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of naturalness can be reduced to a one-dimensional problem as in the Standard Model

V = m2
H |H|2 + �|H|4 (1)

where m2
H will be in general a linear combination of the various masses of the Higgs fields.

Each contribution to �m2
H to the Higgs mass naturally should be of the order or less than m2

H

itself. Therefore �m2
H/m2

H should not be large. By using m2
h = �2m2

H one usually defines

as a measure of fine-tuning
Barbieri:1987fn,Kitano:2006gv
[? ? ]

� ⌘ 2�m2
H

m2
h

(2)

where m2
h is the Higgs boson physical mass in the decoupling regime, or some linear com-

bination of the physical neutral Higgs bosons in fully mixed scenarios. As it is well known,

increasing the physical Higgs boson mass (i.e.the quartic coupling) alleviates the fine-tuning.

In a SUSY theory at tree level m2
H will include the µ term. Given the size of the top

mass, the soft mass of Higgs field coupling to the up-type quarks mHu is (quite model

independently) also among them. Whether the soft mass for the down-type Higgs, mHd
or

other soft terms in an extended Higgs sector should be as light as µ and mHu is instead a

model dependent question, and a heavier mHd
can even lead to improvements

Dine:1997qj,Csaki:2008sr
[? ? ]. The

phenomenological key point for direct searches for SUSY particles is therefore the lightness

of the Higgsinos since their mass is directly controlled by µ

µ <⇠ 190 GeV
✓

mh

120 GeV

◆ 
��1

20%

!�1/2

(3)

At loop level there are additional constraints. The Higgs potential in a SUSY theory

is corrected by both gauge and Yukawa interactions, the largest contribution coming from

the top-stop loop. In extensions of the MSSM there will also be corrections coming from

Higgs self-interactions, that can be important for large values of the couplings. The radiative

corrections to m2
H proportional to the top Yukawa coupling read

�m2
H |stop = � 3

8⇡2
y2
t

⇣
m2

U3
+ m2

Q3
+ |At|2

⌘
log

✓
⇤

TeV

◆
(4) eq:der1

at one loop in the leading logarithmic approximation, that is su�cient for the current dis-

cussion
?
[? ]. Here ⇤ denotes the scale at which SUSY breaking e↵ects are mediated to the

Supersymmetric SM. Since the soft parameters m2
U3,Q3

, At control the stop spectrum, as it

5

is well known, the requirement of a natural Higgs potential sets an upper bound on the stop

masses. In particular one has

q
m2

t̃1
+ m2

t̃2
<⇠ 600 GeV

sin �

(1 + x2
t )1/2

 
log (⇤/ TeV)
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where we defined xt = At/
q

m2
t̃1

+ m2
t̃2
. Eq.

eq:ft-stopeq:ft-stop
?? poses a bound on the heaviest stop mass.

Moreover, for a fixed Higgs boson mass, a hierarchical stop spectrum induced by a large o↵-

diagonal term At tend to worsen the fine-tuning due to the direct presence of At in the r.h.s.

of eq.
eq:stop-1loopeq:stop-1loop
??. All the other radiative contributions to the Higgs potential from the other SM

particles pose much weaker bounds on the supersymmetric spectrum. The only exception is

the gluino that induces a large mass correction to the top squarks at 1-loop and feeds at two

loops in the Higgs potential. One finds, in the LL approximation

�m2
H |gluino = � 2

⇡2
y2
t

✓
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|M3|2 log2
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TeV

◆
(6)

where M3 is the gluino mass and we have neglected the mixed AtM3 contributions that can

be relevant for large A-terms. From the previous equation the gluino mass is bounded from

above by naturalness to be

M3
<⇠ 890 GeV sin �

 
log (⇤/ TeV)
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!�1 ✓
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��1

20%
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(7)

In case of Dirac gauginos there is only one power of the logarithm1 in eq.
eq:gluinoeq:gluino
??, leading to a

bound get ameliorated by a factor of (log (⇤/ TeV))1/2, i.e., roughly 1.4 TeV for the choice

of parameters above.

