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Abstract: The calculation of soft supersymmery breaking terms type |1B string theoretic models is discussed. Both classica and quantum
contributions are evaluated. The suppression of FCNC gives alower bound on the size of the compactification volume. Essentially what is obtained

is a sequestered theory with the dominant pattern of soft masses and gaugino masses being that expected from AMSB and gaugino mediation with a
gravitino mass around 100TeV.
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. A theory of spontaneous SUSY breaking

necessarily a SUGRA: CC needs to be tuned to
Zero!

Adding explicit breaking terms to global SUSY
too arbitrary

. Need a SUGRA with a scalar potential which

has a minimum that breaks SUSY
spontaneously.

A SUGRA needs to be embedded m string
theory.



e CC is tiny ~ O((1LO0 3eV)?)

e NoO light scalars with gravitational strength
coupling

e SUSY partner masses — O(100GeV)
e Lightest Higgs = 114G eV’

e Flavor changing neutral currents (FCNQC)
suppressed

e NO large CPF violating phases

I heory of SUSY breaking must satisfy these.
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SETYEYr still these should emerge naturally from

s = aF=Ta] =74 |



xCy =Mz =1

A8~ = d%xd?0. d°~ = d%xd?26
Action depends on

I{(cb:l' CB*E) II'v(cb:l)- f(cbrl).:l —=ii ;\'r

At the two derivative level the form of the action is determined by these.

QUIiCkTime™ and 2
TIFF {Uncompressed} decompressar
are nesded o see ihis piciure.
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1. W (holomorphic) - no perturbative correc-
tions

2. f (holomorphic) - No higher than one loop
perturbative corrections

3. K (real analytic) - Has both perturbative
and NP corrections.
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Classical K and W given by string theory.

$?: ‘Moduli’ (gauge singlets)

C'®: MSSM Fields Hy » Higgs.

W = W(P) + jfigs(P)C*CP +

s 1IN ]

=t agy (P)CCPCY .. ., :
R = RK{(®.®)+ K_z(®.®)C*CP

7 AS PP Ehe] L .
fa = fa(P).

a labels gauge groups. a3 = ,miglfi?z- Zog =
ZsG1652
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V(®) = FAFPK 45 — 3lm3 5(®)17 + 3 fap D*D°
L

FA=KPKABD W, DAW = 0,W + K W

m3 /o] = e W%, K4 = 04K, K yg = 049K

D® = kD ,W/W

fab = fad,p- ka = Killing vector
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Any theory of SUSY breaking must start from
finding a minimum for V which breaks super-
symmetry with zero CC:

Ft£0, |F|? = 3m%/2.

Note: Required for consistency of GMSB also!
Without a theory of modulus stabilization it is
impossible to claim the dominance of one or
other mechanism of SUSY breaking and trans-
mission. Even with such a theory it becomes
a matter of landscape statistics!
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KL formulae for soft terms Kaplunovsky—+Louis,
Brignole+Ibanez+Munoz

K =A
R/2 Has T m3/22a£3 — F7 032443,

Has —
Bpag = F4 D apas — dle Wip) 2575 )
| FA0 4 fa
.-'1[{1 — 3
2fa
2 — Vi > B ApBp _ _
ms=s = |0ha3+(m3/2ha§— F*F RABmi)'
y: K -
Angy — P D42V 5
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Solving Hierarchy problem requires low energy SUSY breaking

Pirsa: 09100081

e MSUGRA:I mg,f:r ~ m3z/>. Quantum effects
suppressed. Cosmological problems

e Sequestered MSUGRA: NoO scale and ex-
tended no-scale type mg o5 << m3z/5. Quan-
tum effects comparable to classsical. AMSB
special case usually additional contribution
of same order.

e GMSB: Need to have msz /o << Msoft- Addi-
tional sector for SUSY breaking. Need to
stabilize with moduli and additional sector
X and find a minimum such that Fy /X
dominates over Fhroduius/Mp.- Highly fine-
tuned from Landscape point of view. Also
neaed 3 Mes<enaar <ector
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CuckTime™ and 2
TIFF {Uncompressed) decompressar
are needed to see this piciure.
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Moduli Kaehler potential (Classical): o’ correc-
tion included. £ > 0 for Ao > hi1.

