


ON THE (N-TH YEAR OF THE) EVE OF LHC
TURN-ON, IT MAY BE USEFUL TO ASK: WHAT
DO WE EXPECT TO FIND, AND CAN STRING
THEORY POSSIBLY PROVIDE USEFUL HELP
FOR PARTICLE THEORISTS?




IN VARIOUS FRAMEWORKS, THIS QUESTION HAS
ACTUALLY BEEN STUDIED SINCE THE MID 1980s. |
WILL NOT TRY TO REVIEW THE RICH SET OF IDEAS

THAT EMERGED OVER TWO DECADES. THESE

INCLUDE NUMEROUS CONSTRUCTIONS IN THE
HETEROTIC STRING, INTERSECTING BRANE MODELS,
ETC; AND IN EACH OF THESE, DIFFERENT FEATURES
OF THE PHYSICS ARE BEAUTIFULLY GEOMETRIZED.

BUT TO ME, VERY BROADLY SPEAKING, IT SEEMS
THAT THERE ARE TWO CIRCUMSTANCES WHERE IT IS
REASONABLE TO TRY AND APPLY STRING THEORY TO

PARTICLE PHENOMENOLOGY.




* THE PHENOMENON UNDER STUDY IS
ULTRAVIOLET SENSITIVE. THIS COULD INCLUDE
CASES WHERE PHENOMENOLOGY CRUCIALLY
DEPENDS ON HIGHER-DIMENSION, PLANCK-
SUPPRESSED OPERATORS (GRAVITY MEDIATION,
INFLATION), OR MORE SUBTLE CASES.

* THE SYSTEM UNDER STUDY IS INHERENTLY
STRONGLY COUPLED. THEN, QUANTITATIVE
CALCULATIONS ARE DIFFICULT WITHOUT IMPORTING
NEW AND POWERFUL TOOLS. DUALITY IN FIELD
THEORY AND STRING THEORY (NOTABLY, GAUGE/
GRAVITY DUALITY) ARE TWO SUCH TOOLS.




DUE TO MY PAROCHIAL NATURE, PLL FOCUS ON
TWO EXAMPLES OF THE LATTER THAT I’VE THOUGHT
ABOUT RECENTLY:

1. NON-SUPERSYMMETRIC MODELS, WITH THE
HIERARCHY PROTECTED BY STRONG COUPLING
EFFECTS (WHICH GIVE LARGE ANOMALOUS
DIMENSIONS TO DANGEROUS OPERATORS THAT
COULD RUIN THE HIERARCHY).

2. SUPERSYMMETRIC MODELS, WHICH ARE EVEN
MORE DIRECT IN THEIR MEDIATION THAN DIRECT
GAUGE MEDIATION (“SINGLE-SECTOR”-LIKE
MODELS)




I. NON-SUPERSYMMETRIC MODELS THAT SOLVE THE
HIERARCHY PROBLEM VIA STRONG COUPLING

THIS IS IN ONE SENSE AN OLD IDEA, GOING BACK
TO THEORIES OF TECHNICOLOR. HERE, WE WANT
TO EXPLORE A MORE RECENT IDEA, GROWING OUT
OF THE WORK OF RANDALL AND SUNDRUM AND
STRASSLER.

BASIC IDEA: CONSIDER A NON-SUPERSYMMETRIC
FIELD THEORY GOVERNED BY SOME FIXED POINT
LAGRANGIAN AT HIGH ENERGIES:

L = LorT(Pi, ¥n, AT)




SUPPOSE THERE IS A FINITE LIST OF RELEVANT
OPERATORS IN THE SENSE OF THE
RENORMALISATION GROUP:

e et e e

AND SUPPOSE FURTHER THAT THE FIELD THEORY
HAS A GLOBAL SYMMETRY GROUP G, AND THESE
OPERATORS ALL TRANSFORM IN NON-TRIVIAL
REPRESENTATIONS.

THEN, IT WOULD BE REASONABLE TO THINK THAT:




* STARTING WITH THIS THEORY AT A HIGH ENERGY

SCALE Ay , AND PRESERVING G SYMMETRY, ONE

HAS RG FLOW UNTIL SOME MARGINAL OPERATORS

WHICH GROW MARGINALLY RELEVANT ALONG THE
FLOW, BECOME STRONG.

