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theory, black holes, and the cosmological constant,”
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theory, black holes, and the cosmological constant,”

Phys. Rev. Lett. 82 (1999) 4971 [arXiv:hep-th/9803132].

For an effective field theory with ultraviolet cutoff A in a box of
volume k3 the entropy scales ~ A3/k3.
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entropy must scale with the area, i.e. S < M3 /k?.

N. Tetradis University of Athens

Effective Field Theory with a Variable Ultraviolet Cutoff



Speculations Exact renormalization group Implications

° 00 o

o o [o]e} 00
[e)e} 0o o
00

Strongly gravitating systems

Perturbative renormalization group Experimental constraints Conclusions

() [e]

A. G. Cohen, D. B. Kaplan and A. E. Nelson, “Effective field
theory, black holes, and the cosmological constant,”

Phys. Rev. Lett. 82 (1999) 4971 [arXiv:hep-th/9803132].

For an effective field theory with ultraviolet cutoff A in a box of
volume k —3 the entropy scales ~ A3/k3.
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entropy must scale with the area, i.e. S < M3 /k?.

Reconciling these facts is possible if A < M§/3k1/3.
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For an effective field theory with ultraviolet cutoff A in a box of
volume k —3 the entropy scales ~ A3/k3.

The thermodynamics of black holes suggests that the maximum
entropy must scale with the area, i.e. S < M3 /k?.

Reconciling these facts is possible if A < M§,/3k1/3.

Assume that the total (vacuum) energy within the volume k=3

does not lead to a Schwazschild radius for the system larger than
its size k1.
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For an effective field theory with ultraviolet cutoff A in a box of
volume k —3 the entropy scales ~ A3/k3.

The thermodynamics of black holes suggests that the maximum
entropy must scale with the area, i.e. S < M3 /k?.

Reconciling these facts is possible if A < M§/3k1/3.

Assume that the total (vacuum) energy within the volume k=3
does not lead to a Schwazschild radius for the system larger than
its size k1.

If the energy density scales ~ A*, we must impose that

A /K3 S M3 /K, or A < MY?k1/2,
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Strongly gravitating systems

A. G. Cohen, D. B. Kaplan and A. E. Nelson, “Effective field
theory, black holes, and the cosmological constant,”

Phys. Rev. Lett. 82 (1999) 4971 [arXiv:hep-th/9803132].

For an effective field theory with ultraviolet cutoff A in a box of
volume k —3 the entropy scales ~ A3/k3.

The thermodynamics of black holes suggests that the maximum
entropy must scale with the area, i.e. S < M3 /k?.

Reconciling these facts is possible if A < M§/3k1/3.

Assume that the total (vacuum) energy within the volume k=3
does not lead to a Schwazschild radius for the system larger than
its size k1.

If the energy density scales ~ A*, we must impose that

A /K3 S M3 /K, or A < MY?k1/2,

The saturation of the stronger bound for an infrared cutoff of the
order of the Hubble scale results in A ~ 103 eV.
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Theories with many degrees of freedom

Links between various energy scales of a theory can often be
established on general grounds.

G. Dvali, “Black Holes and Large N Species Solution to the
Hierarchy Problem,” arXiv:0706.2050 [hep-th].
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Theories with many degrees of freedom

Links between various energy scales of a theory can often be
established on general grounds.

G. Dvali, “Black Holes and Large N Species Solution to the
Hierarchy Problem,” arXiv:0706.2050 [hep-th].

A connection between the number N of particle species of a
theory, the scale A that sets their masses, and Mp: NA? < M.
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Links between various energy scales of a theory can often be
established on general grounds.

G. Dvali, “Black Holes and Large N Species Solution to the
Hierarchy Problem,” arXiv:0706.2050 [hep-th].

A connection between the number N of particle species of a
theory, the scale A that sets their masses, and Mp: NA? < M.
If this bound is saturated, there must be a direct link between A
and Mp.
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Theories with many degrees of freedom

Links between various energy scales of a theory can often be
established on general grounds.

