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Abstract: The calculation of soft supersymmery breaking terms type |I1B 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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1. A theory of spontancous SUSY breaking
necessarily a SUGRA: CC needs to be tuned to
zero!

2. Adding explicit breaking terms to global SUSY
too arbitrary

. Need a SUGRA with a scalar potential which
has a minimum that breaks SUSY
spontaneously.

4. A SUGRA needs to be embedded 1n string
theory.

L)
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e CC is tiny ~ (10 =&V )

e NoO light scalars with gravitational strength
coupling

e SUSY partner masses — O(100GeV)
e Lightest Higgs = 114GeV”

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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SEPYEYr still these should emerge naturally from

e = aF=Ta] =74 |



mCy =Mz~ =1

A8~ = d%xrd?0. d°~ = d%rd20
Action depends on

K(dA, &), W(dA), f(dA).A=1....N

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

EUickTime™ and 2
TIFF (Uncompressed} decompressor
are nesded o0 see s 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 H; » Higgs.

W = W(P) + figs(P)C*CP +
; S ey
g}-aﬁ,},(q:»)c“c-jc."f Fee
R = K{(®.?)+ K 5. d)ceCcr
T AD PYCECP el
fa — fa(‘b)-
- = gl o
a labels gauge groups. pa3 = poa "93°. Zaz =
Zo gtz
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V(®) = FAFPK 4,5 — 3Im3 5(®)12 + 3 fop D*D°
4

FA = K2KABD W, DAW = 0,W + K W

im3o? = e W2, Kg = 04K, K g = 040K

D% = kDWW

fap = 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:

F'#0, |F|> =3m3,,,

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!

Page 9/57



KL formulae for soft terms Kaplunovsky—+Louis,
Brignole+Ibanez+Munoz

K = i
ag = € 2fag+mz/nZas— Fr932Zas.
Bpag = F4 D apasg — m3 /2 al
FAd 4 fa
.:1[{1 — 2-’; >
a
2 Y 2 o Apr-B £
A K -
4--1&5,}, — F Di._le /21’(1.5,7.
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Solving Hierarchy problem requires low energy SUSY breaking

e MSUGRA:I mgofs ~ m3z 2. Quantum effects
suppressed. Cosmological problems

e Sequestered MSUGRA: NoO scale and ex-
tended no-scale type mg 5 < m3/o. Quan-
tum effects comparable to classsical. AMSB
special case usually additional contribution
of same order.

e GMSB: Need to have msz3 /o << Msoft- Addi-
tional sector for SUSY breaking. Need to
stabilize with moduli and additional sector
X and find a3 minimum such that Fy /X
dominates over Fihroauius/Mp- Highly fine-
S ereocsl tuned from Landscape point of view. Also Bagelll oy
neced 3 Mmes<seanaaar <ector



Chackhime™ and 3
TIFF (Uncompressed] decompressor
are needed to see this pichiure.
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Moduli Kaehler potential (classical): o correc-
tion included. £ > 0 for Ay > hy1.

N L E((S+S)
R = zin(v+2( > ))

—In (-g/nnﬁ(y,r})) —In(S + 5).
W — rffm+zi‘-1_ieaiﬁ.

S - dilaton, (S+ S) = 2gs, U = {U?%} - a =
1,...,h1> - complex structuresy = V(T%,T?%),
i = 1,...,h;; 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: mgose ~ m3z 2. Quantum effects
suppressed. Cosmological problems

e Sequestered MSUGRA: NoO scale and ex-
tended no-scale type mg,pr < M3 0. Quan-
tum effects comparable to classsical. AMSB
special case usually additional contribution
of same order.

e GMSB: Need to have mg/ o << meefr- 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 Fyroduius/Mp. Highly fine-
tuned from Landscape point of view. Also

SaT=T=Ta T s alT===1afal= == & &
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Moduli Kaehler potential (classical): o correc-
tion included. £ > 0 for hy1s > Rhi1.

e o (ha E(S+D)
o == 2Iin (‘v—i—z( 5 ))

—In (i/Q A ﬁ(u,ﬁ)) —In(S + 3).
ﬁr — }!m + Z i‘liﬂai]ﬁi.

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

1,...,h1> - complex structuresYV = V(T%,T%),
i = 1,...,h;; Kaehler moduli

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

Swiss CTheese™ type - 2 homogeneous function
- degree 3 /2 Conlon, Quevedo—4+—._ ..

