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Higgs boson exclusion limits

First steps
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Figure: Higgs boson excluded in the mass range 141-476 GeV/c2.
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Motivations

First steps

toward an The minimal realization of the SM would include only

asymptotically

PN  fundamental particles already discovered (no Higgs boson).

nteractions The breaking of the EW symmetry would be implemented by
ALBERTO coupling the gauge bosons and fermions to the corresponding
Nambu-Goldstone bosons described by a Nonlinear o Model.
Two strong arguments against this picture, suggesting the

existence of a fundamental Higgs:

@ Violation of unitarity;
@ EW precision measurements;

Both these arguments may be avoided, in principle, if the EW
symmetry breaking sector is described by a Nonlinear ¢ Model
which is Asymptotically Safe.



Asymptotic Safety

First steps

toward an A quantum field theory is said to be Asymptotically Safe (AS)

asymptoticall 0 g 0 .. .
saylfe o 5 if it has a fixed point with a finite number of UV-attractive
electrowea . .
interactions (relevant) directions.
ALBERTO Examples of AS theories:
TONERO . ) ) ) )
e QCD is asymptotically free, admits a Gaussian UV fixed
point [Wilczek, Gross and Politzer].
@ Nonlinear sigma model in d=2+-¢ is asymptotically safe
[A.M. Polyakov, PLB 57, 79 (1975), W.A.Bardeen et al., PRD 14,

985(1976)]
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The nonlinear 0 model (NLoM)

First steps . . .

s The NLoM action describes the physics of the Goldstone
asymptotica

saylfe o 5 bosons (Gb) of a spontaneously broken symmetry (G — H):
electrowea

interactions

ALBERTO S = 2f2 /d xhagaugo 8”

TONERO

o f is the Gb coupling with mass dimension (2 — d)/2
@ the flow of #hag is governed by the Ricci tensor:

d (1 i
E (ﬁha6> = QCdk'd 2Raﬂ 0

@ one-loop UV non-trivial fixed point (d > 2):

- d—2 D .
2 _ -~ - 2 _ kd—Z 2
P=— (f )
(R Ricci scalar) [A. Codello and R. Percacci, PLB 672 (2009) 280]
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SU(2) x U(1) gauged NLoM

toward an

o model of implemented by coupling the gauge bosons to the NLaM

safe model of

o The spontaneous breaking of SU(2) x U(1) — U(1) is

e Nambu-Goldstone bosons:
/—\L(BERTQ 1 . 1 ,
TONERO i »
§= 27.}(-2 /d mhaﬁDﬂd)aDu(lsﬂ = 4792 /d :UWZVW{LL
+ 17 /d49€ BB (Euclidean action)

o 1/f% =v?/4 (v is the EW VEV), g and ¢’ are the gauge
couplings.
@ the gauge covariant derivative is

Du¢® = u¢” + WiRS —BuL§  a,i=1,23.

@ R/L are right/left invariant Killing vectors.



Beta functions

First steps ..

toward an One-loop RGEs (optimized cutoff):
asymptotically
safe model of

electroweak

interactions dfz P 1 f2 72 2 /2
. — =2f°—— ( +69° +3 )
g & =2 g 0
dg2 _ g4 29
dt — (4m)2? 2
dg/2 1 g/4
At 6 (4m)?

For constant gauge couplings (g« = 0.65, g, = 0.35) we have
fr = /6472 — 692 — 39”2 ~ 25.06

Approximate solution:

F2(k)

T
F2+ (k2 —13) /8




Scattering amplitude and perturbative unitarity

First steps ; R . ; 87 k1
toward an Elastic amplitude of pions scattering 7'n/ — 7w¥7":

asymptotically

el A(ij — ki) = A(s,t,u)07 " + A(t, 5,u) 0%+ A(u, s, 1) 5% 67

interactions

AEERTE Leading order amplitude A(s,t,u) = sf2/4.

TONERO Isospin amplitudes:

Ag = 3A(s, t,u) + A(t, s,u) + A(u, s, t)
Ay = A(t,s,u) — A(u, s, t)

Ag = A(t, s,u) + A(u, s, t)

Partial wave decomposition of A; (I =0,1,2):
1

1
try = o » dcos® Pj(cost) Ay
The unitarity bound on the first partial wave is:
sf2 1
t = — < —.
Re(too) 641 < 2



RG improved unitarity bound
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safe model of
electroweak
interactions
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The value of the fixed point depends on the regularization
scheme and on the inclusion of higher derivative operators
[R. Percacci and O. Zanusso, Phys. Rev. D 81 (2010) 065012]. 0/17



S and T parameters

First steps

toward an We add to the effective lagrangian two higher order operators
asymptotically 0) (1)
safe model of £( and L .
electroweak
interactions 1

1 4
B DD W B
2f T
a 3.4 s
5 DL} — e

They give contribution to Peskin and Takeuchi (S and T)
oblique parameters:

115 my
S = —16mai(mz)+ o [E — log (m_z)] )

T = 2a(m)—L i—lo i
 Qem otz 8mcos? Oy |12 & my ’
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Beta functions

First steps ..
toward an One-loop RGEs (optimized cutoff):
asymptotically
safe model of

electroweak de 2 1 f2 2 2 12
interactions — = 2 - = ( ]. 2 ) 5
7 f 3 am)? fo(1+ 2a0) + 69° + 39
ALBERTO
TONERO dao 1 1 9 3 9
=0 _ 1 2a0) + 2
= 2 (@) <f ao( ao) + 39" |
dal ]. 72 ].
o (@) (f “1+a)-