* THESE OPERATORS CAUSE NEW BEHAVIOR
(CONFINEMENT? FLOW TO NEW DIFFERENT FIXED
POINT?) WHICH COULD INCLUDE GENERATION OF

COMPOSITE HIGGS-LIKE SCALARS, AT
EXPONENTIALLY SMALL ENERGY.

1
€

A(O):4—6 — Arp~Apy e™




PROBLEM: IN SIMPLE NON-SUPERSYMMETRIC
THEORIES WITH SCALAR FIELDS IN THE UV, THE
OPERATOR

O=¢'¢

IS INVARIANT UNDER ALL (LINEARLY REALIZED)
SYMMETRIES G, AND IS VERY RELEVANT!

SO INSTEAD OF A LONG RG FLOW TO GENERATE AN
EXPONENTIALLY LOW SCALE BEFORE NEW
PHENOMENA OCCUR, THE RG FLOW ‘“ENDS’ RIGHT
AT THE UV CUTOFF.




OBSERVATION OF STRASSLER (2003):

IN MANY KNOWN LARGE N THEORIES AT LARGE ‘T
HOOFT COUPLING, THE GLOBAL SINGLET
OPERATORS

O~ ¢lg — A(O) ~ (g2, N)/*

THE MOST OBVIOUS, DANGEROUS GLOBAL SINGLET
IS DUAL TO A STRING STATE AND BECOMES VERY
IRRELEVANT AT LARGE ‘T HOOFT COUPLING!




THIS GIVES US A GOOD REASON TO WORK AT LARGE
‘T HOOFT COUPLING. THEN, GIVEN A LARGE N
THEORY WITH NO GLOBAL SINGLET RELEVANT

OPERATORS (GSROS), WE COULD MAKE A FIELD
THEORY WHOSE DUAL GRAVITY DESCRIPTION (VIA
ADS/CFT) LOOKS LIKE:
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FIG. 8: Warped Extra Dimension. The local cutoff is exponentially
smaller than Mp.




SO AT ZEROTH ORDER, WE NEED TO FIND ADS/CFT
DUAL PAIRS WHERE:

1. THERE IS A GLOBAL SYMMETRY G UNDER WHICH
ALL RELEVANT OPERATORS ARE CHARGED.

2. WE CAN PRESERVE A SUFFICIENTLY LARGE

SUBGROUP OF G WHEN WE ‘“COMPACTIFY THE

THROAT” THAT ALL RELEVANT OPERATORS ARE
STILL FORBIDDEN:

D3-brane _~

TeV T MeLanck




WITH SIMIC AND TRIVEDI (0905.2970), WE
RECENTLY FOUND:

1. A SIMPLE, INFINITE CLASS OF ADS/CFT PAIRS
WHICH HAVE NO GLOBAL SINGLET RELEVANT
PERTURBATIONS.

2. ONE CASE IN WHICH WE CAN EXPLICITLY
DESCRIBE THE IR PHYSICS, SEE WAYS OF GETTING
EMERGENT SCALARS WHICH HIGGS A LOW-ENERGY
GAUGE GROUP (THOUGH THE STRUCTURE IS NOT AT
ALL STANDARD MODEL LIKE), AND COMPACTIFY THE
THEORY PRESERVING (A LARGE ENOUGH SUBGROUP

OF) THE RELEVANT SYMMETRIES.




A SIMPLE INFINITE CLASS OF SUCH NON-
SUPERSYMMETRIC THEORIES ARISES FROM
ORBIFOLDS OF THE N=4 FIELD THEORY.

CONSIDER ORBIFOLDING THE THREE COMPLEX
PLANES TRANSVERSE TO N D3-BRANES BY THE
GROUP WITH GENERATOR:

THE ROTATION ACTS EXPLICITLY AS:

271 L 271
(217 Z27 ZS) e (GXP[T]Zl, eXp[T]Z27 GXP[T]Z?))




* FOR K EVEN, THIS ORBIFOLD ACTUALLY TAKES
THE TYPE IIB STRING THEORY TO A TYPE O STRING
THEORY. WE WILL NOT CONSIDER THESE CASES.

