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Split supersymmetry

Since we haven’t observed the partner of ordinary particle
(superpartner),  supersymmetry should be broken at TeV. 

Unfortunately, supersymmetry predicts large cosmological
constant CC Λ≥ m4

S,  that is, we need to make finetuning
so that Λ∼10-47 GeV4 ∼ ε4 m4

S and ε4 << 10–60 if mS ~ 1 TeV.  

Supersymmetry is the leading candidate to solve the
hierarchy problem, to yield gauge coupling unification
at GUT scale, to  provide the dark matter candidates.

By phenomenological reason, such as small CP violating phases,
large mixings for P-antiP oscillation etc, slight finetuning is
needed in the low energy physics.



To solve the CC  problem, the SUSY breaking scale is
required at sacle much higher than TeV, i.e. 
mS ~ 109-1013 GeV >> 103 GeV.  That is, finetuning
is inevitable. 

N. Arkani-Hamed & S. Dimopoulos, hep-th/0405159
N. Arkani-Hamed, S. Dimopoulos, G.F. Giudice, A. Romanino, 

Nucl.Phys. B709 (2005) 3-46 
G.F. Giudice, A. Romanino, Nucl.Phys. B699 (2004) 65-89; 
Erratum-ibid. B706 (2005) 65-89 

Split supersymmetry means that except the SM-Higgs and 
fermions, which the masses could be less than TeV, all other 
scalar particles are as heavy as mS ~ 109-1013 GeV.  

Since the squarks and sleptons are ultraheavy, the involved SUSY
effects for low energy physics are all suppressed.  



Neutrolino could still be the candidate of dark matter
S.K. Gupta et al. PLB606,384(’05)

Effects of Split SUSY with R-parity violation



Solve the problem of solar neutrino mass, 
E.J. Chun  & S.C. Park, JHEP 0501, 009 (‘05)

Based  on the superpotential and potential 
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Since tree mass matrix can generate only one nonzero 
mass of neutrino, with the same mechanism for other 
neutrino, we have to go to one-loop level. 
However, the bilinear effects of one-loop are suppressed 
by m2

Z/m2
S ,  in order to explain the solar neutrino mass 

msolar∼ 9 meV, one has to consider other R-parity violating effects.



Introducing the trilinear couplings

Set  Ad∼ mS=109 GeV

If λ0i23∼ λ0j32 ∼ O(1), the one-loop result could satisfy the mass of
solar neutrino  



Give large contributions to rare B decays,
C.H. Chen & C.Q. Geng , PRD, hep-ph/0501001

Our thinking:
If mLiH1 ~ (Bi)1/2 ~ mS and l’i23 ~ l’i32 ~ O(1), which could
solve the problem of solar neutrino mass, could the split SUSY
with R-parity violation arise interesting phenomena in the 
low energy physics ?

Our finding:
By the combination of bilinear and trilinear couplings, 
b→ s l+ l– decay could be generated, and then the decay 
will contribute to Bs → l+ l–

λ0*i23, λ0i32



In addition, the effects could also contribute to the oscillation of Bs



( ) ( )

( ) 7

.

93

5.0 10  

.8 1.0 10

s

M

x

s S

E p
B B

B B

μ μ

μ μ
+ − −

+ − −

→ <

⎧

×

→ = ± ×⎪
⎨
⎪⎩

A.J. Buras, 
PLB566,115 (’03)

( ) ( )

( ) 12

.

111.19 0.24 10  GeV

9.48 10    GeV
s

s

B

B

Exp

SM

m

m
−

−Δ = ±⎧ ×

Δ > ×
⎪
⎨
⎪⎩

V. Barger et al.,
PLB596,229 (’04)



mh=150 GeV, λ0i23=0.9, λ0i32=0.5, α=π/2+β

ζ=0.18, λ0i23=0.9, λ0i32=0.5, α=π/2+β



The average BRs for the l=e and μ modes in the SM are given by
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Including the effects of split SUSY, 

The BR of B→ K τ+ τ– gets one order of magnitude enhancement
while there is only a little change in B→ K* τ+ τ–; 
The main reason is just the difference in  mK* and mK



Important observable: forward-backward asymmetry (FBA)

In SM, the FBA of B→ K l+ l– is zero, i.e. AFB
K = 0



Belle’s result

Our results



FBA of B→ K* l+ l– is sensitive to the sign of C7, which cannot 
be determined by B→ Xs γ decay
In split SUSY, there is a significant influence on the FBA of 
B→ K* τ+ τ–

Belle’s result Our results



Summary

In split SUSY with R-parity violation, the decay branching 
ratio of Bs→ μ+ μ– could be O(10–7) and the Bs-antiBs mixing 
Δ mBs

could be O(10–9).

The same effects could make the BR of B→K τ+ τ– decay
be O(10) larger than that of SM, but the influence on 
B→ K* τ+ τ- is mild.

We also find that the new scalar interactions could make
the FBA of  B→ K μ+ μ– be over 1% and make B→ K τ+ τ–

be over 10% ; meanwhile, the new interactions will 
significantly change the FBA in B→ K* τ+ τ–.


