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1) Anomaly of the scale symmetry
2) Un-doing Coleman-Weinberg dimensional transmutation

3) Quantum scale symmetry

v 4) Scale symmetric Standard Model
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Mass parameter in the SM

V(p)=m*H'H + \N(H"H)?
<

,2dJnnaturally” small.

Forbid dimensionful
parameters altogether.
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Mass parameter in the SM

V(p)=m*H'H + \N(H"H)?
<

,2dJnnaturally” small.

Forbid dimensionful
parameters altogether.

v

Higgs mass via Higgs portal:
new scalar field o with a VEV

—An0o?HTH | (o) #0
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Mass parameter in the SM

V(p)=m*H'H + \N(H"H)?

Global symmetry wrt. dilatations:
[Dv PM] — iP/vb
,2dJnnaturally” small.
Forbid dimensionful Ula) = e*P
parameters altogether. O(x) = U(a)®(x)U Ha) = e d(ex)
¢ 00(x) =1i[D,®] = (do +2"0,) P(x)

Higgs mass via Higgs portal:
new scalar field o with a VEV

—An0o?HTH | (o) #0
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Mass parameter in the SM

V(p)=m*H'H + \N(H"H)?

A
Global symmetry wrt. dilatations:
[Dv PM] — iP/vb
,2dJnnaturally” small.
Forbid dimensionful Ula) = e*P
parameters altogether. O(z) = U(a)®(x)U Ha) = e*®d(e2)
¢ 00(x) =1i[D,®] = (do +2"0,) P(x)
Higgs mass via Higgs portal: f
new scalar field o with a VEV :
The symmetry is
—An0o?HTH | (o) #0 anomalous!
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Anomaly of the scale symmetry

1 A
A symmetric action L= 5((‘%)2 T !
Noether current DV = i(x”@ ¢; +dyp;) — P L
0(0ugy) !
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Anomaly of the scale symmetry

1 A
A symmetric action L= 5((‘%)2 T !

oL

Noether current DM = ——(2¥0,0; +dgd;) — ML
oV d
- = ¢ — = — d¢ L) — d .
TV, = OuD" = dy 150 = dV = T [Vip™ay) =o'V io))] |
.| trace of the

E-M tensor

Quantum scale symmetry via constrained dimensional regularization / P Olszewski / SUSY2018 / 23-27 July / Barcelona 4/12



Anomaly of the scale symmetry

1 A
A symmetric action L= 5((‘%)2 - 4
Noether current DV = i(xva b; + dsd;) — 2L
a(aud)j) o !
oV d
B T oV _a b i\ d |
Ty = 0uD" = ds 655~ —dV = o V(p™¢5) — p*V($;)] ’pzl

Homogeneity of the potential?
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Anomaly of the scale symmetry

1 A
A symmetric action L= 5((‘%)2 T !

oL
Noether current  D¥ = x¥0,0; +dydi) — 2P L
oV d
TH =9, DF =dydim— —dV = — [V(p%d,) — pdV (b, ’
0 L ¢¢]a¢j dp[ (:0 ij) P (¢J)] =1

L=
2

Quantum corrections require  y, _ )‘;454 + 1 Ay lo )‘_"DQ _3

a dimensionfull regulator 41 4(4m)2 | 2 20° 2

5
T, = <¢@ —4) 1%
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Anomaly of the scale symmetry

1 A
A symmetric action L= 5((‘%)2 T !

oL

Noether current  D¥ = x¥0,0; +dydi) — 2P L

8(8,,,@-)( ?; 595)

2)% d

TV, = 0.D" = dy by —dV = = [V(p%6;) = p'V(6;)]
Iz Iz ¢¢]a¢j dp[ (P ¢5) —p (qu)] =1
L=
2

Quantum corrections require V:L&+ 1 Ap? lo Ao 3
a dimensionfull regulator 41 4(4m)2 | 2 270° 2