e L E[((S+S)
= an(lf—}—z( 5 ))

—In (i/Q A ﬁ(U,Ef)) —In(S + 3).
W = Wope + 3 AT

S - dilaton, (S+ S) = 2gs, U = {U%} - a =

1,...,h1> - complex structuresYV = V(T%,TY),
it = 1,...,h11 Kaehler moduli

Even with only one T, (with race track)
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Solving Hierarchy problem requires low energy SUSY breaking
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e MSUGRA:I mgore ~ m3z 2. Quantum effects
suppressed. Cosmological problems

e Sequestered MSUGRA: NoO scale and ex-
tended no-scale type mg,pr << m3 o. Quan-
tum effects comparable to classsical. AMSB
special case usually additional contribution
of same order.

e GMSB: Need to have mg/ o << migere- Addi-
tional sector for SUSY breaking. Need to
stabilize with moduli and additional sector
X and find a minimum such that Fy/X
dominates over Firoduius/Mp. Highly fine-
tuned from Landscape point of view. Also

Racartt 3 MmacocanOoaar coaoeasr
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Moduli Kaehler potential (Classical). o’ correc-
tion included. £ > 0O for h1o > hi11.

= L, E[((S+S)
Foa Zln(lr—}—z( 5 ))

—In (i/.Q A ﬁ(u,ﬁ)) —In(S + 3).
ﬁ:— — }Im+Z*41EﬂtTﬁ!

S - dilaton, (S+ S) = 2¢gs. U = {U%} - a =

- hi> - complex structuresy = V(T%,T%),

R S hi1 Kaehler moduli

Even with only one T, (with race track)
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Much nicer to have (with at least two T7)

rSwiss CTheese™ type - A homogeneous function
- degree 3 /2 Conlon, Quevedo—+...

VvV — 32 _ p(H.
- — L7 + TH . I — 1.....khy1 - Kachler struc-
tures. = = 1
LWVWVS minimum
_ -
Vo — W13 ———

InVVE T Inmg oV

.-l W
2 _ Age >
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FTFTK & ~ 3m3

F'F- ]K}} ~

FSFSK 3

A

— m
FPPPK; < —1°

Last two non-zero for classical uplift!
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Matter: On D3 brane at a singularity or D7
brane wrapping a four-cycle. Dynamics of po-
tential minimiization drives this below string
scale to a collapsed cycle: Conlon, Maharanna,
Quevedo 0810.5660, Blumenhagen et al 0O711.3389

and 0906.3297

Simplest model (exhibits generic features)

—p— TE,-'E - T_SB,-'Q > TaB'{ 2_

Dynamics —+% — 0. < size of MSSM 4-cycle
wrapped by D7 branes - a—cycle has Anomalous
Udi).

‘- 4 ( ‘_ll)-__-:_) x' -1-—"_'_':—- . ::—':‘Ll-r-_-l‘ | ‘_1t1-‘ T_|_-i€ —“.1-.-_-_-
- — _gq s 3 W _— —, v - -
!‘ .3 r 1/\ g J L
3 £[Wol2
e ol G
- gs - Page 18/57
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* Susy breaking from
large cycle modulus

« Small cycle
stabilized by NP

effects

« MSSM cycle shrinks
below string scale
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 BULK

‘M__;~100TeV
Local
Standard .I_:
Model“ =



Assuming charged maitter fields zero in vacuum

f\'ﬂ —— Tc?_,"f‘l:+ a > 0

sO Doc1/V

. 1
Vb ~ O0@G%)

Minimizing the potential with respect to +* and

V give
IWgy 3
—aTe A~ = & )
= 40441;'\/1' ( dar,
3/2 £
T ~ 1
= E{ + 2&"1"5)
Classical minimum D =0s0 Kg=0=— F* =
O

No SUSY breaking in MSSM direction - SUSY broken
oo Oy 1IN Moduli directions
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Minimize and find F-terms:

Minimum:

Pirsa: 09100081

- 2 2
IF ™M3H —

%~ = .
@ Iﬁctr, v in Mg, ?V

ar; = | In ™My, 2.| — G(l} 3 O(IDJ

m25 = VeasloR,5+m3 R 5~ F*FRyg.;
—2ReF°F°R,_ s — F°F°R___;

bf,,3E1 1 |
T (Ham’v = ({ET‘PV)) - -

_ 37 Ly
F = ——my(1+0(V7)

F

Il
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Assuming charged maitter fields zero in vacuum

K-ﬂ . T:'I:'_rf-l"‘... O } 0

so Do 1/V

. 1
Vb ~ 0G)

Minimizing the potential with respect to ~* and

¥V give
3IWg — 3
—aTe = ;I )
& 4:1_41;\/1- ( dar,
3/2 -
: o 1
- 5{ + 2&"1"3)
Classical minimum D =0s0 Kg=0=— F* =
O

No SUSY breaking in MSSM direction - SUSY broken
o Oy 1IN Moduli directions
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Minimize and find F-terms:

Minimum:

2
2 m3 o

) —

s m

3£
16a7,

oW

Vo ~ .
0 in m3f.:,v

Ta — | in ™y, 2| - 0(1} -._:‘: O(IDJ

m25 = VeawloR,5+m3,5K 5~ F°F°Rg 3
—2ReF°F*R,_ - — F°F°R___-

31 1
(2 T 8y ((w)iv)) 32
3.

_t | 1
F = ma,r2(1+0(v )
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For MSSM on D3 branes calculate from GGUL

—

/b b - - _
(\" e ald T r—-*r:d) (1)

K

“
VvV +£/2
(=) narmonic (1.1) form at D3 or D7 colk
pased cycle.

o3

Drop " for now

. 1 15 £
Rbb“'a 4(1"5)2(1 + 1631-312)
e (=2
Rhﬁaa S 16 (.‘_b)S/QRuE
3 (==)—1/2
3 £ m%xz
=2 — - s
Ny — VOKQB—I——BET_E S Ka_.:?
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Minimize and find F-terms:

Minimum:

- 2 2
v X T2 2 Sp
o Iﬁtl'r_g v In m3f:,v'-

Ta — | In My 2| - D(l} 3 G(ID)

m25 = VeawloR .5 +m3 K ;- F°F°Ryg 5
—2ReF°F°R,_ - — F°F°R___-

3¢1 1
(“wv ((ar*)-?V))"'”

_3r -
F = ——myp(1+0(V7))
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For MSSM on D3 branes calculate from GGUL

— < f b b o
3 =T gV was—VTwla) @
(=) narmonic (1.1) form at D3 or D7 colk

pased cyclie.

K

Drop " for now

. 1 15 £
Rbb“ﬂ 4(1"!’)2(1 = 16a1-3v)
. aQ (T.B)I/Q
Rhﬁaa Sl 16 (,_6)5/2Ku5
3 (==)—1/2
3 £ m%/:z
=2 e - -
Mo — VOK&3+8ﬂT"B > Ka_.:?
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Matter metric:

Rrraa OrorK 3 — K7°0rK ;00K 5+ O(9)

1- e -I-'?, T-ﬁ:. 'ra
= K el et
3 [Tﬁ 41'&‘.1‘ Tb ad

Not proportional to K_3

2
2 3 £ mar':’ - - 3 'FE- -t
2_ = - K - vl — e
" 16°In Y a3 + ™3, 241', B
K;.j = awl 5/™
Note: T=T°
Phenomenoclogy requires
Am2
<1037 __
mZ S00GeV

Need to suppress H:ﬁ
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e w* & P at position of brane? Need * <

10—3—-—w® No rigorous argument to
Inmg o
justify this.But if smaill cycle blow up of a
singularity then «* falls off as R—° - R dis-
tance to location of D3 Luetkin V > 1012,
SO Motring ~ Mp/VV < 1012GeV. No GUT
scenario but viable intermediate scale phe-
nomenology. Consistent with old LVS work
Conlon Quevedo et al. But need to con-
sider guantum contributions to gaugino and

scalar masses

Compactifications with just one Kaehier mod-
ulus. LVS solution not possible. But in-
cluding a’ corrections and /or race track get
intermediate volume (V ~ 10°—*) solution.
Wy higly fine tuned to get mqy;» < M.

