A probabilistic approach to the hierarchy problem
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1. Introduction 3. Phenomenolgy

e Motivation: no new particles have been observed yet at current ac- Hierarchy between the L and H sectors
celerators energy scale = to introduce new scalar particles, we need to 2 2 ()2
have a mass hierarchy. R — gVH _ 912&1 U : N Mg = P(R)gY, il = eg?
[s it possible to obtain hierarchy in a natural way? (i.e. general My, 9L{P)

model /models & wide range of parameters).

e Proposal: toy model to study large separation of scales from quantum

origin. i 5 _
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We start from a massless lagrangian and make use of the Coleman & h = Exp o7 PR (9x = 0)

Weinberg mechanism to obtain spontaneous symmetry; effective poten- - L 57 -

tial formalism (1—10?P). | | 12872 [ (AL + 2292Q2g%)

We define a probability proportional to the size of the hyper-volume of N = Lxp o7 1 2 9,9 9 (L <+ H)

the parameter space of the model associated with an interval of mass ] (97 + 397 Q19%) )

ratios between two sectors.

2. The model N
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Classical fields: ¢ — (0,¢p), © — (0,n)
Particle content of the model Probability ‘13((33‘1,1;1 )ul: ratio of the area with R € [JRg, 00| and the
2 scalars (¢, n) and 7 gauge bosons whose masses m; depend on the scalar total allowgd area in t.h.e (97r: Amr) plane (CW-triangle)
backgrounds and gauge couplings: — cumulative probability for R from Ry to oo
_ i General case 0): _
%:ng :h(f))odecoupled limit (gx # 0) sp(aL) 1 2Ty ArAs 2 M1 0.44
O Wf’ 19 Wll'iQ) W;—JJI; 1 and WII_}’ZI the cumul 6 397 g% — (loglo %0)2 (9x = 0)
® my, . = gryp/2 same m as with gx = 0
® My, S an/Z ® mixing between Wg,:g, WII—LI,S and 1 S /\L=I0.001|,gL=0I.6 |
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o mx — 0 Xt = Zy, Z7 and 4 0.100__
e 4 is always massless |
(1 =1,2,3)
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0010— _____ g}(=0-2s QL=11 QH=1 ‘
i ——— gx=0.2, Q =2, Qu=1

o /7 and Z%; masses: combination of
the three gauge couplings g1 g7 x

...... 9x=0.2, Q =1, Qu=2 |

Cum. probability P,

Effective potential (1-loop + Coleman & Weinberg hypothesis)
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Vie,n) = Vole,n) -

Restrictions = CW-triangle

CW hypothesis
— |/\j‘ < €Ecw ‘@
Perturbativity
%g‘? < €2 - AT = g?nax

Both L and H sectors integrated out
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F Probability ‘P.umu from the integration to the whole

(92,1, 9%, A ) allowed parameter space

Ro>1 1( 327 )2 0.87
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Peumul = 3 | o7 ;0 | (log Ro )2

4. Conclusions and future work

e model with SU(2);, xSU(2)g xU (1) x symmetry — 2 sectors of particles
with possible hierarchy between them

e hierarchy: depends on the couplings g1, 9y, A\, Ag, 9x(Qr,Qu), A\LH

e promising results: wide region of parameter space giving place to
hierarchy
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* probability of obtaining very large hierarchies is suppressed, but only
logarithmically — not excluded

*x R~ (Mp/mpew)? ~ 10%? only suppressed by P ~ 1073104

* same results if more symmetry groups are included as G = [[, SU(2),

...... gx=0.2, Q. =1, Qy=2 |

Cum. probability P.ymul
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