5
T, = <¢@ —4) 1%
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Anomaly of the scale symmetry

1 A
A symmetric action L= 5((‘%)2 T !

oL
Noether current  D¥ = x¥0,h; +dypd:) — xH L
oV d
- = f— = — d¢ L) — d .
TV, = OuD" = dy 150 = dV = T [Vip™ay) =o'V iop)] |

L=

2
Quantum corrections require vV — )\;454 4 1 <)\<P2> (log Ap?

a dimensionfull regulator 4! 4(4m)2 | 2 2 i
5 3)\2 ¢4 ¢4
T,u — o 4 V — — (1-loop) 7 0
p (¢5¢ ) (47)2 4! O s

3

2

)
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Anomaly of the scale symmetry
d=4

—a = o By0 C afBvyo
(e o B+ (g Casns O

9,
Ty~ 29:5ga—g£matter +

(matter-related) g, =g (x), gravitational anomaly
scale anomaly S
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Anomaly of the scale symmetry
d=4

—a X HoBvo c afBvyd
(a2 s B4 (g Cama O

0
) ~ 29:5ga—gﬁmatter +

(matter-related) g, =g (x), gravitational anomaly
scale anomaly S

. w not discussed here ...
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Anomaly of the scale symmetry
d=4

0
) ~ 29:598—9£matter +

(matter-related)
I scale anomaly

msertion of\

~ composite

\Qperators /
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Anomaly of the scale symmetry
d=4

0
) ~ zg:ﬁga—g[fmatter +

(matter-related)
I scale anomaly

msertion of\\ i

- composite Dimensional transmutation by Coleman and Weinberg:

\Qperators /

S04 B S04 + 0490410gQ02

<90>#0/

N/
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Un-doing the CW dim. transmutation with nonrenorm. interactions

d=4
L, AV
= o1
¢ og(A+0,)

A —

|VASOAPNIN S log—2 4+ _2¢4U_/ _|_¢4U_/2
e A IV
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Un-doing the CW dim. transmutation with nonrenorm. interactions

d=4
L, AV
= o1
¢ og(A+0,)

A —

|VASOAPNIN S log—2 4+ _2¢4U_/ _|_¢4U_/2
e A IV

4
] Qb 1Og o2 (et)Z
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Un-doing the CW dim. transmutation with nonrenorm. interactions

d=4
! 4 A 2
= o1
? Og(A—f—a’)

A —

VO~ ogttog S 4 (—2pt T 4 0
,LL2 A A2

_ 44
= ¢~ log -2 ()2

4 Y teR

g o) =4 V4
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Un-doing the CW dim. transmutation with nonrenorm. interactions

d=4
L, AV
= o1
¢ og(A+O,)

A —

|VASOAPNIN S log—2 4+ _2¢40_/ _|_¢4U_/2
e A IV

4
] Qb 1Og o2 (et)2

A \// / t E R \\

| ‘331 t ta )

N
SematdN

\\<0> =A a iD.A] = A

i[D, p] = p

ren. scale charged
under dilatations !
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Un-doing the CW dim. transmutation with nonrenorm. interactions

d=4
L, AV
= o1
¢ og(A+0,)

A —

|VASOAPNIN S log—2 4+ _2¢40_/ _|_¢4U_/2
e A IV

4
] Qb 1Og o2 (et)Z

L~ er
N k= el 1y = et//\/ /
/ oc=A+o' \ ;
ey =A
Nl % i[D,Al=A For consistency add also:
i[D, ,u] = U e 44-2n
V0= 3 i
ren. scale charged (A + o)
under dilatations ! n=1
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Un-doing the CW dim. transmutation with nonrenorm. interactions
d=4

Var(9,0) = VO + VI 1

* regularized p~ (o)
* nonrenormalizable A ~ (o)

* homogenous:

(¢ ¢+0£ —4) v =9
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Un-doing the CW dim. transmutation with nonrenorm. interactions
d=4

eff(¢a ) (O) + V(l) —+ ...