G. Dvali, “Black Holes and Large N Species Solution to the
Hierarchy Problem,” arXiv:0706.2050 [hep-th].

A connection between the number N of particle species of a
theory, the scale A that sets their masses, and Mp: NA? < M.
If this bound is saturated, there must be a direct link between A
and Mp.

Example: compact extra dimensions, with N the number of
Kaluza-Klein gravtion modes with masses smaller than A.
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Theories with many degrees of freedom

Links between various energy scales of a theory can often be
established on general grounds.

G. Dvali, “Black Holes and Large N Species Solution to the
Hierarchy Problem,” arXiv:0706.2050 [hep-th].

A connection between the number N of particle species of a
theory, the scale A that sets their masses, and Mp: NA? < M.
If this bound is saturated, there must be a direct link between A
and Mp.

Example: compact extra dimensions, with N the number of
Kaluza-Klein gravtion modes with masses smaller than A.

N ~ (A/k)", with 1/k is the compactification radius and n the
number of extra dimensions. The bound is saturated, with
A2+n/kn ~ Mlgl
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Theories with many degrees of freedom

Links between various energy scales of a theory can often be
established on general grounds.

G. Dvali, “Black Holes and Large N Species Solution to the
Hierarchy Problem,” arXiv:0706.2050 [hep-th].

A connection between the number N of particle species of a
theory, the scale A that sets their masses, and Mp: NA? < M.
If this bound is saturated, there must be a direct link between A
and Mp.

Example: compact extra dimensions, with N the number of
Kaluza-Klein gravtion modes with masses smaller than A.

N ~ (A/k)", with 1/k is the compactification radius and n the
number of extra dimensions. The bound is saturated, with
A2+n/kn ~ Mlgl

A change in k (of possible dynamical origin) would result in the
variation of either A or Mp.
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Intuitive approach

Toy model of a scalar field ¢ with a Z, symmetry ¢ < —a.
One-loop effective potential (p = ¢?/2):

® 1N
UP0) = Vo) + g [ 87 (@24 V() + 20V ().
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Toy model of a scalar field ¢ with a Z, symmetry ¢ < —a.
One-loop effective potential (p = ¢?/2):

® 1N
UP0) = Vo) + g [ 87 (@24 V() + 20V ().

Tree-level potential: V = Uy for k = A = Ag.
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Intuitive approach

Toy model of a scalar field ¢ with a Z, symmetry ¢ < —a.
One-loop effective potential (p = ¢?/2):

® 1N
UP0) = Vo) + g [ 87 (@24 V() + 20V ().

Tree-level potential: V = Uy for k = A = Ag.
Renormalization-group improved potential:

oUk(p) _ dinp2  dInA g 2
ank — 2vq |k Ink dIkAIA
U, +2pU/’
— 2vd[kdln<1+kk72pk>}
dinA UL +2pU}"
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Intuitive approach

Toy model of a scalar field ¢ with a Z, symmetry ¢ < —a.
One-loop effective potential (p = ¢?/2):
(1) i Alk) dd [ 2 / "
UP0) = Vo) + g [ 87 (@24 V() + 20V ().
Tree-level potential: V = Uy for k = A = Ag.
Renormalization-group improved potential:
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If A(k) = k?A3~°, then d(InA)/d(Ink) = 4.
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Intuitive approach

The first term gives the vacuum energy. It is dominated by the
ultraviolet contributions.
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Intuitive approach

The first term gives the vacuum energy. It is dominated by the
ultraviolet contributions.

For 6 = 1/2, Ap = Mp, the vacuum energy is within the
experimental bounds.
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Consider a theory of a real scalar field , in d dimensions, with a
Z,-symmetric action S[y].

Tetradis iversity of Athens

Effective Field Theory wi Variable Ultraviolet



Speculations Exact renormalization group Implications Perturbative renormalization group
o 00 o o
o 00 [o]e} 00

Experimental constraints Conclusions
o

(o]e} [e]

Exact flow equation

Consider a theory of a real scalar field , in d dimensions, with a
Z,-symmetric action S[y].
Add a regulating piece

AS = % / d?qRe(a)x"(@)x(a),

where x(q) are the Fourier modes of the scalar field.
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Exact flow equation

Consider a theory of a real scalar field , in d dimensions, with a
Z,-symmetric action S[y].
Add a regulating piece

AS = % / d?qRe(a)x"(@)x(a),

where x(q) are the Fourier modes of the scalar field.