* FOR K = 3, THE RESULTING THEORY IS AN N=1
SUPERSYMMETRIC CONFORMAL FIELD THEORY THAT
HAS ALREADY BEEN WELL STUDIED.

* FOR K ODD AND K > 3, WE OBTAIN IN THIS WAY
CANDIDATE LARGE N NON-SUPERSYMMETRIC
CONFORMAL FIELD THEORIES (AT THE PLANAR
LEVEL! BUT NON-PLANAR CORRECTIONS ARE
IRRELEVANT FOR OUR PURPOSES). WE DISCUSS
ONLY THESE CASES.




THIS ORBIFOLD MAPS TO A FREELY-ACTING
ORBIFOLD ON THE NEAR-HORIZON GEOMETRY (THE
FIXED POINT AT THE ORIGIN IS NO LONGER
PRESENT). THE LIGHT STATES ON THE GRAVITY
SIDE ARE THEN JUST THE INVARIANT KK MODES IN

AdS5 X X

EXAMPLE: K=5

Figure 1: Quiver diagram of the £ = 5 case. White arrows denote fermions, and black arrows denote
scalars. We thank the authors of [13] for permission to reproduce this figure.




THIS THEORY HAS GLOBAL SYMMETRY GROUP
SIS a e

IT IS EASY TO ARGUE THAT THERE ARE NO GSROS.

FOR INSTANCE, JUST IN THE SCALAR BILINEAR
SECTOR OF THE N=4 THEORY:

Operator A ST O L

Tr(Z'Z7) j 2 643
Tr(Z°Z%) — 3Te (2" Z7) 2 8¢

Tx(Z°Z°) (9% 1 V)24 1

BRIEF INSPECTION SHOWS THAT ALL SCALAR
BILINEARS IN THE ORBIFOLD THEORY INHERIT
THESE SETS OF QUANTUM NUMBERS.




SIMILARLY, ONE CAN SEE (BY STARTING WITH THE
N=4 THEORY) THAT THERE ARE NO GSROS IN THE
FERMION BILINEAR SECTOR, THE SCALAR
TRILINEAR SECTOR, OR THE MULTI-TRACE
OPERATORS.

THIS KIND OF ARGUMENT SHOWS THAT ALL OF THE
ODD K > 3 NON-SUPERSYMMETRIC ORBIFOLDS
SATISFY OUR ZEROTH ORDER CRITERION: THEY

HAVE SCALARS BUT NO GSROS!

WE DON’T YET HAVE A GOOD PICTURE OF WHAT
HAPPENS TO THESE THEORIES IN THE DEEP IR,
WHEN THE (EXISTING) SINGLET MARGINALLY
RELEVANT OPERATORS GROW STRONG.




HOWEVER, WE CAN DEVELOP A PICTURE ALSO FOR
THE IR PHYSICS IN EXAMPLES BASED ON THE
(DEFORMED) CONIFOLD. THE DUAL GAUGE THEORY
IS AN N=1 SUSY THEORY WITH QUIVER:

@OQ W =eeABAB

Field SU(2) x SU(2) U(l)r U(1)g

1) 1/2 1
2) ot e

AT FINITE M, ANOMALIES LEAD TO A BREAKING

U(l)r — Zam




THERE IS ALSO A SYMMETRY WHICH EXCHANGES
A,B ACCOMPANIED BY COMPLEX CONJUGATION:

A 2,exchange

SO, WHAT IS THE SITUATION WITH GSROS IN THE
SUPERSYMMETRIC PARENT THEORY? HAPPILY,
CERESOLE ET AL CLASSIFIED ALL OPERATORS IN
1999 (VIA BRUTE FORCE DIMENSIONAL
REDUCTION). ONLY A FEW LOW DIMENSION SU(2)
X SU(2) NEUTRAL OPERATORS EXIST:

Operator U(l)g U(l)p
(S 2] ) 0 0
Tr(AN) 2 0
Tr(éijéklAinAjBl) 2 0
Tr(AB)Tr(AB) 0 0




TWO OF THOSE GUYS LOOK DANGEROUS:

Tr(\A\Q = |B\2) IS PROTECTED - IT IS THE LOWEST
COMPONENT OF THE BARYON CURRENT
SUPERMULTIPLET. FORTUNATELY, IT IS ODD UNDER

Z2,exchange :

Tr(AB)Tr(AB) HAS DIMENSION 3 AT LEADING

ORDER IN THE 1/N EXPANSION. IT IS A SINGLET
UNDER THE ENTIRE GROUP OF GLOBAL
SYMMETRIES.

