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SUSY must be broken

Non observation of SUSY particles ⇒ SUSY must be broken.

Minimal Supersymmetric Standard Model has a large no of soft
SUSY breaking terms.

Choosing a particular model like mSUGRA, GMSB, AMSB etc can
be useful to reduce the no of parameters.

In this work we study a SUSY breaking scenario by considering a
superspace where some unknown but fundamental mechanism of
SUSY breaking can be manifested as the stochasticity of Grassmann
variables.

ref:Kobakhidze,Pesor,Volkas
arXiv:0809.2426 [hep-ph]
arXiv:1003.4782 [hep-ph]
arXiv:1201.1624 [hep-ph]
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Stochastic superspace formulation

θ and θ̄ are stochastic and a probability distribution function
P(θ, θ̄) describes this stochasticity.

P(θ, θ̄) = A + θαΨα + θ̄α̇Ξ̄α̇ + θαθαB + θ̄α̇θ̄α̇C + θασµ
αβ̇ θ̄β̇Vµ

+θαθαθ̄α̇Λ̄α̇ + θ̄α̇θ̄α̇θαΣα + θαθαθ̄α̇θ̄α̇D

Here A, B, C, D and Vµ are complex numbers. Ψ, Ξ̄, Λ̄, and Σ are
Grassmann numbers.

Manimala Chakraborti Implication of Higgs at 125 GeV within Stochastic Superspace Framew



stochastic superspace formulation contd

Now,

Normalisation:∫
d2θd2θ̄ P(θ, θ̄) = 1. ⇒ D = 1

Vanishing of fermionic moments due to Lorentz invariance:

< θ >=< θ̄ >=< θθ̄ >=< θ2θ̄ >=< θθ̄2 >= 0

⇒ Σ = Λ̄ = Vµ = Ξ̄ = Ψ = 0

Bosonic moments:

< θθ >= C , < θ̄θ̄ >= B

Calling B = 1/ξ one has B = C∗ = 1/ξ

< θθθ̄θ̄ >= A ⇒ A = 1/|ξ|2

ξ is a quantity of mass dimension.
Thus :

P(θ, θ̄)|ξ|2 = P̃(θ, θ̄) = 1 + ξ∗(θθ) + ξ(θ̄θ̄) + |ξ|2(θθ)(θ̄θ̄)
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application to the simplest case

Let’s consider a single chiral superfield Φ in the Wess-Zumino
model :

Φ = φ(x) − iθσµθ̄∂µφ(x) − 1

4
θ2θ̄2∂µ∂µφ(x) +

√
2θψ(x)

+
i√
2
θ2∂µψ(x)σµθ̄ + θ2F (x)

Kinetic term ⇒ Φ†Φ

Superpotential term ⇒ W = 1
2mΦ2 + 1

3hΦ3
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averaging over Grassmannian coordinates

L =< L >=

∫
d2θd2θ̄P̃(θ, θ̄)L

Where, L = Φ†Φ + W δ(2)(θ̄) + W †δ(2)(θ)

< Lkinetic >=
[
Φ†Φ

]

D
+

✘
✘✘SUSY︷ ︸︸ ︷

|ξ|2|φ|2 + ξ∗φF ∗ + ξφ∗F

< W + h.c . >= [W + h.c .]F +




✘
✘✘SUSY︷ ︸︸ ︷

ξ∗
(

1

2
mφ2 +

1

3
hφ3

)
+ h.c .



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averaging contd

L = < L >SUSY + < L >
✘

✘✘SUSY

where,

< L >SUSY =
[
Φ†Φ

]

D
+ [W + h.c .]F

and

< L >
✘

✘✘SUSY = |ξ|2|φ|2 + ξ∗φF ∗ + ξφ∗F +

[
ξ∗

(
1

2
mφ2 +

1

3
hφ3

)
+ h.c .

]
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emergence of soft terms

The eqns of motion of auxiliary field :

F = −(ξ∗φ + mφ∗ + hφ∗2)

Substituting for F and F ∗ in L :

L = LOn−shell−SUSY + Lsoft,

where,

LOn−shell−SUSY = ∂µφ∗∂µφ +
i

2

(
ψσµ∂µψ̄ − ∂µψσµψ̄

)

−m2|φ|2 − h2(|φ|2)2

−
[(

mh|φ|2φ +
1

2
mψψ + hψψφ

)
+ h.c .

]

and Lsoft is given by,

−Lsoft =

[(
1

2
ξ∗mφ2 +

2

3
hξ∗φ3

)
+ h.c .

]
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MSSM

MSSM Superpotential :

WMSSM = ūYuQHu − d̄YdQHd − ēYeLHd + µHuHd

µHuHd ⇒ ξ∗µH̃uH̃d

ūYuQHu ⇒ 2ξ∗ŷupQ̃Ũc H̃u

gaugino mass term ⇒ ξ∗

2 Σiλ
(i)λ(i)

Fundamental parameters : m1/2 = 1
2 |ξ|, Bµ = ξ∗,A0 = 2ξ∗

All depend on a single parameter ξ ⇒ the scale of SUSY breaking
No SUSY breaking scalar soft mass term.

ξ considered to be real for simplicity.

scale of input taken to be : MGUT < Λ < Mpl
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SSM : advantages and drawbacks

Non zero A parameter ⇒ can enhance the loop correction to mh :

∆m2
h =

3m̄t
4

2π2v2 sin2 β

[
log

M2
S

m̄t
2 +

X 2
t

2M2
S

(
1 − X 2

t

6M2
S

)]

MS =
√

mt̃1mt̃2 , Xt = At − µ cot β, v = 246 GeV

in ref [hep-ph 0809.2426] the authors used m0 = 0 at Λ = MGUT

⇒ tachyonic sleptons.