The function Ry cuts off modes with characteristic momenta
outside the interval k? < g2 < A%(k).
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Exact flow equation

N. Tetradis

Consider a theory of a real scalar field , in d dimensions, with a
Z,-symmetric action S[y].
Add a regulating piece

AS = % / d?qRe(a)x"(@)x(a),

where x(q) are the Fourier modes of the scalar field.

The function ﬁk cuts off modes with characteristic momenta
outside the interval k? < g2 < A%(k).

Legendre transform, remove the regulating piece. The resulting
cutoff-dependent effective action obeys the usual exact flow
equation (t = Ink)

oklo] _ lTr [(ri((z)[(b] . FA?k)_l ORy ] :

ot 2 dInk
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Use the derivative expansion

M = /ddx Uk(p) + %ZK(P)8H¢8#¢+"'
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Evolution equation for the potential

Use the derivative expansion

1
e = [ d% |Uelo) + 520000, + .
In the lowest order, with Uy (p), Zx = 1, we have

k(p) _ 1/ d%g dRk(a) 1
dlnk 2) (2m)® OInk g2+ Re(q) + UL(p) + 20U (p)
= 2vgkTy (U&(p) +2,0U|2’(ﬂ)>

k2
with
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Evolution equation for the potential

The threshold function

. 1 4,4 [ d%q ORc(a) 1
diwy _ L, —1), —d
oW =3V K" | 2mf Bk g2+ Re(a) + kew

is a generalization of a similar function defined in the formulation
with constant A.
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Evolution equation for the potential

The threshold function

. 1 4,4 [ d%q ORc(a) 1
diwy _ L, —1), —d
oW =3V K" | 2mf Bk g2+ Re(a) + kew

is a generalization of a similar function defined in the formulation
with constant A.

There are also “higher” threshold functions: i¢ = —8id(w)/ow
and i¢,, = —(1/n)ald (w)/ow for n > 1.
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Evolution equation for the potential

The threshold function

i 1, 1,9 [ 4G 9R(q) 1
d _ —y-1,-d
|O(W)— 2Vd k /(27‘(‘)d Olnk q2+§k(Q)+k2W

is a generalization of a similar function defined in the formulation
with constant A.

There are also “higher” threshold functions: i¢ = —8id(w)/ow
and i¢,, = —(1/n)ald (w)/ow for n > 1.

The dimensionless ratio Ry(q)/q? is a function of g2 /k? and
g?/A?(k). This means that the k-derivative of Ry(q)/q? produces
terms proportional to its derivatives with respect to g2 /k? or
g?/A?. As a result, the momentum integral above receives
contributions mainly from the regions around q = k and g = A.
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Write the flow equation as

3U|i(p) _ d—2 " 1y fd Uli(p) ~|—2,0U|i/(,0)
m = —2Vd k (3Uk aF ZPU ) Il .

k k2
The integral in the definition of Tf has better convergence

properties than the one in Tg, so that the choice of a cutoff
function is easier.
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Sharp cutoff

Write the flow equation as

Uy (p) d4—2 ~ ((Uklp) +2pU¢ (p)
Si = —2vak? 2 (3UY + 20U{) = :

The integral in the definition of Tf has better convergence

properties than the one in Tg, so that the choice of a cutoff
function is easier.

Example of cutoff functions:

I 1 ~
Rk(9) =1 exp <_a(q2//\2(k))b) _ exp (—a(qz/kz)b) 1f,
A 1 1
R a2

() =4 exp (a(qz/kz)b) -1 . exp (a (qz//\z(k))_b) -1
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Sharp cutoff

For large values of b the momentum integration in the threshold

functions is dominated by small intervals around q = k and
q=A.
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Sharp cutoff

For large values of b the momentum integration in the threshold
functions is dominated by small intervals around q = k and
q=A.