SO THE SUSY THEORY HAS GSROSs. ‘e




WE WILL SEE, HOWEVER, THAT OBVIOUS NON-
SUPERSYMMETRIC DAUGHTERS DO NOT.

CONSIDER, FOR INSTANCE, THE QUOTIENT OF THE
CONIFOLD THEORY BY:

A——-A B—B.
W WA g = oL K

A— —A.




THE RESULTING GAUGE THEORY (IN THE M=0 CASE)

HAS THE FOLLOWING SPECTRUM.
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ALL OF THE SYMMETRIES OF THE CONIFOLD
THEORY DESCEND TO THIS THEORY. IN THE CASE
M=0, THE ONLY CHANGE IS THAT TWO OF THE
GAUGE GROUPS BECOME SU(N+M), AND THE
ANOMALY NOW BREAKS:

* DESCENDANTS OF OPERATORS WE DISCUSSED
BEFORE ARE PROJECTED OUT EXACTLY AS BEFORE.

* WHAT ABoUT THE FEARFUL Tr(AB)Tr(AB) ?




THE SINGLE TRACE OPERATOR 1T(ADB)

IN THE PARENT THEORY, IS NOT INVARIANT UNDER
THE ORBIFOLD GROUP! AS A RESULT, THERE IS NO
GAUGE INVARIANT OPERATOR IN THE DAUGHTER
THEORY WHICH IS BILINEAR WITH ONE
DESCENDANT OF THE A AND ONE DESCENDANT OF
THE B FIELDS. TO GET A GAUGE INVARIANT SINGLE
TRACE OPERATOR THEN INVOLVES A STRING OF 4
AS AND BS (AND YIELDS NO GSRO); THE DOUBLE-
TRACE GLOBAL SINGLET OPERATOR ONE CAN MAKE
FROM THIS IS THEN HIGHLY IRRELEVANT!

SIMPLE ORBIFOLDS OF THE DEFORMED CONIFOLD
THEORY, THEN YIELD ADS/CFT DUALS WHICH HAVE
ALL OF THE PROPERTIES WE REQUIRE:




1) THE FIELD THEORY HAS NO GSROS.

2) THE THEORY HAS A MARGINAL OPERATOR WHICH
GROWS MARGINALLY RELEVANT, AND SMOOTHLY
ENDS THE GEOMETRY IN A TIP WHICH IS WELL
DESCRIBED BY SUPERGRAVITY.

3) ONE CAN EMBED THE DUAL THROAT GEOMETRY
IN AN (ORBIFOLD OF A) COMPACT CALABI-YAU
SPACE, PRESERVING LARGE ENOUGH SUBGROUPS
OF G TO FORBID GSROS.

4) WITH A BIT MORE WORK, ONE CAN SHOW THAT
ONE CAN GET AN IR FIELD THEORY WITH EMERGENT
SCALARS AND GAUGE FIELDS, WITH THE HIGGS
PHENOMENON OCCURRING AT THE IR SCALE.




IT IS FAR FROM CLEAR THAT ONE CAN MAKE
REALISTIC MODELS IN THIS FRAMEWORK. ONE
WOULD LIKELY WANT TO ADD BULK GAUGE FIELDS
(FLAVOR BRANES) TO THE THROAT, AND LOCALIZED
FERMIONS, ALL WITHOUT DESTROYING THE
PROTECTION FROM GSROS.

BUT AS SUCH MODELS WOULD BE A COMPLETELY
DIFFERENT SOLUTION TO THE HIERARCHY PROBLEM
THAN SUSY, THAT WOULD ALSO WORK UP TO VERY

HIGH ENERGY SCALES (NOT JUST A DECADE IN

ENERGY), THEY SEEM LIKE AN INTERESTING IDEA

TO PURSUE.




