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Standard Model

* hierarchy of scales:

MSM ~ 100 GeV

VS

Mp ~ 1018 GeV



om; = O(\, g°, h?; new physics) A?

to keep the Higgs mass low
and to avoid unnatural cancellations

A:ANPN].TGV



CURRENT LHC BOUNDS
ON NEW PHYSICS PROVIDING Anp

Extra dimensions: ADD, RS,
TC,Z,W’

Ayp > 1 — 3TeV

Supersymmetry:

Anp ~ 1 TeV mass splitting
in the smultiplets



Dimensional transmutation
as the origin of mass scales

L(h,w) = < dph? — b’

4
M > 5TeV

with scale invariance

A

14y A\
V(h) = _Ai (ﬁ) e—(1+’7)¢/FDh2 +

Aldg
4h



Coupling to the gauge bosons

1 _ 1 _
L= Zpﬂzpﬂzzﬂ ((1 —MU/Fp+ (v - 1)yU?/F3 + )
3+
where v? = %
U=U-Fp
U = FD6¢/FD

’U2(QU/FD + [72/]'7%)
coupling to fermion arises through

0Ly = U/FDT[f



Models with a modulus

1 S 9
Liin = Z(Ai 87r2)Fi
< - 87T2 o .
S >= 2(Auv) Ayv = M - heavy particles
Z(Az | 87r2)Fi N 4(AZ " 82 log (Az>)Fz

Stability wrt s means stability wrt UV cut-oft scale M



Supersymmetric version

___3s ___3s ___3s
W = —M3e 51M 4 BM3e 22M + Me 1M Hi H,

quartic 5V4$9L?h%h§ 77s 6viP=.. + — T §s




Solutions in non-supersymmetric models

Ao Aja AT A8

A = Me—s/(
approximate symmetry broken by AS

h(x) — oh(ozx) and s(z) — s(oz) — 2/3 Mblog(o)

< h? >=

2M?L3 b1bo Bb; 1
L <s>=M |
) ’ 6(b1 — ba) Og( bo 1+1/>\)
by > by and B > A/(1+ A) and L1 = e—5/(Mby,2)

m2 _ lel’ ml 4M2L3
< h? >=2M?*L3/)\ = (246 GeV)?

A=013 and L; = 10~11  ma=125x10""%eV 10

T — -




Higher dimension operators

< h2 >— 2M2L?+’7 S _ b1b2 Io (B(pz +’)/2)b1)\>
AT M (p2+y2)bi — (6 +27)bs (6 + 27)b2
b2
P2t72 = (6+2’Y)a
m3 ~ m3L;{ (P2 +72)b1 — (6 + 27)ba) /(b1bo)
1 L 2 S S\92 _ S
£ = ;DD S (1+ 2a> +b(2)? + ) =Y maq (1+ cqg)

2]

B+ 7)v
one finds b = 2a®, ¢ = a and NV

11




Inflation from a modulus/UV cut-off

A3 2, Apa AL A3

A = Me—5S/(MDY)

This simple structure insufficient to generate inflation along s

Ways out:

Pseudogoldstone (warm) inflation:

M* f(s,T) (1 - cos(%))

New moduli via threshold corrections/phase transitions
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If at the scale m some states become heavy/light and b — b

g (0
A= Me (—)
m

m = «a + Bz (in SUSY oW = (a+ B2)¥V )

and

71 Y2
V(s,z) = Me 5/t M _ et (M) g
’ a+ Pz a+fz

z = xe'

After simplifying

v = o[ 6o/ Cos(f%) _ Be8/t2 Cos(f%)) ,
\ r1 T2

where tan() = af"}iii?ég()e) and r? = (a? + f%x* + 2afx cos(9))/ M?
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Details of a supersymmetric model