For both choices of ﬁk we have

- dinA /A\® 2 , /K2w
|E(W) :|f(W)— = <E> |f <W>’

) = 1

where

is the standard form of the threshold function for constant A in
the sharp-cutoff limit.
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For large values of b the momentum integration in the threshold
functions is dominated by small intervals around q = k and
q=A.

For both choices of ﬁk we have

A dinA (A2 4 (k2w
|E(W) :|f(W)— = <E> |f <W>’

$w) = ——

where

is the standard form of the threshold function for constant A in
the sharp-cutoff limit.

The evolution equation for the potential that we derived intuitively
is reproduced.
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Fixed points

Use dimensionless variables

p=k*4p, Uk (7) = k~Uk(p)-
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Fixed points

Use dimensionless variables

p=k""p, Uk (7) = k= Uk(p)-
The evolution equation for the potential takes the form
ouy, - 3u! +2pu)’
= - 2 2)pu) — 2vg—k Tk
dlnk Ui + (d = 2)pui 1+u
dinA 230/ + 2pu!”
+ agye ( ) 7+ 2
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Fixed points

Use dimensionless variables

p=k""p, Uk (7) = k= Uk(p)-
The evolution equation for the potential takes the form
ouy, 3u + 2pu)’
- _ 2 2 ~ I _ k

dlnk Ui + (d = 2)pui 1+u

dinA 230/ + 2pu!”

+ agye ( ) 7+ 2

e

The presence of the second term destabilizes most of the
fixed-point solutions.
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Fixed points

For d = 3 the second term dominates as k — 0 because A/k
diverges. This implies that the Wilson-Fisher fixed point
disappears. The same conclusion can be reached for the fixed
points of the O(N)-symmetric theory.
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Fixed points

For d = 3 the second term dominates as k — 0 because A/k
diverges. This implies that the Wilson-Fisher fixed point
disappears. The same conclusion can be reached for the fixed
points of the O(N)-symmetric theory.

The only fixed point that survives in all dimensions is the
Gaussian fixed point u, = 0.
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Fixed points

For d = 3 the second term dominates as k — 0 because A/k
diverges. This implies that the Wilson-Fisher fixed point
disappears. The same conclusion can be reached for the fixed
points of the O(N)-symmetric theory.

The only fixed point that survives in all dimensions is the
Gaussian fixed point u, = 0.

For d = 2 fixed points are possible for k — 0. They would
correspond to solutions of

1 1 "
—2U|/( 4F Z <(5 — m) (3U|/(I =F 2pull(” = 0
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Logarithmic running in 4d

Parametrize the potential as
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Logarithmic running in 4d

Parametrize the potential as
Ue(p) = M2(k) p+ S A(K) o2 + 20 (k) p° + (k) p*
« 4 6 24

In d dimensions, the g-functions for the first two generalized
couplings are

dm? - m2\ ' dinA (A\?7? m2\ '

gk~ ok <1+F> _d|nk<E> <1+ﬁ>
-2 d—4 -2

dx e m? dinA /A m?

dink ~ 8vakTTA <1+W “dink \k 1+ %
2 -1 d—2 2 -1

 ougkt 2o | (10 M) dinA (A me

e <1+k2> dink (k T
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Logarithmic running in 4d
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Consider the standard “renormalizable” theory with
mZ(Ao) = m&v, /\(/\0) = Ny 0'(/\0) = l/(/\o) =..=0.
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Logarithmic running in 4d

Consider the standard “renormalizable” theory with

m?(Ao) = M2, A(Ao) = Aw, o(Ao) = v(Ag) = ... = 0.
Ford = 4, m2 < k2,0 ~0,and A(k) = k®A;~°, the running of
is
d)
ank ~ e
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Logarithmic running in 4d

Consider the standard “renormalizable” theory with

2(/\0) = (/\0) = )\W, 0'(/\0) = l/(/\o) = =0.
Ford = 4, m2 < k?, 0 ~0,and A(K) = k5A(1) 5, the running of \
is
dA 9
dink =(1-9) 67r2>\ !
Also
3\ 3\
2 _ 2 W 2 W 2
me(k) = (Mg — 2 (1~ 20)A8[ + = (kP — 26A0K)
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Assumptions

Consider the possibility that the ultraviolet cutoff A depends on
the typical energy scale of the process E.

