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Natural SUSY: Rough idea

Natural SUSY 
roughly

SUSY breaking ~ scale of EWSB

Supersymmetry is a solution to 
the hierarchy problem

=
stabilization of the EW scale

SUSY (Higgs, Higgsino) 
chiral symmetry fermion: protection scalar



Natural SUSY: Rough idea

Natural SUSY 
roughly

SUSY breaking ~ 
scale of EWSB

LHC opens the 
window to 

EW scale physics

P1

P2

χ̃0
2

χ̃0
2

q
q

χ̃0
1

Z

Z

χ̃0
1

q
q



Natural SUSY 
confronting experiment
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Indeed, the 
window is open



Mass scale [TeV]

-110 1 10

R
P

V
L
o
n
g
-l
iv

e
d
 p

a
rt

ic
le

s
D

G
T

h
ir
d
 g

e
n
e
ra

ti
o
n

In
c
lu

s
iv

e
 s

e
a
rc

h
e
s

kl
m ! 

ij
mHypercolour scalar gluons : 4 jets, 

,missTEMSUGRA/CMSSM - BC1 RPV : 4-lepton + 

,missTEBilinear RPV : 1-lep + j's + 

µRPV : high-mass e

"#GMSB : stable 

SMP : R-hadrons (Pixel det. only)

SMP : R-hadrons

SMP : R-hadrons

Stable massive particles (SMP) : R-hadrons

±

1
$#AMSB : long-lived 

,missTE) : 3-lep + 
0

1
$# 3l % 

0

2
$#
±

1
$#Direct gaugino (

,missTE) : 2-lep SS + 
0

1
$# 3l % 

0

2
$#
±

1
$#Direct gaugino (

,missT
Ell) + b-jet + % (GMSB) : Z(t

~
t
~

Direct 
,missTE) : 2 b-jets + 

0

1
$# b%

1
b
~

 (b
~

b
~

Direct 

,missTE) : multi-j's + 
0

1
$#tt%g~ (t

~
Gluino med. 

,missTE) : 2-lep (SS) + j's + 
0

1
$#tt%g~ (t

~
Gluino med. 

,missTE) : 1-lep + b-j's + 
0

1
$#tt%g~ (t

~
Gluino med. 

,missTE) : 0-lep + b-j's + 
0

1
$#bb%g~ (b

~
Gluino med. 

,missT
E + &&GGM : 

,missT
E + j's + "GMSB : 2-

,missT
E + j's + "GMSB : 1-

,missTE + 
SF

GMSB : 2-lep OS
,missTE) : 1-lep + j's + 

±
$#q q%g~ (

±
$#Gluino med. 

,missTEPheno model : 0-lep + j's + 

,missTEPheno model : 0-lep + j's + 

,missTEMSUGRA/CMSSM : multijets + 

,missTEMSUGRA/CMSSM : 1-lep + j's + 

,missTEMSUGRA/CMSSM : 0-lep + j's + 

 3 GeV)± 140 ! sgm < 100 GeV,  sgmsgluon mass (excl: 185 GeV  (2010) [1110.2693]
-1

=34 pbL

 massg
~

1.77 TeV  (2011) [ATLAS-CONF-2012-035]
-1

=2.1 fbL

 < 15 mm)
LSP
" mass (cg

~
 = q

~
760 GeV  (2011) [1109.6606]

-1
=1.0 fbL

=0.05)
312

!=0.10, 
,

311
! mass ("'

#
1.32 TeV  (2011) [1109.3089]

-1
=1.1 fbL

 mass"#136 GeV  (2010) [1106.4495]
-1

=37 pbL

 massg
~

810 GeV  (2011) [ATLAS-CONF-2012-022]
-1

=2.1 fbL

 masst
~

309 GeV  (2010) [1103.1984]
-1

=34 pbL

 massb
~

294 GeV  (2010) [1103.1984]
-1

=34 pbL

 massg
~

562 GeV  (2010) [1103.1984]
-1

=34 pbL

) < 2 ns, 90 GeV limit in [0.2,90] ns)
±

1
$
#

(" mass (1 < 
±

1
$
#118 GeV 

 (2011) [CF-2012-034]
-1

=4.7 fbL

) < 170 GeV, and as above)
0

1
$
#

(m mass (
±

1
$
#

250 GeV  (2011) [ATLAS-CONF-2012-023]
-1

=2.1 fbL

)))
0

2
$
#

(m) + 
0

1
$
#

(m(
2
1) = '

