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[ First run of the LHC (7-8 TeV)}

@ One historical success:
the discovery of the Higgs boson

[Second run of the LHC (13-14 TeV) J

€, Hopefully another historical
success: the discovery of BSM

physics
?7?



The RUN | of LHC (7/8 TeV) has not produced
any real hint of BSM

There was a reasonable hope to see signals of
BSM in Higgs physics:

* The Higgs represents a new (the last) sector
of the SM: Oterra incognitaO

* Main arguments to expect BSM at LHC rely
on the Naturalness of the EWSB (Hierarchy
Problem)

@ EWSB sector Is a natural arena
to find BSM



If BSM physics Is related to Higgs properties, it
must live within the error bars!
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Apart from Higgs physics, impressive agreement
with SM predictions:

Standard Model Total Production Cross Section Measurements st Juy 2014
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[Absence of hints of BSM from Run | }

\_\

Tension... (?)

\_\

[ Naturalness arguments }

(which are behind the Hierarchy Problem)




Recall (once more) the Hierarchy Problem....

2 !2 | 2 )
Im < = 4 2y2 ' 3m; + aac
| 1 2 |
i%}l 10 " ! f15TeV

This iIs still the main reason to expect BSM
at the reach of the LHC



Admittedly, Naturalness criterion (associated to the
Hierarchy Problem) is

® quite Imprecise
e maybe too naive

® maybe a misconception

But, to which extent the LHC results are in
tension with 1t?



Notice:

w The LHC has explored a lot of physics up to
~ 1.5 TeV, but not all (at all)

w The H.P. (naturalness) bound applies to the
BSM physics associated to the top

But, even if indeed there are top partners
(of any kind) at ~1 TeV, they could have
easily escaped the LHC (Run I)



E.g. if BSM ! SUSY, top partners ! stops
—> mMg= 700 GeV (or smaller) is (could be) OK
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So maybe It Is a bit too soon to give up

It could even happen that the naturalness
criterion Is sound, but the BSM Is just above
the Run Il reach (hope not)



On the other hand,

Naturalness bounds on BSM physics based on
the crude form of the H.P. argument are too

simplistic.

Naturalness bounds are more precise when
they are analyzed for concrete BSM scenarios,

evaluating the UV-physics contributions to n¥
In terms of the initial parameters of the theory.



E.g.

For the MSSM, the dominant contribution to m¢
(at 1-loop LL, DR-squeme):

3m2 | 2

| 2 | " t 2 C
Im < ! TRV m¢ log po
tZ—

factor of

enhancement



(naive) Naturalness doesnOt apply (naive) Naturalness applies

e Misconceptions about H.P. e New Physics at the ~ TeV scale
e Landscape e Possibly at the LHC reach

e Other alternatives (OAgravityO, ...) e SUSY, Composite, Extra Dim. ...



(naive) Naturalness doesnOt apply (naive) Naturalness applies

e Misconceptions about H.P. e New Physics at the ~ TeV scale
e Landscape e Possibly at the LHC reach

e Other alternatives (OAgravityO, ...) e SUSY, Technicolor, Extra Dim. ...

We still donOt know which way
has been chosen by NATURE



[Let us assume that naturalness arguments apply }

So we expect BSM physics, hopefully at the
reach of LHC-II. Which kind of BSM?

* SUSY!
* Composite/NGB Higgs...!

* Warped Extra-Dimensions...!

When you go to the details they all look uglier.

Which one you prefer is a matter of taste



SUSY!

Motivations:

® Beautiful symmetry, strongly suggested by
string theories

® Elegant solution to the {:}
Hierarchy Problem
A



SUSY is still one of the preferred
candidated for BSM physics:

Higgs looks fundamental, and mj < 135 GeVv

Radiative EW breaking

Good DM (WIMPs) candidates

Gauge Unification
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BUT

e

125 Ge\ a bit too heavy for naive

I
© Mp SUSY expectations

o No signal of SUSY from LHC-8 TeV

These two facts imply  771s sy particies r 1 TeV

fine-tuning to get the
correct EW scale

(as all BSM scenarios)
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Recall (for MSSM)

9 2 9 ;
my >~ M7 cos” 208 + —— |log><—+ A]+...
~ X ) - =
tree-level contrib. rad. contrib. threshold corr.