* regularized p~ (o)
* nonrenormalizable A ~ (o)

* homogenous:

(¢ ) VO _ g < scale symmetry
6+ 755 ) V-

+a——4
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Un-doing the CW dim. transmutation with nonrenorm. interactions
d=4

Vei(p,0) = VO 1 v 4

* regularized p~ (o)
* nonrenormalizable A ~ (o)

* homogenous:

+o0o— — 4

5 K3 ) VO _ g < scale symmetry
Yo oo

Does adding

nonrenormalizable interactions
work this way at

all loop orders

and beyond the effective potential?

>

Yes! Here’s why...
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Un-doing the CW dim. transmutation with nonrenorm. interactions
Dim-Reg d=4—2¢

Simple solution
p=plo)=e" f(o),

where - Lf(0)] =1 = u(o)=eloTe
f analytic near f({o)) =g =A
L teR |

Is perfectly allowed.
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Un-doing the CW dim. transmutation with nonrenorm. interactions
Dim-Reg d=4—2¢

Simple solution
p=plo)=e" f(o),

4

where  Lf(0)] =1 [N o) = et o=
f analytic near f({o)) =g =A
L teR |

is perfectly allowed. The broken phase succesfully mimicks an ordinary model. E.g.:

2e

) ¢4—|—2n o (242n) ¢4—|—2n o' —2n+ ==
€ _ g (, € n e’
M g2n (6 ) (MO) A2n <1 + Ho A>

Quantum scale symmetry via constrained dimensional regularization / P Olszewski / SUSY2018 / 23-27 July / Barcelona 8/12



Un-doing the CW dim. transmutation with nonrenorm. interactions

Dim-Reg d=4—2¢

Simple solution
p=pu(o)=¢" f(o),

where -~ /(o) =1 [N o) = et o=
f analytic near f({o)) =g =A
te R |

is perfectly allowed. The broken phase succesfully mimicks an ordinary model. E.g.:

2e

n n —2n+ 1—e
2e ¢4+2 _ (et)2s (Mg)(2+2n) ¢4+2 < OJ>

5_
H 0-2n A2n 1+’MOA

e N ////

nonrenormalizable series with
some evanescent coefficients (conjecture 1.)
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Un-doing the CW dim. transmutation with nonrenorm. interactions
Dim-Reg d=4—2¢

Simple solution
p=pu(o)=¢" f(o),

4
‘ — \‘\ 1
where - [f(()')] =1 — Iu(o') — et ol—¢
f analytic near f({o)) =g =A
telR |
is perfectly allowed. The broken phase succesfully mimicks an ordinary model. E.g.:
4+42n 4+42n I\ —2n+ 12_€€
2 @ (L t\2e (,.e\(242n) ¢ ed
2 = (P ) Co (1 s
n-independent S e
(conjecture 2.) nonrenormalizable series with
some evanescent coefficients (conjecture 1.)
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Un-doing the CW dim. transmutation with nonrenorm. interactions

Dim-Reg d=4—2¢

Simple solution
p=pu(o)=¢" f(o),

4
‘ — \‘\ 1
where - Lf(CT)] =1 — /L(CT) — et<g-1—s
f analytic near f({o)) =g =A
telR |
is perfectly allowed. The broken phase succesfully mimicks an ordinary model. E.g.:
4+42n 4+42n I\ —2n+ 12_€€
2 @ (L t\2e (,.e\(242n) ¢ ed
aPCT \\(ev) > (1o) A2n <1 T Ho A
n-independent S e
(conjecture 2.) nonrenormalizable series with
some evanescent coefficients (conjecture 1.)