[I. SUPERSYMMETRIC MODELS WITH COMPOSITE
QUARKS AND LEPTONS

THE EXISTING PARADIGM OF SUPERSYMMETRIC
MODEL BUILDING ALWAYS STARTS WITH A PICTURE
OF THE FORM:

Hidden MSSM

Sector mediator




ARE THERE WAYS TO BUILD SUSY MODELS WHICH
APPEAR LESS MODULAR? WHILE SUCH
MODULARITY DOES NOT APPEAR UNNATURAL IN
TOP-DOWN CONSTRUCTIONS, IT WOULD BE PERHAPS
MORE ELEGANT TO HAVE A MORE CLOSELY
INTEGRATED STRUCTURE, WHERE THE SM FIELDS
THEMSELVES ARE ‘“CLOSER TO” THE SUSY
BREAKING DYNAMICS.

DIMOPOULOS AND GEORGI ARGUED THAT IF:

1) THE GAUGE GROUP IS THAT OF THE SM
2) NO HIGHER DIMENSION OPERATORS APPEAR IN K
3) TREE APPROXIMATION IS RELIABLE




THEN THERE WILL ALWAYS BE A COLORED SCALAR
SPARTICLE LIGHER THAN THE DOWN QUARK.

* GRAVITY MEDIATION VIOLATES ASSUMPTION 2)

* GAUGE MEDIATION VIOLATES ASSUMPTION 3)

COULD THERE BE OTHER WAYS TO CIRCUMVENT
THEIR THEOREM, WHICH INVOLVE MORE CLOSELY
INTEGRATED SM AND SUSY BREAKING DYNAMICS?

WHY NOT MAKE THE OBSERVABLE FIELDS
COMPOSITE? AS WE’LL SEE, THIS WOULD ALSO
HAVE THE ADVANTAGE OF (PARTIALLY) EXPLAINING
MYSTERIOUS FACTS ABOUT FLAVOR PHYSICS.




EXAMPLES (NON-CALCULABLE) WERE PROVIDED BY
ARKANI-HAMED, LUTY AND TERNING (1998), AND
LUTY AND TERNING (1999).

* SUSY BROKEN BY STRONG DYNAMICS AT SCALE A

* SUSY BREAKING THEORY HAS AN UNBROKEN
GLOBAL SYMMETRY GROUP G

* G HAS CUBIC ANOMALIES, AND ONE HAS
COMPOSITE FERMIONS IN THE IR VIA ‘T HOOFT
ANOMALY MATCHING

* THE SM GAUGE GROUP ARISES AS A SUBGROUP
OF G WHICH IS ANOMALY FREE (OR WHOSE
ANOMALY IS CANCELLED BY “ELEMENTARY”’

STATES)




OF COURSE, IT WOULD BE NICE IF THERE WERE
SIMPLE, CALCULABLE EXAMPLES OF THIS
PHENOMENON.

TWO APPROACHES TO MAKING SUCH MODELS:

* WORK DIRECTLY IN SUPERSYMMETRIC FIELD
THEORY, USING TECHNIQUES OF HOLOMORPHY AND
DUALITY. THIS SEEMS TO WORK VERY WELL!

S. FRANCO,
SK TO APPEAR

* USE GAUGE/GRAVITY DUALITY TO GEOMETRIZE
THE STRONG COUPLING DYNAMICS, AND BUILD
COMPOSITE MODELS IN WARPED GEOMETRIES.

f GABELLA, GHERGHETTA, GIEDT (2007);
WE’LL TALK ABOUT THIS... BENINI, DYMARSKY, FRANCO,
SK, SIMIC, VERLINDE, 0903.0619
AND TO APPEAR




TO START WITH, WE NEED A STRONGLY COUPLED
HIDDEN SECTOR THAT HAS A LOW-SCALE SUSY-
BREAKING STATE.