P — = _R+").
+ — 2T 3+ TH. I — 1.....k3;; - Kaehler struc-
tures. — = — 1
LWVS minirmum
_ >
Vo —~ W38 =Y
Z AT S lee
E v
Pirsa: 09100081 Page 16/57
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Tefp . . 22
F'F RT‘T 3m3!.2

2
= 32

J |H mar_ugv

2
3 s 7

In m:ii,-gv
2

- m
PR < —1°
- |I.’1 mafzv

™
o
ks
n
1
sl
¢

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 minimization drives this bDelow string
scale to a collapsed cycle: Conlon, Maharanna,
Quevedo 0810.5660, Blumenhagen et a2l 0O711.3389

and 0906 3297

Simplest model (exhibits generic features)

L’:—E’Ig—— EJrQ—TE'{E-

Dynamics —7% — 0. 7% size of MSSM 4-cycle
wrapped by D7 branes - a—cCcycle has Anomalous
uUdl1).

-
- T = — -1 &

= = 1 T = = I =i
Ve =— Cald)* X — — Z2gal AW l—
F 59.( 1) v gsal 0 v
S
T o TR W)
= 9,: <y 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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IM_5~100TeV,
Standard (|3



Assuming charged matter fields zero in vacuum

Ka —— Tg},"}?, x > (8]
so Do 1/V

- 1
Vp ~ O0@G)

Minimizing the potential with respect to +° and

V give
3 Wg 3
—ET . 2 F = 1 i )
= 4 aAV = ( daT,
3/2 £
~ —{1
- 2( + 2&7‘3)
Classical minimum D =0so0o A, =0=— F* =
O

No SUSY breaking in MSSM direction - SUSY broken
Pirsa: 0910008pnly iIl mOd]J]i djrecmons
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Minimize and find F-terms:

Minimum:

Vo~ —

~ 2 2
E W3 g

ar, = |In

16ar, V CInmanV

my | +O0(1) £ O(10)

m25 = ViasloR,5+m3 K 5 — F°FRy. ;
—2ReF*F°R,_ s — F°F°R___;

3
I

: { o
—m

2at?

Pirsa: 09100081

. 3¢1 1
—-T (2+m O(({;T‘)QV))"%Q

3p(1+0(V1)
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Assuming charged maitter fields zero in vacuum

-ﬁ.’-ﬂ- cxac Tg;;v-. o > G
so Docl1l/V

. 1
Vp ~ 0G5z

Minimizing the potential with respect to +° and

V give
3 Wg 3
—iET & ~ ,f_s 1 . )
= AdaAV = ( dar,
3/2 £
~ —(1
R 2{ 3 2:1*1"3)
Classical minimum D =0s0o AKg=0=— F* =
O

No SUSY breaking in MSSM direction - SUSY broken
e 0Ty I moduli directions
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Minimize and find F-terms:

Minimum:

Pirsa: 09100081

- 2 2
3 ™3> s o
16‘1’:—4 Vv in I"H‘.EJ,-?V-

Vo~ —

a7s = |Inmg»| +O(1) = O(10)

m25 = VaarloR 5+ m3 R ;- F°F°Ryg 3
—2ReF°F°R,_ s — F°F°R___ 5

361 g |
37!

_ 37 1
F' = >yl +0()

3
I
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For MSSM on D3 branes calculate from GGIL

L =

a8 = Py Z/2

(=) narmonic (1.1) form at D3 or D7 coik
pased cycle.

K

/& —

Drop " for now

Begas = 4(36)2(1 = izmiv)
1/2
Fosas = 196 E:;E,iz Ka.5
—
n_.3 136 (:b)) = {,.J; K_3
2. = VoK .——+3‘§m%f’2ﬁf
Mas 0 as Sar™ V -
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Minimize and find F-terms:

Minimum:

~ 2 2
3F M3 e ¥

16ar, V w_lnm-;hzv'

Vo ~ —

are = | Inms 5| + O(1) > O(10)

m2; = Vg loR 5+ m3 K 5— F°F°R; -

—2ReF°F°R,_ s — F°F°R___;
3 & 1 1
Pr= -2 |
Yoy T\ @) | ™
37

——mpl +o(v )
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For MSSM on D3 branes calculate from GGIL

(yfrb:...rb g — V72 5) (1)

I\ﬂ3= ol

L i
V4 E£/2
(=) narmonic (1.1) form at D3 or D7 coik
pased cycle.