1

"1 p(o) =% Fp P

similarly for gauge theories:
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Quantum scale symmetric effective lagrangian

No scale anomaly in ,dynamical”
regulator
(0) 1 5 1 5 4 2; o ¢4—|—2n
L (¢7 O-) — 5 (6¢) + 5(80) — M (U) V(¢7 U) =+ Z >\n 521
I a— n=>0 2 2
renormalizable, L= X L
classicaly scale-invariant O — —
o — —0O
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Quantum scale symmetric effective lagrangian

No scale anomaly in ,dynamical”
regulator
© ! Lo o ae g
g
L(p,0) = 5 (09)° + 5(00)* — 1*(0) +ZA
Y 2 2
renormal/zable, L X L
classicaly scale-invariant O — —
o— —0

_ Insertion of
- [9,D"]

| - unbroken scale |
" transformations

N to aII orders /
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Quantum scale symmetric effective lagrangian

No scale anomaly in ,dynamical”
regulator
1 S ¢4—|—2n
0 2 2¢e
LO(¢,0) = 5(6@ 5(00)* — p* (o) ) + E:A
4 2 2
renormal/zable, L7 X 1
go to broken phase classicaly scale-invariant b — —
o— —0
0 / /
Y L )(¢0 + ¢’ 00+ ¢)
" Insertion of
[8MD ] ‘ compute loop corrections (in momentum expansion) & RGE functions S, y

| - unbroken scale |
. transformations
\to aII orders/ Eeff(qﬁ? U) - = eff(¢>0> -+

*

 Homogenous function (no mass-parameters, only vev’s)

o 72 x 72 sym.

» Satisfies Callan-Symanzik eq.
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Quantum scale symmetric effective lagrangian

RG-improvement:
Choose

4 2
pn=-eug, )\(t)gb4—|—mlog<i) +... = t=1t¢,0)~log

eto

¢

o

to avoid large logs.
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Quantum scale symmetric effective lagrangian

RG-improvement:

2(1) 44 5 Choose 5

A (t)p 1)

_ Lt 4 _

=e NG T ] — ... = t=t(¢,0)~log—

p=chos AB) ¢+ 5 0g<6t0) + (¢,0) ~ log —
to avoid large logs.

. W(6)
Spontanous scale-symmetry breaking: € —.

) sin 6
(0) - M(cos 0) Ve = M W),
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Quantum scale symmetric effective lagrangian

RG-improvement:

2(1) 44 5 Choose 5

A (t)p 1)

_ Lt 4 _

=e NG T ] — ... = t=t(¢,0)~log—

p=chos AB) ¢+ 5 0g<6t0) + (¢,0) ~ log —
to avoid large logs.

. W(6)
Spontanous scale-symmetry breaking: € —.

7 ;-|I

) sin 6
(0) - M(cos 0) Ve = M W),

—» flat direction in Vog =
Jo—g, W (00) = W' (6) =0

0
. . . o
renormalization condition, &
similar to choosing C.C.
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Quantum scale symmetric effective lagrangian

RG-improvement:

M= etﬂ() )

i 1os

¢

eto

Choose
@

2
) +... <«  t=t(¢p,0)~log=-
o)

to avoid large logs.

Spontanous scale-symmetry breaking:

(o) =

0}
—» flat direction in Vog =
Jo—0, W (00) = W' () =0

renormalization condition,
similar to choosing C.C.

sin 6
cos 6

) ; %H:M4W(9)a

W(6)

* Hierarchy of scales via aligning the flat direction J_ ¢ — > (o=

v
N T . A1/ /)
N Nl
NN
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Quantum scale symmetric effective lagrangian

RG-improvement:

2(1) 44 5 Choose 5

A (t)p 1)

_ Lt 4 _

=e NG T ] — ... = t=t(¢,0)~log—

p=chos AB) ¢+ 5 0g<6t0) + (¢,0) ~ log —
to avoid large logs.

. W(6)
Spontanous scale-symmetry breaking: € —.

) sin 6
(0) - M(COS 0) » Verr = M W),

—» flat direction in Vog =
Jo—g, W (00) = W' (6) =0

9
. . . o
renormalization condition, &
similar to choosing C.C.

