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Spontaneous Supersymmetry Breaking

m Hamiltonian

1
H:POZZ(QIQI+QIQ1+Q2Q§+Q§Q2)‘ J

m SUSY breaking means that vacuum |0) is not invaraint under
SUSY transformations,

Qu|0) #0 and Q}|0) #0.

m So the vacuum energy is positive in the case of Spontaneous
SUSY breaking.

(0]H|0) > 0. )

JUNG, Dong-Won (&B#%7T) Anomaly Mediated Supersymmetry Breaking Demystified



Outline

Supersymmetry Breaking

Anomaly Mediated Supersymmetry Breaking
Summary and Outlook

Hidden Sector SUSY breaking

m Visible sector SUSY breaking is not viable. For instance,

2 2 2
mz, + mg, = 2mg,

is not acceptable.

m SUSY is broken in the hidden sector, and its effect is mediated
to the visible sector.

— Mediation mechanism is required.
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Hidden Sector SUSY breaking

m Planck-scale-mediated SUSY breaking (PMSB).

F
Msofy ~ 5\/1_> (F) ~ 10 — 10! GeV. }
P

A3

" Msoft ~ 2 for gaugino condensation. A ~ 1013 GeV.
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Hidden Sector SUSY breaking

m Gauge-mediated SUSY breaking (GMSB).

— Messengers : New chiral supermultiplets those couple to
SUSY breaking VEV (F) and also have gauge interaction.

— Soft SUSY breaking terms are derived from the loop
diagrams involving some messenger particle.

Msoft ~ —— J

— Flavor blind (No FCNC) and /(F) ~ 10* GeV.
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Anomaly Mediated Supersymmetry Breaking (AMSB)

m SUSY breaking source is only non-zero (F) (Superconformal
compensator).

m Assume that no dimensionful parameters in the action.
— SUSY breaking is not tranmitted to the visible sector.

m But in the anomaly loop, SUSY breaking is manifest.
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Conformal Anomaly - Massless QCD

m For scale transformations x — e9x,

gl — Pg(ex),

A2 (x) — e%Al (e%x).

m The current is JI7 .,

M e =X T™, O

scale

T =0,

scale = 'n

m By quantum effect, non-zero trace is generated,

St = / d*xoTm, T = LQ(;;@) 2 Fant
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Chiral Anomaly Supermultiplet and Chiral compensator

m In conformal supergravity, the gravitational superfield is

_ _ - _— e
H™(x,0,0) = eaaeeg"(x)Jréeeewm(x)—éeeew(x)ﬁeeeeam(x).

Here 0™(x), e"(x) and ¥7'(x) are a U(1)g gauge
transformations, vierbein and gravitino, respectively, with
DOF 3,5, and 8.

m This multiplet couples to supercurrents, - energy momentum
tensor T,,,, supersymmetry current S (along with its
conjugate, S) and R-current ik
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Chiral Anomaly Supermultiplet and Chiral compensator

m Suppose that they are anomalous,

Ea=TmST#£0, t=TT#£0, F=0mF£0.

m They form chiral anomlay supermultiplet with auxiliary fields a
and b,

X (x,0) = A(x) + V20¢(x) + 00F(x), DX =0, J
where A =a+iband F =1+ it
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Chiral Anomaly Supermultiplet and Chiral compensator

m Superfield which couples to CASM?

— the trace anomaly t - dilaton, o(x) = 1/2Indet[e].

— the U(1)g anomaly 7 - the local R-symmetry, §(x) (NGB
of U(1)R).

— the supersymmetry anomaly &, - the dilatino

(~ Wa(x) = 035 0(x).

m So, the chiral compensator,

X3(x,0) = 2220091 4 \/20U(x) 4 0OM*(x)], J
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Chiral Anomaly Supermultiplet and Chiral compensator

m Chiral compensator is invrinat measure,

d*x'd?0'x3(x',0") = d*xd?0x3(x, 6).

m We can comprehend this property by decomposing the chiral
compensator as

d*xd?0x3(x,0) = {d4x e?ex) } {d29 20N [14/20°W  (x)+-00 M*(x)] }

m Invarinat measure+trace anomaly — Action,

Sy = /d4x d20x3(x,0)X(x,0) + c.c. J
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Chiral Anomaly Supermultiplet and Chiral compensator

m Effective theory viewpoints,

o(x,0) = My x3(x,0) = M 1e29+2i5[1 + V20V, + 00M*].

SX:/d Xd29 go(x 0)X(x,0) + c.c.
m Non-vanishing VEV (p)/Mp =1+ 060(M) (with

(0) = (0) = 0) leads to soft terms in the visible sector.
m Component fields,

Sx = /d4x [2T20(M* A 4 WE + F) + c.cl].

