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Introduction

Physical systems, very different at microscopic level, can show
phases characterized by the same Universal behavior when the
correlation length diverges (2nd order phase transition).

Critical phenomena are conveniently described by
Quantum and Statistical Field Theories.

Most famous example: el oLl

3D Ising universality class (Magnetic systems, Water)
in a Landau-Ginzburg description as a scalar QFT,
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Critical theories

Theory space
(fields and symmetries)

The critical theories are

points 1n a suitable theory space
characterized by scale invariance.
If there 1s Poincare’ invariance it 18
often lifted to conformal invariance




RG

In a Renormalization Group description critical field theories are associated
to fixed points of the flow, where scale invariance 1s realized.

f e These fixed points may control the IR behavior of the theories.
(example: Wilson-Fisher fixed point) Wilson (1971), Wilson and Fisher (1972)

;
!

!

e Fundamental physics in a QFT description require renormalizability conditions
' which 1n the most general case goes under the name of Asymptotic Safety:
existence of a fixed point with a finite number of UV attractive directions.
Asymptotic freedom 1s a particular case with a gaussian fixed point.

1 Formulations:

. e Perturbation theory in presence of small parameters,
e.g. e-expansion below the critical dimension

e Wilsonian non perturbative, exact equations but not solvable in
practice. (Polchinski and Wetterich/Morris equations)

A R R O T O S
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Critical theories often show an enhanced conformal symmetry

In d=2 1t 1s a infinite dimensional Virasoro symmetry, but also in
d>2 one can take advantage of the SO(d+1,1) symmetry group.

Conformal data: a CFT 1s fixed by the scaling dimensions of the primary
operators and by the structure constants defining their 3 point correlators.

(Ot Os ) = o as

T PP

C1abc
(Oa()O0p(y)Oc(2)) = 7 — y[BatBe—Acly — 2|BotAc—Aa|, — g|ActBa—A,

Recently the old proposal of Polyakov was pushed forward in what 1s
called Conformal Bootstrap, based on the consistency of conformal
block expansions of the 4 point correlators (in s,t channels)

El-Showk, Paulos, Poland, Rychkov, Simmons-Duffin and Vichi (2012)

Also 1n CFT the perturbative e-expansion 1s very useful and several different
aproaches are available.

’
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f_,agrangian clescril:)tion

'~ The main constraints are given by the field content and the symmetries,
but this leaves still too many possible theories for a generic dimension d.
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It 1s therefore useful to start from some kind of Landau Glnzburg descrlptlon

to single out some possible solutions.

e This is the starting point for an RG analysié.

e In a CFT this leads to include the Schwinger-Dyson Equations (SDE) which |

oGt

|

force a recombination 1n multiplet of composite operators
(in particular changing the nature from primary to descendant).

0

Ignore contact terms

ﬂ<55 (2) O1(y) Oa(2) ... > »

Rychkov, Tan (2015)

Basu, Krishnan (2015)

Nii (2016)

Hasegawa and Nakayama (2017)

Codello, Safari, G.P.V., Zanusso (2017) '
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i RG and CFT: pro et contra at criticality

RG i1s generally affected by scheme dependence but it 1s very powerful

~ (Functional) perturbative RG: systematic expansion but resummation needed

(

| Functional nonperturbative RG:

 very powerful but no fully systematic way to organize corrections available. 1

P G PR — -

CFT 1s not scheme dependent!

. CFT: using the full machinery at analytic level 1s 1n general very complicated.
‘ Conformal bootstrap is hard to apply for more complicated models

} Perturbative approaches share the convergence problems with RG
:
|

Can we obtain 1n some approximation the same results 1n the two approaches?




Universal data and RG

How to get in an RG framework informations on the critical theory?

