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Abstract: We construct a consistent supersymmetric action for chiral and vector multiplets living on codimension-two branes in a six-dimensional
chiral gauged supergravity. A nonzero brane tension can be compatible with the bulk supersymmetry by introducing a brane-localized
Fayet-1liopoulos term proportional to the brane tension. Moreover, we show that a brane chiral multiplet with nonzero R charge has a nontrivial
coupling to the extra component of the U(1)_R gauge field strength and a singular scalar self-interaction term. We find that a unwarped football
solution with 4D Minkowski vacuum exists for arbitrary brane tension and it preserves 4D N=1 supersymmetry. Dimensionally reducing to 4D for
the football solution, we obtain the low energy action for moduli and brane multiplets in 4D effective supergravity with gauged U(1)_R. By
assuming the bulk gaugino condensates as well as nonzero brane F- and/or D-term for the uplifting potential, we have al the moduli stabilized with
a vanishing cosmological constant. The brane scalar with nonzero R charge then gets a soft mass of order the gravitino mass, the sign of which
depends on the sign of the R charge as well as whether the brane F- or D-term dominates.
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Introduction

USY flavor problem

@ Weak-scale supersymmetry, solving the hierarchy problem, has
been considered as one of the most promising candidate

beyond the Standard Model.

@ However, generic weak-scale soft mass parameters given by

. i P
£‘-lliT — m_,-'” Ir_'r” — Afjk::};r_"rfr_'ik == B{}:t_'}ft_'rj — ;Ma, a/\a_ (1)

would lead to unacceptably large flavor and/or CP violations,
e.g., mﬁ- = = m%rﬁ,-j typically in gravity mediation scenarios.

@ When the hidden sector is separated from the visible sector in
extra dimensions, SUSY breaking in the visible sector may be
dominated by flavor-independent bulk interactions:
“Sequestering mechanism”. However, the situation is sifEEscm"

Pia: °8°6°°8hlgher dlmenﬁlonS (D k= 5) [Anisimov et 3l(2001); Falkowski.Lee Liideling(® 2005y




6D gauged supergravity

@ [ he Bianchi identities are

; 3 |
dNeGmnp = FmnFor)- (5)

@ Gauge invariance of the field strength Gypnp requires the
Kalb-Ramond field Byy to transform under 0 Ay = Iy as

2 1
ANBun = —EAFMN- (6)
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Introduction

lux compactifications in string theory

@ Recently, KKLT flux compactifications of Type |IB string
theory have drawn a lot of interest because all the moduli of
dilaton and geometric moduli can be stabilized by the fluxes
combined with non-perturbative effects.

@ But the vacuum energy is typically negative after the moduli
stabilization. When the vacuum is uplifted by an anti-D brane
located at the warped throat on CY, the SUSY breaking is
transmitted to the visible brane by a volume modulus so that
the modulus mediation is in comparable size to the anomaly
mediation: “modulus-anomaly mediation” . [chei et ai(2005)]

.

@ It may be a flavor symmetry in the hidden sector that g .
the sequestering working, e.g. the isometry of the warp = s

pirsa: 0300008t  FOQT . [Choi et 2l(2006); Kachru, Sundrum(2007)] == Pages




Introduction

lux compactifications in 6D supergravity

@ 6D chiral gauged supergravity is a simple setup where the
important aspects of the flux compactification can be studied
analytically.

@ By turning on a U(1)g gauge flux in the internal dimensions,
Salam-Sezgin obtained a flux compactification on My x 52
where 4D N = 1 SUSY remains and one of moduli is
stabilized by the flux. [sslam Sezzin(1984)] |

@ General warped compactifications with tensionful
codimension-two branes have drawn attention towards the
self-tuning solution for the cosmological constant problem.