For completeness, we give also the upper bounds on the other gauginos:

(M1, M2) <⇠ (2.7 TeV, 870 GeV)

 
log (⇤/ TeV)

3

!�1/2 ✓
mh

120 GeV

◆ 
��1

20%

!�1/2

(8)

the bino is clearly much less constrained, while the wino is as constrained as the gluino

only for low scale mediation models. For the squarks and sleptons there is only a significant

bound from the D-term contribution, if Tr(Yim
2
i ) 6= 0, and it is in the 5 � 10 TeV range.

MP: maybe move this paragraph in the model implication section.

1 The other logarithm gets traded into a logarithm of the ratio of soft masses. We assume it to be O(1),

but in principle can be tuned to provide further suppression.
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the bino is clearly much less constrained, while the wino is as constrained as the gluino

only for low scale mediation models. For the squarks and sleptons there is only a significant

bound from the D-term contribution, if Tr(Yim
2
i ) 6= 0, and it is in the 5 � 10 TeV range.

MP: maybe move this paragraph in the model implication section.
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Current status

EPS-HEP 2011, Grenoble Anyes Taffard  - Overview SUSY Searches With ATLAS 9 

Jets+ET
miss Search Interpretation 

Best expected signal region per model point is chosen 

Phenomenological#MSSM#squark4gluino#grids:#
  masses#from#100#GeV#to#2#TeV,#neutralino#mass#of#0#
  Limits#unchanged#if#LSP#mass#raised#to#200#GeV#

MSUGRA/CMSSM#A0=0,#tanβ=10,#μ>0#

Model$independent$fiducial$cross$secPon$limit,$95%$C.L.$
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•  Scalar#mass#parameters:#m0#

•  Gaugino#mass#parameter:#m½#
•  Trilinear#Higgs4sfermion4sfermion#coupling:#A0#

•  RaYo#of#Higgs#vacuum#expectaYon#values:#tanβ#
•  Sign#of#SUSY#Higgs#parameter:#sign(μ)#

Squarks1,2 > 0.8 -1 TeV>⇠

Gluino > 0.7-0.9 TeV>⇠



Current status

EPS-HEP 2011, Grenoble Anyes Taffard  - Overview SUSY Searches With ATLAS 9 

Jets+ET
miss Search Interpretation 

Best expected signal region per model point is chosen 

Phenomenological#MSSM#squark4gluino#grids:#
  masses#from#100#GeV#to#2#TeV,#neutralino#mass#of#0#
  Limits#unchanged#if#LSP#mass#raised#to#200#GeV#

MSUGRA/CMSSM#A0=0,#tanβ=10,#μ>0#

Model$independent$fiducial$cross$secPon$limit,$95%$C.L.$

≥2Djets% ≥3Djets%
%

≥4Djets%
Meff>500%GeV%

≥4Djets%
Meff>10000%GeV%

High%mass%

24#o# 30#o# 477#o# 32#o# 17#o#

Exclude#at#95%#C.L##
#
If##############,#masses#<#1075##GeV#

m !g ! 800 GeV m !q ! 850 GeV
m !g = m !q

Exclude#at#95%#C.L##
If#################,#masses#<#980##GeV#m !g = m !q

•  Scalar#mass#parameters:#m0#

•  Gaugino#mass#parameter:#m½#
•  Trilinear#Higgs4sfermion4sfermion#coupling:#A0#

•  RaYo#of#Higgs#vacuum#expectaYon#values:#tanβ#
•  Sign#of#SUSY#Higgs#parameter:#sign(μ)#

Squarks1,2 > 0.8 -1 TeV

)2Mass scales (GeV/c
100 200 300 400 500 600 700 800 900 1000

2

0
χ∼ qq → g~

T5zz: 

0
χ∼ qq → g~; 

2

0
χ∼ qq→ g~

T1Lh: 

±χ∼ qq → g~
T1lnu: 

0
χ∼ bb → g~

T1bbbb: 

0
χ∼ q → q~

T2: 

0
χ∼ qq → g~

T1: 

