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Introduction - Purpose 

Supersymmetry: Expected to be observed at LHC. 

 

Studying RG flows of masses of superparticles 

1. Contribution from SUSY breaking sector 

2. Spontaneous breaking of SUSY as a 

consequence of strong gauge dynamics 

 

(Theoretical interests rather than phenomenology) 



Introduction 

Standard Model 

  Successful theory up to O(100) GeV 
 

 

 

 

 



Introduction 

Standard Model 

  Successful theory up to O(100) GeV 

Problems 

 Gauge hierarchy problem 

 No candidate for dark matter 

 

 
 

 

 

 

 



Introduction 

Standard Model 

  Successful theory up to O(100) GeV 

Problems 

 Gauge hierarchy problem 

 No candidate for dark matter 

Beyond the Standard Model 

 Supersymmetry 

 

 
 

 



Introduction 

Minimal Supersymmetric Standard Model 

(MSSM) 

Superpartner 



Introduction 

Minimal Supersymmetric Standard Model 

(MSSM) 



Introduction 

Minimal Supersymmetric Standard Model 

(MSSM) 

Superpartner  

        New Physics 



Introduction 

Minimal Supersymmetric Standard Model 

(MSSM) 

Superpartner  

        New Physics 

No observation of 

superpartner with  

the same mass 

SUSY must be broken.  
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 MSSM 
SUSY breaking 

(hidden) sector 
Messenger  

sector 

•Various SUSY breaking models 

•(Direct) Gauge mediation 

•Gravity mediation 

•Etc. 

These structures may be revealed by experimental data 

such as masses of superpartners. 

Not break SUSY. 

Need to extend. 



Introduction 

Mass & Renormalization group equation (RGE) 

 Minimal gauge mediated SUSY breaking (GMSB) 

1st gen 

3rd gen 

Squark  

masses 

Log10[μ /GeV)] 

GeV 

EW 

Messenger scale 

Running following to MSSM 

matter contents 

Left handed squark 

Right handed squark 
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Introduction 

Hidden sector effects are not considered 

 Hidden sector may affect on RGE if  

 

• RG study for constrained MSSM 

 

• RG study for minimal GMSB 

 

         

 

 

[Cohen Roy Schmaltz (2007)] 

[Campbell Ellis Maybury (2008)] 

[MA  Kawai Okada (2010)] 



Introduction 

RGE in minimal gauge mediation scenario 

 Hidden sector (toy):  

Squark  

masses 

EW 

Hidden scale Messenger scale 

Left handed 

Right handed 

MSSM+hidden 

flow 

MA, N. Okada, S. kawai 



Introduction 

Prediction changes 

 Next lightest superparticle 

 

 

 

 

 Scalar tau may have long lifetime. 

• Ex. 100 sec for 

• Maybe possible to trap it outside detector. 

                                

 With hidden 

sector effects 

Without hidden 

sector effects 

Bino (superpartner of       

         gauge boson) 

Scalar tau 
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Purpose of work 

Consider a more desirable hidden sector 

 Spontaneous SUSY breaking sector 

• SUSY breaking vacuum appears as a 

consequence of strong gauge dynamics 

 

 

 

 

 

 Perturbed N=2 SUSY QCD 

 [MA Okada (2001)] [Ooguri Ookouchi Park (2007)] 

[Pastras (2007)][Marsano Ooguri Ookouchi Park (2007)] 



Purpose of work 

Studying mass RG flow including hidden sector 

effects of the following system 

 

 Visible sector: MSSM 

 Hidden sector: Perturbed N=2 SUSY QCD 

 

    in the GMSB scenario.   



Setup 

             How hidden sector affects  

             on masses of RG flow? 

 Sfermion mass 

 

 

 

 

 Gaugino mass RGE; the same as MSSM 

 Mainly explained by superfield 

Anomalous dimension: 
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Setup 

 

 
+ + 

: Messenger field charged under 5 &    rep. 

  of SU(5) (                                               ) 

: SUSY breaking sector    

  - perturbed N=2 SUSY QCD 

Mass of messenger 
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Integrating out messenger fields 
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Sfermion masses Gaugino masses 



 How hidden sector affects mass RGE? 

 

 

 

 

 

 

 

 

                         

 

 

Hidden sector effects and RGE 

   and      are renormalized. 

RG equations of       and      are derived.        



 How hidden sector affects mass RGE? 