N. Tetradis

University of Athens
Effective Field Theory with a Variable Ultraviolet Cutoff



Speculations Exact renormalization group Implications Perturbative renormalization group Experimental constraints
o 00 ° o
o 00 [e]e} 00

Conclusions
[e]

(o]e} [e]

Assumptions

Consider the possibility that the ultraviolet cutoff A depends on
the typical energy scale of the process E.

We could allow for an infrared cutoff ¢(E), but it is irrelevant for
{ < E.
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Assumptions

Consider the possibility that the ultraviolet cutoff A depends on
the typical energy scale of the process E.

We could allow for an infrared cutoff ¢(E), but it is irrelevant for
{ < E.

The bare couplings are independent of E. Use renormalized
perturbation theory in four-dimensional Minkowski space.
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(e}

Consider the possibility that the ultraviolet cutoff A depends on
the typical energy scale of the process E.

We could allow for an infrared cutoff ¢(E), but it is irrelevant for
{ < E.

The bare couplings are independent of E. Use renormalized
perturbation theory in four-dimensional Minkowski space.

The Lagrangian is

L = (u¢0) mo¢o _o¢g
> 1 m2s Ag 1 2 1. 5 0x 4
= ( u¢) =~ § = §¢ + §5Z (0ud)” — §5m¢ - §¢ )

With 6z =Z — 1, 6m = m3Z —m?, 6, = \oZ%2 — \. The
renormalized field is ¢(x) = Z ~/2¢p(x).

University of Athens

Effective Field Theory with a Variable Ultraviolet Cutoff



Speculations Exact renormalization group Implications Perturbative renormalization group
o

Experimental constraints

(e]e} o
o [e]e) 00

Conclusions
[e] [e]
(e]e]
(o]e} [e]

Constant ultraviolet cutoff
The renormalized and bare Green’s functions are related through

(QIT p(x1)p(X2)...d(%n)|Q) = Z~"2(QIT o (X1)do(X2)--.d0(Xn), Ao|Q),

with Ag some fixed reference value of the ultraviolet cutoff.
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Constant ultraviolet cutoff

The renormalized and bare Green’s functions are related through

(QIT p(x1)p(X2)...d(%n)|Q) = Z~"2(QIT o (X1)do(X2)--.d0(Xn), Ao|Q),

with Ag some fixed reference value of the ultraviolet cutoff.

The quantities Z and A\ depend on the renormalization scale M.
Under a variation M — M + 6M we have A — X\ + i),

¢ — (1 + 0H)ep, with H = In(Z2~%/2).
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Constant ultraviolet cutoff

The renormalized and bare Green’s functions are related through

(QIT p(x1)p(X2)...d(%n)|Q) = Z~"2(QIT o (X1)do(X2)--.d0(Xn), Ao|Q),

with Ag some fixed reference value of the ultraviolet cutoff.

The quantities Z and A\ depend on the renormalization scale M.
Under a variation M — M + M we have A — X\ + ),

¢ — (1 + 0H)ep, with H = In(Z2~%/2).

The connected Green’s functions satisfy G(" — (1 +néH)G™. If
they are viewed as functions of M and A, their variation is

6GM = (G /M) 6M + (G /9N) 5. This gives the
Callan-Symanzik equation

0 0
(n) =
MaM +68/\+n7 G (X1, ..., Xn, M, X) = 0,

with 8 = M(3A/6M), v = —M(8H /oM).
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Constant ultraviolet cutoff

It is instructive to study the running of the quartic coupling
through an explicit calculation.
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Constant ultraviolet cutoff

It is instructive to study the running of the quartic coupling
through an explicit calculation.

At one loop, the (Fourier transformed) four-point function is

: 1

GW =—i[BA+92(V(s)+V(t)+V)+a] J[ =
i=1,...,4 "I

Impose as a renormalization condition that the corrections cancel

at the symmetric point s =t = u = —M?. This means that

Sy = —27)\2V (—M?2).