, gluino-10.98 fb

, gluino-10.98 fb

, gluino-10.98 fb

, gluino-11.1 fb

, squark-11.1 fb

, gluino-11.1 fb

)0
χ∼Ranges of exclusion limits for gluinos and squarks, varying m(

CMS preliminary

. NLO-QCDσ = prodσ) (and vice versa). g~) >> m(q~), m(g~For limits on m(

.2
)0

χ∼) + m(g~ m( ≡) 
2
0
χ∼), m(±

χ∼m(

 (light blue).2)-200 GeV/cg~ (dark blue) to m(2) is varied from 0 GeV/c0
χ∼m(

>⇠

Gluino > 0.7-0.9 TeV>⇠



Current status

EPS-HEP 2011, Grenoble Anyes Taffard  - Overview SUSY Searches With ATLAS 9 

Jets+ET
miss Search Interpretation 

Best expected signal region per model point is chosen 

Phenomenological#MSSM#squark4gluino#grids:#
  masses#from#100#GeV#to#2#TeV,#neutralino#mass#of#0#
  Limits#unchanged#if#LSP#mass#raised#to#200#GeV#

MSUGRA/CMSSM#A0=0,#tanβ=10,#μ>0#

Model$independent$fiducial$cross$secPon$limit,$95%$C.L.$

≥2Djets% ≥3Djets%
%

≥4Djets%
Meff>500%GeV%

≥4Djets%
Meff>10000%GeV%

High%mass%

24#o# 30#o# 477#o# 32#o# 17#o#

Exclude#at#95%#C.L##
#
If##############,#masses#<#1075##GeV#

m !g ! 800 GeV m !q ! 850 GeV
m !g = m !q

Exclude#at#95%#C.L##
If#################,#masses#<#980##GeV#m !g = m !q

•  Scalar#mass#parameters:#m0#

•  Gaugino#mass#parameter:#m½#
•  Trilinear#Higgs4sfermion4sfermion#coupling:#A0#

•  RaYo#of#Higgs#vacuum#expectaYon#values:#tanβ#
•  Sign#of#SUSY#Higgs#parameter:#sign(μ)#

Squarks1,2 > 0.8 -1 TeV

)2Mass scales (GeV/c
100 200 300 400 500 600 700 800 900 1000

2

0
χ∼ qq → g~

T5zz: 

0
χ∼ qq → g~; 

2

0
χ∼ qq→ g~

T1Lh: 

±χ∼ qq → g~
T1lnu: 

0
χ∼ bb → g~

T1bbbb: 

0
χ∼ q → q~

T2: 

0
χ∼ qq → g~

T1: 

, gluino-10.98 fb

, gluino-10.98 fb

, gluino-10.98 fb

, gluino-11.1 fb

, squark-11.1 fb

, gluino-11.1 fb

)0
χ∼Ranges of exclusion limits for gluinos and squarks, varying m(

CMS preliminary

. NLO-QCDσ = prodσ) (and vice versa). g~) >> m(q~), m(g~For limits on m(

.2
)0

χ∼) + m(g~ m( ≡) 
2
0
χ∼), m(±

χ∼m(

 (light blue).2)-200 GeV/cg~ (dark blue) to m(2) is varied from 0 GeV/c0
χ∼m(

>⇠

Gluino > 0.7-0.9 TeV>⇠

For natural spectrum
need to split 1,2 vs. 3rd
generation squarks



Existing limits on Stops and sbottoms
• Tevatron:

• Stops can still be light (even 120-180 GeV) 

• Sbottoms should be > 250 GeV 

Tevatron limits on stops / sbottoms
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FIG. 2: Exclusion plane at 95 % C.L. as a function of sbottom
and neutralino masses. The observed and expected upper
limits from this analysis are compared to previous results from
CDF and D0 experiments at the Tevatron in Run II [4] [5],
and from LEP [29] experiments at CERN with squark mixing
angle θ = 0o. The hatched area indicates the kinematically
prohibited region in the plane.
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FIG. 3: (color online). (a) The 95% C.L. expected (dashed line) and observed (points plus solid line) limits on σ × B2 as
a function of mLQ for the pair production of third-generation leptoquarks where B is the branching fraction to bν. The
theory band is shown in grey with an uncertainty range as discussed in the text. The long-dashed line indicates the expected
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expected from known SM processes. We set limits on
the cross section multiplied by square of the branching
fraction B to the bν final state as a function of lepto-
quark mass. These results are interpreted as mass limits
and give a limit of 247 GeV for B = 1 for the produc-
tion of charge-1/3 third-generation scalar leptoquarks.
We also exclude the production of bottom squarks for
a range of values in the (mb̃1

,mχ̃0
1
) mass plane such as

mb̃1
> 247 GeV for mχ̃0

1
= 0 and mχ̃0

1
> 110 GeV for

160 < mb̃1
< 200 GeV. These limits significantly extend

previous results.
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[11] T. Sjöstrand, S. Mrenna, and P. Skands, J. High Energy

Phys. 05, 026 (2006). We use version 6.323.
[12] J.M. Campbell and R.K. Ellis, Phys.Rev. D 60, 113006

(1999); J.M. Campbell and R.K. Ellis, Phys.Rev. D 62,
114012 (2000).