* Hierarchy of scales via aligning the flat direction J_ qb —» hr— K1
g0

* New perspective on naturalness: is this alignement stable wrt. embedding in a UV completion?
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Quantum scale symmetric SM + 0

0
H=1 4
V2 (electroweak vacuum — » electroweak flat direction)
1 2 2 9 A A |4+2n
Lsat| ey + 5 (00)" = AnlHP0® = Z20" + 37, Pl
p=p(o)
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Quantum scale symmetric SM + 0

0
H=| ¢
V2 (electroweak vacuum — » electroweak flat direction)

! A

2

H 4+2n
g+ | 4]

p=p(o)

Lsm 1

(00)* = AnlH[?0% = Z20% + 30 oA P

1 gb tan49
SM 4 4
Ve (¢,0) ]>\ H(Og ) ¢ Aeft(log tan 6) (1+¢ 26’)2

N s

W (8)
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Quantum scale symmetric SM + 0

0
H=| ¢
V2 (electroweak vacuum — » electroweak flat direction)

! A

2

H4—|—2n
o, + | 4]

p=p(o)

Lsm 1

(00)* = AnlH[?0% = Z20% + 30 oA P

. ¢ tan? 0
VSM O ) = —)\ 1() - 4 — M4 )\ 10 tan9
eff (Qb ) 4 eff( g O') ¢ eff( g ) (1 —|—tan2 (9)2
W(0) W(6)
Veff iS:
0 * unstable
flaﬁycll/ir. \ <« " unbounded below
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Quantum scale symmetric SM + 0

0
H=| ¢
V2 (electroweak vacuum — » electroweak flat direction)

1 2 2 2 Ao 4 H|*T2"
Lsnr|,.2_, —|—§(80) — M\n|H|70 —Za + ano)\n%
p=p(o)
1 0, tan* 0
VEM(0,0) ~ “degr| log = | ¢* = M* Aeg(log tan 6
eff (¢7 ) 4 € g o ¢ eﬂ( g ) (1 +tan2 0)2
W(e) w(o)
§ Tunneling via 2-dim instanton
V is: (Coleman’s bounce), in the
eff ¥ presence of nonrerm. terms.
\ 6 * unstable
EW . <  unbounded below
flat-dir. Ssa.
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Quantum scale symmetric SM + 0

0
H=1 4
V2 (electroweak vacuum — » electroweak flat direction)
1 9 A a+2n
2 2 g 4 H
Lsur| ey + 5 (00)° = Am|H?0® = 2ot + 37, Pl
p=p(o)
1 0, tan* 0
VEM(p,0) = “Aeg|log = ) ¢* = M* \eg(logtané
ft (¢7 ) A e gO’ ¢ e ( g )(1—|—tan20)2
W(e) w(o)
33, Tunneling via 2-dim instanton
V is: (Coleman’s bounce), in the
eff | % presence of nonrerm. terms.
\ 0 * unstable
EW . | (Even stronger) motivation to
flat-dir. ‘\__ < unbounded below stabilise the V__ completely: Neff ; 0
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Summary

1) You may use a field as the scale y
In Dim-Reg to preserve scale symmetry at the quantum level.

2) The price to pay: infinitely many nonpolynomial ¢/o operators
and corresponding couplings: nonrenormalizability.

3) Minimal subtraction scheme involves evanescent interactions.
4) Presence of a flat direction — tuning.

5) Naturalness: aligning the flat direction perpendicular to Higgs

v 6) Instability = unboundedness below
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Summary

1) You may use a field as the scale y
In Dim-Reg to preserve scale symmetry at the quantum level.

2) The price to pay: infinitely many nonpolynomial ¢/o operators
and corresponding couplings: nonrenormalizability.

3) Minimal subtraction scheme involves evanescent interactions.
4) Presence of a flat direction — tuning.

