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Abstract: Moduli stabilization, SUSY breaking and flavor structure are discussed in 5D gauged supergravity models with two vector-multiplet
moduli fields. One modulus field makes the fermion mass hierarchy while the other is relevant to the SUSY breaking mediation. We anayse the
potential for the moduli from the viewpoint of the 4D effective theory to obtain the stabilized values of the moduli and their F-terms.
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Introduction

Problems in Standard Model

» cauge hierarchy problem ==) gy5y»
* Yukawa hierar Ch}' ) flavor svi.. extra dim.. ...
» Charge quantization

_ - =y GUT?
« Anomaly cancellation
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SUSY flavor problem
Lyukawa = YijHouq; + - -
Lsoft = 'AE‘HQ'EE‘% il

2(u) ~T~ (Q) ~7 ~

—m;; U U — q;q; —

Sfermion mass matrix:

_ 2(f
2 — ( gy

/E‘-XE‘» matrix
(F=#.d2)

MW 2
MR MpR

mass basis of fermion # mass basis of sfermion

(off-diagonal clements) mmE)> FCNC
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Simple solution

-2 i ) .
my;y’ o 13
2(F) - degeneracv
Mmpp’ X 13
2(f) : .
Myp X x m{/) (1.e —1f- X y;fj ) proportionality
Then.
~ = + 2
mLSE) =V, m (H)Vq ¢ -1,
ﬁl%(R) =V} m’R(R)V” o 13,
r'ﬁ,%(ﬁ,) —§ A mL(R)Vq x diag(my. me. my)

No contribution to FCNC
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Yukawa hierarchy from extra dimension

(Kaplan & Tait. JHEP O111 (2001) 031....)

ST f z'.( . (y ) = Ne e

\

3D mass

c.g.) mr <0< m; <m,;

~(())
11

‘A
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In 5D SUGRA.
7R — Re T

[’ : Radion (chiral) multiplet
r ] f=0 B> Yukawa hierarchy
FT = Flavor-dependent

SUSY breaking
(¢.g. Scherk-Schwarz SUSY breaking)
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SD SUGRA with Multi moduhli
¥ e i

/i EEE) Yukawa hierarchy

T2, X ‘ SUSY breaking

cf.) In string context.
“Nirror mediation™. Conlon. JHEP0803 (2008) 025
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SD (off-shell) SUGRA on S'/Z

(Kugo & Ohashi. 2000-2002)
Field content
« Wevl multiplet: (e, 4%,.---)
« Vector multiplet: (v/ =)
(One of them 1s the graviphoton multiplet.)

« Hypermultiplet:
(@, 99, (Q:.Q7)

compensator phyvsical
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Norm function
N(M) = Cy e MM ME

where ] f[ R@Z”g O/e

T I = zero-mode of X!

Radius: 7R = N'1/3(Re(T))
Single modulus case:
TR = Re(T)
T 1s the radion multiplet.
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SD Lagrangjzm

£=

: 08060153

/d29 { L s ywIwk +~—}+ h.c.

“3/({49 \'1/3( ~8,V + 2ReX) {|®[2 + |02
2/3 bulk
_Z (Qa —2m; V1 O: 4 Q(_" 2m;V Qz)} > part

—2[d29 {mfaym — 3" Q¢ (9y — m; ') QI} + h.c.

—

—{—[d29 2 {W(O) (%) 5(y) + W™ (%) i — HR)} +h.c.
_|_...
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SD Lagrangian

— fd26‘ {—":\r”(Z)WJWH L - } {1 he
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4

-3]@’*9 NY3(—9,V + 2Rex) {|o]2 + |02

+
_|_

_Z (Qge_z””"'ng & Qfez”*r”q}

(gauge coupling) =(bulk mass)

c
z

)}2/3
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SD Lagrangian
N,
L:/dzﬁ‘ { ”(z)waf‘ —l—-«—}—l—h.c.

-3[&“9 J-Vlf?’(-ayv + 2Rex) {|®]2 4 |02

2/3
_Z (Qr —2m;V !Q; +Qc 2m;V IQ;)} = part

(gauge coupling) =(bulk mass)
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SD SUGRA with multi moduli

Field content
Vector multiplet:
(V.17 (x)
Hyvpermultiplet: m-g‘/ &”?X mH\ cauging
(@:,¢), (X,X%), (H,H)
Orbifold parity

L=l LE = AR
BREEIAEREELEIEE:

| HS | X | X¢€
[ — [+ -
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SD SUGRA with multi moduli

Field content
¥
Vector multiplet: £ T2

VES. 2

Hyvpermultiplet: 772; / l”?--\‘ m H\ oauging
(Qi. Q7). (X.X%), (H,H)
Orbifold parity

v | 2| v= || |gc|B|B-| X | X°
EElEEI e [ — ]

00000000



SD SUGRA with multi moduli

Field content

1
Vector multiplet: 5
| 2
(V @ (V2 Decouple w

Hypermultiplet: 772; / \"X  myf large SUSY mass
(Q:i. Q7). (X,X%), (H/H®)

Orbifold parity

‘Vl|zl VQZQQI‘Q;:
= = el -

H | H* X?X‘f
+ - [+ -




SD SUGRA with multi moduli

Field content Yukawa hierarchy

1
Vector multiplet: T
1 2
(V @ (V2 Decouple w

Hypermultiplet: 72; / \m-,\' m gl large SUSY mass
(Q:i, Q7). (X,X%), (H/H®)

Orbifold parity i

EaE=LE = FAPAEIEEEAES
[ -+ -1 F1F[-1F[=-1F]-




4D effective theory

(ct HAbe & Y S . PRD75 (2007 023018)
r .
Q = —3¢K/3

= —3N3(ReT) + Y Yi(ReT. X)|Qi* +--- .