[13] M. Cacciari et al., J. High Energy Phys. 4, 068 (2004);
N. Kidonakis and R. Vogt, Phys. Rev. D 68, 114014

B̃

t̃1, b̃1

Thursday, September 29, 2011



Existing limits on Stops and sbottoms
• Tevatron:

• Stops can still be light (even 120-180 GeV) 

• Sbottoms should be > 250 GeV 

Tevatron limits on stops / sbottoms
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FIG. 3: (color online). (a) The 95% C.L. expected (dashed line) and observed (points plus solid line) limits on σ × B2 as
a function of mLQ for the pair production of third-generation leptoquarks where B is the branching fraction to bν. The
theory band is shown in grey with an uncertainty range as discussed in the text. The long-dashed line indicates the expected
suppression of σ × B2 above the tτ threshold for equal bν and tτ couplings. (b) The 95% C.L. exclusion contour in the
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) plane. Also shown are results from previous searches at LEP [23] and the Tevatron [7, 24].

expected from known SM processes. We set limits on
the cross section multiplied by square of the branching
fraction B to the bν final state as a function of lepto-
quark mass. These results are interpreted as mass limits
and give a limit of 247 GeV for B = 1 for the produc-
tion of charge-1/3 third-generation scalar leptoquarks.
We also exclude the production of bottom squarks for
a range of values in the (mb̃1

,mχ̃0
1
) mass plane such as

mb̃1
> 247 GeV for mχ̃0

1
= 0 and mχ̃0

1
> 110 GeV for

160 < mb̃1
< 200 GeV. These limits significantly extend
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selection providing the best expected limit is chosen. The neutralino mass is set to 60 GeV. The
result is compared to previous results from ATLAS and CDF searches which assume the same
gluino-sbottom decays hypotheses. Exclusion limits from the CDF and D0 experiments on
direct sbottom pair production are also shown.

are heavier than the gluino, which decays exclusively into three-body final states (b  bχ̃0
1 ) via

an off-shell sbottom. Such a scenario can be considered complementary to the previous one.
The exclusion limits obtained on the (mg̃,mχ̃0

1
) plane are shown in Figure 5 for gluino masses

above 200 GeV. For each combination of masses, the analysis providing the best expected limit
is chosen. The selection 3JD leads to the best sensitivity for gluino masses above 400 GeV
and ΔM(g̃− χ̃0

1 ) > 100 GeV. At low ΔM(g̃− χ̃0
1 ), soft b-jets spectra and low Emiss

T are expected,
giving higher sensitivity to the signal regions 3JA and 3JB are preferred. Low gluino mass
scenarios present moderate meff and high b-jet multiplicity, thus favouring signal region 3JC.
Neutralinomasses below 200-250 GeV are excluded for gluinomasses in the range 200-660 GeV,
if ΔM(g̃− χ̃0

1 ) >100 GeV.
The results can be generalised in terms of 95% C.L. upper cross section limits for gluino-

like pair production processes with produced particles decaying into b  bχ̃0
1 final states. The

cross section upper limits versus the gluino and neutralino mass are also given in Figure 5.
The results are finally employed to extract limits on the gluino mass in the two SO(10)

scenarios, DR3 and HS. Gluino masses below 570 GeV are excluded for the DR3 model. In this
case g̃→ b  bχ̃0

1 decays dominate up to gluino masses of 550 GeV: above this range, high BR for
different decay modes decrease the sensitivity of the selected final states. A lower sensitivity,
mg̃ < 450GeV, is found for theHSmodel, where larger branching ratios of g̃→ b  bχ̃0

2 are expected
and the efficiency of the selection is reduced with respect to the DR3 case (m