(M)

G

mn ! 125 Ge\ typically implies Mg 1 TeV
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o(_No signal of SUSY from LHC-8 TeV

These two facts imply  77s sy varicles r 1 TeV

fine-tuning to get the
correct EW scale
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It Is not straightforward to translate LHC
results into bounds on SUSY (MSSM)

MSSM has ~ 100 independent parameters !

(most of them related to the unknown mechanism of
SUSY and transmission to the observable sector):

{TTLZ Ma, Aija B, ,LL}

177



Two main strategies:

® Use simplified models to express the bounds

® Translate the LHC results into constraints
on representative SUSY models:

CMSSM, NUHM, NUGM, ...



Simplified models are very useful, but one has to be
careful interpreting the results.

E.qg. limits on electroweakinos from tri-lepton signal
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Simplified models are very useful, but one has to be
careful interpreting the results.

E.qg. limits on electroweakinos from tri-lepton signal
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Example of representative model: CMSSM
{m?], MCU AZ]7 B? :u}

\‘ {mv M7A7B7ILL} (atMX)

Typical Spectrum Mz ~mg > m;
Mz > M+ 2 M0
x] = LSP



LHC constraints on the CMSSM
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Roughly speaking, for the CMSSM:
Mg F 1.8 TeV, My F 1.4 TeV

Besides, stops are typically not much lighter
than squarks

—) CMSSMis in trouble
NS N\—

Not only the CMSSM is fine-tuned, but even if the
model is true, the chances to be discovered at the

LHC are decreasing dramatically.



Bayesian analysis of CMSSM

Cabrera, Casas and Ruiz de Austri (2012) Cabrera, Casas and Ruiz de Austri (2012)
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see also C. Balazs, A. Buckley, D. Carter, B. Farmer and M. White
A. Fowlie, M. Kazana, K. Kowalska, S. Munir, L. Roszkowski et. al.;
S. Akula, P. Nath and G. Peim
O. Buchmueller, R. Cavanaugh, M. Citron, A. De Roeck, M. Dolan et al.
C. Strege, G. Bertone, F. Feroz, M. Fornasa, R. R. de Austri et. al.,



Certainly, the enormous universality of the CMSSM is
not a theoretical or phenomenological requirement

(only partially, to avoid FV processes)

S

[ Going beyond CMSSM is very plausible! }




Still, there quite general LHC constraints for most
MSSM models

% Heavy (1st and 2nd gen.) squarks, Mg F 1.8 TeV

*  Heavygluino, Mg F 1.4 TeV

*  Atleast one heavy stop (fromm,), Mg F 1 TeV

max
unless At I A

@ [generic problems with fine-tuning for the MSSM! }




There are possible exceptions, if SUSY leaves in
special corners of the parameter space,

e.g. if the SUSY spectrum is OcompressedO, so that
visible particles in the events have small p".

Such situation would fool the LHC to some
extent. It is certainly possible, but it sounds
artificial (a OtrickO to save low-energy SUSY)

There are further possiblities going beyond the
MSSM: NMSSM, BMSSM, etc.



In any case, we cannot just AforgetAywbout
the fine-tuning problem, since the main
reason to consider Weak-Scale SUSY was
to avoid the Hierarchy Problem (fine-
tuning of EW breaking in the SM)



¥« To which extent is the CMSSM (or a generic
MSSM) fine-tuned?

% Is there any MSSM scenario with little fine-tuning?



¥« To which extent is the CMSSM (or a generic
MSSM) fine-tuned?

% Is there any MSSM scenario with little fine-tuning?

@ Since fine-tuning seems to be the main
problem with SUSY, a reasonable guide
to explore SUSY is to look for scenarios
as little fine-tuned as possible

MSSM as natural (non-fine-tuned)

Natural SUSY 55 hossible



These questions require a careful analysis
of the fine-tuning Issue, admittedly an
slippery question



Studies of fine-tuning in SUSY have been done since
long ago

Natural SUSY is not really a new idea!