#
,l

~
(m), 

0

2
$
#

(m) = 
±

1
$
#

(m, 
0

1
$
#

) < 40 GeV, 
0

1
$
#

(m mass ((
±

1
$
#

170 GeV  (2011) [1110.6189]
-1

=1.0 fbL

) < 230 GeV)
0

1
$
#

(m mass (115 < t
~

310 GeV  (2011) [ATLAS-CONF-2012-036]
-1

=2.1 fbL

) < 60 GeV)
0

1
$
#

(m mass (b
~

390 GeV  (2011) [1112.3832]
-1

=2.1 fbL

) < 200 GeV)
0

1
$
#

(m mass (g
~

830 GeV  (2011) [ATLAS-CONF-2012-037]
-1

=4.7 fbL

) < 210 GeV)
0

1
$
#

(m mass (g
~

650 GeV  (2011) [ATLAS-CONF-2012-004]
-1

=2.1 fbL

) < 150 GeV)
0

1
$
#

(m mass (g
~

710 GeV  (2011) [ATLAS-CONF-2012-003]
-1

=2.1 fbL

) < 300 GeV)
0

1
$
#

(m mass (g
~

900 GeV  (2011) [ATLAS-CONF-2012-003]
-1

=2.1 fbL

) > 50 GeV)
0

1
$
#

(m mass (g
~

805 GeV  (2011) [1111.4116]
-1

=1.1 fbL

 > 20)" mass (tang
~

990 GeV  (2011) [ATLAS-CONF-2012-002]
-1

=2.1 fbL

 > 20)" mass (tang
~

920 GeV  (2011) [ATLAS-CONF-2012-005]
-1

=2.1 fbL

 < 35)" mass (tang
~

810 GeV  (2011) [ATLAS-CONF-2011-156]
-1

=1.0 fbL

))g
~

(m)+
0
$
#

(m(
2
1) = 

±
$
#

(m) < 200 GeV, 
0

1
$
#

(m mass (g
~

900 GeV  (2011) [ATLAS-CONF-2012-041]
-1

=4.7 fbL

)
0

1
$
#

) < 2 TeV, light q
~

(m mass  (g
~

940 GeV  (2011) [ATLAS-CONF-2012-033]
-1

=4.7 fbL

)
0

1
$
#

) < 2 TeV, light g
~

(m mass  (q
~

1.38 TeV  (2011) [ATLAS-CONF-2012-033]
-1

=4.7 fbL

)0m mass  (large g
~

850 GeV  (2011) [ATLAS-CONF-2012-037]
-1

=4.7 fbL

 massg
~

 = q
~

1.20 TeV  (2011) [ATLAS-CONF-2012-041]
-1

=4.7 fbL

 massg
~

 = q
~

1.40 TeV  (2011) [ATLAS-CONF-2012-033]
-1

=4.7 fbL

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

-1 = (0.03 - 4.7) fbLdt(
 = 7 TeVs

ATLAS
Preliminary

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 2012)

ATLAS@7TeV

Natural SUSY 
confronting experiment



CMS@7TeV

Natural SUSY 
confronting experiment



Simplified 
model

1s
t a

nd
 2n

d 
ge

ne
ra

tio
n 

sq
ua

rk
s

gluino

   ATLAS-CONF-2012-033

Natural SUSY 
confronting experiment



Natural SUSY?

SUSY?



Natural SUSY?

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



Ellis et al ʼ86
Barbieri et al ʻ88 

even more precisely 
define FINE-TUNING

shift in mZ due to SUSY loops

more contributions: 
Higgsinos, two-loop gluino, etc
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one-loop stop contribution

EW Yukawa SUSY cutoff: messenger scale

Natural SUSY more precisely



Heard about it a lot...

Natural SUSY more precisely



b̃

t̃
g̃

colored particles

Natural SUSY and stops

stop searches are tough
leptonic t t̄ + MET

leptonic t t̄

looks a lot like



Natural SUSY and stops

No stop direct production limits
searches on their way

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

ATLAS-CONF-2011-130
ATLAS-CONF-2011-098
ATLAS-CONF-2012-003
 ATLAS-CONF-2012-036
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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

∆ρSUSY
0 ≈ 3 GF cos2 θt̃
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SUSY breaking

mb̃1
→ ( θt̃ , mt̃1 , mt̃2)



Sbottom searches
mb̃1
→ ( θt̃ , mt̃1 , mt̃2)

 ATLAS arXiv:1112.3832
accepted PRL 
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veto on leptons, no veto on extra-jets



Sbottom/Stop searches

Sbottom bound
mb̃1

mt̃1

δm
=

m
t̃ 2
−

m
t̃ 1

From the 
sbottom/stop 

relations before

maximal mixing case



Back to natural SUSY

Minimum amount of fine-tuning
maximal mixing case

sbottom mass limit (GeV)
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Beyond Natural SUSY: MSSM Higgs
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Natural MSSM Higgs
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So...
Sbottom searches are a way to access to the stop sector
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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 TeV commissioning

not available 

CMS-BTV-11-004



LHC@8 TeV: Sbottom searches
sbottom searches depend on b-tagging: pretty stable

7 TeV data up to 670 GeV
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LHC@8 TeV: Stop searches

stop searches don’t scale-up so nicely

 in top decay products
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LHC at 8 TeV isolation degrades with 
stop mass

enter in boosted top techniques
but < 1TeV is in-between



LHC@8 TeV: Stop-Sbottom 
comparison



Conclusions

Sbottom searches underway, scale-up nicely

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

Natural SUSY: stop sector
Custodial symmetry relates sbottom and stop

sbottom limits: stop limits
AND

discovery would go though sbottom searches



LHC@8 TeV: Sbottom searches
sbottom searches depend on b-tagging: pretty stable

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



Natural SUSY and stops