/ 2 3(N5—N3)/(2N»)
Wnpert = XpAN1M3e_S/N1—Xp BN2M3G_S/N2 <(oz—]yﬁx)2)
with p =7’
2
X
V(s,¢,2,0) = 632—8/@:10219 (A2(23 + Np)2e725/N1 4 B2(25 + Ny)2e25/N2p =47 (1 9)

1 1
_2AB(2s + N1)(2s 4+ Np)e *F1T82)-27(45 0 cos[ed + 2v5(z, 0)] )

72

—|—62—/<,:1:2p(1 + %)2 (a:QAQNlQe_QS/Nl + B2N22e_28/N27°_47(:c, 0)r'?(z,0)
S T
1 1
_22ABNyNye “M1T82)=27(5 0)r/ (2, 0) cos(ed + 275(z, 0) — 5 (z,0)) )
where
r2(z,0) = [a + Bz cos(9)]? + B2z sin?(6),
2 3 |
) _ Y Bx~+a cos(h) 452 (x)32a2 sin?(0)

re(z,0) = <x 25(2)B 3222+ a2+ 206z cos(e)) T (322 FalF208s cos(0))2

tan[é(z, )] = aff’giié‘éi%e) ’

-1
/ _ 25(x)Basin() Y Bx—+a cos()
tanlo’(z, 0] = g2 o2 20 s cos(0) (5” 27(@)B g2 o 20 cos(e)) )

(2) = (1 + &)1



Solution
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A=15, B=28.2, N =10, Np =9,
p=05a=1, =23 vy=10""

30 35 40 45 50 55

10'¢ v(e)

ng (N)

30 35 40 45 50 55

Minimum:

s =152.6, ¢ =0, x = 0.42, § = 3.16

Inflation:

O = 4.71, 0 = 3.54, nx = —0.0089, n, = 0.98
Ne = 8000



Comments on susy case:

1/4

: Reducing mgz /> reduces the ridge between the
finite and the noninteracting vacua

Topological trapping may still work, but probability of

populating finite vacuum reduced A

7

£ W =XWgr—V =|Wg|?+ |X|?|W|?



Nearly scale invariant SM

V =a+pdt®+2/2(010)% + Ly (3/2@ + AD1®)2(log (LHA2I2) _ 1)

+1/2(p + 3ABT @) (log WEBAST) _ 1)
+ (3/29" +3/4(g* + g)? 1zh4><<1>’f<1>>2<log °E—1/2)),

scale invariance

4o/ f 20/ f
broken by the dilaton a — ae y b — pe

Kinetic term
a(f) ~ f* and p(f) ~ f*
2 _ 4,0V 1 4
m, = sz = 322 Str M

In SM Str M* < 0
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Improvement

additional breaking of scale invariance

ae®!f — qeto/f — pePolt

this results in an acceptable solution

2 . 4(4—p)a6400/f,

otr — f2
00 bp
tuning
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Temperature corrections
T° oT?

V =a(o/f)e*/ + Hez"/fqbz + pe? !t ox ¥ o1

2

o= U%(%m% + 6m%,v + 3m22 + 6m%)

T2 = 6 b
2
for T' > T,
V(o) = alo/ e/ + el
take a = f* and p = —f?
2<os)f_ 12 o T°

c 4872 "0 T 9882

Dilaton trapped and driven to the proper low-energy vacuum
20
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One needs to understand generation of mass scales hierarchically
smaller than the Planck scale - even in supersymmetry one needs to
generate a relatively small scale at rather high energies

Dimensional transmutaion in strongly coupled gauge theories is a
reliable source of hierarchically small scales, with or without
supersymmetry

Dynamical scales may depend on moduli, which mix with ,,standard”
degrees of freedom

Some eigenstates of the complete mass matrix may be light or very
light and/or may have phenomenological or cosmological
consequences

Supersymmetric or nonsupersymmetric moduli associated with
dynamical mass scales may provide a natural source of cosmological
inflation

Thermal trapping of the modulus at high temperature