A GOOD STRING TOY MODEL FOR THIS ARISES IN
THE DEFORMED CONIFOLD GEOMETRY, AGAIN. LETS
GO INTO MORE DETAIL THIS TIME:

2ty +22+w =0

THIS IS THE (UNDEFORMED) CONIFOLD. Now, ADD
N D3 BRANES AT THE TIP, AND WRAP M D5 BRANES
ON THE SMALL SPHERE AT THE TIP:

e

<

v




THE DUAL GAUGE THEORY IS:

B
1,2
KLEBANOV, WITTEN;
5o Tl KLEBANOV, STRASSLER
W = ee Asz:AjBl
SU(N+M) SU(N)
A1 2

THIS THEORY UNDERGOES A CASCADE OF
SEIBERG DUALITIES, AS ONE GAUGE FACTOR AND
THEN THE OTHER BECOMES STRONGLY COUPLED:




THE RANK OF THE GROUPS SUCCESSIVELY SHIFTS
DOWN BY M UNITS, WHILE LEAVING A SELF-
SIMILAR SUPERPOTENTIAL. FOR N = KM, THIS
CONTINUES (ON ONE BRANCH) UNTIL THE IR
DYNAMICS CONFINES AND PRODUCES A GAP. THE
GRAVITY DUAL OF THE IR IS A GEOMETRIC
TRANSITION:

(PURE GEOMETRY ) %
WITH FLUXES) S Q2 (D-BRANE SIDE)

VAFA;
KLEBANOV, STRASSLER




THE GEOMETRY BECOMES:

e S S e e (AR o g

IF INSTEAD N = KM - P (P << M,N), ON ONE
BRANCH WE ARE LEFT WITH (M-P) PROBE D3-
BRANES AT THE TIP. THERE IS A METASTABLE

SUSY-BREAKING STATE IN THIS THEORY:

brane/flux
annihilation

SK, PEARSON, VERLINDE




IN THE LIMIT OF LARGE DISTANCE FROM THE TIP,
THE METASTABLE STATE IS CHARACTERIZED BY
NORMALIZABLE PERTURBATIONS TO THE
SUPERSYMMETRIC BACKGROUND:

DEWOLFE, SK,
MULLIGAN




ON TOP OF THIS SUSY-BREAKING BACKGROUND,
WE CAN BUILD A THEORY WHICH INCORPORATES A
TOY COMPOSITE STANDARD MODEL IN THE
FOLLOWING WAY.

WE ADD (SUPERSYMMETRIC) OUYANG-EMBEDDED
D7-BRANES:

%
iriommne iG]




AND TO GET THE ‘“RIGHT” CHARGED MATTER, E.G.
5s OF SU(5), WE INTERSECT THEM WITH ‘“FLAVOR”
D7s:

Nlenmaie- D 28 S =]




THE NUMBER OF CHIRAL MATTER FIELDS
LOCALIZED ON THE INTERSECTION CURVE C IS:

e fC (fSM mm fﬂavor)

THERE IS A SUPERSYMMETRIC FLUX:
P of hodge type (1,1), PAJ =0 ==88

THAT WE CAN PLACE ON THE FLAVOR BRANE, AND
THAT REDUCES ON THE INTERSECTION CURVE TO:

I S VR
D O e




FOR A GIVEN RADIAL (UV) CUT-OFF, BY SCALING P
APPROPRIATELY WE CAN LOCALIZE ANY NUMBER OF
CHIRAL ZERO MODES.

WE’LL ARGUE NOW THAT THE DEGREE OF
COMPOSITENESS OF MATTER ADDED IN THIS WAY,
DEPENDS ON THE MINIMAL RADIAL LOCATION OF

THE INTERSECTION.

IT WILL BE EASIER FOR THESE PURPOSES TO
TRUNCATE TO A TOY 5D MODEL, TO AVOID OVERLY
COMPLICATED FORMULAE.