J. R. Ellis, K. Enqgvist, D. V. Nanopoulos and F. Zwirner '86; R. Barbieri and
G. Giudice '88, de Carlos and J.A.C. '92, G. Kane, C. Kolda, L. Roszkowski
and J. Wells '94, G. W. Anderson and D. J. Castano '95; J. L. Feng, K. T.
Matchev and T. Moroi '00; J. A. C., , J. R. Espinosa and |. Hidalgo '04, ...

The idea was re-launched by Papucci, Ruderman & Weiler 011

and it has motivated a lot of work In recent times

J. E. Younkin and S. P. Martin '12; Arbey et al. @2; S. Fichet '12; E. Hardy '13;
K. Kowalska and E. M. Sessolo '13; C. Han, K. -i. Hikasa, L. Wu, J. M. Yang
and Y. Zhang '13; E. Dudas, G. von Gersdorff, S. Pokorski and R. Ziegler '13;
J. Fan and M. Reece '14; T. Gherghetta, B. von Harling, A. D. Medina and M.
A. Schmidt '14; K. Kowalska, L. Roszkowski, E. M. Sessolo and S. TrojanowskKi
'14; J. L. Feng '14; H. Baer, V. Barger, P. Huang, A. Mustafayev and X. Tata '14;
S. P. Martin '14; Baer, Barger, Mickelson, Padeffe-Kirkland '14, ...



[ The OstandardO Natural SUSY scenario J

Papucci, Ruderman &
Weiler O11

In the effective Vem = m?|Hsm|?+ ! [Hsu|?
SM theory
2 2 2 mj
| = 1
m- ! “J'l + mHu 2
| I m2 _ 1 32 (m2 + m? + |A¢?) I
1-loop !—L 'mg, Istop = ! Wyt (mQ3 mg, + [Adl ) 0g Tev
corrections
2 77 Tl
!mlz—lulgluino = ﬁyt2 - |M3|2|092 TeV



Demanding ~ —- ! (! ! 10

@ OpopularO predictions of Natural SUSY

% stops should be light (< 1 TeV)

*  gluino not too heavy (< 2 TeV)

*  very light Higgsinos (< 500 GeV)

(for 1 =10 ,i.e.~10% fine-tuning)



However the OstandardO arguments are too simplistic

* 1-loop LL is not accurate enough

*  physical squark, gluino and Higgsino masses
are not initial parameters

g ® one should evaluate the required
cancellation in terms of the initial parameters

® there is not a one-to-one correspondence
between initial parameters and physical
masses



E.qg. If the scalar masses are universal at H.E.

2 = 2 = 2 = 2
mu_mUs_sz_mO

thlen # Ol # | #+
: 0. :
'mj, 1 m2 & 3 () L gy2 * L
"Im? $= %, " 2% exp 8Tt2dt! SR
'ma, Ly O' ) 1
@ | 1/ 3 (if you start the running from M,)
smg ! 1.6MZ" 0.026 dm§ + &8
Focus-point |
behaviour

Feng, Matchev, Moroi,Q000



mg ! 16MZ" 0.026mE + aé

u

ms ! 297M5 + 0.5m§+ &¢

g If the stops are heavy because m, Is
large, then there Is no fine-tuning price

This Is a clear counter-example to
Natural SUSY requiring light stops



Before, examining more closely the issue
of the electroweak fine-tuning, It is worth
noticing that

there are other potential fine-tunings,
which are normally left aside in analyses



[ Fine-tunings left aside (in common analyses) }

¢ If the stops are too light, there is an extra
fine-tuning in A, toget my ! 125 GeV

3 my

22 12

2 2 2 Mg
m; ~ M7 cos” 23 + log +f(At)]+---

M

m. = 500! 600 GeV
b A: close to maximal

g fine-tuning



[ Fine-tunings left aside (in common analyses) J
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[ Fine-tunings left aside (in common analyses) }

s<  Fine-tuning to get large tan !

MR, P ME, P2 MR (LE)

tan! ' 2 @\

Bul g = Bu+ ! raq(Bu)

\_/

potential fine-tuning
required

should be small



If these additional fine-tunings are significant,
they should be combined with the EW fine-
tuning!