[Carroll, Guica(2003); Navarro(2003)]
@ However, the branes have been taken to break SUSY e :
at the action level. We first construct the SUSY brane getioneill
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6D gauged supergravity

e 6D gauged supergravity
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6D gauged supergravity

valam-Sezgin Supergravity

[Nishino.Sezgin(1984)]

: 08060085

@ 6D chiral gauged supergravity is composed of a gravity
multiplet(e})y. ¥'m. By ). and a tensor multiplet(o. x. By ) as
well as a ve slet(Apm- A), which gauges the U(1)g
symmetry.

@ [ he bosonic Lagrangian of the Salam-Sezgin supergravity is

1

b B e” e2? > 1.4
e Lo R—E(fJMf-")z—EGMNP GMNP—TFMNFMN—3g’E g

where the field strength tensors are

b | =t

_ 3
Gune = 39mBnpy + 5"_ [MNAP]-




6D gauged supergravity

@ [ he Bianchi identities are

dhoFuny = O. (4)
_ 3
deGmnp = FmnFor)- (5)

@ Gauge invariance of the field strength Gpnp requires the
Kalb-Ramond field By to transform under 0 Ay = Iy as

g 1
INBun = —EAFMN- (6)
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6D gauged supergravity

valam-Sezgin Supergravity

[Nishino.Sezgin(1984)]
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@ 6D chiral gauged supergravity is composed of a gravity
multiplet(e})y. ¥'m. Byyy). and a tensor multiplet(o. x. By, ) as
well as a vect slet(Am. A), which gauges the U(1)g
symmetry.

@ [ he bosonic Lagrangian of the Salam-Sezgin supergravity is

1

E | . e = > _
e R—E(UM”F—EGMNP GMNP—TFMNFMN—Bg'E

where the field strength tensors are

_ 3
Gune = 39mBnpy + 5"_ [MNAP]-
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6D gauged supergravity

@ [ he Bianchi identities are

] 3
AQeGmne = ZFmnFor- (5)

@ Gauge invariance of the field strength Gypnp requires the
Kalb-Ramond field Byy to transform under 0 Ay = Iy as

. |
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6D gauged supergravity

valam-Sezgin Supergravity

[Nishino,Sezgin(1984)]
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@ 6D chiral gauged supergravity is composed of a gravity
multiplet(e}y. ¥'m. By ). and a tensor multiplet(o. x. By ) as
well as a ve iplet(Apm- A), which gauges the U(1)g
symmetry.

@ [ he bosonic Lagrangian of the Salam-Sezgin supergravity is

1

_ 1 e” e2?
6 lﬁb =i R—E(‘jM‘-")z—EGMNP = 1

where the field strength tensors are

_ 3
Gune = 39mBnp) + EF[MNAP]-

[ | =t

Fun FMN —8gze_




6D gauged supergravity

@ [ he Bianchi identities are

) 3
HNQGmnp) = FmnFep)- (5)

@ Gauge invariance of the field strength Gypnp requires the
Kalb-Ramond field By to transform under 0 Ay = I\ as

: 1
ABun = —EAFMN- (6)
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6D gauged supergravity

@ [ he fermionic Langrangian is given by

Eﬁ_lﬁf —= EMI'MNPDN Up + erpr\ -+ RFMI)M;\

| =
—FE(UMO)(?_‘NFMFN\ -+ \IFNFML‘N)

1 . o i
—;—ﬂe%wGMNP(?—'RI_{RFMNP]_S] i’_'S i {“_'RFMNP rR\
T RTMNP o T MNP L XTMNP )
1

4\,'2
+iv2ge

P(Dpal™MA + XM — X + Xx).

o[

@ All the spinors have the same R charge +1, e g

_e4? Faan (P ™MV AN + XMy + xTMNVA — Xrvivy )