χ̃0
2
≈ 2×m

χ̃0
1
).
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An update on the search for supersymmetry in final states with missing transverse momen-
tum, b-jet candidates and no isolated leptons in proton-proton collisions at 7 TeV is presented.
The results are based on data corresponding to an integrated luminosity of 0.83 fb−1 collected
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are heavier than the gluino, which decays exclusively into three-body final states (bb̄!̃01 ) via
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) plane are shown in Figure 5 for gluino masses

above 200 GeV. For each combination of masses, the analysis providing the best expected limit
is chosen. The selection 3JD leads to the best sensitivity for gluino masses above 400 GeV
and %M(g̃− !̃01 ) > 100 GeV. At low %M(g̃− !̃01 ), soft b-jets spectra and low EmissT are expected,
giving higher sensitivity to the signal regions 3JA and 3JB are preferred. Low gluino mass
scenarios present moderate meff and high b-jet multiplicity, thus favouring signal region 3JC.
Neutralinomasses below 200-250 GeV are excluded for gluinomasses in the range 200-660 GeV,
if %M(g̃− !̃01 ) >100 GeV.
The results can be generalised in terms of 95% C.L. upper cross section limits for gluino-

like pair production processes with produced particles decaying into bb̄!̃01 final states. The
cross section upper limits versus the gluino and neutralino mass are also given in Figure 5.
The results are finally employed to extract limits on the gluino mass in the two SO(10)

scenarios, DR3 and HS. Gluino masses below 570 GeV are excluded for the DR3 model. In this
case g̃→ bb̄!̃01 decays dominate up to gluino masses of 550 GeV: above this range, high BR for
different decay modes decrease the sensitivity of the selected final states. A lower sensitivity,
mg̃ < 450GeV, is found for theHSmodel, where larger branching ratios of g̃→ bb̄!̃02 are expected
and the efficiency of the selection is reduced with respect to the DR3 case (m
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The results are based on data corresponding to an integrated luminosity of 0.83 fb−1 collected
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selection providing the best expected limit is chosen.
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during 2011 by the ATLAS experiment at the LHC. Events with at least three energetic jets,
large EmissT and at least one b-tagged jet are selected in four signal regions based on the number
of b-tagged jets (≥1 or ≥2 b-jets) and on the value of effective mass (>500 or >700 GeV). The
dominant Standard Model backgrounds are estimated from Monte Carlo simulation and are
validated with data.
No excess above the expectation from Standard Model processes is found. The results are

used to exclude parameter regions in various R-parity conserving SUSY models. Under the
assumption that the lightest squark b̃1 is produced via gluino-mediated processes or direct pair
production and decays exclusively via b̃1 → b!̃0, gluino masses below 720 GeV are excluded
with 95% C.L. for sbottom masses up to 600 GeV using theCLs approach. This extends the pre-
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• LHC on 3rd generation:

• exclusion driven by gluinos
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“The experiments haven’t covered my
favorite model” 

Michele

Relax & Wait?

vs.

* not his real attitude.

*
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our pipelines

ATOM pgs

pythia / herwig / etc

fastjet 

truth leptons / photons /b’s

• l/gamma iso
• parameterized efficiencies

pythia

crude detector sim

truth 
muons/b’s

•  parameterized 
efficiencies

cone jets

crude 
simulated e/

gamma
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checks sensitivity of cut & 
leakage in control region

public code soon



Calibration
“theorist limits”

To calibrate compare:

1) key kinematical distributions
2) limits 
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ATLAS CMS

channel L [fb�1] ref. channel L [fb�1] ref.

jets + /ET

2-4 jets 1.04 [1] ↵T 1.14 [11]

6-8 jets 1.34 [2] HT , /HT 1.1 [12]

b-jets (+ l’s + /ET )

1b, 2b 0.83 [3] mT2 (+ b) 1.1 [13]

b + 1l 1.03 [4] 1b, 2b 1.1 [14]

b0b0 ! b + l±l±, 3l 1.14 [15]

t0t0 ! 2b + l+l� 1.14 [16]

multilepton (+ /ET )

1l 1.04 [5] 1l 1.1 [17]