5) Naturalness: aligning the flat direction perpendicular to Higgs

v 6) Instability = unboundedness below

Thank You!
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Backup: conjecture 1.
Dim-Reg d=4—2¢

Consider evanescent interactions, lim =0 :

e—0
2 13 4 1 4 12
0) __ 2 12 Qo ¢ o ¢ o 2
e.g. Vn(ev)v—5<¢a + A + A - 12 —|—> +e°. ..
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Backup: conjecture 1.
Dim-Reg d=4—2¢

Consider evanescent interactions, lim =0 :

e—0
2 13 4 1 4 12
0) _ 2 2, QO MY MY 2
e.g. Vnew—5<¢0 + A + A - 12 +... ] +e7. ..
produces new finite corrections and poles in €
¢ ¢ O_/ "_;\ "-~§
e 4 12 S ’ 6 NP 34 6
Ot TN e TN g
. \ \
¢ so_/ e ]_ c
¢ € £

Quantum scale symmetry via constrained dimensional regularization / P Olszewski / SUSY2018 / 23-27 July / Barcelona 13/12



Backup: conjecture 1.
Dim-Reg d=4—2¢

Consider evanescent interactions, lim =0 :

e—0
2 13 4 1 4 12
0) _ 2 2, QO MY MY 2
eg. View = €| Q70"+ A + A - 12 +... ] +e7. ..
produces new finite corrections and poles in €
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but not new overlapping divergencies — » new terms can be subtracktet away
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Backup: conjecture 1.
Dim-Reg d=4—2¢

Consider evanescent interactions, lim =0 :

e—0
2 13 4 1 4 12
0) __ 2 12 Qo ¢ o ¢ o 2
e.g. Vn(ev)v—5<¢a + A + A - 12 —|—> +e°. ..

produces new finite corrections and poles in €

but not new overlapping divergencies — » new terms can be subtracktet away

Conjecture 1.

evanescent interactions = change of the renormalization scheme
~ &
(MS with evanescent interactions = new corrections and running wrt MS without evanescent int.)
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Backup: conjecture 2.
Dim-Reg d=4—2¢

Recall calculation of the B functions, it = €'fg, A= A(t),

schematically: A ®* > ;*° Z A®*, [®]=1—¢
N~
14+8(N)
d (e Z(\) X dA

0= 17 iazﬁk

Quantum scale symmetry via constrained dimensional regularization / P Olszewski / SUSY2018 / 23-27 July / Barcelona 14 /12



Backup: conjecture 2.
Dim-Reg d=4—2¢

Recall calculation of the g functions, [ = et,uo , A= A1),

schematically: A ®* > ;*° Z A®*, [®]=1—¢

1+6(N)
d (e Z(M\) A dA
oo AEDZMN L dr
dt dt -
(DTL
and consider also the nonrenorm. part: Z (et)Nla,lLéV2€ )\nW
n=0

where [Mo] — [A] =1

hence normally: Ny (n) = Na(n) =n — 2
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Backup: conjecture 2.
Dim-Reg d=4—2¢

Recall calculation of the B functions, it = €'fg, A= A(t),

schematically: A ®* > ;*° Z A®*, [®]=1—¢

1+6(N)
d (e Z(M\) A dA
oo AEDZMN L dr
dt dt -
(DTL
and consider also the nonrenorm. part: Z (et)NlauéV2€ )\nW
n=0

where [Mo] — [A] =1

hence normally: Ny (n) = Na(n) =n — 2

Conjecture 2.

One can choose Ni(n) =an—+b#n—2

|
aslongas 4a +b=2
without modifying the 3, functions.
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Backup: conjecture 2.
Dim-Reg d=4—2¢

Recall calculation of the B functions, it = €'fg, A= A(t),

schematically: A ®* > ;*° Z A®*, [®]=1—¢

1+6(N)
d (e Z(M\) A dA
oo AEDZMN L dr
dt dt -
(DTL
and consider also the nonrenorm. part: Z (et)NlauéV2€ )\nW
n=0

where [to] = [A] =1

hence normally: Ny (n) = Na(n) =n — 2

Conjecture 2.
Henceforth take
One can choose Ni(n) =an—+b#n—2

|
aslongas 4a+b =2 Ni(n) =const= 2
without modifying the 3, functions.
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