: N i e B AB = ]
Pirsa:0806008$M N — (t‘_)M o EWMABF — ngM)f_ N -




6D gauged supergravity

@ The SUSY transformations (up to the trilinear fermion terms)

are
_ 1 _ 1
r}ef,,, — —ZEFAE_‘M +he, 0= 55\ +he.,
1, 1
, ) e 2 X =
‘-}BMN —= A[M‘}AN] = = A (EI_M*—'N = E‘I_NE_‘M = = EFMN\ = = h{)
! E | . =
oY = —E(UMO) rM;‘? — ﬁel 3 GMNPI_MNPE.
) , N S =
oy = DM,{“ e EE‘E g GPQRF Q FM:
g | SN T
0AM = > 5€ 2(ZT yA + hec.)
2N 2
i} 1 ; =
on — ___e%"'FMN e 28 e_%' <.
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6D gauged supergravity

@ The bulk action (Lpuix = £ + Lf) is invariant up to the
Bianchi identities as follows,

- W) 3
0 L—’bulk — €5 I: == ez (‘-JS G.-‘-,-.-'."\fP == E F" IN FEF’)

1
24
X (;RFRMNPS:" = TFSMNPE + h()
1

1 s
1+ ——e2? (r'_!;’“ Fan b T, O h.c-.):| = &4
4/2 QI MN ( )

@ For the modified Bianchi identities, the above variation can be
used to cancel the variation of the brane matter action. o
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SUSY conical branes with matter muitiplets

€ SUSY conical branes with matter multiplets
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SUSY conical branes with matter muitiplets

he brane chiral multiplet

@ [he /> orbifold symmetry is imposed to keep only ' =1
SUSY (i.e. Pi= ==.) at the branes.

@ The SUSY action for the brane chiral multiplet (vg. Q) is

= 1 I T : | 7
Lchiral = 54[ ( (DF Q) D#Q £ EL.QA} D.H vQ + ht)
8 5 1- 7 | T L. K -
1 a2¥ (EL.,U.—*I .._.L i'-'Q(Df..fQ) < 53_-QA. \fD.ﬂQ “ h()j!

where D, Q = ( w1 irghA,)Q,
D#f Q—(f ¥ (r—l)gAH*




SUSY conical branes with matter muitiplets

@ [ he bulk action and the SUSY transformations are modified
by replacing Gynp and Fpy with the hatted ones (keeping

Am as it is):
~ o |
G,u mn — Gumn i 75 '_, ey LCIJ\ )0 mn- (9)
" ‘*:("-f'r
G’:‘;fof - G"‘ = Jrpo (]‘0)
I:_mn = F G g Q mn (11)
with the Fayet-lliopoulos term being &5 = I—jr Omn = €mn "jhéf)
and
| | 5 P
i = 5i|Q@'D.Q-(D.Q)T@+
. |
Frpo — —Z7UQVrpaWQ-
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SUSY conical branes with matter muitiplets

he brane chiral multiplet

@ [he /> orbifold symmetry is imposed to keep only ' =1
SUSY (i.e. Pi= ==.) at the branes.

@ The SUSY action for the brane chiral multiplet (vg. Q) is

= : I - B 7 ' |
Lechiral = eﬂiii ( _ (DP ) D,UQ 2 5"'*@*} D.H vQ + hC)
. Eirge?-" UeAQ + h.c.—4rg”| Q] — Ty
1. | . T e L - L
;_ez_-(ir_.#%ﬁf .-.f- f_‘Q(DpQ) —5—53_*@--1 \DHQ—'—‘hL{_)}

where D,Q = (0, + irgA,) Q.
Dutq = (Ou +i(r —1)gAu + %
s csosccskransformations are 0Q = l ),




SUSY conical branes with matter muitiplets

@ [ he bulk action and the SUSY transformations are moditfied
by replacing Gynp and Fpny with the hatted ones (keeping

Am as it is):
éﬁt mn G,umn & 7 '_, = LJ’I\ :.-'"{f.-'?r*-- (9) |
. % (y) .
G'.-'__!.‘”?_ == G'-"_f:"j_ 5 7 ,.I_'j ..."II_-"'T"_' (10)
€
an =— an — k”g Q P LCI)";,-rm (11)
with the Fayet-lliopoulos term being &5 = I—E,, & {;{f}
and
. | i : I - |
= 5i|Q'D.Q - (D.Q)'@+ 5@l