N. Tetradis University of Athens

Effective Field Theory with a Variable Ultraviolet Cutoff



Speculations Exact renormalization group Implications Perturbative renormalization group Experimental constraints Conclusions

[e] (e]e} o [e]
[e] e} oe (e]e]

[e]

(o]e} [e]

Constant ultraviolet cutoff

It is instructive to study the running of the quartic coupling
through an explicit calculation.

At one loop, the (Fourier transformed) four-point function is

G@ = —i [3A+ 92 (V(s) + V() + V() +8] ]

1
=
i=1,...,4 "

Impose as a renormalization condition that the corrections cancel
at the symmetric point s =t = u = —M?. This means that

Sy = —27)\2V (—M?2).

Use Pauli-Villars regularization with scale A?, to obtain

1 N2
WQ__§?P+mH}
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Energy-dependent ultraviolet cutoff

Now assume that A = A(|s|*/?). The counterterm is

92 AZ(M)
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Energy-dependent ultraviolet cutoff

Now assume that A = A(|s|*/?). The counterterm is

o\ = o [2+| AZ(M)].

3272 M2
Then,

9N? ISI ItI IUI N*(|s[*/?)

1
@ = _j In In_L+In In—>_/ =
G 3+ oo | In s +in —3 AZ(ND) H :

pi
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Energy-dependent ultraviolet cutoff

Now assume that A = A(|s|*/?). The counterterm is

o\ = o [2+| AZ(M)].

3272 M?2
Then,
- 9N? ISI ItI IUI N2(Js[*/%) 1
@ = _ In In ——+In Ihn—>__/ =
G 3+ oo | In s +in ~3In—5 ™ H 7

At this order and we have v = 0. The g-function is

9N dInA(M)
) = 162<1_ dInM )

1)

N. Tetradis

Effective Field Theory with a Variable Ultraviolet Cutoff

University of Athens



Speculations Exact renormalization group Implications Perturbative renormalization group
o

Experimental constraints Conclusions
o
o

[e] [e]
(o]e}

(e]e]
0 o

Energy-dependent ultraviolet cutoff

Now assume that A = A(|s|*/?). The counterterm is

o\ = o [2+| AZ(M)].

3272 M2
Then,

GW = —j

3272 A2(M)

2 2(|all/2
g 2 <| 15| o B U1 0 )) :
i

15

At this order and we have v = 0. The g-function is

B = 9)\2 (1_8InA(M)>' @

1672 dInM
The running coupling is

9)\2 M A(M)
A=A+ 16,2 <InM—1 —In /\(M1)> .
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Energy-dependent ultraviolet cutoff

In order to make contact with the exact renormalization group
approach, choose a reference scale M; = Ag (where Ag should
be identified with Mp). Impose A(Ag) = Ag. An example is
A(M) = A5~°M? with constant 4. The -function agrees with the
one derived through the exact renormalization group.
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Energy-dependent ultraviolet cutoff

N. Tetradis

In order to make contact with the exact renormalization group
approach, choose a reference scale M; = Ag (where Ag should
be identified with Mp). Impose A(Ag) = Ag. An example is

A(M) = A5~°M? with constant 4. The -function agrees with the
one derived through the exact renormalization group.

The running coupling becomes

- 9INZ M 9\2 M
A(M) = Ay +162In AV =Aw+(1— 5)167T2In/\—0.

The bare coupling of the Wilsonian approach must be identified
with Ay in the above expressions. We have A(Ag) = A\ .-

Conclusions
[e]

University of Athens

Effective Field Theory with a Variable Ultraviolet Cutoff



Speculations Exact renormalization group Implications Perturbative renormalization group Experimental constraints Conclusions
o 00 o o o
o o [o]e} 00

[e]e} oce o
(e}

Energy-dependent ultraviolet cutoff

In order to make contact with the exact renormalization group
approach, choose a reference scale M; = Ag (where Ag should
be identified with Mp). Impose A(Ag) = Ag. An example is

A(M) = A5~°M? with constant 4. The -function agrees with the
one derived through the exact renormalization group.

The running coupling becomes

- 9INZ M 9\2 M
A(M) = Ay +162In AV =Aw+(1— 5)167T2In/\—0.