Let us now focus on the
electroweak fine-tuning!
!
!



[The EW fine-tuning!}

At tree-level and large tan!

2 2

1 . M 2
R R il L

2

2

1-loop corrections:

1 2M 2 2m2
! (Qsusy threshold ) = E—g(g2 + g?) = sz > 1 (Qew ) ! v2h
@ m?
7 =W m,



How to measure of the EW fine-tuning!

Most used and popular criterion:

"m? m?
= A —", A# Max |A
II#i = # ‘ |

Ellis, Engvist, Nanopoulos & ZwirnerO 86
Barbieri & GiudiceO 88

I Independent parameters of the model

' =100 means ! 1% fine-tuning, etc.



| 1. admits an statistical interpretation

Ciafaloni & Strumia® 97

!0\ |

onlyinthis " o range, V2 < (VGXP)Q




| 1. admits an statistical interpretation

Ciafaloni& Strumia® 97

(Vexp ) 2

Ill
Pv2! (v&)21= =2 111 1 p" value
0)



There are two implicit assumptions behind this
statistical interpretation

® Rangeof | | [O, !0]
® Prior p(') = [3at

Reasonable, but can be inappropriate
In particular theoretical scenarios



These issues become more clear using a

Bayesian approach!

Density of probability Likelihood |
In the parameter space X Prior

/
p(data)

parameters of ™~__ Norm.
the model constant

p(6;|data) =




Treat M, as another exp. data

_ _ _ Likelihood associated to
Y Approximate the likelihood as the other observables

p(data|lM{,M,,adau) " "(Mz! Mzexp) I—reg

Y% Use the delta to marginalize any parameter, e.g. M

p(M1,Mz,aaadata) =  du p(M1, M2, aaau|data)

o ody L
# Lyrest» H w p(M1,Mz,aaauz)
dMZ Mz
\ J
1
consistent with the interpretation | L{
of 1 ' 1 as probability !
Hop=uz Cabrera, JAC &

Ruiz de Austri O08



1
The analogy is complete if P(Uz) ! —

) Mz

priorat U = Mz

p(M1,M,, dadédata) ! P(Uz)_, | b

This occurs if
@ Rangeof U ! [0, Uz] and p(p) ! MRRat
e or pP(K) ! logarithmic, i.e. p(p) " 1/u

The modification of F-T criterion for other cases is
straightforward



In summary, the Ostandard fine-tuning
measureO Is reasonable in many cases

The Bayes analysis tells the implicit
assumptions for its validity

If a particular theoretical model does not fulfill
them, the Ostandard fine-tuning criterionO is
Inappropriate and should be consistently
modified



OProgramO to evaluate naturalness
bounds on the SUSY spectrum :

1.-1 Express mﬁ In terms of the initial

parameters, |, given at a certain scale, M HE
I "'m 2
2-1Evaluate | |, = — T < | max
g limits on !i
3.-! Translate limits on ! into limits on the

SUSY spectrum



1.-'Express mﬁ in terms of the initial
parameters, |, given at a certain scale, M HE

For Mue , Mg fixed, consistency requires

2 — 2 2 2 2 2 A A
mHu(LE)— C|\/|3|\/|3 + CM2M2 + CMlMl + CAtAt + CAtM3AtM3+ C|\/|2|V|2 + ac
2

- 2 2 z z
+Cmym,M3M2 + aad cy, My, + cm%m(.iJ3 + Cmr:R m; +ac



1.-'Express mﬁ in terms of the initial
parameters, |, given at a certain scale, M HE

E.g. for Mpue = Mx, Mg =1 TeV

mg (LE) = ! 1.603M5 +0.2854; M3 +0.203M35 ! 0.109A7 ! 0.134M3M;

+0.068AM> +0.63Imy; ! 0.367mg ! 0.290mg + &¢

W(LE ) =1.002 u



Fits of this kind are quite common in the literature,
but we have obtained it in a very careful way:

® 2-loop RGEs In two steps (important for ! j, VYt ):
Mz — Mg >MuEg

® M g, My free parameters

MLE
1 TeV

G(Mie)! (1 TeV)+ B In



( mZ (LE)

HE C b
M2 ! >6ﬁ3~ 381 |
mZ 0.631 0.019
m2 l 0.367 0.018
mg, ! 0.290 0.017
AiM3 0.285 |! 0.024
M2 0.203 0.006
M>M3z |! 0.134 0.021
A? I 0.109 |! 0.006
AM> 0.068 0.000
m3, | 0.054 |! 0.001
mz 0.026 |! 0.001
mZ _ |! 0.026 0.001
mz_ I 0.026 0.001
mg | 0.025 |! 0.001
mz 0.025 |! 0.001
mg, , |! 0.025 0.000
m3_ . |! 0.025 0.000
m3 . I 0.024 0.000
MiM3z |! 0.020 0.002
AM, 0.012 0.000
M ? 0.006 0.002
MiM, |! 0.005 0.000
ApM3z |! 0.002 0.000
AZ 0.001 0.000
ApM o 12 12
A? b b
A, M, b b
ApA; 12 12
A, M, 12 12

Mue

M x
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® \We have done this, not only for mﬁ ,» but for all quantities

Mg, Mg, Ma, Ma, Ap,aé

® This will be necessary later to translate F-T bounds on
the HE-parameters into constraints on the physical
spectrum



m5, (LE) m{, (LE) m3 . (LE)

HE C b c b C b
I\/I3? 3191 |! 0563 | 2754 |! 0462| 3.678 |! 0.672
mZQS 0.871 0.007 |! 0.192 0.013 |! 0.029 0.002
M22 0.333 |! 0.008 |! 0.151 0.017 |! 0.010 0.002
mﬁu 1 0.118 0.006 |! 0.189 0.011 |! 0.015 0.000
mas I 0.095 0.005| 0.706 0.011| 0.032 0.000
M-M3 |! 0.084 0.015|! 0.100 0.018 |! 0.026 0.007
AiMj 0.072 |! 0.003| 0.159 (! 0.010|! 0.010 0.003
At2 1 0.034 |! 0.002|! 0.070 |! 0.004 | 0.001 0.000
A{M, 0.020 0.000 | 0.047 0.000 |! 0.001 0.000
méu I 0.017 0.001 | 0.030 0.000 | ! 0.025 0.002
m2DS I 0.015 0.001 | 0.032 0.000 | 0.973 0.001
malvz 0.014 0.000 |! 0.073 0.002 | 0.031 0.000
m2Dl,2 I 0.012 0.001 | 0.032 0.000 |! 0.021 0.001
MiM3 |[! 0.009 0.001 |! 0.018 0.002 |! 0.004 0.001

%1’23 I 0.009 0.000 | 0.034 |! 0.001|! 0.017 0.000
mflyzv3 0.008 0.000 |! 0.034 0.001 | 0.017 0.000
AxM3 0.006 |! 0.001 |! 0.001 0.000 | 0.014 |! 0.003
M12 I 0.006 0.001 | 0.041 0.001| 0.014 0.000
mﬁd 0.005 0.000 |! 0.034 0.001| 0.011 0.000
AiM, 0.004 0.000 | 0.007 0.000 b b
A% I 0.003 0.000 b b I 0.006 0.001
MM, |! 0.002 0.000 |! 0.003 0.000 b b
ApM 0.002 0.000 b b 0.004 |! 0.001
ApAi 0.001 0.000 b b 0.001 0.000
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© Generic scenario defined by ! :
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The complete knowledge of the c-coefficients
allows to evaluate the fine-tuning for any
theoretical model, defined at any HE scale, In
a very easy way.