. 1 -
Frpr — _1'-'- 'Q ITpol' Q-
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SUSY conical branes with matter muitiplets

@ [ he modified Bianchi identities are given by

_— 3~ - i
d[u Grfmn] e E bil.men] i E{D[ Q1 ]Q1 nn- (14) I
‘j[;a I:_mn] b _%-'rg*-—";: Q :";-'T‘.'r?- (15)

@ [ he gauge and SUSY transformations of the KR field get
additional terms as

’ 1 -
‘}J\an = A( _ _an = = LEﬁrrﬂ.n)- (16)

=N
|

f_ian — TR _'_ _JII-"'.1Q '_EQ";IHI-T?H K. J_J_+{:--.
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SUSY conical branes with matter muitiplets

@ [ he bulk action and the SUSY transformations are modified
by replacing Gynp and Fpny with the hatted ones (keeping

Apm as it is):
éﬂi mn Gﬁimn g 3 ',, e LJA .:' ";:‘?-".'.’T-‘- (9)
" .\:{}x | : ) I
Gfrﬂcr — G‘-’,L‘*r:r .3 - Jrpo- (10)
Ii_mn — an — rg Q = :q':')";mr? (11)
with the Fayet-lliopoulos term being &5 = I—E., C—to ,_ahg;
and
: E ) ;
i = 5i|Q'D.Q—(D.Q)'@+ ¥l

. E_ |
Jrpo = _Ef"QA"-’ﬂ’TLlQ'
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SUSY conical branes with matter muitiplets

@ [ he modified Bianchi identities are given by

O Cvmn) = g FiurFimn) + 5D Q) (D) Q)0ma. - (14)
- 1 - 1
fj[# an] — —g.fgr-_:‘l___: Q g S (15)

@ [ he gauge and SUSY transformations of the KR field get
additional terms as

a 1 )
B = N — 2 Fimm+Eomm) (16)
1

Eian — it _'_ _.';-".1 .__ﬂQ:.;Iﬁn I j_l.{:-..
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SUSY conical branes with matter muitiplets

he brane vector multiplet

@ For a brane vector multiplet, (W,,. A), we need to add

1 e o e
ETE{T&}I = E4 = 1 W‘;_”; W'l_“ = 5/\“ "Lt D.u/\ = = h.{:‘.
= 1, N
—ievV2e2°QugN\ + h.c. — —e|Q)| e

1 i L’'pD I E_.-,— L1

Aﬁ!— 2 Al ¢ | F o Wi’]r_'! E Q —e_’:—AAf- { [+ = T .I.]..(:'.
4./2 2\ 2
.."

- ——e Q\ge%“—" A\ + h.c.]

where D, A = (0, — igA, + %""“;LUJ 37*?)\ and SUSY
: 1
- - i ¥ " | Ij e
transformations are 0\ = —41;"*” s+ W + 57 5e|Q"e2
Vi
irsa: \ - ]_
Pirsa: 08060085 V‘/ru —
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SUSY conical branes with matter muitiplets

@ While F,,, is the same, the modified field strength Gynp gets
additional terms as

P

G,umn = Gﬂmn i (-/.,u ) EGAILI)JHTH- (18)

~ 52 _V)

G?—p::r = G‘:‘pfj’_"_ e JT,L“H:T- (19)

with |
: B, ¥..
Jp = .f,u == 1.."6:‘ 2V N\~ I A
. | S |
J*."IJ-’.T — frper— :E_f "N\ _'-""T“'.\'
O
@ [ he Bianchi identity for @MNP gets an additional term

£l : TR
o Gl*mn] i EF[HI-’FW?H] R IE Q| Wour0mn-

>

_— -

Page 27/52 ——=
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SUSY conical branes with matter hulﬁpiets

he brane potentials

@ [ he supersymmetric brane-localized gravitino mass term is

1 i = o
;._' & . LiL’ ] ,T R - tT
’C_--:ma::- = _'945 WQE-— (f_ Y Cu S S ) | #Ca -