The bare coupling of the Wilsonian approach must be identified
with Ay in the above expressions. We have A(Ag) = A\ .-

The bare coupling in the Lagrangian is

9A2

/\o:>\+5)\=/\w+m- (2)

It is constant, as required by the consistency of the discussion.
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The logarithmic running of gauge couplings in four dimensions is
expected to be modified similarly to that of the quartic coupling.
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The logarithmic running of gauge couplings in four dimensions is
expected to be modified similarly to that of the quartic coupling.

The one-loop S-function should be multiplied by the correction
factor 1 — ¢.
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The logarithmic running of gauge couplings in four dimensions is
expected to be modified similarly to that of the quartic coupling.

The one-loop S-function should be multiplied by the correction

factor 1 — ¢.
Assume that the form of the S-function does not change at higher
scales.
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Running of aem from me to m,,
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Running of the electromagnetic coupling

Running of aem from me to m,,

Anomalous magnetic moments of the electron and muon:
0i =2+ aem(m;)/m+---.
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Running of the electromagnetic coupling

N. Tetradis

Running of aem from me to m,,

Anomalous magnetic moments of the electron and muon:

9i =2+ avem(Mi)/m + - -.

Infer the electromagnetic coupling aem(p) at the scales p = me
and m,,.
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Running of the electromagnetic coupling

Running of aem from me to m,,

Anomalous magnetic moments of the electron and muon:

gi =2+aem(mi)/7l'~|—-'-.

Infer the electromagnetic coupling aem(p) at the scales p = me

and m,,.
Assume the anomalous running
1 1 1-6 m
_ = In—* 4+ ... (3)
aan(me) aen'l(mu) 3T Me
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Running of the electromagnetic coupling

Running of aem from me to m,,

Anomalous magnetic moments of the electron and muon:

gi =2+aem(mi)/ﬂ'~|—-'-.

Infer the electromagnetic coupling aem(p) at the scales p = me

and m,,.
Assume the anomalous running
L L :1_5|nﬂ+... (3)
aan(me) aen](mu) 37'(— me
The most precise determination of 4:
0 = —(0.047 £0.018). (4)

The central value of § is about 3o below zero, because, for
0 =0, g, is about 30 above the SM prediction.

N. Tetradis University of Athens

Effective Field Theory with a Variable Ultraviolet Cutoff



Speculations Exact renormalization group Implications Perturbative renormalization group Experimental constraints Conclusions

o 00 o o

o 00 [o]e} e0
o

[e]

(o]e}

Running of the electromagnetic coupling

Running of aem from me to m,,

Anomalous magnetic moments of the electron and muon:

gi =2+aem(mi)/ﬂ'~|—-~-.

Infer the electromagnetic coupling aem(p) at the scales p = me

and m,,.
Assume the anomalous running
L L :1_5|nﬂ+... (3)
aan(me) aen](mu) 37'(— me
The most precise determination of 4:
0 = —(0.047 £0.018). (4)

The central value of ¢ is about 3¢ below zero, because, for

0 =0, g, is about 30 above the SM prediction.

Usual new-physics interpretation: new particles with heavy mass
M, which give Ag,, ~ am2/M?.
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Running of aem from m, to Mz
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Running of the electromagnetic coupling

Running of aem from m,, to Mz

Precision tests at the Z pole offer another precision
determination of the electromagnetic coupling.
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Running of the electromagnetic coupling

Running of aem from m,, to Mz

Precision tests at the Z pole offer another precision
determination of the electromagnetic coupling.

A global fit within the SM gives

1

7_12892+023In j:006. 5)
aem(MZ)
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Running of the electromagnetic coupling

N. Tetradis

Running of aem from m,, to Mz

Precision tests at the Z pole offer another precision
determination of the electromagnetic coupling.

A global fit within the SM gives

S
aem(Mz)

The RG extrapolation from me, m,, up to Mz gives

———— =128.937 + 8.1§ + 0.028,
aa'n(Mz)

where the uncertainty comes from QCD thresholds.

—12892+023|n j:006.

[e]

(5)

(6)
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Running of the electromagnetic coupling

Running of aem from m,, to Mz

Precision tests at the Z pole offer another precision
determination of the electromagnetic coupling.