 Mass RGE of sfermion (from RGE of      ) 

 

 

 

 

 

 Mass RGE of gaugino (from RGE of       ) 

• The same as one of MSSM (no effect from hidden sector) 

 

 

 

 

Hidden sector effects and RGE 

Anomalous dimension: 



Extracting hidden sector effects  

Information of hidden sector is encoded in 

      : Kähler metric of hidden sector 

 

 

 

Obtained it at most perturbatively in N=1 SUSY  

Possible to derive it exactly in (perturbed) N=2 

SUSY gauge theory 

            Our hidden sector model 



Short summary - 1 

Hidden sector affects on masses of RG flow 

 Sfermion mass RGE 

 

 

 

 

 Gaugino mass RGE; the same as MSSM 

        can be derived exactly (as will be seen). 

Anomalous dimension: 



Our model 

                     Scalar Potential 

 

 

 

 

  Effective theory of hidden sector 

SUSY is broken, but 

vacuum is degenerate. 

One vacuum is selected, 

included quantum corrections 



Our model 

Our hidden sector model 

 N=2 SUSY SU(2)xU(1) coupled to 2 massless 

hypermultiplets perturbed by Fayet-Iliopoulos (FI) 

term. 

 

 SUSY is spontaneously broken at classical level. 

• Pseudo flat direction (moduli) 

 

 Degeneracy of vacua removed by taking 

quantum corrections into account. 

[MA, Okada (2001)] 



Our model 

Hidden sector Lagrangian 

 

 

 

 

 

 

 

 

 

 

Coupling constants: 

Fayet-Iliopoulos term 



Classical vacua 

Potential analysis 
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Classical vacua 

Potential analysis 

 

    

 

 

   

SUSY 

Pseudo flat direction 



Quantum theory 

Low energy Wilsonian effective action 

 Integrating out heavy fields 
 

 

 Effective action 
 

 

 Assuming that    

Difficult task 

Leading order in       N=2 SUSY part Breaking SUSY 
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Singular point 
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Low energy effective action – N=2 part: 

 

                                               



Potential analysis  

Effective scalar potential 

 

 

 Solving stationary condition with respect to  

 

 

 

 

• Potential minimum is energetically favored if light 

matter acquires VEV (along only singular points). 



Potential analysis 

 Potential parameterized by 2 moduli parameters 

 

 

 

 

 

 

 

 

 Local vacua develop along flows of singular points of 

the theory (N=2 massive SQCD) and make troughs. 

SUSY 

Argyres-Douglas point 



Short summary 2 

                     Scalar Potential 

 

 

 

 

  Effective theory of hidden sector 

SUSY is broken, but 

vacuum is degenerate. 

One vacuum is selected, 

included quantum corrections 



RGE analysis 

                            Mass RGE 

 

 

                   Hidden sector 

 

 

                (Numerical evaluation) 

 

 



Possible coupling to the 

messenger fields 

2 possible messenger - hidden couplings 

 

 

 

 Possibility 1:  

 Possibility 2:  
 

 

+ + 



Wave function renormalization 

Effective couplings of  

Identify moduli parameters as a renormalization scale in RGE            

            How to identify two moduli parameters as a scale? 



RGE flow 

 Potential parameterized by 2 moduli parameters 

 

 

 

 

 

 

 

 

 Choosing troughs of the potential (flow of the 

singular points)   [cf. Sher (1989)] 

SUSY 

Argyres-Douglas point 



Possible coupling to the 

messenger fields 

2 possible messenger - hidden couplings 
 

 

 Model 1 - U(1) field coupled:  
 

       

+ + 

Argyres-Douglas point 
SUSY 



Wave function renormalization  

                 along  



Mass RG along u1 – model 1 

Mass RG flow of sleptons 

Hidden scale messenger scale 

MSSM flow MSSM  

+ hidden flow 

With hidden sector effects 

Hidden sector effects  

decrease soft masses. 



Mass RG along u1 – model 1 

Mass RG flow of squarks 

Hidden scale messenger scale 

MSSM flow 
MSSM  

+ hidden flow 

Hidden sector effects  

decrease soft masses. 
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 Model 2 - SU(2) field coupled: 
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SUSY 



Wave function renormalization  
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Mass RG along u2- model 2 

Mass RG flow of sleptons 

Hidden scale messenger scale 

MSSM flow 
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Hidden scale messenger scale 

MSSM flow 
MSSM  

+ hidden flow 

Hidden sector effects  

decrease soft masses. 



Possible coupling to the 

messenger fields 

2 possible messenger - hidden couplings 
 

       

 Model 2 - SU(2) field coupled: 
 

 

+ + 

Argyres-Douglas point 
SUSY 



Wave function renormalization  

                 along  

AD point AD point 



Mass RG along u2 – model 2 

Mass RG flow of sleptons 

Hidden scale messenger scale 

MSSM flow 
MSSM  

+ hidden flow 

Stau can be next 

lightest particle. 



