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in MSSM:  
mh = 125 GeV  ⇔ tuned ~1% (~‰ w/o a-terms)

but already after LEP:     mh > 114.4 GeV  ⇔ tuned few-% (<% w/o a-terms)

indirect bound on SUSY
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D-terms: extra gauge groups

loops: extra vector-like gen.

...

tuning vs Higgs mass



  

Fact #1:  Fact #1:  mmhh  ≃≃ 125 GeV 125 GeV

in MSSM:  
mh = 125 GeV  ⇔ tuned ~1% (~‰ w/o a-terms)

but already after LEP:     mh > 114.4 GeV  ⇔ tuned few-% (<% w/o a-terms)

indirect bound on SUSY

F-terms: NMSSM / λSUSY

D-terms: extra gauge groups

loops: extra vector-like gen.

...

tuning vs Higgs mass



  

Fact #1:  Fact #1:  mmhh  ≃≃ 125 GeV 125 GeV

in MSSM:  
mh = 125 GeV  ⇔ tuned ~1% (~‰ w/o a-terms)

but already after LEP:     mh > 114.4 GeV  ⇔ tuned few-% (<% w/o a-terms)

indirect bound on SUSY

F-terms: NMSSM / λSUSY

D-terms: extra gauge groups

loops: extra vector-like gen.

...

tuning vs Higgs mass



  

Fact #2:Fact #2:

The Missing Superpartner ProblemThe Missing Superpartner Problem



  

Fact #2:  no 1Fact #2:  no 1stst gen. squarks gen. squarks
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““Natural” SUSYNatural” SUSY

Only need light Only need light higgsinos, stops, gluinoshiggsinos, stops, gluinos
(and light mess. scale (and light mess. scale ΛΛ))

10% tuning  ⇒   ≲ 250 GeV,   mstop ≲ 700 GeV,   Mgluino ≲ 1.4 TeV

Dimopoulos-Giudice, Pomarol-Tommasini '95



  

Status of Natural SUSYStatus of Natural SUSY



  

EWino BoundsEWino Bounds
Barnard. Farmer, Gherghetta, White '12



  

Stop BoundsStop Bounds

Delgado, Giudice, Isidori, 
Pierini, Strumia '12
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Baryonic RPV: Baryonic RPV: 

Asano, Rolbiecki, Sakurai '12

RPV SUSYRPV SUSY



  

Baryonic RPV: Baryonic RPV: ● p → K+ G   ⇒  λ''  ≲ 10-8÷-17   m⇒ 3/2 >1 GeV
● n-n, N-N osc.  λ⇒ ''11k  ≲ 10-6  

● τ < detector   λ⇒ ''  ≳ 10-6 (χ0), λ''  ≳ 10-9 (sq)
● Fsusy not too low
● baryon number wash-out...

RPV SUSYRPV SUSY
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● n-n, N-N osc.  λ⇒ ''11k  ≲ 10-6  

● τ < detector   λ⇒ ''  ≳ 10-6 (χ0), λ''  ≳ 10-9 (sq)
● Fsusy not too low
● baryon number wash-out...

RPV SUSYRPV SUSY

● Higgs fix
● low scale mediation (but not too low)
● extra susy breaking sector (mp < m3/2 < 5 GeV)
● non-universal gaugino masses
● avoid vanilla spectra: leptons, W, Z ...
● hierarchical λ'' 

Less “canonical” tuning?Less “canonical” tuning?

More “hidden” tunings?More “hidden” tunings?

Required ingredients:



  

““solution” #3:solution” #3:

Dirac gauginosDirac gauginos
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the good:the good:
● N=2 symm. → no large log corrections to scalars
● suppressed t-channel squark production
● suppressed flavor effects
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Dirac gauginos:Dirac gauginos:

the good:the good:
● N=2 symm. → no large log corrections to scalars
● suppressed t-channel squark production
● suppressed flavor effects

the bad:the bad:
● in general left with a finite ~log(loop) factor
● at best log(few) expected (extra model building)
● larger prod. cross section for gauginos
● unification in trouble
● extra model building for Higgs quartic
● tachyons?
● ...

any improvement?any improvement?



  

what about combining more mechanisms?what about combining more mechanisms?

not really an option if the goal is naturalness...not really an option if the goal is naturalness...

...tuning in theory space!...tuning in theory space!



  



  



  

The AlternativeThe Alternative
(Mini) Split SUSY(Mini) Split SUSY



  

> 10 TeV scalars Avoids problems with flavor,
EDM and collider bounds

Split SUSY spectrumSplit SUSY spectrum
Arkani-Hamed, Dimopoulos
Giudice, Romanino '04
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Why to insist on SUSY?
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““Mini”-Split SUSYMini”-Split SUSY

mH~125.5 GeV fixes mH) 

SUSY fixes

moderately 

moderately 
““light” scalars

light” scalars



  

Split PhenomenologySplit Phenomenology



  

Phenomenology: Gluino



  

Mgluino > 1.3 TeV for split gluino
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Wino LSP: m~170 MeV → 10cm stubs (trig. on ISR+MET )
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Phenomenology: EWinos

Heavy Higgsinos:
Bino LSP : ±0 → Wh+MET  +- → WW+MET 
Wino LSP: m~170 MeV → 10cm stubs (trig. on ISR+MET )

Light Higgsinos:
Usual EWino searches
Possibility of testing all couplings and measuring tanat LC

Only Higgsinos:
m~355 MeV → <1cm stubs harder to see
if light gravitino h/Z+G decay



  

Higgs couplings and NaturalnessHiggs couplings and Naturalness



  



  



  



  



  

ConclusionsConclusions

??