With Λ > MGUT they could reach only upto mh ∼ 116 geV .
ref [hep-ph 1201.1624]

Manimala Chakraborti Implication of Higgs at 125 GeV within Stochastic Superspace Framew



Our analysis : mod-SSM

SSM is naturally favourable for large higgs loop correction.

can we reach mh ∼ 125 GeV ?

We consider m0 6= 0 ⇒ helps to meet phenomenological demands
like FCNC constraints.

input scale Λ = MGUT ⇒ to avoid the issues related to post-GUT
Physics.
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mod-SSM contd

ξ ⇒ real,positive number with an additional input sign(ξ). We
discuss only the case ξ < 0 because the other sign does not produce
a spectra satisfing DM relic density constraint.

m1/2 taken to be independent parameter with A0 = sign(ξ)4m1/2

and B0 = sign(ξ)2m1/2

Model parameters : m0,m1/2, sign(ξ), sign(µ)

tanβ is a derived quantity here . Since we are using the code
SUSPECT [version 2.41], which takes tanβ as an input, Newton
Raphson root finding scheme is used to find out the value of tanβ
for a given B(MGUT ).
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the evolution of a few relavant couplings
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REWSB conditions:

µ2 = −1

2
M2

Z +
m2

HD
− m2

HU
tan2 β

tan2 β − 1
+

Σ1 − Σ2 tan2 β

tan2 β − 1

sin 2β = 2Bµ/(m2
HD

+ m2
HU

+ 2µ2 + Σ1 + Σ2)
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Allowed range of tanβ
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Scanning the m0 − m1/2 plane
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Direct detection
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ref :Fornengo,Scopel,Bottino [arXiv:1011.4743 [hep-ph]]
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let’s vary mt !

The small µ region is very sentitive to REWSB.

Sentitivity can be reduced by varying a non-SUSY parameter like
mt .

experimental data : mt ⇒ 173.3 ±0.9 GeV from pp → tt̄ + X

crosssection.
NNLO QCD prediction of the inclusive pp → tt̄ + X cross section
and the exp data of the same used to extract mt in the modified
(M̄S) scheme. This was then used to compute the pole mass ⇒ mt

⇒ 173.3 ±2.8 GeV.

ref:Alekhin,Djouadi,Moch
arXiv:1207.0980 [hep-ph]

Relic density satisfied points
shown in red for mt = 173.3 ±
2.8 GeV. The central value of
173.3GeV is clearly disfavoured.
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m0-mhalf plane with mt scanned

500 1000 1500 2000
m

1/2
 (GeV)

0

1000

2000

3000

4000

5000

6000

7000

m
0 (

G
eV

)

I

II

m
top

 scanned

(ξ<0)

m
h
=124 GeV

b-->sγ B
s
-->µ+µ−

A

B

C

DM satisfied points of right abundance obtained.

Manimala Chakraborti Implication of Higgs at 125 GeV within Stochastic Superspace Framew



0 200 400 600 800 1000
mχ1

0 (GeV)
10

-12

10
-11

10
-10

10
-9

10
-8

10
-7

σ SI
(p

-χ
) (p

b)

(m
top

 scanned)

XENON100

effect of varying mt on σSI
peχ0

1

Significant amount of hadronic uncertainity in σSI
peχ0
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ref:Perelstein and Shakya[arXiv:1208.0833 [hep-ph]]

⇒ may cause a reduction in σSI
peχ0

1
by almost an order of magnitude.
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conclusion

The model has a natural advantage of having a non zero A
parameter ⇒ helps to raise mh in the region mh ∼ 125 GeV .

This framework can be extended to non minimal models like
NMSSM ,RPV models etc.
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b → s γ

SM contribution (almost saturates the experimental value) →
t − W± loop.

MSSM contribution:
1. χ̃± − t̃ loop:
BR(b → sγ)|eχ± = µAttanβf (mt̃1 ,mt̃2 ,meχ±) mb

v(1+∆mb)

2. H± − t loop:

BR(b → sγ)|H± = mb(ytcosβ−δytsinβ)
vcosβ(1+∆mb)

g(mH± ,mt) where,

δyt = yt

2αs

3π
µMg̃ tanβ(cos2θt I (ms̃L

,mt̃2 ,Mg̃ )+sin2θt I (ms̃L
,mt̃1 ,Mg̃ ))

destructive interference for Atµ < 0 → prefered.

NLO contributions (from squark-gluino loops: due to the corrections
of top and bottom yukawa couplings) become important at large µ
or large tanβ.
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Bs → µ+µ−

dominant SM contribution from : Z penguin top loop & W box
diagram.

SM value : BR(Bs → µ+µ−)=3.23 ± 0.27×10−9.

LHCb result : 3.2+1.4
−1.2(stat.)

+0.5
−0.3(syst.) → no room for large

deviation.

BR(Bs → µ+µ−)SUSY ∝ tan6β
ma

4
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Relic Density

Some diagrams contributing to relic density:
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Direct Detection

The elastic scattering of LSP depends on their scattering off heavy
neucli in a detector.

effective Lagrangian for SI/SD interaction between a WIMP and a
neucleon:
L|SI = λN ψ̄χψχψ̄NψN

L|SD = ξN ψ̄χγ5γµψχψ̄Nγ5γ
µψN

σSI
0 =

4µ2
χ

π (λpZ + λn(A − Z ))
2

Where µχ is the WIMP-nucleous reduced mass. There is strong
enhancement for large nuclei → σSI

0 ∝ A2 for λp ≃ λn.
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Diagrams corresponding to SI scattering:

Diagrams corresponding to SD scattering:
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