SD Toy MODELS

THE BASIC STRATEGY TO MAKE A TOY MODEL OF
OUR SETUP, IS TO TAKE A SLICE OF ADS WITH IR
BOUNDARY CONDITIONS THAT BREAK SUSY. THE
MATTER FIELDS ARE IN BULK 5D N=1 SUSY
MULTIPLETS. FOR FERMIONS, THESE ARE
LABELLED BY THE BULK MASS M (OR
EQUIVALENTLY C, THE MASS IN UNITS OF THE ADS
CURVATURE SCALE):

GHERGHETTA,
POMAROL




H
Yukawa
couplings

Planck
brane

IR brane

Figure 20: Fermion zero-mode profiles for different 5D fermion masses

THIS PICTURE (SUNDRUM TASI LECTURES)
SHOWS HOW, DEPENDING ON ‘“C”, THE MATTER
FIELDS ARE EITHER IR OR UV LOCALIZED. IN A
MODEL WHERE THE HIGGS IS ALSO LOCALIZED,
LARGE YUKAWAS OCCUR FOR MODES LOCALIZED

NEAR THE HIGGS, AND SMALL YUKAWAS FOR
THOSE WHICH ARE DISTANT. (THE PICTURE IS

OF AN RS SCENARIO WHERE H Is IR
LOCALIZED).




QUANTITATIVELY, IN THE WARPED METRIC:

ds? = _Qquan/dIIZMdZL’ R Rt dos =S

—2ky

qudx“dx i dy ) 0 S Y S TR .
y=Ro¢

THESE WAVEFUNCTIONS TAKE THE FORM:

A

Ui(z,y) = U0 (z) ez,

EXPLAINING THE SHARP LOCALIZATION AS C MOVES
FROM LESS THAN TO MORE THAN 1/2.




THE FERMIONS WITH SMALL C (AND THEIR BOSONIC
PARTNERS) ARE NATURALLY CALLED COMPOSITE.
THIS HAS A NATURAL EXPLANATION VIA THE ADS/

CFT CORRESPONDENCE. CONSIDER A FERMION
WITH A GIVEN VALUE OF C. IT IS DUAL TO AN
OPERATOR IN THE DUAL CFT, WITH CONFORMAL
DIMENSION:

dim (O) :%+|c+%|

THEREFORE IF WE START BY ASSUMING THE 4D
FERMION TO HAVE CANONICAL DIMENSION, THE
BOUNDARY COUPLING:

L=..—V0+..

IS RELEVANT FORC < 1/2. THE FERMION MIXES
IN AN IMPORTANT WAY WITH CFT D.O.F.




FOR US IT WILL BE NATURAL TO TAKE THE HIGGS
TO BE UV LOCALIZED; ITS SMALL MASS IS
EXPLAINED BY THE SMALL SUSY BREAKING SCALE,
WHICH HAS BEEN GEOMETRIZED VIA WARPING.

THEN ONE CAN EASILY IMAGINE TWO SCENARIOS.

1. HOLOGRAPHIC GAUGE MEDIATION

“Planck” brane

% (321) gauge field /

1549

q-

R

A

M

i o

“TeV” brane

C.F. NOMURA 04

BENINI, DYMARSKY,
FRANCO, SK, SIMIC,
VERLINDE

ALL MATTER FIELDS UV LOCALIZED; THE BULK
GAUGINO FEELS AND TRANSMITS SUSY BREAKING.




2. COMPOSITE MODELS

HERE, WE SPREAD THE MATTER FIELDS AROUND
IN THE MICROSCOPIC 10D THEORY, BY CHOOSING
DIFFERENT FLAVOR-BRANE EMBEDDINGS:

2 =[, B >>ph’

IN TERMS OF PICTURES, THE TWO SCENARIOS
THEN LOOK LIKE:




NOTE THAT IN THE SUSY COMPOSITE MODELS, ONE
IMAGINES OPPOSITE HIGHER-DIMENSIONAL
GEOGRAPHY, AS COMPARED TO THE RS MODELS:

ST b m——

SINGLE
SECTOR




LET US MOMENTARILY CONSIDER A 5D TRUNCATION
OF A NON-SUPERSYMMETRIC ADS SOLUTION OF
STRING THEORY, FOLLOWING GABELLA,
GHERGHETTA AND GIEDT.

THE ADS IS DEFORMED TO A SLIGHTLY DIFFERENT
GEOMETRY, BY THE SUSY-BREAKING
PERTURBATION:

ds® = A%(z) (—dt® + dx* + dz°)

4%6) = e (1-42)

]

(INTUITIVELY, Z OIS UV AND Z_1 Is IR).




