-lived particles
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*Only a selection of the available mass limits on new states or phenomena shown
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Natural SUSY

confronting experiment
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Simplified

model

Natural SUSY

confronting experiment

squark mass [GeV]

1st and 2nd generation squarks
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I \-\ Combined |
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1600 [}-ATLAS EPS 2011 -

ATLAS-CONF-2012-033

Squark-gluino-neutralino model, m(i?) =0 GeV
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Natural SUSY?

BUT

Natural SUSY

=corrections from SUSY

breaking to EWSB shouldn’t
de-stabilize the EW scale




Natural SUSY more precisely

EWSB mostly talks to SUSY sparticles with large Yukawas

SUSY 3rd generation particles close to EW scale



Natural SUSY more precisely

even more precisely Elisefa o

define FINE-TUNING Barbieri et al ‘88
shift in mZ due to SUSY loops

one-loop stop contribution

(mg —m ()
2 tl t2 4 2 2 ]
EW

Yukawa SUSY cutofl: messenger scale

more contributions:
Higgsinos, two-loop gluino, etc



Natural SUSY more precisely

Heard about it a lot...

Coplon Al SUSY
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General “bottom-up” viewpoint
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Nima Arkani-Hamed, Oct 31st, 2011

«<— Closeness to Higgs

Lawrence Hall, Oct 21st, 2011



Natural SUSY and stops

stop searches are tough
leptonic t¢t + MET

looks a lot like
leptonic ¢ ¢




Natural SUSY and stops

No stop direct production limits
searches on their way

Instead, gluino-assisted, leptonic-Z+MET...

stop pair in GMSB Natural model
T T T T

observed limit (95% C.L.) _
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Stop/Sbottom

Stop and sbottom sectors are related by
constraints on violations of custodial symmetry

and origin of SUSY breaking terms

2(9~
ApsUoY 3G cos™b; {—sm 0; Fo[m2 m: ]+Fo[m m ]+tan 0; Fo[m m? }

8 /2 12 by
SUSY breaking

2 2 2 2

m; A Ccos 20 m? +sm 0; m; —mi —miy cos(20)

to




Sbottom searches
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Shottom/Stop searches
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Back to natural SUSY
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Beyond Natural SUSY: MSSM Higgs

3 = o
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mixing angle: 0.2-0.5



Natural MSSM Higgs
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SO0...

Sbottom searches are a way to access to the stop sector

more assumptions:
natural, MSSM...

stronger limits



LHC@8 TeV: Sbottom searches

sbottom searches depend on b-tagging: pretty stable

7 TeV data up to 670 GeV

8 'leV commissioning
not available
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LHC@8 TeV: Sbottom searches

sbottom searches depend on b-tagging: pretty stable

pT(bjet) vs sbottom mass

7 TeV data up to 670 GeV
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Arbitraty Units

LHC@8 '1eV: Stop searches

stop searches don’t scale-up so nicely

: [HCats Tev isolation degrades with
Jo0k ‘l_L Stop mass

i — 300 GeV Stop mass
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LHC@8 TeV: Stop-Shottom

comparison

Sbottom
For p5. < 670 GeV
€b.tag = 60 — 80% [52]

€mistag = 1 — 10% [52].

Stop, non boosted
SM t t similar.
Considering only lepton

isolation criteria AR > 0.7.

Stop, boosted
Top-tagging eff.240%
if pt, € [600, 1600] GeV [51]

€pb. <670 €EAR>0.7 €ptor>600
< 300 GeV 1 > 0.50 < 0.01

300-700 GeV ||~ 1 0.50-0.25 0.01-0.1

700-1000 GeV |>0.78 <0.25 0.1-0.3




Conclusions

Natural SUSY: stop sector
Custodial symmetry relates sbottom and stop

Sbottom searches underway, scale-up nicely

Stop searches harder, in-between two regimes
(boosted/non-boosted)

sbottom limits: stop limits
AND

discovery would go though sbottom searches



LHC@8 TeV: Sbottom searches

sbottom searches depend on b-tagging: pretty stable

pT(bjet) vs sbottom mass

7 TeV data up to 670 GeV
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Beyond Natural SUSY: MSSM Higgs

my, = 125 GeV, tang = 10
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Natural SUSY and stops