Page 28/57



Pirsa: 09100081

Had

Bu/u

¢A

¢A

Fo,fa F°

<

°f

» Note we have estimnated size of generic uplift termsin S, U
directions to get gaugino A, mu and Bmu terms

2fa

T g™~

ViaesloK .5+
(m3,5K .5— F*F®R,5.3)

(C’(

W
Wl

(v"lﬂ my EV}

In ma;zlf

)

2

\

m3/2

inms 5V J ;

M3

FADLY, 5, <O (

Zas

2

m3 2

vV

o |

) oo
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Coeff of quadratic divergence in CW formula:

StrM?(®) =Y (-1)¥ (27 + 1)rM? (@) #0
J

e = _ (N —5)A2
V O {Fmpnhmﬁ = 3""%_?}(1 — 1622 )
2 -
m25 = VieZ,5+ (m3,2Z;7.5— F' F' Ryr,3) »
(N - 5)A2
1
( +2 = )

v g 2
—lﬁn_;( R~ )0(m3,,)

Gaillard and Jain., Ferrara Kounnas Zwirner.
Choi, Lee, Munoz hep-ph/9709250.
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Using R ~ 1Ny K,; and FPKF® ~ 3m2 ., (Ny

—% MSSM/GUT fields)

CC=0=>:

3m3,, — F'K;F7 ~

A2 :
&mgi = (hglwﬂ%_l.g) Rq‘:‘] + -

LY

SdA 0806.2627

Cut off A < M,ping? Need Moping > Moyr?
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« Berg et al, Ciccoli et al Matter metric correction assumed

={S, S U L'”} 1
5T) + o ( . )
I +T (T +1)=
In simple models o independent of

2
a2 )
(T +T1T)2

K, =

Vg ~ O(

O(m%l_.,”-'(T—{—T) leading term cancels - extended
No—sSCcale sStructure.

Compare with effective field theory:

1
N~FFT
- cC=C?" 3
K = —3mn(T+T)+= “l i P o, O

T his generates a soft mass contribution

=2 =2
&mad — T -3 1_"' m3fzﬁcn.:—i‘

Pirsa: 09100081 Implies

rra= -
TTR — 3/2 —~ v INTTE s
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m3 /o

Mg ~~ r _"“\/fxm"s/z
VT +T

e Larger than classical mg ~ m3 5/ INm3 »(T+
4§

e Contradicts effective field theory calcula-
tion ms ~ Am3/2 unless (/3 —3) = 0!
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« Berg et al, Ciccoli et al Matter metric correction assumed

=(S.S. U, 0) 1
9 o g
T+ ((T +'f')2)
In simple models o« independent of —*
™m0
(T +1)°

K, =

Vg ~ O

)

O(mgl;zf-'(T—{-T} leading term canceils - extended
no—-Sscale structure.

Compare with effective field theory:

1
N~FT37F
= CcaCS 3
e m=—0 '"(T+T)+T i T T o F %

T his generates a soft mass contribution

2a/3 — B) -
=2 =2
.&mﬂd — T + __r—. ﬂ'.l.j},rzh -

Pirsa: 09100081 Implies

m3 .-12
TTR . — 4 —~ f INTTE 1
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m3 /o

Mg ~ ) _“‘V/JFKm:a/z
V(T +T

e Larger than classical m§ ~ mg 5/ INm3 »(T+
¢ n

e Contradicts effective field theory calcula-
tion ms ~ Am3,, unless (a/3 —3) = 0!
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In general we may not have these cancellations
In Kgq ~a/(T +T), a dependent on (7°/79).