µ±µ± 1.6 [6] SS dilepton 0.98 [18]

tt̄ ! 2l 1.04 [7] OS dilepton 0.98 [19]

tt̄ ! 1l 1.04 [8] Z ! l+l� 0.98 [20]

4l 1.02 [9] 3l, 4l + /ET 2.1 [21]

2l 1.04 [10] 3l, 4l 2.1 [22]

TABLE I: Searches by ATLAS and CMS, with about 1 fb�1, for signatures that are produced by

models of natural supersymmetry. We have categorized the searches into three categories, (1) fully

hadronic, (2) heavy flavor, with or without leptons, and (3) multileptons without heavy flavor. The

searches with blue labels have not been used by experimentalists to set limits on supersymmetry,

but we have included them because they overlap with SUSY signature space. We have simulated

all of the above searches and included them in our analysis, with the exception of the searches with

red labels, which were released while we were finalizing this study. We explored the possibility of

using the CMS search for t0 in the lepton plus jets channel [23], however this search uses a kinematic

fit on signal plus background and does not report enough information for us to extrapolate this fit

to other signals.

at or above 900 GeV � 1 TeV, imposing strong constraints on flavor universal models, as

explained in the previous section. There are however ways out of this result, as can be seen

from the CMS simplified model summary plot [53], which presents the dependence of the

CMS limits on the Lightest Supersymmetric Particle (LSP) mass: the bounds get obviously
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Stops (sbottom) + Higgsinos

H̃0

H̃±b

t̃L

b̃L
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t

t̃R

t

H̃0

H̃± b

Stops can act as “sbottom” (bjet+χ) !

Chargino-neutralino splitting irrelevant for present searches



For comparison with the LHC limits, we have also shown in Fig. 3, the strongest limit

from the Tevatron, which comes from the D0 sbottom search with 5.2 fb�1. This search sets

limits on sbottom pair production, with the decay b̃ ! bÑ1. For the left-handed spectrum,

this limit applies directly to the sbottom, which decays b̃L ! bH̃0 for the mass range of

interest (the decay to top and chargino is squeezed out). For the right-handed stop, the

dominant decay is t̃R ! bH̃±, which means that the stop acts like a sbottom, from the point

of view of the Tevatron search7. We note that the Tevatron limit only applies for higgsinos

just above the LEP-2 limit, mH̃ < 110 GeV, and we see that the Tevatron has been surpassed

by the LHC in this parameter space.
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FIG. 3: The LHC limits on the left-handed stop/sbottom (left) and right-handed stop (right), with

a higgsino LSP. The axes correspond to the stop pole mass and the higgsino mass. We find that the

strongest limits on this scenario come from searches for jets plus missing energy. For comparison,

we show the D0 limit with 5.2 fb�1 (green), which only applies for mÑ1
<⇠ 110 GeV, and has been

surpassed by the LHC limits.

7 In order to apply the Tevatron sbottom limit to right-handed stops, we have assumed that the decay

products of the charged higgsino are soft enough not to e↵ect the selection, which applies when the mass

splitting between the charged and neutral higgsino is small

20

LHC surpasses Tevatron:

Strongest bounds from jets + MET

Stops (sbottom) + Higgsinos



• RH stop→Bino: top-like final state. Weak bound around 200GeV, 
but we don’t trust it too much. Further (exp’) study needed...
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Un-Splitting the spectrum
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Adding gluinos
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Adding the gluinos
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Adding the squarks, too

• Bounds similar to the  
ATLAS/CMS plots 
(800GeV-1TeV)

• Decoupling not 
effective until 
1.2-1.4 TeV
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Squashed spectrum
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MSSM little hierarchy problem

• Higgs mass lifted by large A-terms → split stop spectrum, 
1 stop may be light and constrained by searches

• Compare to constraints from the Higgs mass bound?

• CAVEAT: only for higgsinos (higgsinos+binos) lighter than 
stops...
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LEP té té

of naturalness can be reduced to a one-dimensional problem as in the Standard Model

V = m2
H |H|2 + �|H|4 (1)

where m2
H will be in general a linear combination of the various masses of the Higgs fields.