Drop " for now

1 15 £
R,y = =— 1
e 4(1"’5')2( R 16a=V
B aQ (TS) ) W i
Rﬁuﬁ T 1 (Tb)EfQRﬂﬁ
=3 +=2y—1,/2
16 (+5)3/2 =
Pirsa: 09100081 = é TTL 3"! = Page 26/57
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Matter metric:

- € /& 5 e 2
Koz =575 V™ “az— V7 “a3)

sropK 5 — K7°0rK _;0rK_; + O(6)
1- - T-A-:'n -’:r_g
SRorret - T2 7 5

Not proportional to K_ 3

2 Fif—
2 3, M3 - 2 3 [Te.
m— = = [ = - K .—+m- o — r'—ﬁ‘—-
ad 16 In ?I‘Ij.;‘,--_'_:-y it 3"241'(' Th =i

K' s=als/n
Note: T =T"
Phenomenclogy requires
Am® a3 ™
m S500GeV
Need to suppress h‘; =
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e w* & P at position of brane? Need . <

el 1 =
10 mﬂ" No rigorous argument to

justify this.But if smail cycle blow up of a
singularity then «~° falls off as R~° - R dis-
tance to location of D3- Luetkin V > 1012
SO Moying ~ Mp/vVV < 102GV . 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 Kaehler mod-
ulus. LVS solution not possible. But in-
cluding a’ corrections and /or race track get
intermediate volume (V ~ 10°—*) soiution.
Wy higly fine tuned to get mgy;» < Mp.
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o F"uifa_Faio( ™32 )

zfﬂ_ 25 s ."‘_l lﬂ mar_:\;
mij — "::Iuallﬂﬁaj"i'

(m35K 53— F*F°R,p,3)

2
n13‘,2 s
~ (Ol ———|)A _ +....

( (ln mal_.-EV) } a +

| 5 ™32\ o
A = BmpipyY . <9 s

\
==
Vlnm}.zV}

¢

Bu/u

m3 2 )
V"ln ma oV J :

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

Pirsa: 09100081
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Coeff of quadratic divergence in CW formula:

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

= — (N —5)A2
Vie = (F™F Ky —3m3 o) (1 +——u05—)
2 -
121.-2("‘%5?("; - 1) = F'F' Rpp),
rﬂgj — = riﬂzuj — (m%r»-_;Z”ﬂ_; — FTFTRTTGS) b
(N —5)A2
1
{ +2 16w )

o e 2
1ﬁn_g( R™ )O(m3;5)

Gaillard and Jzin., Ferrara Kounnas Zwirner,
Choi, Lese, Munoz hep-ph/9709250.
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-

Using R ~ 1Ny K,; and FPKF® — 3m2  (Ny
=7 MSSM/GUT fields)

CC=0=>:

3m3,, — FK:F1 ~

A2 :
Am?:=0 (ﬁglmrzm%g) K 54+

SdA 0806.2627

Cut off A < Mging? Need M iy > Mopr?
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« Berg et al, Ciccoli et al Matter metric correction assumed

=A(S. S U O0) 1
o O b g
T += T & ((T+T)2)
In simple models o independent of +*

K, =

2
S

Ve ~ N 752

)

O(m3 .,/ (T+T) leading term canceis - extended
e
no-scale structures.

Compare with effective field theory:

1
N~FF7T
= S i 3
K = —3mn(T+T)+= i R P g

T his generates a soft mass contribution

2(ax/3 — B)

2 - 5
Amaj - >3 m3;"2ﬁ a3

Pirsa: 09100081 Impliies
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'l'ﬂ3ff2

Mg

J(@T+T

e Larger than classical m¢ ~ ms 5/ Inmy (T +
¢ )

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

aS. 5. U, 0) 1
9 O 3
T +T = ((T +'r)2)
In simple models o independent of +*°
i T
(T +1)2

K, =

Va ~ O(

)

O(m3 ,,/(T+T) leading term canceis - extended
no-scale structure.

Compare with effective field theory:

1
N=FT7T
o Cc=C*S 3
F = — 31 —_— 9
T his generates a soft mass contribution
> 2(a/3 — 3) s
&maj e— _—?ﬁ_ﬁ*m%#f:fi E‘IE'

Pirsa: 09100081 Impiies

m3 3
TTL ., 4 —— V;imqr_.)
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m3 /o

Mg ™~ r _“‘\/JFKTRBP/Q
yer+T

e Larger than classical m§ ~ m3 5/ INm3 »(T+
/ i

e Contradicts effective field theory calcula-
tion ms ~ A-m3/2 uniess (/3 —3) = 0!
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In general we may not have these cancellations
In Kg ~a/(T +T), a« dependent on (°/7%).

Leading quantum contribution
! (T +T)
Compare with cut-off Field theory:

(2)

vT +T

| | mgy o(ax/3 — g)/=2 |
Mg ~ )'\?ﬂ.3f2

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

A~ vl_fﬁﬂv[stn._"g > -”string

And LVS classical vacuum destabilized!