~ If conformal, the so called conformal data?

e [t can be partially done 1n the perturbative e-expansion approximation using
the universal beta function coefficients, e.g. in a massless MS scheme

 Critical quantities are encoded in the expansion coefficients describing the ﬂow |

/ S p—t

around the scale invariant point: B'(g.) =0

B (g, + 69) ZM" 6¢’ +2Nk1] 6g' 8¢/ + 0(8¢°)
i,]
= op’ s o 0s gl

Z. W
R SiEe s dg/ogk

Moving to a diagonal basis 1n the linear sector

ZSaiMi]' (8_1)jb — —0,0%,
L]

g
R — - - — ——— n — — - — T ——
o e e ¥ = de = W_ - - PPy g e IR T R - S LR —
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Universal data and RG

R /N Che = Yo SN HSEISRE
i ik
RG flow seen along the eigendirections around the fixed point up to second order |
( g g p p
1

S=8.+)_ ,uea)\“/ddx Ou(z) 0%,

| B° = —(d — A+ Y C% XN + O(23).
| b,c

* one can extract not only the scaling dimensions, but also, reversing an argument |
' from Cardy for a CFT, some OPE coefficients (structure constants) at order O(g)

(Oul(2) Do)y =3 e

)
)

1
|
\
:
|
! c
)
!
!
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Scheme clepenclence

RG scheme changes correspond to a coupling reparameterization

( Linear term coefficients transform homogeneously
Mi. ag Ml ag i 9_51 —l Qa
ol ag ag]

!
n

- Quadratic term coefficients transform inhomogeneously

1 02¢? 9g'ag™ 1 22¢¢ 0g' 0g"

o ag
N, N + 5 M — oM,
= 3¢¢ AN+ 15310 9g7 agh 732102 agb 9gd

oQ

| ST aley 0g' 93" }38 0g”
; 2" "0glagmag® agd J agk oyl

| 1 02¢¢ 0g' 9"
: => B E 0. — 06, — 6

e ‘-mw—,_i > — T T — L e —T T ——— Y DL s .
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» Scheme clepenclence

Invariance condition
82 gc J g—l ) gm
0gl0g™m dg? agb

C:Cab == Ccab = (90 o 961 T Gb) 0

Condition for scheme independence
0.—6,—6,=0
In general not fulfilled. But 1t can be at the critical dimension.

Employing the e-expansion and MS scheme
dimensionless OPE coefficients are less sensitive to scheme changes

b
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lsing Universalitg Class

1
g-expansion below d=4 for the LG critical model L = 5((%)2 + go*

Leading counterterms in perturbation theory at order ¢g#, dim reg MS

| d=4—c¢
1 1 1 1
Lot = ¢ 5y (1206 = £ oy (49)%(00)°
1200° 1296 490 &—>41g

Rescaling the coupling: g — (47)%g Two fixed points:
€

beta function: 3, = —eg + 72¢° ey RN

UV gaussian IR Wilson-Fisher

€

Anomalous dimension: 7 = 2% = 96g° n=—

54

n 1s a universal quantity, independent from any coupling reparameterization '

—— —_— -—— — - — »
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lsing Universalitg Class

Anomalous dimension from scale invariance and SDE

Interacting 2-point function at criticality: (¢ dy) =

EOM: O¢ = 4g¢°

20(2A +2)(2A+2 —d)(2A+4 —d)
RESEL 0 i-—e |z —y|2A+ >

3

(Bep:0y¢y) = 16g <¢3¢3> = 16923" —yl

— 31 = 3g%°c* + O(g°)

Rescaling the coupling as before: g — (4m)%g

C 1
PRI
AN = mm Al T — g_
d=4—¢
32c,
S lenyl At leading order |

. Take home message )

= 71 =489 + O(g°) In agreement with the 2-loop result!

A R R e T N P T e T T e S ST e e
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Leacling CFT constraints on multicritical theories

Assuming conformal invariance and the SDE 1n g-expansion

* First partial studies for Ising (also O(N)), Rychkov.Tan 2015 |
Tricri tical an d Basu, Krishnan (2015) Nii (201 6).'