Each contribution to �m2
H to the Higgs mass naturally should be of the order or less than m2

H

itself. Therefore �m2
H/m2

H should not be large. By using m2
h = �2m2

H one usually defines

as a measure of fine-tuning
Barbieri:1987fn,Kitano:2006gv
[? ? ]

� ⌘ 2�m2
H

m2
h

(2)

where m2
h is the Higgs boson physical mass in the decoupling regime, or some linear com-

bination of the physical neutral Higgs bosons in fully mixed scenarios. As it is well known,

increasing the physical Higgs boson mass (i.e.the quartic coupling) alleviates the fine-tuning.

In a SUSY theory at tree level m2
H will include the µ term. Given the size of the top

mass, the soft mass of Higgs field coupling to the up-type quarks mHu is (quite model

independently) also among them. Whether the soft mass for the down-type Higgs, mHd
or

other soft terms in an extended Higgs sector should be as light as µ and mHu is instead a

model dependent question, and a heavier mHd
can even lead to improvements

Dine:1997qj,Csaki:2008sr
[? ? ]. The

phenomenological key point for direct searches for SUSY particles is therefore the lightness

of the Higgsinos since their mass is directly controlled by µ

µ <⇠ 190 GeV
✓

mh

120 GeV

◆ 
��1

20%

!�1/2

(3)

At loop level there are additional constraints. The Higgs potential in a SUSY theory

is corrected by both gauge and Yukawa interactions, the largest contribution coming from

the top-stop loop. In extensions of the MSSM there will also be corrections coming from

Higgs self-interactions, that can be important for large values of the couplings. The radiative

corrections to m2
H proportional to the top Yukawa coupling read

�m2
H |stop = � 3

8⇡2
y2
t

⇣
m2

U3
+ m2

Q3
+ |At|2

⌘
log

✓
⇤

TeV

◆
(4) eq:der1

at one loop in the leading logarithmic approximation, that is su�cient for the current dis-

cussion
?
[? ]. Here ⇤ denotes the scale at which SUSY breaking e↵ects are mediated to the

Supersymmetric SM. Since the soft parameters m2
U3,Q3

, At control the stop spectrum, as it

5

(dist
ance)2  ~ fine-tu

ning

MSSM higgs: LEP2 tuning vs. direct stop
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FIG. 18: The estimated 95% exclusion reach, with 10 fb�1, for the higgsino LSP benchmark. As

in Fig. V, the solid lines extrapolate the current systematic and statistical errors on the background,

while the dashed lines assume perfect knowledge of the background. The large spread between these

estimates emphasizes the importance of the eventual systematic errors for the reach.

production LSP t̃ limit [GeV] figure

t̃L + b̃L H̃ ⇠ 250 3

t̃R H̃ ⇠ 180 3

t̃L + b̃L B̃ ⇠ 250 � 350 5

TABLE II: A summary of the limits we found on direct stop and left-handed sbottom production

with higgsino and bino LSPs. The full limits are shown in the listed figures and the parameter

spaces are described in the text of section IVB.

the scope of this work, and it requires a detailed study of the backgrounds, some of which,

such as fakes, cannot be reliably estimated in a theoretical paper. Moreover, even the pure

extrapolation of the reach of the current searches is plagued by intrinsic di�culties, not

41

scenario g̃ limit [GeV] t̃ limit [GeV] figure

H̃ - LSP ⇠ 650 � 700 ⇠ 280 10

B̃ - LSP ⇠ 700 ⇠ 270 10

somewhat squashed ⇠ 600 � 700 � 11

split t̃ ⇠ 550 � 650 � 11

flavor degen. 1200 (fixed) 600 � 900 16

gaugino unify ⇠ 750 � 800 ⇠ 260 16

TABLE III: A summary of limits that we found in scenarios with gluinos. The full limits are shown

in the listed figures and the parameter spaces are described in the text of sections IVC and V.

unrelated to those relevant for designing new analyses, which are discussed in Appendix C.

We conclude by observing that the experimental program of searches for supersymme-

try is crossing an important milestone. The current searches are passing the naturalness

threshold for stops and gluinos, and this means that the most favored parameter space of

supersymmetry is just ahead of us. If supersymmetry exists at the weak scale in a natural

form, then discovery should be imminent. On the other hand, if the LHC experiments fail to

discover supersymmetry in the natural parameter space then, as the fine-tuning is increased,

exotic manifestations of supersymmetry that are less constrained, such as hadronic R-parity

violation [72] or stealth SUSY [66], will become increasingly more interesting alternatives,

both theoretically and experimentally. The next frontier may be heavy-flavor-themed nat-

uralness, or exotic searches. Either way, the LHC will cover very exciting ground over the

coming years.