2 2

m
i 3/2

Assuming a new min exists get,

Lad

V473

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

mswmgm

Mtring ~ 1013GeV, A ~ 101°GeV

To get GUT scale Mgyiny and TeV soft masses

s I 1ﬂ——1ﬂl
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HOoOwever

A > Mgring ~ 1/(T + r]ﬁ)S"”!I'

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

Followed from assumption

N ~ Aoy ~ 102

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

2
m3f2 AZ -
2 6(1) ~ 2 _N
T+ 7T (1) ~355V™3/2

Imposing A = Mgtring ~ 1 /(T + e

A2 32x2 1 _ 1

N TH+T ™~ (T+T7T)3?

Page 38/57
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Even for N ~ 104

So T+T<10°
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;f?,-’:r +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. Z Tﬂ.i(r) T(G )
82 - S an

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

I
THT = §K|harm~
7 = Indet K7 |harm,
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AMSB - Kaplunovsky and Louis, Randall+Sundram, Giudice et
al, SdA

IIIII

: 09100081

Effective gauge coupling with Weyl anomaly
terms.

H;=fi -

ﬁ _Z m(") o — T(G)
gr- - e

g =T(G;) -1, Ti(r) . T(G:f}s Ti(r) trace of a
squared generator. f; - classical coupling func-
tion. 7.7, 7; chiral fields.

= 1
THT = §K|harmf

r +"Fr

exp[—(7 + 7i)llharm

Indet K7 |harm.

é(Hi + H;).
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Chiral rotations:

e 7 rotation - needed to get to Einstein-Kaeshler

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
= (3)
16w2 pu

E—FK—

b = 3IT(G;) — 5 - T5(r)
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Chiral rotations:

e 7 rotation - needed to get to Einstein-Kashler
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

E—F— P l";- (3)

Pirsa: 09100081 b; = ST(Gt ) e B ¥ (r)
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AMSB - Kaplunovsky and Louis, Randall+Sundram, Giudice et
al, SdA
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Effective gauge coupling with Weyl anomaly
terms.

H;=fi -

3Cd Z Tﬂi(r) T(G )
82 - P R

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

= 1
T ‘l'T — §K|harrnr
+Tr = In detﬁriglhnrmf
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AMSB - Kaplunovsky and Louis, Randall+Sundram, Giudice et
al, SdA
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Effective gauge coupling with Weyl anomaly
terms.
BCG Tai(r) T(G )
H;=
fi - 82 Z a2 T A
c =T(Gi) — L, Ti(r) . T(G;), Ti(r) trace of a
squared generator. f; - classical coupling func-
tion. 7.7, 7; chiral fields.

1
THT = §K|harm~
7 = IndetR Y |harm,
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AMSB - Kaplunovsky and Louis, Randall+Sundram, Giudice et
al, SdA

Effective gauge coupling with Weyl anomaly
terms.

3Ca Z Tai(r) T(G )
82 - a2 " a2

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

H;=fi -

= 1
THT = §K|harrm

4 Tr In detﬁéglhﬂm,

xpl—(7 + 7)llharm = =(H; + ;).
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Chiral rotations:

e 7 rotation - needed to get to Einstein-Kashler

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

e (3)
1672 i

h— 5 —

b; = 3T(G;) — - Th(r)
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Taking the lowest and highest components:

1 - b; A &
@2 — i 162"y T Tesz O
phys
Tn("’) (r) T(Gt) 1
_gawzldetﬁ'l—}— 7,2'"(:)2
9phys
NSVZ+KL
I’V.{i all A Cj A
2 (F a.dfx—ﬁF K4
Iphys
AZT(")F%& Indet K 7))
Pirsa: 09100081 T G_ . 2 B
)((1— .-S":)gg:"?ﬁ) 1
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ToOo one |loop order

(:)2 s
Ay q ‘arx
Using FT — — (T + T)ma,g. Kyr = —3/(TC+7T)

and K _g=k,3/(T +T).

Agrees with original AMSB formulae! RS
Reasoning different.

NO AMSB for Scalar masses

Gaugino mediation contribution: KKS, CLNP

dr”ffn.far — ("(r) 2 2
— M
dt ‘211'2

Integrate - use 5 function egn and RG invari-
ance of M;/g2,

2 4 A Page 55/57
mgcaiar C("") {g:.,}ﬁi l]ﬁfiz ~ 2c(r))ecrr In —11;[1-2.
: .
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At UV scale (= Mqoor)

3B agurT
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Use as initial values for RG evolution. Gives
scalar masses at TevV scale:

2 2 —6__2 2 g D
my ~ m5 ~ 10 m3 o, M3 ~ 10 m3 o

FCNC suppression
N 2(classical)

’"chc < 10-3
e
Only requires
Vv > 10°.
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« In IIB models with MSSM on D3 branes at a singularity or D7 branes
on a 4-cycle (driven by dynamics to shrink below string scale)

Ll e >
= m-:if-'z.

and soft masses are e

« In LVS 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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