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|) * |atest work in progress on overall U(1) scalar mass

* most desirable to break A/ = 1 SUSY dynamically (DSB)

* In the past, instanton generated superpotential e.t.c. (F)nonpt — (D) # 0
In this talk, we will accomplish

D-term DSB (DDSB)
in a self-consistent
Hartree-Fock approximation

* based on the nonrenormalizable D-gaugino-matter fermion term
which is present in generic N = 1 SUSY (effective) U(N) gauge action
* the vac. is metastable, can be made long lived
* requires the discovery of scalar gluons as well as the scalar in the overall U(1)

in nature, so that distinct from the previous proposals
* no messenger field needed in application, overall U(1) the hidden sector 1

DSB will be accomplished relatively easily and is robust



» features of our workas Q. F T.

1) variational prob. of Vg in QFT for multiple species of
order parameters

2) beginning quantitative estimates of susy breaking order
parameters and scalar gluon mass

compare this with \ /
the NJL pt. N /5o
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II) = action

L= /d‘*@K(@a,Eﬂ) + (gauging) —I—fdQQIm%Tab(@a)Wwa; - (f dOW (®%) —I—C.c.)

— L"Kéihler + ﬁgauge + Esup

K; Kahler potential

Tabs gauge kinetic superfield from the second derivatives
of a generic holomorphic function F (&)

W superpotential

We look at its component expansion



assumptions made

1) general N = 1 action with adjoint ®* & V'
with three input tunctions K, F,,, W

2) third derivatives of F at the scalar vev’s nonvanishing
3) W at tree level preserves N = 1 susy

4) the gauge group U(N), the vac. being in its unbroken phase



"supercurrent & D®, F'?eqs

off-shell form of the A/’ = 1 supercurrent
mSWH = \2g.,ma” 3D, ¢" + V2igapm ot F
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* reasoning to DDSB

* |ook at

1 0 2T, Db ( \C )
— (A%, g 1 v abe ) + (e.c).
AR ( ~EFLDY 0,0.W ) Y (c.c.)

the non-vanishing vev of D® = Dirac mass to the fermions
1
2v/2

condensation of the Dirac bilinear responsible for {D°) # 0.
» holomorphic part of the mass matrix:

. (D%) = (9" (Focath X + Focath?X%)), namely,

V2
Mg, = 0 — (Foaa D?) ~ mixed Majorana-Dirac type
—2(Foaa D) (0u0aWV)

- . (£) _ 1 ; (FoaaD)?
eigenvalues: AT = 2(da8aW) (1 + .\/1 + 200,072 |

- however, the non-vanishing F° term induced as well, as the stationary value of
the scalar fields gets shifted.




In particular, the holo. part of the complete mass matrix

a . % \/g““(lmf)“afoaal)o, G90,0,W + ga"‘go@.aFU mf:b/\ mfb'ﬁb

« suppress the indices as we work with the unbroken phase U(N) phase
2mny _2imy
Miapep trM
The two eigenvalues of the holomorphic mass matrix
AE = (M)A,

where 3

1 .
A(i>:§ lj:\/(1+z'f)2—|—(1+%f) AZ?
= The masses for the two species of SU(N) fermions

Q: how to determine the stationary values of the scalar fields, DY and F°
(perturbatively induced)



-coupling to A" = 1 supergravity

and super-Higgs mechanism

1

= / 2028 E(mﬁ _ 8R)exp {———[K(CI), o) + (@, 1, V)]}

3
1

i 16g2

Tab ()W W + W(CI))] + h.c.

The field redefinition of the gravitino

V2

. V2
CGW ek /2

rq/);l — 1% + O-MTZNG -+ 37

L/

that eliminates the mixing with A and :

7 _ -9 ya K/2 * 7.a
UNGg = 1—=D A\ + e D« W™ e,
V2

e gravitino mass

VD)2 + £ (Day2
V3M?, ’

K)/2

m3/2 ~ €<

][/T*2€'K aMQZNG



special cases

« demand the Kahler function K to be special Kahler,

= K = ImTr (i)&gé)(b)

e
/

and gab = ImF 5 etc.

« further, choose W such that the action possess the rigid N = 2 supersymmetry

= tree vacua N = 2 — N = 1 spontaneously

U(1): Antoniadis , Partouche, Taylor (1996)
U(N): Fujiwara, H. I., Sakaguchi (2004)
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1)

change the notation for expectation values from ( ) t0 ...y
(@ vev.= the stationary value in the variational analysis.)