Lee—Yang EE Hasegawa and Nakayama (2017)

;
!

!

e Systematic full study for all single scalar field multicritical models
A. Codello, M. Safari, G.P.V., O. Zanusso JHEP 1704 (2017) 127

Landau-Ginzburg lagrangian d=dm—¢
1 5 Upper critical dimension
S[e] = / Az {=(89)* + plE 1)L gm | om
2 m!” e 5
. m — 2
even m = 2n d. =4,3,--- (unitary: e.g. Ising, Tricritical,...)

0ad Sr—ue I d =6 1_307 ...(non unitary: e.g. Lee-Yang, Blume-Capel,...)

— - g
T TR A T ——T T R S LR - — ; . T —
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Leacling CFT constraints on multicritical theories

g Composite operators |[@°]
EOM: O¢ = 'gbm_l il

(m—1) Primary operators ( ¢ # m—1)

. . : ; 2
Scaling dimensions A; = id + ; e @_1 =3, — 5 e
2 2 m—2
€
Note that for € # 0 e A e D R SR (m—2)§.
k
k ] ﬁge ' C = 1 F(ém) . 1
(¢" ()¢ (y)) 5klk-|x_y|2k5m ¢ = i
nq Mo n3 free Cgﬁizlna
Free theory (9" (21)¢" (x2)9™ (x3)) = |x1_x2‘5m(711+7’12—7’l3)|x2_x3‘5m(n2+n3—7’ll)|x3_x1‘5m(n3+n1—7’12)

Cfree < nl! le! 1”13! m , Mi+n —ng > 0

= C
1,112,113 <n1+n2—n3) , (n2+n3—n1) , (n3+n1—n2> '
2 : 2 ' 2 '

Together with the constraints on 2 and 3-points CFT correlators one can
compute the leading non trivial values for the scaling dimensions A, and
families of structure constants Cgp.

!
———-——-(-MW = s T S—— S ——— e e e ——n T — - ———
- B P - g - v . - - .




Leacling CFT constraints on multicritical theories
Some examples: m = 2n .

Anomalous dimensions

(T W i e w2 By 5
L0 g2 211 —> Hiicn: (2n)! T(n_l) ()% + O(g”)

—Y |4+n2T1 Itzykson, Drouffe (1989) J. O’Dwyer, H. Osborn (2008) |

The last relation 1s valid, in particular, for £ = 2n—1 , so that

n!3

Gl (L) e O

n—1

R A (R oA s S

’
B — - e —— a —— — T ———
E S - == de = W— - NP Py d N T T R - 2 LR T e .
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Leacling CFT constraints on multicritical theories

Structure constants

n'3 (n—1)2 ; (2k)!(21—1)!
2m)! (k=D (k=1 +1) (n+I—k—1)!(k+n—D)!(k+I—n)!

e +0(e?)

* B¢ (@) —> Cumai =+

k+1>n1-n<(l—k)<nl-k#0,1

Pk 2k s, e S (n—1)* n!é (2k)! e
o 00, (9(x)¢(y)9™ (2)) L2k = F— 1) (k=11 (k—n+1) (Zn)!zk!2(2n—k—1)!€ S CliE)

k #n—1nand 2 < k < 2n-1

. The results for 71,72, C1 k.1, C1,1,2x as functions of the coupling
. extend to the case of odd theories, for which one has also

1Ty
475 e

© 0:0,0; (p(x)p(y)p(z)) —» Cimn= zsn(n_l)mg(%dfg)?’+O(84) Codd =

’
B — - e —— a —— — T ———
E S - == de = W— - NP Py d N T T R - 2 LR T e .
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i Functional Perturbative RG example: lsing L&

