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Heterotic Compactibcations
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Gauge ConnectionD = 10, A%  Eg

V.G
@ OSlopeO stable

H = [Eg, G W.F

N = 1SUSY HY(V)F|! matter
H(V')F|!  conjugate matter

H=[H,F] HY(A*V)" |= Higgs

HY(V @V')F |= Bundle M oduli

¥ Heterotic Standad Model: V' , G = SU(4) W | F =Z3! Z3




R* Theory Gauge Goup:

Gauge connection
H = Spin(10)
Wilson line F = Z3 ! Z3"

Spin(10)!  H = SU(3)c x SU)L x U(L)y! U(1)s L

rank Spin(10)=5 plusAbelian= extra gauged’/(1) 5 ;..
Note that

Zo (R —parity) CcU(1)g: L

= no rapid proton decd. But must bespontaneoust
broken above the scale of wak interactions.




R* Theory Spectrum:

Eg!Y Spin(10) #
248= (1,45)! (4,1€)! (4,%)! (6,1C)! (15,1 )

The Spin(10) spectrum Is determinearin
45 Nys = hO(X,O): 1
16 nig = h'(X,V) = 27

16 ng = h (X, V')=0
10 N = hi(X,!%V) = 4
1 n, = h*(X,v! V') = 117




Spin(10) —— SUB) ¢ x SUQ). x UL)y x U(L) pi 1 =
a) Find epresentation of Zz ! Zsz on H(X,Ug(V)).
Example: nis = h*(X,V) = 27! HY(X,V) = RG' ® where

RG=11 170 1,0 120 181 1qlo b 1ol 118l 1918
b) Find action ofZsz ! 7Zs on representation RExample:

16=[! 1! 2%(3,2,1,1)! 1,%(1,1,6,3)! !4°1,%(8 1," 4," 1)]
| [(1,2," 3," 3)! 1:%(8,1,2," 1)]! !2(1,1,0,3)

Tensoring and takingwariant subspace @s3 families
of quarks/leptons each trammsing as

VR — (1, 1, O, 3)
undersu3)c! SU@2),! Uy ! UL)m r.




Similary we getl pair of Higgs-Higgs conjugate Pelds

H = (17 27 37 O)a g - (17 Qa _37 O)
That iswe getexacty the matter spectrum of théMISSM

In adlition,there are vector
bundle moduli

Supersymmetric Interactions

The most generat IS
3
W= (lyiQHu + 1 qiQHd + 1 i LiH" + I ¢iL;He)

=1
Note B-L symmety forbids dangeous B and L violating terms

LLe, LQd, udd




Can we evaluate thefukava couplings t'm Prst principles?

Yes!
a) Texture:
W= _...ALHr+ ...

= aYukawva coupling is the triple mduct

Z3! Z3 Z3! Z3 Z3! Z3

Internal supegeometry (X ellipticaly Pbeed over dP9 basey
In [3aor diagpnal basisdr each of

)\1: O, )\2,)\3!: 0

That ishaturaly lightbrst famy andheavy second/thid
families.




b) Explicit Calculation
The triple product =

| — / \/m“ an [b clu d# cdd6x

where

= need to calculate thenetric andeigenfunction®f the
Laplacian.Unfortunatel, a Calabi-&u manibld does not admit
a contiruous symmety. = the metric,gauge connection

and,hencethe Laplacianare unknovn! Remarkaly these
can be vell-goproximated ly




Ricci+FlatMetreand Scadan bplactans
on Calabi~duThreeblds

Let 5, ! =0,...,N,! 1 bedegee-k poynomials on the CY
and h?” a specibc matrixDeIDning
y N—1
g((bz)ﬂ)ij_ = P In Z hbals' 8-

then

(k) k! CY
Obanig —— Yip

Expressed this wa g(bal),, at ary Pnite k is not gry enlightening.

More interesting is hw closeY they goproach giCpY for large k.
This can be estimated using

| 1 i E V0|K Q
'k Q SR B ! 07 — dVO|CY
Volcy @ ¢ Q0" @ Volcy @




Fermat quintic:

0.5 .