+afoyH Ce__'I_ X €AT) 1 e (20)

where W, is a constant parameter, e* is the volume modulus
and

iy — WUy ."'ii'_'fj_. U —UWgy — f-i'_‘ﬁ__. (21)
@ From this, the brane F-term is inferred to be

| b=

Er—cgc 2°|Eaf

with Fo = 52-.

ez oogooss] he brane D-term takes the form, £Lp = —54.%5""D2.




SUSY conical branes with matter muiltiplets

lux compactifications with SUSY branes

@ Consider the two branes case and take f:_mn with two localized
FI terms on the branes, & = 4%(:' =%

@ Turning on the U(1)g flux, the general regular solution keeps
the warped product of the 4D Minkowski space with two

compact dimensions, [Gibbons et 2/(2003); Aghababaie et 21(2003)]

ds® = WZ2(r)nudx*dx” + R*(r)(dr* + \*©%(r)d6°)23)
A 1, QR‘
Fr,r:} = ,\qe 2% Wf) - O = Oy e 4']’] W (24)
with R=% 0= W' =2andfo=1+ —D A=1+5
1
Here \. g. o9 are constants, ré = %Te?"“ and r1 = qsh -

@ [wo brane tensions are located at the conical smgularl

P|rsa08060085 - O and r— NG % — 1 il \ aﬂd Tﬂ’ — 1 LY \

ry




SUSY conical branes with matter muitiplets

@ From the gauge equation,

(25) -

the gauge potential become nonzero at r = 0 and r = ~c:

4\ /1 ¢ 251 &
. (Q* . T et

a UL 2% gfi 2n

@ [ he quantization condition is modified to
= SR £ (£ + &) with n € Z. After the brane

= -

conditions, it becomes

T[} Tx & i - E
(1— 47) (1— 4:) — [n— ,J:_Tt;,l*xz_.!} -
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SUSY conical branes with matter muitiplets

@ [ he warped solutions break the bulk SUSY completely: e g.

r
oy = —m[cosﬂr_:rl 2 ¥ +sinfo” @ 1] #0. (28)
W
@ In the case of the football solution with a constant warp
factor, from g = 4g and Tg = T = 47(1 — \), we obtain
n = 1 and arbitrary A\. Moreover, the nontrivial fermionic
SUSY transformations are

A = !'2\f§g(PRE).

Y — _I_i e = _3 *5_'._r

ovg = |:(_)H | 2{1 . /\(1 fﬂ)} fz\(
= Jg(PL=).

rseocosoef-OF @ constant Pp=, there is a 4D N = 1 SUSY for an



Maoduius stabilization and SUSY breaking

D effective supergravity

@ Consider the low energy effective action for light bulk and
brane fields for the supersymmetric football.

@ We take the ansatz for the 6D solution as

ds? = e *Wg,,(x)dx dx” +
& = Fx)
ﬁMN = .ﬁMN.'- —!—.;IMN.

e {x}d5§.

where the background VEV of the gauge field strength is
an — G ds.;,, and €,,, are the 2D metric and the 2D

volume form of the static solution, and -
modulus.

Pirsa: 08060085
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Maoduius stabilization and SUSY breaking

@ [he 6D equations,

m(v—gse®GM"P) = 0. (34)
(v —gee2?FMN) = §x’—§65"GPQNFPQ- (35)
and the Bianchi identities, are solved by the modified field
strengths,
. : B
Cumn = (= b+ qAu+ V)em. (36)
.~ gl Q%Y
E. (q o )ﬁmn. (37)
where b = —1[’,”,,1:””” for the globally well-defined

B = B — 3(A) A A that satisfies n,\ﬂ(db) —0 for the

Pirsa: 08060085
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Modulus stabilization and SUSY breaking

@ Plugging the solutions into the

the duality e Gﬁ o — g & O

Cba:r;»‘«:rn == MP\:_ { R(c)

N 1
M2

1
4t7’( Oub — 48RA, —

S L
where s = &% i C— _%f,
V.