Prototype model: Unconstrained MSSM

Y%  Dimension-2 parameters ( m%s, mg., my. ) do
not get mixed in the As
e.g. | L 2 |
IAmQS! — }QCmug 1;3 : < A(max)
| > |
1

AMAX e~ 1,72 A™AX 3




Prototype model: Unconstrained MSSM

w  Dimension-1 parameters (M3, M,, A, a¢é ) do mix

2 | |
eg |I |\/|3|: W!ZCM3M§+ CM3M2M3M2+ CMgAtMBAt!! I (max)
h

|IM|:£iZC M2+ c MaM> + C |\/|Ai||(ma><)
) 2 mﬁ M 2 2 M3M > 3Ivi2 Mo A 2Rt 1

! |=i520 AZ + ¢ MsA: + C |\/|Ai<|(ma><)
. At m% At t M3At 3\t MzAt 2\t > -
16.41MF — 057AM3 +0.2M5M,! i " ™ m

!—()I.81M22+O.14AtM2+O.27M3M2=!< "M m
'0.44A2 — 0.57AM3 + 0.14AM,! £ " ™ m

ON ODN ON



Absolute bound:

M

" max

IM;i| < 5

|CMi|




Bounds on the initial (HE) parameters in
the Unconstrained MSSM

Maye =2 " 10 | My, =100 | My, =107

M 32%(M gE) 660 1162 5 376
M 5*(M gg) 1 646 1750 3 500
M (M gE) 8 002 6 100 11 048
AP*(M gE) 2 504 2 227 3 094
m%**(M ug) 1038 1 046 913

Mm% (Mug) 6 945 14 472 9 784
2% (M i) 624 640 630

mg2*(Mug) 1 458 1 687 3 527
mp*(M gE) 1 640 1 828 3710
mMB(Mug) 5 682 7 812 20 277
Mm% (Myug) 5 601 7 693 19 288
my>% (M ug) 3818 5 254 13 975
mp5% (M uE) 5613 7722 19 764
My (M) 5 557 7 664 20 278
mzs  (Mug) 5 524 7 607 20 278

| 9= =100



3.-! Translate limits on ! into limits on the
SUSY spectrum

Unfortunately, there is not a one-to-one correspondence between
the physical masses and the soft-parameters and py"term at high-
energy.

The only approximate exception are the gaugino and

Higgsino masses.
Mg! M3(Mg)! 2.22M3

My ! Ma(Mg)! 0.8IM,
Mg ! Mi(Mg)! 0.43M,
My ! p(Mg)! 1.002u, Mue = My, Mg =1 TeV

The average stop mass has also an easy-to-handle form

1
me | 5(5.94M§+o.68m§1 +0.62m¢ +0.18M7 " 0.31m}; 4B+ m;

Mue = Mx, Mg =1 TeV



Bounds on the physical masses in the
Unconstrained MSSM

MM HE — 2" 1016 M|\/| HE — 1010 M|\/| HE — 104
M 1 440 1 890 5 860
Mvrgax 1 303 1 550 3 435
Mg‘ax 3 368 4 237 10 565
erj(.“ax 626 610 620
mE e 1 650 1973 4 140
mmax 7 252 14 510 9 900

| e® =100




Normally, the bound on the gluino mass is
both stronger and more robust than the bound
on the stops.

However, since it comes from a two-loop
effect, it becomes weaker as the high-energy
scale decreases.

The bounds on Higgsinos are, by far, the most
model-independent ones.



In specific MSSM scenarios there are
correlations between the soft terms at M, ¢

E.g. suppose

"

~ +
2 2 2 — 2
mg, ,Mg,.mg, ={an,,aq,,au,} My
' n #l
| 2 I
I m
— | 0 I ma
b mgt = Z—ﬁ Cm  OHy T Cm2 _0Q; ¥ Cmp AU, | N

\ J
I

if small, then reduced fine-tuning




In specific MSSM scenarios there are
correlations between the soft terms at MHE

~ +

E.g. suppose  mj,.m3,.mj = {ay,,aq,,ay,} M

#
Cmau aH, + CméSaQs + CmagaUs

\ J
I

if small, then reduced fine-tuning

m§
| 20
mi,

1
I
: < | max

"

2
ma

This happens for ay, = dg, = du, & Mpyg = My

> m_t'|< 4 TeV  (focus-point regime)



In specific MSSM scenarios there are
correlations between the soft terms at MHE

Similarly, iIf {M1,M2,M3,At} = {a1,a2,a3, &} My 2

then for Z—Z: 1 250, 3.16 ; a =0 & Mpye = My
3

—  My,o essentially unconstrained

It Is easy to explore in this way the
existence of other focus-point scenarios



[Fine-tuning toget mp ! 125 Ge\ }

Recall
130
125 / .
My —r \ t
L /] —
120 \ 500
- - --- 1000
115 i ‘ ] 2000
L ] |
110 | E
E\ : I I I | I I | | | | | I I I I |:
1 300C ! 2000 ! 1000 O

1000 2000 3000
AJ(L.E.)