Leading quantum contribution

(2)

| '11131/2({1/3 — B)t/2
Mg ~ ~ Arr13/2

VT +T
In agreement with effective field theory - no
need to demand a/3 — 3 = 0!
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But

A ~ vl’xﬁﬂ’rstring > *"Istring

And LVS classical vacuum destabilized!

2 2
— . m3/2
< |Vg| ~

In m3/2V vz-"r.a

\Val ~

Assuming a new min exists get,

Wi

V473

So ms ~ 1TeV, W ~ O(1) = V ~ 1011

d
Mg ~ Mg

Mitring ~ 1013GeV, A ~ 101°GeV

To get GUT scale Mg;yin, and TeV soft masses

= 1TETl P
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However

A > Mgring ~ 1/(T + T)B'ﬁq

In conflict with expectation field theory should
be valid only upto Mg, ;,,. HOw to avoid this
conclusion?

Followed from assumption
N ~ hoyy ~ 102

Not unreasonable to have larger values for ho;.
Compare two calculations:

w:l.:'2 2
3/2 A -
— 1)~——Nm
P (1) 3272 3/2

Imposing A < Mqtring ~ 1/(T +T)3/%

A2 <. it 1

N TH+7T "~ (T+71T)72

Page 38/57
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Even for N ~ 104

So T+ T <103
And we have V <3 x 10!

This in incompatible with an LVS scenario. Can have one Kaehler modulus
case stabilized by race-track on NP terms and alpha’ corrections.
To avoid this need to assume O(m,,,/(T +T) cancel.

LVS minimum survives only if A~ 1/(T+T) and «a/3=7 is satisfied.
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Pi

AMSB - Kaplunovsky and Louis, Randall+Sundram, Giudice et
al, SdA

IIIII

: 09100081

Effective gauge coupling with Weyl anomaly
terms.

H;=fi -

3ca _ Toi(r) T(Gi)
gn2 Z aZ "’ a2

ci = T(Gi) — X, Ti(r) . T(G;), Ti(r) trace of a
squared generator. f; - classical coupling func-
tion. 7,7, 7; chiral fields.

_ 3
T+T - §K|hﬂl'm.*
m+ 7 = IndetR ) |harm,
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AMSB - Kaplunovsky and Louis, Randall+Sundram, Giudice et
al, SdA

IIIII

: 09100081

Effective gauge coupling with Weyl anomaly
terms.
3ca Tai(r)  T(Gj)
.= — :
fi-g2" Z T a2

ci = T(Gi) — X, Ti(r) . T(G;), Ti(r) trace of a
squared generator. f; - classical coupling func-
tion. 7.7, 7; chiral fields.

= 1
TH+T = §K|harm_-

r +7_'r

exp[—(7; + 7i)llharm

indet K 7 harm,

é(Hi + H;).
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Chiral rotations:

e 7T rotation - needed to get to Einstein-Kaehler

frame.

e 7 field redefinition to get canonical Kinetic
terms for MSSM fields

e 7; field redefinition to get canonical Kinetic
terms for gauge fields

Formula valid at high scale A.

To get gauge coupling function at scale u; re-
place

o B (3)
1672 7

h— Fi—

b = 3T(G;) — - Th(r)
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Chiral rotations:

e T rotation - needed to get to Einstein-Kaehler
frame.

e 7 field redefinition to get canonical Kinetic
terms for MSSM fields

e 7; field redefinition to get canonical Kinetic
terms for gauge fields

Formula valid at high scale A.

To get gauge coupling function at scale u; re-
place

b: . A
fi—*fi_lﬁwz |";- (3)

bi — 3T(Gt) — Zr IIY:(’") Page 48/57




Pi

AMSB - Kaplunovsky and Louis, Randall+Sundram, Giudice et
al, SdA

IIIII

: 09100081

Effective gauge coupling with Weyl anomaly
terms.

3Ca Z Tai(") T(G )
82 4= 4x2 | ax2 |

i =T(G;) =Y., Ti(r) . T(G;), Ti(r) trace of a
squared generator. f; - classical coupling func-
tion. 7,7, 7; chiral fields.