A global fit within the SM gives

S
aem(Mz)

The RG extrapolation from me, m,, up to Mz gives

— 128.92 + 0.23In % +0.06. )
VA

— — _ —128937 +8.16 + 0.028, (6)
aa'n(Mz)

where the uncertainty comes from QCD thresholds.

5= (—0.2 +2.9InDh 0.9) %. )
Mz
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Running of the strong coupling

Running of as from m.. to mz

Another sensitive probe to 6 comes from the running of the
strong coupling as. The strong coupling constant has been
measured at various scales, and the two most precise
determinations are at m, and M.
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Running of the strong coupling

Running of as from m.. to mz

Another sensitive probe to 6 comes from the running of the
strong coupling as. The strong coupling constant has been
measured at various scales, and the two most precise
determinations are at m, and M.

A global fit of electroweak precision data within the SM gives

as(Mz) = 0.121 + 0.0008 In h M, " 10.0023. (8)
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Running of the strong coupling

Running of as from m.. to mz
Another sensitive probe to 6 comes from the running of the
strong coupling as. The strong coupling constant has been
measured at various scales, and the two most precise
determinations are at m, and M.
A global fit of electroweak precision data within the SM gives

as(Mz) = 0.121 + 0.0008 In 3—2 +0.0023. (8)

The measurement of the strong coupling from 7 decays,
as(m;) = 0.334 £ 0.009, extrapolated up to Mz gives

as(Mz) = 0.1212 + 0.08 § 4 0.0011. 9)

N. Tetradis University of Athens

Effective Field Theory with a Variable Ultraviolet Cutoff



Speculations Exact renormalization group Implications Perturbative renormalization group Experimental constraints Conclusions
o o o
o [o]e} 00

[e]
(o]e} L]

Running of the strong coupling

Running of as from m.. to mz
Another sensitive probe to 6 comes from the running of the
strong coupling as. The strong coupling constant has been
measured at various scales, and the two most precise
determinations are at m, and M.
A global fit of electroweak precision data within the SM gives

as(Mz) = 0.121 + 0.0008 In 3—2 +0.0023. (8)

The measurement of the strong coupling from 7 decays,
as(m;) = 0.334 £ 0.009, extrapolated up to Mz gives

as(Mz) = 0.1212 + 0.08 § 4 0.0011. 9)

5= (—0.4 +1.1n D 3.3) : (10)
Mz
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The notion of a variable ultraviolet cutoff, linked to the infrared
one, does not pose a conceptual problem.
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The notion of a variable ultraviolet cutoff, linked to the infrared
one, does not pose a conceptual problem.

It can implemented within both the exact and the perturbative
renormalization group.
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The notion of a variable ultraviolet cutoff, linked to the infrared
one, does not pose a conceptual problem.

It can implemented within both the exact and the perturbative
renormalization group.

It leads to a modification of the flow equations.
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The notion of a variable ultraviolet cutoff, linked to the infrared
one, does not pose a conceptual problem.

It can implemented within both the exact and the perturbative
renormalization group.

It leads to a modification of the flow equations.

In four dimensions the strongest observable consequence
concerns the logarithimic running of couplings.
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The notion of a variable ultraviolet cutoff, linked to the infrared
one, does not pose a conceptual problem.

It can implemented within both the exact and the perturbative
renormalization group.

It leads to a modification of the flow equations.

In four dimensions the strongest observable consequence
concerns the logarithimic running of couplings.

In the simplest implementation, it is strongly constrained by data.
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The notion of a variable ultraviolet cutoff, linked to the infrared
one, does not pose a conceptual problem.

It can implemented within both the exact and the perturbative
renormalization group.

It leads to a modification of the flow equations.

In four dimensions the strongest observable consequence
concerns the logarithimic running of couplings.

In the simplest implementation, it is strongly constrained by data.

The framework is interesting, because it provides a window to
high energy scales.

For§ =1/2,k ~ 1 GeV implies A ~ 10'° GeV.

For§ =1/2,k ~ 1 MeV implies A ~ 108 GeV.
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