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» What is the limiting behaviour as some ratio of scales goes to
07 e.g. gravity decoupling, nearly canonical K" ahler.
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Comparison to the SUSY vacuum distribution

> N ~ FOAq favors the highest F. But SUSY vacua live on
other branches. How is the total number of SUSY-breaking
vacua compared to SUSY ones?

» SUSY breaking global minimum is rare compared to SUSY
ones. How about metastable SUSY breaking?

Model building

> R-symmetries are widely used to get SUSY breaking.

» Alternatively, one can tune parameters to get metastable
SUSY breaking vacua. How much tuning in general do we
need?



The general method (1)

The effective one-field model

» We study the low energy effective SUSY or SUGRA theory.



The general method (1)

The effective one-field model

» We study the low energy effective SUSY or SUGRA theory.

» One field approximation: There is only one light field (F-term
- goldstino - pseudomodulus).



The general method (1)

The effective one-field model

> We study the low energy effective SUSY or SUGRA theory.

» One field approximation: There is only one light field (F-term
- goldstino - pseudomodulus).

» More than one light field is possible, but need much more
tuning (or symmetries).



The general method (1)

The effective one-field model

> We study the low energy effective SUSY or SUGRA theory.

» One field approximation: There is only one light field (F-term
- goldstino - pseudomodulus).

» More than one light field is possible, but need much more
tuning (or symmetries).

» The model is

W= g az", K= E cmz"z2™
n n,m

1 - -
for SUSY: V = =———dWow ,
o 5K
for SUGRA: V:eK(_l DWDW —3WW) .
DOK
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Constraints on parameters

» Conditions to get SUSY breaking vacua of interest, Each
condition gives some constraint on a,'s:

1. Small SUSY breaking scale: ©(F < Fp),

2. Stationary: 6(V'),

3. Metastable: (V" > 0),

4. Small cosmological constant (for SUGRA): ©(0 < V < Ag).

» The total number of vacua is

N(F < Fp,0 < V < Ag)

- / du(an)O(F < F)s(VYB(V" > 0)8(0 < V < Ay) .

> In small region du(a,) ~ d?agd?a;y . ...



Distributions (1)

General model calculation

> Take the effective one-field model W =" a,z",
K = Zn?m chmz"z™, either SUSY or SUGRA. a, ~ ¢cpm ~ 1.



Distributions (1)

General model calculation
> Take the effective one-field model W =" a,z",
K = Zn?m chmz"z™, either SUSY or SUGRA. a, ~ ¢cpm ~ 1.
» Make ¢11 = 1, cgn = 0, we have

V = aja; — 33540 ,
oV = 23;32 — 2C123T81 — 23631 s
D?V = 6ajas — 8crpajar + (8¢, — 6c13)ajar+
— 2agap — 2c12apa1
AoV = 4azay — Acjraiar — Acrparaz+

+ (8ciyc12 — 4ean)aiar — 2apap -
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Counting vacua

» Constraints on a,'s:

A
5F, aoNFff.

alwang, as

» Note §(V’) should give right counting:

§(V') = 6%(z — 20) ~ F?6%(a2 — ay(q)) -

» The result is

N(F < Fo,0 < V < No) ~ FZ - F3-F& Ao~ F&Ng .
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General model with mass scales

» Assume 3 mass scales:

» Ms: scale of SUSY dynamics,
» My scale of non-minimal corrections to Kahler,
» Mp: Planck scale.

» The model is

W = ZanM3”" K=> comMyg """2"2"

n.m

1 -
for SUSY: V = =
o 0K

3WW
P

L — —
for SUGRA: vzeM%(_l DWDW — ).
DOK
1
DW = OW + —=WOK .
MP
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Counting vacua

» Assume Ms < Mk, Ms < Mp, (Mg < Mp).

» Constraints on a,'s:

31NF,
1 1
a2NFMS(VK+Vp)’
1 1
% % M + )
K P
Mp A



Counting with mass scales (2)

Counting vacua
» Assume Ms < Mk, Ms < Mp, (Mg < Mp).
» Constraints on a,'s:

31NF,

11
~ FMe( e 4
i sGue T )

> (V') = P (2 — 20)) ~ FPME(sy + 7k

)52(32 - 32(0))-
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The result
» For SUSY:
6 MS
N(F < Fo) ~ Foi
M
N — 0 as Mk — 0.
» For SUGRA:
1 1
N(F < Fo,0 < V < No) ~ F§NoMEMB(—5 + —5)
ME - M3
_ peloMEm
0 M;g(

My — oo, N is still finite.
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Conditions for SUSY vacua
=la1| =0, a0~ ﬂ% no constraint on other a,'s.

» Note 6(V') = 6%(75- (2 —20)) ~ 52(a1).

The result
» For SUSY:
6 M8
N(F =0) ~ 1 (non-SUSY: F IVIS 2.
» For SUGRA:
Ao M?2 NoM?2 M3
N(F =0,0 <V < Ag) ~ ——2P (non-SUSY: F§—"—>"F

M8 M8

) .
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SUSY breaking by parameter tuning

Amount of tuning

> Low energy SUSY breaking is rare even for metastable vacua.
NFS 1) M
N(F =0) Mg -

Mp
> Large ag ~ FWS is necessary to cancel the c.c..

» a3 ~ F, ap satisfying V/ = 0, the only tuning appears in

2

< F_S

SUSY vacua do not need such tuning.
» (THE END.)
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