How to study deformations around the Wilson- Flsher ﬁxed p01nt‘7 d 4—¢€

g.' Couplings: = 5((%) + g1 + 920° + g3¢° + gad”

|

1 B1 =12 gags — 108 g5 — 288 g2g3gs + 48 9193

Dimensionful beta functions B2 = 24 gags + 18 g5 — 1080 g594 — 480 g295
(global rescaling as before) B85 = T2 gags — 3312 gsg>

Bs = T2 gj — 3264 g

—

‘u

1 loop 2 loop

Functions: 1
i By = lnqbV(l) L a(V(2))2 3 bv(Z)(V(S))2 R T 5
'f £=:z (9)(06)° + V (¢) : (47)> (4mr)* 7
E 2 (4) b:—§
% " At U¢Z(1)+C(&w)) v, e
4 6
| 2 loop

Field independent Z—> anomalous dimension

— - ’
. N ——

20



FPRG for multicritical models

We limit to a truncation £ = %Z (9)(96)* + V()

RG, even O’Dwyer, Osborn (2008) Codello, Safari, G.P.V., Zanusso  arXiv:1705:05558

RG, odd Codello, Safari, G.P.V., Zanusso  Phys. Rev. D98 (2017) 081701

Rescaling functions and fields to dimensionless quantities v(®), 2()

d—2+ e el O
B ol = aollp) e Ol

! n— Kiris r+s S r
S CEASER( i T F'tt' 19 () o510 () 0147 ()
r+s+t=2n

IRt

n— Tl—l—l—L? n n-+s n
G e 0 (M o) o
s+t=n g

(a8 I
16 n!
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FPRG for multicritical models

s 0 Pl A S e 25 o SRR
) e () L ()
n—1 Cn_l n n n— n
———— [£" () v (p) + 21D () v ()
Contributions from multi-loop diagrams:
LO NLO
. - 20)(0)? ~ O
i Vi v - : © v - - o)
@ @ ;7‘2)& %\ \./ \-/
; v \, vy
First one finds the fixed point for the critical coupling
(21 A n gl . K Nl
s - = I" | rs _1 S
e i o N GO PR L )Sén 2z |©
= I = A
r,s,t £=n
Then one expands 1n all the couplings associated to all operators
A R T T R T e e RS L R o

22



FPRG for multicritical models

General pattern of mixing

V- 1 ¢ - g1 g ... pin-3 P12 s /']»1(0) \
Z: (3g)% -+ ¢*"3(2¢)> q>2”2—2<a4>>2 M2
Wy : P12 - (4)
We @udug) - e
Ws : (Og)? \ )
oo 2n=Dnt it R e s zA;t]iélqilmg quli\/t[he
; 2n)!  (i—n)! 1 GRS = el RS LB AL

1s triangular.

e (= 1)il 2n! n >
= = 211 &
T TR O e By A
(n —1)iln!® K™, 2n! r! 5
1"' 5 rs LA
(2012 (6:) 2 (rls!t)2 |[3(i—n)!  (i—2n+7)! g
e b= k]
PS bt 1
(n —1)%inP n—1+L" i TR 2s! 5
Al o S (i—n)! n'(i—2n+s)!|

OPE coefficients are read off the quadratic expansion of the beta functions

— -Qf.'fr':qgm—w——f"" o e T ——TT S — e DD S Ay et e~ B, s et —— . e ™., W I —— =~ ——
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The Blume—-Cal:)el or Ticritical | ee~Yang

= . . 1 10
A nontrivial (non unitary) UC ind = 3 e 5 (8¢)2 + g¢° == EE
N N A o Lo Yhag,
7 W\ T o e e (v TR ) s
' Dimensionless beta functions + %v@ (P g(v@)zv(‘” :
. ! T it ( 1 )_i (5)\2
Fixed point: g(e) = i P pZS R R e R
| , Critical exponents
e oy Re n=2%=—=—
| ”-—i(gi—@iz—lig’—l—gﬁ—&) 17657
1 e T T N R T S LR D Lt s it G G
£ 2usssl(121)

3

(

|

’

. OPE coefficients: overlap with CFT +SDE 1n $B = 4/T5+0(e), S2 =32v15+0(e),

(o) 1o I
e 108v/15+ O(e),

CFT results can be completed using g(€)
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H] gher derivative multicritical scalar theories

Higher derivative models are getting some attention 1n the last years.
They are non unitary, but can be physically relevant.