H;=fi —

_ 1
T+T - §K|h3ﬂ'ﬂ?
7 = IHdEtnglhnrm'
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AMSB - Kaplunovsky and Louis, Randall+Sundram, Giudice et
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Effective gauge coupling with Weyl anomaly
terms.
3ca _ Tai(r)  T(Gj)
H; = - :
fi-g2" Z a2 T A2

ci = T(Gi) — X, Ti(r) . T(G;), Ti(r) trace of a
squared generator. f; - classical coupling func-
tion. 7.7, 7; chiral fields.

= 1
T+T = §K|harm~

r +'T_'r

exp[—(7; + 7i)llharm

indet K 7 5arm.

;(H:' + H;).
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AMSB - Kaplunovsky and Louis, Randall+Sundram, Giudice et
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Effective gauge coupling with Weyl anomaly
terms.
3ca _ Tai(r)  T(Gj)
H; = - .
fi-g2" Z a2

i =T(G;) =Y., Ti(r) . T(G;), Ti(r) trace of a
squared generator. f; - classical coupling func-
tion. 7.7y, 7; chiral fields.

= 1
T +T = _K|harm.~

3
r +'T_'r

indet K 7 sarm,
- 1 -
exp[—(7; + T)llharm = —(H; + H;).
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Chiral rotations:

e 7T rotation - needed to get to Einstein-Kaehler
frame.

e 7 field redefinition to get canonical Kinetic
terms for MSSM fields

e 7; field redefinition to get canonical Kinetic
terms for gauge fields

Formula valid at high scale A.

To get gauge coupling function at scale u; re-
place

b: . A
fi— i — - |";- (3)

bi — 3T(G1) = Zr T:(f') Page 53/57




Taking the lowest and highest components:

1 - b; A &
()2 Rfi -ﬁm; ~Tex2 il
phys
T( ) (r) T(G) 1
_zanllndtﬁ' lo + = n—55
9phys
NSVZ+KL
M; . A Ci A
()2 (F a"‘f‘_ﬁF Ka
Iphys
AZT(’)F%& Indet K )
Pirsa: 09100081 T(G) (1)2

)((1 e nh\ﬁ)-
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ToOo one |loop order

q(:)z
M, = b,
S~ ‘anx
Using FT = (T + T)msz/n. Ky = —3/(T + 1)

and R_g = ka.z/(T +T).

Agrees with original AMSB formulae! RS
Reasoning different.

NO AMSB for Scalar masses

Gaugino mediation contribution: KKS, CLNP

df";ﬂar . L( ) 2 2
— > 2 AI
dt ™

Integrate - use F§ function egn and RG invari-
ance of M;/g2,

=2 2!‘:(7‘) g (jJ.) 2> __ A > Page 55/57
Mgealar — . = A7 A — 1M =~ 2c(r)acur In :.ﬂ-fi .
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At UV scale (< Mqgpr)

3B3aguT
s 5 4 @ 3/2
an 32
Ay — -3,
4

Use as initial values for RG evolution. Gives
scalar masses at Tev scale:

2 2 -6 2 2 -4 2
my ~ m5 ~ 10 m3 o, M3 ~ 10 m3 o

FCNC suppression
A 2(classical)

’"chc < 10-3.
e
Only requires
Vv > 10°.

String scale Mg ing < Mp/VV ~ 1015-3GeV Page 56/57



In ITB models with MSSM on D3 branes at a singularity or D7 branes

on a 4-cycle (driven by dynatmcs to shrink below string scale)
and soft masses are < s

m m3y 2V

In LLVS models need more than one Kaehler modulus - Suppression of
FCNC gives a lower bound on the volume.

String theoretic 1-loop corrections calculated in some models show a
cancellation of leading order (in inverse large modulus) corrections.
Comparison with effective field theory calculation imply a similar
calculation in soft mass calculation.

The dominant contribution to gaugino masses is then coming from
AMSB. RG evolution then generates soft masses (gaugino mediation).
Given the lower bound on the volume these effects dominate classical
and one-loop string contributions.
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