Note added : While this work was being completed, the authors of [73–75] informed us

about related but distinct collider studies involving third generation squarks.
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Outlook

• Next frontier: Heavy flavor themed 
naturalness (Eder’s & Andrey’s talks), EW-inos 
(Shufang’s talk)

• Natural SUSY not in trouble yet (and 
won’t be before shutdown).Trouble only 
for high-scale, flavor universal models

• LHC will cover very exciting ground in 
the coming years



Backup



Projections?
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Calibrate w/ limit plots
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Figure 4: Observed and expected 95% C.L. exclusion limits in the (mg̃,mb̃1
) plane. Also shown

are the 68% and 99%C.L. expected exclusion curves. For each point in the plot, the signal region
selection providing the best expected limit is chosen. The neutralino mass is set to 60 GeV. The
result is compared to previous results from ATLAS and CDF searches which assume the same
gluino-sbottom decays hypotheses. Exclusion limits from the CDF and D0 experiments on
direct sbottom pair production are also shown.

are heavier than the gluino, which decays exclusively into three-body final states (bb̄!̃01 ) via
an off-shell sbottom. Such a scenario can be considered complementary to the previous one.
The exclusion limits obtained on the (mg̃,m!̃01

) plane are shown in Figure 5 for gluino masses

above 200 GeV. For each combination of masses, the analysis providing the best expected limit
is chosen. The selection 3JD leads to the best sensitivity for gluino masses above 400 GeV
and %M(g̃− !̃01 ) > 100 GeV. At low %M(g̃− !̃01 ), soft b-jets spectra and low EmissT are expected,
giving higher sensitivity to the signal regions 3JA and 3JB are preferred. Low gluino mass
scenarios present moderate meff and high b-jet multiplicity, thus favouring signal region 3JC.
Neutralinomasses below 200-250 GeV are excluded for gluinomasses in the range 200-660 GeV,
if %M(g̃− !̃01 ) >100 GeV.
The results can be generalised in terms of 95% C.L. upper cross section limits for gluino-

like pair production processes with produced particles decaying into bb̄!̃01 final states. The
cross section upper limits versus the gluino and neutralino mass are also given in Figure 5.
The results are finally employed to extract limits on the gluino mass in the two SO(10)

scenarios, DR3 and HS. Gluino masses below 570 GeV are excluded for the DR3 model. In this
case g̃→ bb̄!̃01 decays dominate up to gluino masses of 550 GeV: above this range, high BR for
different decay modes decrease the sensitivity of the selected final states. A lower sensitivity,
mg̃ < 450GeV, is found for theHSmodel, where larger branching ratios of g̃→ bb̄!̃02 are expected
and the efficiency of the selection is reduced with respect to the DR3 case (m

!̃02
≈ 2×m

!̃01
).

7 Conclusions

An update on the search for supersymmetry in final states with missing transverse momen-
tum, b-jet candidates and no isolated leptons in proton-proton collisions at 7 TeV is presented.
The results are based on data corresponding to an integrated luminosity of 0.83 fb−1 collected
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PGS

ATOM

• broad range of kinematical configurations
• even with 50% accuracy of           (mostly better)          
   limits are very similar (thanks to pdf’s!)
Caveat: if efficiency very sensitive to cut : wouldn’t 
trust it (ATOM flags that).

✏⇥A



Back to the flavor degenerate case
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Hard to investigate more squashed spectra 
(+ additional tuning due to squashing…)
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Negative search at LEP:  mH > 114 GeV 

Therefore need mstop ~ O(1 TeV).  

But at minimum,
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Little Hierarchy problem



o Raise tree-level Higgs mass ?  mstop  reduced !
   a) F-Term (NMSSM)

   b) D-term (extended gauge structure)
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o Lower the cut-off ?

  c) NMSSM (large SHuHd coupling ⇒ ΛLandau ≪ MGut)

  d) Find rationale why Λ=(protection scale f)~ O(TeV) 
     (i.e. little Higgs like protection)