4
W = Wstp + > A\ijxQiQ;Qr + - -

171k

~

Soft SUSY parameters
m'gofti — —Fﬂﬁjaﬂa‘; InY,.

Aijk = —Yij1F%8a In (Y;Y;Y})

—

physical Yukawa coupling
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o2m ;ReTl _ 1

YV:(ReT.X) =N1/3)C V- v (ReT)| X2
i( ) { S ReT + Y; x( )X

Single modulus case (ct. H Abe's talk)

2(m;+my)ReT _ 1

_ -
Y;x(ReT) = N1/3.
x( ) 6(m; + mx)ReT

tachvonic soft masses from F
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4D effective theory

(ct HAbe & Y.S. . PRD75(2007) 025018)
-

Q= -3 K/3
] = —3NY/3(ReT) + Y Yi(ReT. X)|Q;I2 +--- .
W = Wstp + ) A\ijrQiQjQr + -
. 11k

Soft SUSY parameters
’mgofti — —Fapji?ga; Iny,,

Aiik = —YijkF®0a In (Y;Y;Y;)

.

physical Yukawa coupling
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o2m;ReTt _ 4

Y:(ReT,X) = N*/3 (- ¥; x(ReT)|X|?
3 ) { m;ReT1 +Yix( )X

Single modulus case (ct. H.Abe's talk)

E2(m_,--i-m _\')RET S |

6(m; + mx)ReT

Y;x(ReT) = N1/3.

tachvonic soft masses from F
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F_._zn'r;RETl —3

Y;(ReT. X :_\..-"l)f?; £ }_'} (ReT ‘¥12
2 ) { m;ReT1 + Yix( )X

M ulti moduli case

-\"-\".'11 EQ(r??;-'-rTI_Y)RETl — %
3NN11 — 2N7 (m; + mx)ReT!
_\.-?(6211151?61'_1 . 1)(€2IH—YRET1 . 1)

_3(3.-\:\«"11 . 2.\-"12)1?1;RET1 -mxReT1

Y;x(ReT) =
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e2m ;ReT! 1

m;ReT1

Y;(ReT.X) = N1/3 { + Y',_\(Ref)|X|2}

Multi moduli case

NNt EQ(rnf—I-m_\-)ReTl -1
3NN11 — 2N7 (m; + mx)ReT!
B __\.-’12(52m_;F€eT1 _ 1)(€2meeT1 ~1)
3(3NN71 — 2.-\«"12)-1?1,-RET1 -myReT1

f?_x-(ReT) =

N L = i r 1
[t the second term of Y, x dommates and |F X} Pt ]
mgom- . 2-independent
Aijk X Yijk

EEm) No SUSY flavor problem

-
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€.g2.) N = (ReT1)?ReT?.
i (JD - J:e_’”HTz) H
+c — AE_HTI — ;1.2}(.

(c.n? < 1, a=0(4x2), (others) = O(1))

yacuum
r— - -
All moduli are stabilized.

— 2
F‘\i > T pT

-
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In this case.
ez(mi—l—r??_v{)RETl -y
(m; + my)ReT!

(EQITJ:‘RET]‘ . 1)(E2m_ﬁt’RETl s 1)}

Yxi(ReT) = NN1; {

3m;ReT! - myyReT1

| 1 X 1
When 82???;RET > 1 and E,Qm_\ ReT < 1.
the second term dominates.

1 2

* Positive soft squared masses
* No SUSY flavor problem
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In this case from KK vector multiplets

e2(mi+mx)ReT _ 4
(m; + m)ReT!l
(E,Zmz-ReTl . 1)(E2m_\'RET1 —F

3m;ReT! - myReT1

Yx;(ReT) = NN7; {

_ 1 ] 1
the second term dominates.

1 2

* Positive soft squared masses
* No SUSY flavor problem
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Physical vector multiplets

Vecter multiplets (/=/.2,  »n)

vi=(Ww,.Qf.---) - paritv-odd
s =(e,* M +iw]..--) - paritv-even
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Physical vector multiplets
Vecter multiplets (/=/.2, ,»n)

:V‘I = (W1.Qf.---) - parity-odd
i k4 s =(e,* M +iw].---) - paritv-even
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Physical vector multiplets
Vecter multiplets (/=/,2, n)

v =Wl o ) - paritv-odd
71 ‘Zf = (e,* M +iw]..--) . paritv-even

Superconformal gauge-fixing

N(M) =1,
N(M)Q! =o.
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Physical vector multiplets
Vecter multiplets (/=/,2, . n)

CV*’ = (W, Qf,---) - paritv-odd
i s1 = (e,*M! +iW],---) - paritv-even

Superconformal gauge-fixing
N(M) =1,
N (M))Q! =o.

(# of physical vector multiplets) = -/
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Summary
5D SUGRA with multi moduli (71, 72)
Radius: 7R = N'/3(Re(T))
T i ] - Yukawa hierarchy
T2 X mEmm) SUSY breaking

Additional contribution to the Kahler potential can save
* Tachvonic sfermion masses at tree level
» SUSY flavor problem
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Summarv
.

5D SUGR A with mulo moddi
Radius: =R = N1/3(Re(T))
Tl

T2,

X ®=EEE) SUSY breakine

Addiwnal coninbuion to the Kshie poienital can sove
* Tachvomic sfermnon masses at mee level

5% fiavor problem

Click 1o 2dd noies

COMrIrarirg




The Anthropic Solution
fo the Sirong CP problem
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