IIIII

ir’
i

bulk /brane action and using
the bosonic effective action is

(9us)>  (9ut)>  (Ouo)?
452 4¢2 452
1
(D*Q)' (D,Q) — —5 W,
M:’J E 4M]% L

I
ME

2

651}

2M3

(@D,Q — (D, Q) Q)

we|

M3 = M2V with V = \ .




Moduilus stabilization and SUSY breaking

@ [ he Kahler potential reads

€. — = (%(5+ 5*))

1 . .
— In (§(T+ T —dgsVR) —

’)

where dgs = 8gr and g = 2gRM and the scalar
components of the moduli superfields S. T are given by

S—s51io e = =

Vr: U(1)r vector superfield,
Q: a chiral superfield containing (Q. v'3).
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@ [he T modulus is fixed due to the interplay of the constant
FI term with the field-dependent Fl term in the 4D effective
supergravity.

@ [ he remaining S modulus can be also fixed by introducing
bulk gaugino condensates. A negative vacuum energy
generated by the bulk gaugino condensates needs to be
fine-tuned to zero by brane F- and/or D-term uplifting
potentials.

@ The U(1l)gr D-term leads to a tree-level soft mass for the
brane scalar with nonzero R charge. So, for nonzero
appropriate R charges of sleptons, we can cure the problem of
the negative slepton mass squared in anomaly mediatio

@ SUSY phenomenology in a realistic model is work in prégsEss
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onclusion

@ We constructed a SUSY action for brane matter multiplets on
the codimension-two brane in a 6D gauged supergravity.

@ A nonzero tension of the supersymmetric brane is
accompanied by the corresponding magnetic charge or the
localized Fayet-lliopoulos term of the U(1)g gauge field
proportional to the tension.

@ [ hanks to the localized Fl terms, the football solution keeps
4D N =1 SUSY. In this case, since there is no quantization
condition for the deficit angle, the brane tension can be
arbitrary.

Pirsa: 08060085




Maoduilus stabilization and SUSY breaking

@ The U(1)r mediation can dominate over the anomaly
mediation, particularly for solving the negative lepton mass
squared problem:

m2 _‘r|<m2 ]-|F5i2)_|_m2 (54)
Q — 171 3/2 o 2 ' anom./
2 Mg
where m?, . = g—f%u- Fc|? with ¢; > 0 the quadratic
Casimir invariant, b, — (—— —1.3) and Fc = m3» + %K,-Ff

the auxiliary field of the conformal compensator. But we
would need universal R charges at least for the first two
generations for no SUSY flavor problem.

@ When the SM gauge fields are localized on the brane, t
no tree-level gaugino mass due to fiy = 1. Then, the g

rx cssocsdTIASSES are given by anomaly mediation: my_ = —



Modulus stabilization and SUSY breaking

@ In the F~term domination with D = 0, since
|Fq|* =~ —stV4 = st(2m3,,Mp — |Fs|?), the brane scalar

mass becomes I
2 2 1 ‘FS:*E
mg :—r(mgz—— - (52)
> M)
@ In the D-term domination with Fg- = 0, the brane scalar mass
becomes -
> 2 1 ‘FS:_
ma:r(mg_z—— & F (53)
> M5 )

@ In either cases, the scalar mass squared can be positive
appropriate R charge assignment.
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Moduius stabilization and SUSY breaking

@ [ he Kahler potential reads

R — - (%(5 % 5*))
1
M3

28
Ry

L i (§(T+ TT —desVR) — —Qfe 2erVrQ) —

M2

where dgs = 8gr and g = 2gRM% and the scalar
components of the moduli superfields S. T are given by