Points chosen from coordinate patches: ! &
Fit for k! 3 1" = 323/k?" 455/k3®
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The error measure ! for the metric on the Fermat quintic, com-
puted with the two different point generation algorithms




Scalar Ljplacians:

Given a metricgy: =
1 |
A= ——0u(d" V90)
. . V9
Sole the eigen-equation

where pu,,, Is the nmultiplicity from contiruous/Pnitesymmety.
Choose a basis’ a; = the eigen-equation becomes

2 {Jalt L) ol = 3 ! fal "L ol o

b b
Numerical Solution:
1) Choose a bnite sub-bas{dala = 1,...,k}

2) Calculate the Pnite-dimensional matric€ss) ap k and "fal fih ap «

3) Sohe numerical for 'y, and !
4) For bxed k let iy — oo /for bxed 1 let k!




Fermat quintic:

200
150 +
~
100 *
50 +
M = 20
O - ; : : : ; ; : : ; IJ'O =1
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n
Eigenvalues of the scalar Laplace operator on the Fermat quintic.

The metric is computed at degree k, = 8, using np, = 2,166,000
points. The Laplace operator is evaluated at degree ki, = 3 using a
varying number n, of points.




Tabulating the @sults

m 0 1 2 3 4 5
O,]118# 10 411+04 781+05 821+03 945+1 102+1
Mo 1 20 20 4 60 30

The non-trivial naltiplicity 1 there must be asymmets.
CY maniblds hae no contiruous symmety, but they can
hare a Isometry. For the this is

AUE(Qr) = (S5 x Z2) ! (Z5)"

with irreducible epresentations
d 1 2 456 8 10 12 20 30 40 60 8 120
#ofireps |4 4 4 4 2 4 4 2 8 8 12 18 4 2
in dim d

Matchperfectiy!




Supersymmely Breakingthe |
and theLHC

Soft Supersymmetr Breaking

N=1 Supersymmefy is spontaneousglbroken by the moduli
during compactipcatios> soft supersymmety breaking

InteractionsThe relevant ones a&

Vos = mf |V3]® + mg |H|* + mg|B|*! (BHH+ he) + ...

At the compactibcatioscalemc ~ 10*°Gev these parameters
are b»ed by the vacuum values of the modir example




However, at a laver scalep measued by t = ln(M ) these
parameters change under the renormalization group.

For example

dm.2 3 ! !
16! 2 dfs! 194251, S,(0) = 61.5 m, (0)

Solving thisat a scale: ! 10°GelV " tg | | #25
m,, (tg |_)2 = m,,(O)Q—(S.lO X 10_2)8!1(0)

2

Including another edtct
Mer 15 (tg—r)* = My, (tg_p)°
Me 1, (tg_1)° = ! 4m,(0)?

Therefore, we expect the spontaneous &aking of B-L afs, | .




Result:

The vacuum expectation value@t_, is
PR O
%9‘4

= aB-L \ector boson masef

At this scaleno other symmety is bioken.




Similay, under the enormalization grup

2 t 2 2
2 [0 gae a2 BT,
47 t *3 m|2_|

my ()21 my (0)2e

Mig(1)* ! Mg (0)°

At the electoweak scalel ! 10°GeV "ty | #1296

2 2
Mg ! (tEw )® ! ——— (2) myg (tew ) ! mp (0)°
tan ’
where /o - % and ! < 1 is related tom(0).Therefore, at

tew electroweak symmety is bioken by the expectation value

!H!Oll: 2!|mH (O)

" 32 2
tan® 01+ O3

= a/Z-boson masf




It follows that thee is aB-L/EWgaugenieraichy given by

Maz, . | tan!
Mz
Our approximations ae valid ér the range

For ! = % , the B-L/EW hierachy In this range Is

M
158 < 4211 < 10(
Mz

We conclude that this vacuum exhibitsaturalhierarchy
of O(10) to O(100 =

All superpartner masses a related thiough intetwined
renormalization grup equations= Measuring some
massepredicts the est




For exampleif

This then equires
M3(0) = .216 my (0), my (0) ~ 7.19 x 10°GeV

which,using the scaling equatiaor fm;(t) predicts

Ms(tgw)! 3.83" 10°GeV