Motivations:
Theory of elasticity (e.g. Riva-Cardy model) Nakayama (2016)
Physics of polymers (1sotropic Lifshitz theories) Schwahn et. al. (1999)

Quantum Gravity (possibly related 1n various ways)

Theoretically some correspond to new families of non unitary CFT
also 1n higher dimensions.

Recent works

Fl‘ee theories Osborn, Stergiou (2016) Brust, Hinterbichler (2017)
Multicritical in CFT Gliozzi, Guerrieri, Petkou, Wen (2017)
O(N) quartic in RG Gracey (2017)

> T T W T T TR
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E~€XPaﬂSlOﬂ RG analgsxs

We want to compare to (and go beyond) recent CFT results.

We consider the 7, symmetric theories, with a kinetic term S = / d% %gb (—O)*6

- At the critical dimension d. the theory is free = anl
2 in

. Field dimension [¢]=45=% & |
| : g e

. Free propagator Go(z) = T T 755)

— e —— e

/| The critical theory at d = d.—e can have marginal interactions characterized by |

Z, symmetric operators with 2/ derivatives and « fields 1f (dimensional analysis)

o ﬁ - + 2l = n271k1 with [ integer and o an even integer.
k=1— (1=0,a=2n) 2"
Examples: k=2— (I1=0,a=2n) H2"
b=l =ilnes=inatl s naeilaEn ¢”_1(3¢)2
R S R A v 29 s ey

26
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| mProving the Present Picture

Therefore 1n a perturbative framework there 1s a pattern of mixing of operators |
with a different number of derivatives (relevant, marginal or irrelevant)

We find that a recent analysis ( F. Gliozzi, A. Guerrieri, A. C. Petkou and C. Wen (2017) )

done 1n a CFT framework 1s valid only for a subset of the theories such that

the pair of integers (k,n—1) are coprime, so that they correspond to the case |
of a pure ¢°™ interaction operator at the fixed point, with one critical
coupling (theories of first kind)

 We reproduce these results obtaining some higher order results

In the other cases (theories of second kind) the pattern increases of complexity
with k& since the critical theory can be characterized by several couplings.

e We shall address here only the family of theories with (k = 2,n = 1+2m)
which are characterized by two critical couplings. Novel pattern.

M. Safari and G.P.V.

— - ’
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(k,n—1) COprime (first kind)

The relevant diagrams are similar to the case k=1. We go up to 2(n-1) loops.

Beta functions constructed looking at the

Working with dimensionless quantitites
with convenient rescalings

1/epoles inMS scheme

v = v [(47)*T(k)]" T'(né) /T(8)"

d— 2k 1
S U +n¢v’—|——v(”)2
2 n!
beta ; ok
functional _F(n5n) § Z ﬁ U(H—s) (s+t (TS n' Z 't‘ (n+s) (n—l—t)
r+s+t=2n St
Tl
with &= Lo OOL LU0 3k = g(nd) - (s0) — $(19) + ¥ (D)
. 2n)12 T t J;’;”“
Fixed point relation (n@, g=(m—-1Le—nn+ Egn)l ) [ [(ndn) nt? > T.;i. ; SW]GQ
r:zﬁt# in
: : n n(dp) 2(n — 1)*n!®
Anomalous dimension: | % =5 = (=) B0, + Z)k (2n)13 ¢




.ixaml:)les (hirst kind)

BU:—4M4—i:é;tﬁ¢M”4—%(M”)2+i%v@)Qﬂ$)2

S Sl L e N S NN PN T T e
e e +2(” )+120” (”)