THIS PERTURBATION TO THE METRIC BACKREACTS
ON THE 5D FERMIONIC AND BOSONIC
WAVEFUNCTIONS.

NOwW, THE BOSONIC WAVEFUNCTIONS ARE
CHARACTERIZED BY A POWER-LAW BEHAVIOR

Do o

3
h== =
2

I.E., PARTNERS OF UV LOCALIZED FERMIONS (C >
1/2) ARE ALSO UV LOCALIZED, WHILE PARTNERS OF
IR LOCALIZED FERMIONS (C < 1/2) ARE ALSO IR
LOCALIZED.




THE SUSY-BREAKING PERTURBATION OF THE 5D

WARP FACTOR, INDUCES A SHIFT TO THE BOSON

MASSES. FOR THE UV LOCALIZED MODES, IT IS A
VERY SMALL EFFECT:

Am = /e(1 — b)(b+ 10)(kz1)° 12"

BUT FOR THE IR-LOCALIZED BOSONS, THE MASS
SHIFT IS OF ORDER THE SCALE OF IR SUSY
BREAKING:

N = el = 122 TNz




RESULT: IN THE MODELS WHERE THE FIRST TWO
GENERATIONS ARE COMPOSITE, THE SPECTRUM IS
QUITE DISTINCTIVE.

* THE STOP GETS ITS MASS THROUGH GAUGINO
MEDIATION, AND IS THE LIGHTEST MATTER
SPARTICLE.

* THE FIRST TWO GENERATION SPARTICLES ARE

VERY HEAVY, RECEIVING LARGE ‘“COMPOSITENESS

CONTRIBUTIONS’” TO THEIR MASSES, IN TYPICAL
MODELS.

* THE GAUGINOS ARE MUCH LIGHTER THAN THE
FIRST TWO GENERATION SPARTICLES.

SO THERE IS A DIRECT CORRELATION: SMALL
YUKAWAS -> LARGE SPARTICLE MASSES!




TeV %4 B
(0]
(FROM GGG)
—
5§ — 4,458
I = — .67515
ol — "X

FIG. 1: The generic mass spectrum of the 5D gravity model showing the heavy first and second
generation scalars and lighter third generation scalars, gluinos, neutralinos and charginos. The LSP

is the gravitino (not shown).

NOTE THAT IT IS AN OLD IDEA (DIMOPOULOS AND
GIUDICE 95; COHEN, KAPLAN, NELSON 96) THAT IF
THE SQUARKS IN THE FIRST TWO GENERATIONS ARE
QUITE HEAVY, FLAVOR PROBLEMS CAN BE VITIATED.




SO WHY NOT PUSH UP THE FIRST TWO GENERATION
MASSES EVEN MORE (MAKE THEM ‘“MORE
COMPOSITE”)?

BASIC PROBLEM (ARKANI-HAMED, MURAYAMA 97):

TO BE HEAVY ENOUGH TO SUFFICIENTLY SUPPRESS
FCNCs, THE FIRST TWO GENERATION SPARTICLES
MUST HAVE MASSES > 22 TEV. BUT A TWO-LOOP
CONTRIBUTION TO THE STOP MASS RUNNING THEN

MAKES THE STOP TACHYONIC UNLESS IT IS HEAVIER
THAN 4 TEV --> TUNING IN THE HIGGS SECTOR.




THIS PROBLEM IS MODEL-DEPENDENT, AND THERE
ARE WAYS AROUND IT BY CLEVER MODEL BUILDING.

HiISANO, KUROSAWA,
NOMURA (1999)

BUT THE UPSHOT IS THAT WE PROBABLY WANT TO
LIMIT THE SIZE OF THE FIRST TWO GENERATION
SPARTICLE MASSES, AND IMPOSE A FLAVOR
SYMMETRY.

IN ANY CASE, THERE IS MUCH WORK TO DO TO GET
THESE MODELS ON SOLID FOOTING LIKE THEIR
GAUGE-MEDIATED COUSINS; AND STRING THEORY
PROVIDES A USEFUL TOOL FOR CALCULATING IN
THESE INTRINSICALLY STRONGLY-COUPLED
SYSTEMS!