— First term with nonzero vev M leads soft term.
— (0) — FF ~ axion
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Linear Anomaly Supermultiplet and Vector Superfield

m Assume that
MR =0,
fo=TmST #0, t=To#0.

m jR &, and t form Linear Anomaly supermultiplet(LASM).

m Most generally, LASM is written
L(x,60,0) = C(x)+i0=—ib=+ 0GR (x)
L= 1 - 1
) 0005 Om=(x) — 5 0005 0m=(x) — 2 0000 O C(x).

mi~0C, &~ oM 0m=2
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Linear Anomaly Supermultiplet and Vector Superfield

m Couples what? - Using the following supersymmetric
generalization of U(1)g gauge transformations:

V= V+A+AT,

with A being a chiral field (DA = 0).
m The most generally,

V(x,0,0) = s(x) + ifw(x) — ié@(x).
+3 00p(x) + iq(x)] - 5 Blp(x) — ig(x)]
—00™um(x) + i000]7(x) + é&m&nw(x)]

—i000[T(x) + é oM Omw(x)] + %999_0_[d(x) + % Os(x)].
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Linear Anomaly Supermultiplet and Vector Superfield

m In the Wess-Zumino gauge where s = w = p = g = 0,and we
identify v,, 7, and d are the gauge field, gaugino, and
D-term, respectively, for U(1)g.

m U(1)r gauge transformations
Um — Vm — iOm(N — AT)).

Note that d and 7, are gauge invariant component fields in V.
~ dilaton and dilatino?
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Linear Anomaly Supermultiplet and Vector Superfield

m Roughly, we can identify

Vaaw = Wa\TJo'u
Ta = \TjaMa
d = MM,

— m
where voq = Vol

m The action is

S = /d4xd29d25w.

Remind that [V] =0 and [L] = 2.
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Linear Anomaly Supermultiplet and Vector Superfield

m This transforms as
/d4xd49 VL — /d4xd49(V + A+ AL,
= /d4xd46)VL+/d4xd20/\(D2L)+/d4xd29'/\+(02L).
m The condition should be satified
D?L = D?L =0,

L is anything but the R-current superfield.
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Outline
Supersymmetry Breaking

Linear Anomaly Supermultiplet and Vector Superfield

m Component fields,

1 -
SL:/d4x(umj§+§dc+¢E+%E).

— The second term is only relavant for the soft sfermion
masses. (footprints of conformal anomaly)
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The MSSM

m Set (M*) = mj); and d = mg/z.
m The action,
S= /d4x d?0d?0 ¢t eV ¢;

1 1 .
i /d4xd20 2 Wawz + gy'Jk ¢ipidk | + h.c.
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The MSSM

m CASM from the gauge kinetic term, with the
supersymmetrization of massless QCD,

x = &) ey
28
_ £ 136(6) - FG(R
Blg) = —1.2BG(6) - FG(R)],
where G(G) = N and G(R) = 1/2 for SU(N). Then
ple)

My =28 .
g 3/2
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The MSSM

m CASM form Yukawa interaction.
1 .
_ 4 2n — ik *irs i'rs
Seﬂr—/dxd 93!y1{327r2[y _4g2Cy(R)5i]
m Replacing ¢ by e 2u and then picking up the linear term in p,

sz 1 .
Seﬂ‘ = _/d4Xd29.Q§yUk{32ﬂ_2 [y*lrs i'rs 4g2C2(R)5ii’]¢i’¢j¢k+(C)

—2¢

b ¢,-/¢,-¢k+(cyc/ic)}.

1 ..
/ d*xd?0 ¢ 3 (vi + % + W)y didi.

m The CASM reads

1 )
X = a(%‘ + i+ 1)y *pio; b J
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The MSSM

m A term is given by

Ak = —(vi +5 + ’Yk)yijkm3/2-

m We supersymmetrize the dilaton. That is, the dilaton is
transformed into the the chiral compensator:

e? — x* = P21 + V2600 + 69 M™)).
Under this transformation,

Inp?> — Inp?+Iny3
= Inp?—20—2i6 — 20V — HOM*.

m We can derive the interaction dilaton(ino)(axion) and CASM
like this.
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The MSSM

m LASM, evaluated at two loop,

_ 1 e e
L = 4’?’1 ¢ P,
o]

= Alnp’

Then,

1,
2 2
mi = 77iM32-
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Summary and Outlook

We present the novel field-theorectical understanding of the
Anomaly Mediated Supersymmetry breakikng.

It is more understandable compared with the conventional
spurion method.

We can reproduce the results with the anomaly superfields
interactions.

In addition to that, we can write down the dilaton-interaction
action, which can be used for study of hidden sector.

More study on the hidden sector and Einstein supergravity will
be pursued.
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