) d—6—|—77 (1) 1 (3) 2 357’(’2 (4) 3 31
o L e +6(” ) 8192(” )+126()

0(3)@),6) _

®<ww2
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Results

Anomalous dimensions for composite operators

B (=15t - 2n! n
o (2! [6 n—1”}
+(n _21)212!n!6 T'(ndn) » 11(%?2 [3 -2n! P 27“! |] ¢ ERURS IR
)] seip TS B S S e s only up to order O(g)!
BT AT

F. Gliozzi, A. Guerrieri,

(n — 1)%iln!3 s 1 25! :
y; (2n)12 Z 2412 |G —n)!  nli—2n + 5)! € A. C. Petkou and C. Wen (2017)

s+t=n

OPE coefficients
b 1 ! e (n —1)n!? Kb 5! il
R R e T Y PR G—5—0G+s—2n)"
r+s+t=2n
A A=)
_(n—1)n!2Z RlTila ] _ AU S
(2n)! Yot st [nl(G—n—s)l(i—mn—t)! sl(i—n)!({F—-—n—2s)
I =gt ;!
i Q(j—n)!(i—n—s)!le

Agreement with CFT looking at correlators of composite operators ¢ .

e ——

T - g
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CFT: derivation (without coml:)uting loops)

For this critical theory the SDE are given  of¢ = (—1)F!-_—9__42n-1

(2n—1)!
Scaling dimensions of ¢': A;= (g—k) i+ 7
* Anomalous dimension 71 starting from  {(¢=dy) = 7 _Z‘ml
e > iF on—1 ;1 2n—1 k—104k 2 k 0 g’ 2n—1 :

Evaluate r.h.s. at tree level

: s
e Recurrence relation for Ym+1—"7Ym from ok(g,¢mem) = génl—) D (P2 F ol

* Fixed point coupling g(€) imposing descendant condition on Y21

e One can find the structure constants C, ,,, ,,_; starting from

Sl
(2n—1)!

Oz {bay "2 ") = (s O i)

All the methods give the same perturbative results.

e T =

bl



The case (k=2,n=1+4+2m) (seconci kincl)

Critical theory i %¢D2¢ i % B> (D)2 + gg2Cm+1)

Including some

deformations =~ 500°0 + V + 52(99)° + s W19 ¢ + 5Wa(06)* D¢ + 5 W3 (9¢)*

Several diagrams contribute to quadratic and even more to cubic terms in the
potentials (couplings). In perturbation theory we compute the counter-terms
as 1/epoles in the MS scheme, at functional level.

k 1 2nk dm + 2 2
Som—m == o= = L
For example e L% 4 e
2 1 1 Er (o)), a2 (r) 11 (r)

Similarly at quadratic order one has V' Z and Z counterterms

Cubic c.t. can also be computed. Non local divergent terms are present
in separate diagrams but cancel 1n the sum.

’
S —— —— e —— a —— — T ———
E S - == de = W— - NP Py d - ST TR - S LR e .
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(k=2,n=142m)
Beta functionals at quadratic order (dimensionless) from melon diagrams

m 2m

=R 1) p (ML) 5 (m-1) (v(2m—|—1))2

S SR (R P2 )]
2m m m 3m

ey (2m+1) . (2m+1) (m+1) ,(m—1) (m))2 (3m—+2)\2

o _22+d 4 + n¢2(1)+2v 2 5 2 i) Sint2 P e A = e )
(2ol (m+1)! 2(2m+1) (m+1)! (2m+1) (3m+1)!
4m 3m 2m
| 12T : (4m+-2)\2 INCE (3m) ,,(3m+2) INCY (2m)\2
ot ) RO R )° (m+DI'.) 2™ v (9c) (1"™)

5 YL TTAT(440,) (Amt1)! miT(3+0.)  (3mil)!  m2L(2+4,) 2(3m+1)(2m)!

Bw, defines the anomalous dimension 7 = —Bw,(p = 0) at FP

Buw, s needed if looking for properties of some irrelevant operators.