‘point of the H.F. approximation

spirit: tree ~ 1-loop in the fi expansion
= optimal configuration, which is transcendental

» three const. bkgd fields,
@ = ¢° (complex), U(N) invariant scalar,
D = DY(real),
F = FY (complex).

« denote our effective potential by

V = Vtree + ‘/c.t. + Vl—loop-

after the elimination of the auxiliary fields denote by Vscalar
11



tree part & warm up

all config. U(N) inv. = suppress indices

_ _ 1 _
Ve (D, F F,p,p) = —gFF——Q—(Im]-"”)DQ—FW’—FW’.

 stationary conditions = all minus signs correct

Vialar (0, @) = V70,8, Ds = 0,F = Fu(¢,9), F' = Fu(9, 9)) = g7 (. 2) W' (0)[*.

82 Vtree (90 90)

scalar

0wdp

_ _ 2
=g " (0x, i) W' (01|,

Dy P
ms(9, @)= g~ (¢, &)W (¢),
Mgy = m8(90*795*>‘
mag _ V2 /g~ (ImFT) L D =r(p,3,F,F\D
Moy 2 g W + g~ 19gF T '
g—l}-mF
-1VVH _|_g-—1agF’

A=-2

fa =

» the mass scales of the problem:
Mgy, thelscalar gluon mass and g 1]—" , the third prepotential derivative,
(and g~ 99g), SUSY breaking scale belng essentially the geometric mean.
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treatment of UV infinity

UV scale and infinity reside in JF. The supersymmetric counterterm:

1 1
‘/C.t. = —§Imfd26AW0aW0a — —§(ImA)D2
It is a counterterm associated with ImJF"”
A renormalization condition
1 0%V 5
2 2 = 46,
N2(9D)? | p—o,p=p. o=

relate (or transmute) the original infinity of the dimensional reduction scheme with
that of Im.JF"’

the one-loop part

N2 [trM|* ms |4
Vi—loop = A A L N -] =2
1—loop 327T2 [ (837) (| ‘ +| | tl"M
4 4
I P 10e N2 Z O 10e N2 1 | 10e | |
AT log AT — NP log [N+ = | log | o
1 1 d
Ale,y) == — v+ —, e=2——.
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I\V/) =variational analysis

( OV
A
oD
oV
{ 37 = 0 and its complex conjugate
ov
—— =0 and 1ts complex conjugate
[ Oy

« work in the region where the strength || F,|| small and can be treated perturbatively.

gap eq. OV(D,p, 0, =0,F=0) _
| ; 0D ’
Statlonary cond. 8V D 5 F — 0 F — 0
for scalars ( ’('0’90’8 ’ ) =0
2

= stationary values (D,, @., @.)

OV (D = D,(0,0), ¢ = ¢.(0,0), 5 = $.(0,0), F, F)

=0
OF D,p,5,F fixed

= F = F, perturbatively 14



the analysis in the region F, = 0

- explicit determination of V (D, ¢, ¢, F = 0, F = 0) :
first solve the normalization condition

0°V
2cN? =
(0D)? D=0,,
to obtain
L 32" ImF”  ImA\ _ -
A - 2 - - A A * 9 —* .
1m8*| ("”0*4—7"0*) ( cT N2 T N2) (C: y P (10)

- 7,A, complex in general, put sub. 0, as F, F' — 0
= V(D,QO,@,F — Oap — 0)

x 2
N2§1:’?'bsi4 - (641 G )> (é”pmg"é“("'}") i 32;2/1 (%|A0|4 '*’f(A“’AU))

s (IS Tog AP + A log AT

F(Ag, Ay) = (\/1+A2\/1+A2MIA0|2“—1)

e 1If Agreal,
Vi 1 ‘ 1 ./a 4 2 N4 2
N2|7?1 14 = ((C, - 64%2) o 5) AS + 3272 gAg o A(()_H log )\(()_H — )\é ) log )\(() ) :l




From now on, A real case only,
e gap equation
Vo
oD

o (¢4 o)

+321ﬂ.2 {éAg - \/W (/\(()+)3 (2 log /\(()+)2 + 1) - /\é_)?’ (2 log )\[()_)2 + 1)) }] ;
0

= 0.