) K. .5 .
S=s+1io. I =t4+——|Q|" +1b-
Mp

Vr: U(1)r vector superfield,
| Q: a chiral superfield containing (Q™. v'g).
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Moduius stabilization and SUSY breaking

@ [ he gauge kinetic functions for the bulk and brane vector
multiplets are

e—5 fw =1 {39) 1
. . . |
@ For the 4D reduction, the brane-localized gravitino mass term
becomes I
1 —ap 7 T e 3 .
‘Crf_ﬂlla.:_-;é = —645 W{}E‘ (& 1+ CE’_ e h.{_'.. (40)

By the comparison to the gravitino mass in 4D supergravity,

L = —64%EK'2WL_““;_"_-F”":CE__‘J_T:_ + h.c., we find the effective

superpotential is independent of the moduli:

W = Wp. (41)

@ [ he result is easily generalized to the case where the _
superpotential depends on the brane matters and there (ESSEER#
brane matters at the other brane.
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Modulus stabilization and SUSY breaking

odulus stabilization

@ [ he 4D effective scalar potential is

202 M2 1 r " £
T RTINS, N
P

So, t =1 and |Q| = 0 at the SUSY minimum with a zero
vacuum energy while s is undetermined. The effective brane
scalar mass vanishes.

@ We assume that the bulk non-perturbative dynamics generates
a modulus potential from an S-dependent superpotential

W(S):

M2
irsa: 08060085 =




Modulus stabilization and SUSY breaking

@ Including the non-perturbative correction and the uplifting
potentials, the 4D scalar potential becomes

Viet = Vo + V4 +Vo+ V5 (44)
with Vs, = %FQrz V3 = %5 e

@ Then, Q = 0 is still the minimum for r(t — 1) > 0. while the
T modulus is shifted to

1+ call s
— T = = el
1 - satVy 2gaMp
@ [he S modulus is determined approximately by Fs = 0 but it
Is shifted a bit by the F-term uplifting.

@ After eliminating the t dependence, the zero vacuum energy
condition becomes

gl e 1
e (2+aD?) | Fol? = -2tV (1 X Eat\/l) _ D

(45)




Modulus stabilization and SUSY breaking

odulus stabilization

@ [ he 4D effective scalar potential is

Ve — 2gaMp {11(1 r?Qz)] _ (42)

So, t =1 and |Q| = 0 at the SUSY minimum with a zero
vacuum energy while s is undetermined. The effective brane
scalar mass vanishes.

@ We assume that the bulk non-perturbative dynamics generates
a modulus potential from an S-dependent superpotential

W(S):

K
vle[

= wl K
irsa: 08060085 =
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Moduius stabilization and SUSY breaking

@ Including the non-perturbative correction and the uplifting
potentials, the 4D scalar potential becomes

Viet = Vo 4+ V4 + Vo1 \j (44)
with V5 = %FQI = V3 = %Dz

@ Then, Q = 0 is still the minimum for r(t — 1) > 0, while the
T modulus is shifted to

1+ %ﬂ D? s
L = T S = L
1 - satVy 2gxMp5
@ [he S modulus is determined approximately by Fs = 0 but it
Is shifted a bit by the F-term uplifting.

@ After eliminating the t dependence, the zero vacuum energy
condition becomes

¥ 5 1
irsa: 08060085 (2 - Dz);FQF‘_ — —2tV1 (]. = EfltVl) = D2

(45)




Moduilus stabilization and SUSY breaking

@ For instance, the double gaugino condensates would lead to a
racetrack form,

W(S) = Are 7> + Ape 727, (47)
@ [hen the Fs = 0 condition fixes both ReS and Im S as
e .T(_Zn —1) (48)
3 —
3;ReS +

: — In : :

'jl =— _),2 Az(zf‘le—‘S =k ].)
For |37 — 35| < J1, the potential is minimized at a large Re S
for which the superpotential description in the 4D effective

supergravity is reliable.
@ Choosing A/ Mfi, —1. Ny Mf_i, — 0.9, 5y =0.1 and 5
Pirsa: 08060085/\/ & get R[:IS = ]_8 and Mg ~ 3m3 2, While my ~ gRMP = i