130

125
mp

120-

— 500
i --- 1000
115; --- 2000
110-

1 3000 ! 2000 ' 1000 O 1000 2000 300
A(L.E.)

Clearly, if stops are light, there is an additional,
Independent, fine-tuning, whose p-value has to be
multiplied with the EW one (thus increasing the total
F-T enormously)

Roughly speaking, for Mz 800 GeV there is no need
of F-T. So naturalness prefers not-too-light stops !



130;

Furthermore.... S

125¢-
mp ="

120-

115-

110°

1'300C ! 2000 ! 1000 O 1000 2000 3000
A(L.E)

Asizeable A:(LE ) is generically required

Since A:; is driven to negative values along the
running, the only way to achieve a sizeable A;
(without an enormous F-T price) is to start with
negative Ayt.



But a negative sign for A; increases the
F-T associated to the gluino!

'6.41M 2 | O.57AtI\/I3+O.27I\/I3M2=!< " Mmax m?2

HE" 2#10%°

400C y—

@

2000

| 200C \V

| 400C.

300/ 120/
0

o\ N[

NWA100C

- 200C 12:

500 100C 150C 200

M3

C 250C 300C

— IIlh



This effect decreases for smaller M-

— I

400C

2000

—200C,

—400C:

500 100C 150C 200C 250C 300C

M3

400C

200C

| 2000

| 400C

100C 150C 200C 250C 300C
M3



[ Fine-tuning to get large tan ! }

Recall , , ,
tant » Ha T Mh, t2pt_ my
Bu Bu
# # 17
@ # (tan | )# i7" d(B}.l)#
# 7" B# tan ! ﬁmi - i
Using

Bul,, # BH+0.46M3u$ 0.35M,pu $ 0.34A;pn$ 0.03M1p+ ada

(Mue = Mx, Mg =1 TeV )



&

H s " )
# (tan! # # 9
i ?B,M'LZ,,I\/IQ,At}#2 tan! %{B, 0.46M 3, 0.35M,, 0-34At}§

Typically, ! &) » 51 10 for tanf 15! 30



Conclusions

O The Run | of LHC has not seen any serious hint of BSM

the results create a moderate tension with the Naturalness
(Hierarchy Problem) arguments.

O However, the motivation to search BSM at LHC remains.

It is perhaps too soon to think that the LHC results are in
conflict with the Naturalness argument.

O SUSY remains a well-motivated candidate for BSM.



Conclusions Il

O The unconstrained version of the MSSM (with M,c=M,)
IS fine-tuned at ~ 1% (due to the gluino)

The fine-tuning Is substantially less severe if M, < My

O There Is really no solid reason based on naturalness to
expect light stops (in particular lighter than gluino)

o If the stops are heavy because m; is
large, then there is no fine-tuning price

o The fine-tuning due to stops also
decreases if M, g < My



Conclusions Il

O The most robust prediction from Natural SUSY is, by far,

m. i~ 0.7 GeV

O SUSY is in good shape, though somewhat fine-tuned

ONaturalO SUSY (the less fine-tuned version of the MSSM
without OfoolingO the LHC) is 1%-10% fine-tuned

Going beyond the MSSM, i.e. NMSSM, BMSSM, RPV,...
could reduce the fine-tuning as well

o If naturalness arguments are sound and SUSY is true,

we could be about seeing SUSY (or perhaps other BSM)
In LHC-14



Since fine-tuning seems to be the main (actually the
only) problem with SUSY, a reasonable guide to
explore SUSY scenarios is to look for as little fine-
tuning as possible

Natural SUSY | MSSM as natural (non-fine-tuned)
" as possible