  

Wish ListWish List
● “Natural” SUSY – fill in the cracks:fill in the cracks:

● EWino searches (direct w/o sleptons)
● BR-invariant stop/sbottom searches (ISR+MET, …)
● Full decay modes for “natural” gluinos (tttb, ttbb, tbbb)

● bRPV  – widen the tested spectra
● w/ simplified model gauginos (6:2:1) + squarks

or better wino(+stop left) vs gluino

● Mini-Split SUSY
● EWino searches (besides WZ+MET):

WW+MET : Wh+MET : long-lived Wino, Higgsino



  

Back-up SlidesBack-up Slides



  



  

Natural SUSYNatural SUSY

Mild cancellation (10% tuning) requires
≲250 GeV,   mstop≲700 GeV,    Mgluino≲1.4 TeV

            Gluino Sucks



  

Is “Natural” SUSY Natural?Is “Natural” SUSY Natural?



  

Is “Natural” SUSY Natural?Is “Natural” SUSY Natural?

MD

MN
F1/2

m1,2 

m3 , μ, mH , M123

U(1)'B-L   for the first two generations
Gauge Mediation (+ some Higgs mass fix)

CKM mixing from:

εK constraints  →  m1,2  ≳  few TeV  

⇒    MD > 107 GeV   ⇒    few % tuning 

5+5

1+1

in progress with: 
Arvanitaki, Baryakhtar, Gherghetta, Huang, Van Tilburg



  

● Higgs fix
● low scale mediation (but not too low)
● extra susy breaking sector (mp < m3/2 < 5 GeV)
● non-universal gaugino masses
● avoid vanilla spectra: leptons, W, Z ...
● hierarchical λ'' 

SU(5)

SU(3)xSU(2)xU(1)

5i

101

102

103

Hu, Hd

GM: Flow w/ 5+5 (Mt>Md)
Fhigh

bbRPV SUSY:RPV SUSY:

a “simple” model:

in progress with: 
Arvanitaki, Baryakhtar, Gherghetta, Huang, Van Tilburg



  

more in general



  

more in general

disfa
vored by GUT

disfa
vored by GUT



  

Tuning the EWSB...Tuning the EWSB...
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RGE and tachyons in SplitRGE and tachyons in Split

=0 if mHu=mHd + GUT B.C.

Yukaw
a

D-te
rm

IR fixed point:    Xt=0    ⇒  tachyon

UV fixed point:



  

How much you can run...
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Anomaly Mediation

Mi~(g)/g m3/2
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● ~ ~ BB~ ~ mm3/23/2

22  

Giudice-Masiero or explicit Giudice-Masiero or explicit -term-term
● tantan~ 4~ 4
● mmHuHu

22 can run negative can run negative
● Light gauginos Light gauginos ((WW- or - or BB-ino LSP)-ino LSP)
● GUT still OKGUT still OK
● Flavor ProblemFlavor Problem

~100 TeV

~1 TeV

Giudice, Luty, Murayama, Rattazzi '98
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Heavy AMSBHeavy AMSB
● BB~ ~ mm3/23/2

22  ≫≫  

Giudice-Masiero-ishGiudice-Masiero-ish
● tantan~ 1~ 1
● mmHuHu

22 > 0 > 0
● Heavy gauginos Heavy gauginos 

(higgsinos can be light)(higgsinos can be light)
● GUT OKGUT OK
● No Flavor ProblemNo Flavor Problem

~104 TeV

~100 TeV

Giudice, Luty, Murayama, Rattazzi '98



  

Gauge MediationGauge Mediation

Hidden assumption of natural GM: 
Efficient breaking of R-symmetry in SUSY breaking sector

Very easy to get parametrically lighter gauginos:
– by suppresion of R-symmetry breaking in the hidden sector
– by accidental cancellations such as gaugino screening

Example:

● Advantage over AMGB: no flavor problem
● Advantages over natural GM:

● gravitino can be heavier than LSP → thermal dark matter
● -B no longer a problem

Arkani-Hamed, Giudice, Luty, Rattazzi '98



  

U(1)' = cos() U(1)B-L + sin() U(1)Y

U(1)' Split SUSY

MSSM + U(1)':

SUSY breaking mediated by U(1)' 
(⇔ mediators only charged under B-L)

g q
q

q

q

Z'
Z'



 g~~

~

~

~

~~

Z'~
Z'~

~

q~q~
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U(1)' spectrum with no D-terms



  

U(1)' spectrum with D-terms



  

U(1)' fermion spectrum

U(1)'-mediated

Anomaly

mediated



  

Higgs couplings in Split
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