Mass RG along u2 – model 2 

Mass RG flow of squarks 

Hidden scale messenger scale 

MSSM flow 
MSSM  

+ hidden flow 



Conclusion 

We investigated hidden sector contributions to the  
mass RG flow.  

3 

2 

1 

We analyzed the strong coupled hidden sector  
in GMSB. 

Hidden sector effects make soft masses to decrease.  

Near Argyres-Douglas point soft masses decrease  
drastically. 

4 



Masses of superpartners 

Gaugino & sfermion masses  

 

Gaugino mass Sfermion mass 

the usual DREG with modified minimal subtraction (MS). In particular, the boundary conditions at
the input scale should presumably be applied in a supersymmetry-preserving scheme like DR. One
loop β-functions are always the same in these two schemes, but it is important to realize that the MS
scheme does violate supersymmetry, so that DR is preferred† from that point of view. (The NSVZ
scheme [114] also respects supersymmetry and has some very useful properties, but with a less obvious
connection to calculations of physical observables. I t is also possible, but not always very practical, to
work consistently within the MS scheme, as long as one translates all DR couplings and masses into
their MS counterparts [115]-[117].)
A general and powerful result known as the supersymmetric non-renormalization theorem [118]

governs the form of the renormalization group equations for supersymmetric theories. This theorem
implies that the logarithmically divergent contributions to a particular process can always be written
in terms of wave-function renormalizations, without any coupling vertex renormalization.‡ I t can be
proved most easily using superfield techniques. For the parameters appearing in the superpotential
eq. (3.2.15), the implication is that

βy i j k ≡
d

dt
yi j k = γ in y

n j k + γ jny
i n k + γkn y

i j n , (6.5.1)

βM i j ≡
d

dt
M i j = γ inM

n j + γ jnM
i n , (6.5.2)

βL i ≡
d

dt
L i = γ inL

n , (6.5.3)

where the γ ij are anomalous dimension matrices associated with the superfields, which generally have to
be calculated in a perturbative loop expansion. [Recall t = ln(Q/Q0), where Q is the renormalization
scale, and Q0 is a reference scale.] The anomalous dimensions and RG equations for softly broken
supersymmetry are now known up to 3-loop order, with some partial 4-loop results; they have been
given in refs. [119]-[124]. There are also relations, good to all orders in perturbation theory, that give
the RG equations for soft supersymmetry couplings in terms of those for the supersymmetric couplings
[114, 125]. Here, for simplicity, only the 1-loop approximation will be shown explicitly.
In general, at 1-loop order,

γ ij =
1

16π2
1

2
yim n y∗j m n − 2g

2
aCa (i )δ

i
j , (6.5.4)

where Ca (i ) are the quadratic Casimir group theory invariants for the superfield Φi , defined in terms
of the Lie algebra generators T a by

(T aT a ) i
j = Ca (i )δ

j
i (6.5.5)

with gauge couplings ga . Explicitly, for the MSSM supermultiplets:

C3(i ) =
4/3 for Φi = Q, u, d,

0 for Φi = L , e, H u , H d ,
(6.5.6)

†Even the DRED scheme may not provide a supersymmetric regulator, because of either ambiguities or inconsistencies
(depending on the precise method) appearing at five-loop order at the latest [110]. Fortunately, this does not seem to
cause practical difficulties [111, 112]. See also ref. [113] for an interesting proposal that avoids doing violence to the
number of spacetime dimensions.

‡Actually, there is vertex renormalization working in a supersymmetric gauge theory in which auxiliary fields have been
integrated out, but the sum of divergent contributions for a process always has the form of wave-function renormalization.
This is related to the fact that the anomalous dimensions of the superfields differ, by gauge-fix ing dependent terms, from
the anomalous dimensions of the fermion and boson component fields [31].
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Quantum theory 

Low energy effective action –  

 Effective action respects 

 Landau pole            introduced because of U(1) 

•   

 

 

 

 Assuming U(1) dynamics does not affect SU(2) 

Prepotential: 

N=2 SU(2) SQCD effective action 

- written by elliptic curve 

     includes the info of Landau pole. 

Seiberg, Witten (1994) 



Quantum theory  

Low energy effective action –  

 Quark, monopole and dyon become light in the 

vicinity of singular points on   

: Magnetic, electric charges, U(1) charge.  

: Quark, monopole, dyon 

Ex. Quark: 