0x =0 IMarul
 stationary cond.
oVy
— R— 0
09 | p o
‘/0 86 8&0 6 VO
20(In |m|? — A2 —
(In |m] )N2|m3|4 (&{J Do 0D (N2|m3|4
using the gap eq.
a3
VO o %

— A2
NZ2|mg|*  20(In |mg|?) 0 16



(Apx, P« = @4 ) determined as the point of intersection of the two real curves
in the (Ao, ¥ = @) plane

Schematically,
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DSB HAS BEEN REALIZED
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numerical study

the minimal choice for DDSB:

consistency check:

samples:

| 1 .
3 2 3

d th R T L Ve

2
W = m—trc,o + ——trp® = mip + ﬁgo?’,
N 3IN 3!
D_ < 17 |f3>i=| <1
*

+ g | A/(4-3207) | Aow | /M ( m) | F./D| | f3+]
0.002 | 00001 | 0477 | 0.707 (10000) | 2.621 (m=M) | L.77
0002 | 00001 | 0477 | 0707 (10000) | 0.524 (m < M) |0.35
0002 | 00001 | 0477 | 0.707 (10000) | 0.860 (m = 0.4M) | 0.58
0.003 0001 | 1.3623 | 0.8639 (2000) | 0.825 (m=M) | >1
0.003 0001 | 1.3623| 0.8639 (2000) | 0.224 (m < M) |0.43
0.003 0001  |1.3623| 05464 (5000) | 1.002 (m=M) | >1
0.003 0.001 1.3623 0.5464 (5000) 0.142 (m <« M) 0.27
0.003 0001 | 1.3623| 0.5464 (5000) | 0.911 (m = 0.9M) | 1.76
0.003 0.001 1.3623 | 0.3863 (10000) 1.444 (m = M) >1
0.003 0001 | 1.3623| 0.3863 (10000) | 0.100 (m < M) |0.19
0.003 0001 | 1.3623| 0.3863 (10000) | 0.960 (m = 0.8M) | 1.85
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* Metastability of our false vacuum

(D) = 0 tree vacuum is not lifted
= check if our vacuum (D) # 0 is sufficiently long-lived

v
(). Long-lived

form, < ApA

i ~
AV ~ (msAAg)? $ ourvac.
ey iy . P

Ap ~ AgA (A : cutoff scale)

Coleman & De Luccia (1980)

]2

S

Decay rate of
our vacuum

X exp [-—-— ] <1 AgA > myg



second variation and mass of scalar gluons

‘/scalar:V(D:D*((p:@)aF:F*((p:@)%Ovﬁzﬁ;((ﬁa@)%oa@a@)

at the stationary point (Dx«(¢«, @+),0,0, 0., @.).
separate V (D, F, F, , §) into two parts:

V=V+T

Here
V(Fa F: ¥, (15) ~ - QFF _ FW, - FW’ + (8Fvl—loop)*F + (aﬁ“/l—loop)*p

1 1 _ _
+ 5(8%1/1—100;))*172 + 5(812?‘/1—1001))*172 + (aFaﬁ’vl—loop)*FFa
Vo(D,p,0) =V (D,p,5,F =0,F =0).
make exploit “implicit fn derivatives”

eg. ForV, i, = (F,F),7r = (¢, ®),

1 _— — ~/
62V, ~ §5y”*RMRL*(—ML L )Mpg. 67 Mrr,. =0 20



1
- scalar gluon mass: EIW" — (00F Vi —100p) |3

in the region |(OF05V )ols, [(0%V)ols, < gs,

consistency checked

« samples:

¢+ == A/(4-3202) | Ao | /M {—ﬁ;,\] scalar gluon mass
0.002 0.0001 0.477 0.707 (10000) | 0.4998 + 0.0056 N? + 8.607 x 10~ N*
0.003 0.001 1.3623 | 0.8639 (2000) | 0.7463 + 0.0106 N? + 2.653 x 10~ N*
0.003 0.001 1.3623 | 0.5464 (5000) | 0.2986 + 0.0008 N? + 4.694 x 10-°N*
0.003 0.001 1.3623 | 0.3863 (10000) | 0.1492 — 0.0024 N2 4+7.235 x 10°N*
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Summary

A dynamical mechanism of DDSB proposed

A nontrivial solution to the gap eq. for <D>
found in a self-consistent HF approx.

Our vacuum Is metastable
& can be made long-lived

Numerical examples found
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