Two nontrivial fixed points:

FPI: f, =25.1  ag. = —0.000292 a1, = —0.000265
(1 relevant and 2 irrelevant directions)

FPII: ]E* =177 ap« = 0.501 a1« = —0.000530
(2 relevant and 1 irrelevant directions)
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Comparison with experimental bounds

First steps
toward an
asymptotically
safe model of
electroweak
interactions
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TONERO

Figure: The half-line (FPII endpoints) and the dot (FPI endpoint)
show the values permitted by asymptotic safety. The ellipses show
the 1 and 2 o experimental bounds with my=117GeV.
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Fermions and Goldstone bosons

First steps . . . o

toward an SU(N)r x SU(N)pg invariant nonlinear sigma model
asymptotically . E
BN Ed  [agrangian coupled to fermions:

electroweak

interactions

1 ] i
el C—— T (U000 + i O + Briv"Oun

TONERO f2

2h ( Tiarrij, ja
U = e/™7Ta is SU(N) valued scalar field, 7* Goldstone
bosons. @bz“/R in the fundamental of SU(N)z,r and SU(N.)

Degenerate multiplet of fermions with mass

h
m=2— = hv,

f

h is the Yukawa coupling.
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Beta functions

First steps . ~
toward an One-loop RG equations for f and h (sharp cutoff):
asymptotically
safe model of

o af B
ALBERTO dt - f - f f
TONERO
dh 1 N2 = 1 N2-2
= = 4N, — 2 R + hf?.
dt 1672 N 642 N
Fixed Points:

FPI (he = 0, fx = 0) = trivial
FPIl (hy =0, f» = 87/v/N) = h = 0 at all scales

FPIIl (hy # 0, f» # 0) = N > 2N, (not true for the most
phenomenologically important case N = 2, N, = 3)
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Four-fermion interactions

Fix N = 2, we add to the lagrangian a complete set of
SU(2)r, x SU(2)g four fermion operators:

Ly = N (Fevidhy )+A2 (PEvfoR i“)
+ g (v + SRR v )
(0

+ a (Bn Rl + PRyl )
The RGE of h is modified by these interactions:
dh 1
4N, —3+---)h3+ 2 _16(N,

== 34--)h 642[f 6(NoX1 +Ao)| b
RGE for A (sharp cutoff):

d\i < 1 3

E = 2)\1 4 2 |:N )\1 + )\1)\2 - 2)\1)\3 - 4)\1)\4:|
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Numerical solutions

First steps
toward an
asymptotically
safe model of
electroweak
interactions

ALBERTO
TONERO

==10xh, no A
—10xh _

t

Running of f and h for N = 2 and N, = 3. Initial conditions
for the third quark family: hg = m;/v and fo = 2..
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Summary and Conclusions

First steps

toward an There seem to exist fixed point for the gauged NLoM in

asymptotically

e which only the leading two-derivative operator is

interactions considered.

el @ The position of the fixed point depends on the scheme of

regularization and inclusion of higher derivative operators
may also move the fixed point.

@ In the case of the electroweak chiral lagrangian our
approach is to assume the existence of the AS picture and
study some phenomenological consequences.

@ AS seems to be compatible with electroweak precision
measurement. Estimations of S and 7" in agreement with
experimental data.

@ In the case of SU(2) x U(1), the model is no more AS
when the NLoM is coupled to fermion. AS can be restored
introducing effective four-fermion interactions.
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BACKUP
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S and T ellipses
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Figure: One sigma S and T ellipses, PDG, J. Phys. G, 37, 075021
(2010).
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Complete set of beta functions

First steps
toward an
asymptotically

i R
voe I [4Nc ~34 2 +x2>] %
v 64;2 (72— 16(N.A + 32)] 1
% = 2\ — # :Nc;\% + 25\1:\2 — 2023 — 45\15\4}
Do iy g[S a3+ 20— 3 2o~ D
‘% — s+ 4%2 :}lj\lﬂz + %X% + (2N, — 1)AZ + 2(N. + 2)X35\4:
%‘ — 2+ ﬁ :%X% — 4Rgha + (N, + 2)%}
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Fixed points table (f, = 17.78, h, = 0)
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Experimental constraints

First steps o o .
Gl Current bounds on contact interactions, only one operator is
asymptotica .
WASSPE  considered [ E. Eichten, K. D. Lane, M. E. Peskin, PRL 50 (1983) 811],

electroweak

interactions w — (u d)

ALBERTO 47‘(‘A " "
TONERO — ° . =
Laqqq = SA2 VEVAEDT Y YT, (A=41).
Lower bound of the contact interaction scale A:
2

Current published bound [ATLAS Collaboration, New J. Phys. 13
(2011) 053044]:

A >95TeV  with 36 pb~L.
Future expected bound [ATLAS and CMS, arXiv:0709.2518 hep-ph]:
A >30TeV  with 100fb~ .
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Comparison with the experimental limit

Ai(k) < 2mk? | Apound

0.14 //
010 'lll
J
oo ;{iziiA::o ;’(
IE o XZ ”/'
00t - X3 //
oo /,”
0.02 —”‘“‘“
____________ g
0.0 0.5 1.0 15 50
t

Figure: RG evolution of \; towards the IR from the FP fplc.
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Two operators analysis (preliminary)w. u. De Sanctis]
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Figure: 95% CL limit on A; and A3
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