Modulus stabilization and SUSY breaking

¢ "
! - . sy

Figure: The modulus potential: the bulk non-perturbative correction only
on the left, and the total correction including the F-term uplifting
potential on the right. The potential value is normalized by mz__sz, and

the parameters of the superpotential are chosen as A;/ M3} = 3
N>/ M,g — 1.1, 3; = 0.1. 5> = 0.11. On the right, the uplifting po
is given by V,/(m3,,Mz)=3.2x 10~*/ReS.
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Maodulus stabilization and SUSY breaking

yoft masses

@ After fixing all the moduli at the zero vacuum energy, we find
that the U(1)gs D-term leads to a soft mass for the brane

scalar with nonzero R charge as

ma = rgRDR\Q:{)

ol .D2 -+ I'Vl %f' (50)
n 1 — %ﬂ tVl fM% '

@ By using D% ~ —%|FQr§2 —2tV; for arVj <1 and aD? <« 1,
the scalar soft mass becomes

o ( 5 1 |Fsl|? _FQ’F)
me el m,—— - ;
Q L v 7 M3 stM3

@ For zero R charge, the sequestering of SUSY breaking t&kes:

Pirsa: 08060085

place at tree level.




Moduilus stabilization and SUSY breaking

@ In the F-term domination with D = 0. since
[Pl = —st¥h — sr(ng EM% — |Fs|?), the brane scalar
mass becomes

2 2 1 ‘FS;‘E
ma:——r(mgz—— i ) (52)
2 M2
@ In the D-term domination with Fgor = 0, the brane scalar mass
becomes "
2 2 1 |Fs|”
mfaif(””Ez—_ - ) (53)
2 M2

@ In either cases, the scalar mass squared can be positive
appropriate R charge assignment.

Pirsa: 08060085




Maoduilus stabilization and SUSY breaking

@ The U(1)r mediation can dominate over the anomaly
mediation, particularly for solving the negative lepton mass
squared problem:

mp —\r\(mz 1|Fq‘2)¢m2 (54)
Q& — 171 ME 5 2 ’ anom.i
2 Mg
where m? — P22\ F |2 with ¢; > 0 the quadratic
anom.; 872 XL FC i 9| |
Casimir invariant, b, = (—% —1.3) and Fc = m3)» + %K,-F‘ |

the auxiliary field of the conformal compensator. But we
would need universal R charges at least for the first two
generations for no SUSY flavor problem.

@ When the SM gauge fields are localized on the brane, thered

no tree-level gaugino mass due to fiy = 1. Then, the g
b.g2

racssocsdTIASSES are given by anomaly mediation: my_ = —



onclusion

@ We constructed a SUSY action for brane matter multiplets on
the codimension-two brane in a 6D gauged supergravity.

@ A nonzero tension of the supersymmetric brane is
accompanied by the corresponding magnetic charge or the
localized Fayet-lliopoulos term of the U(1)g gauge field
proportional to the tension.

@ [ hanks to the localized Fl terms, the football solution keeps
4D N =1 SUSY. In this case, since there is no quantization
condition for the deficit angle, the brane tension can be
arbitrary.
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@ The T modulus is fixed due to the interplay of the constant
FI term with the field-dependent Fl term in the 4D effective
supergravity.

@ [he remaining S modulus can be also fixed by introducing
bulk gaugino condensates. A negative vacuum energy

generated by the bulk gaugino condensates needs to be ]
fine-tuned to zero by brane F- and/or D-term uplifting
potentials.

@ The U(1l)gr D-term leads to a tree-level soft mass for the
brane scalar with nonzero R charge. So, for nonzero
appropriate R charges of sleptons, we can cure the problem of
the negative slepton mass squared in anomaly mediatio

@ SUSY phenomenology in a realistic model is work in pregsEsses
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