— =S S % - -~ T N P P e e - —_ ——————— — —— e SN o
- '.“’1 !J‘;"l . g - .

-loops

-loops ;

-loops



(k=2,n=142m)

Pattern of mixing |1

Fixed points 2meg =

meh =

i e L ¢2(m+1) Oty 77 e ¢2(2m+1) AT S
1 ¢2m—1 ¢2m ¢4m—1 W
1 ¢2m—1 ber

(2(2m + 1)1(2m)!

(22m + 1))12 ,

2(m+1) (2(2m +1))12 ,

Bm+ Di(m+1)27? em+1)B 7
3m + 2 m (2m)!2 N
22m+1) m+1] (m+1)m!?

om+1 (3m+ 1)lm2 7

x(0¢)
x(0%¢)?

Anomalous dimensions (from triangular part of the stability matrix)

e 0, ) @m)! ., T(d)

N T2+ 4.) 4Bm + 1) mAT(4+ d,)

B il (2m)! il 2(2( ))!
= (¢ —m—1)! (m+1)!2h+ (i—2m-1)! (2m+1)!

y R 4 f

) (first non zero)
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(k=2,n=1+2m)

One fixed point 1s simple: ,_ 2m(m+1)@m+1) (m+1)imi? £y
pure derivative interaction 2 + Tm(m + 1) (2m)P

Anomalous dimensions

= (0 2(m+1)2(2m+1)2  (m+1)*m!* ,
17 T2+6.) Bm+D)(2+Tm(m+1)2  2m)B

t i! 2m(2m+1) m!

s €

T Gmm—1)! 2+ Tm(m + 1) (2m)!

S B e e 7 1 ES m(m + 1) 2m(2m+1) m! :
2m+1(GE—-3m—2)!  (i—-3m-3)!  (G—-3m—-1!| 24+ Tm(m+1) (2m)!

1T >m

1> 3m

&; = (i—2m—2)!

At order o(e) they are associated to all operators in V and Z terms.
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Some exPIICIt results for ‘< =2, N=)
£Fp——¢D ¢+ hgb (09)* + g¢° dota

= —-90 —h2
Y1 g o 16

1
Fi = 204(i — 1)(m = 2) g + 5i(i = 1) h + O(coup®),  i=2,3,4

="
. ; . n % U]
~ Scaling relation %1=35 Jm-1=0-1e—3
| 0= 0 ok, (3v138 — 13) € 72 (13 4+ 3v/138) €
.- . = = 11100 = 11100
There are 3 non trivial fixed points 36 ; ;
= B (42 _ 44/138 ) = (21 28 2\/138> ’
; 5 9e? 5 (8519 — 762v/138) ¢ . (8519 4 762v/138) ¢ Anomalous
! W= == 15 3 5
| 1024 1369000 1369000 dimensions
.' ¢ 3 2 1 7
Anomalous AN §6 B85 <42 =3 138) . 72 = 155 (21 LAy-250 )
A ) Lt iy X 2 9
dlmenSIOns = g i 185 (50 — 3V 138) € O 185 (50 + 3V 138 )
I 5 G+ e gt o A Ty
0 5 A8 == g SAST g
: S ="2ce= 0
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Two kind of perturbative phase diagrams

First kind Second kind
=22 (cvem) n = 3 (odd)
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Red FP 1s IR attractive in (g,h)

The other two FPs have one
more UV attractive direction.

They can also represent new
Asympotically Safe theories
but non unitary!
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Using SDE based on: D2p= —2(2m+1)g¢* ™ +mhe*™ (0¢)* +he* "

Comparison of the anomalous dimensions

Pzl

3

LO 2L :
D205 {poty) = ~2mclz —yl™m 2 [ (i +1/m)
=0

2

([D26:0026,) = 4(2m+1)%(4m + )lg?c ™ o —y|~m =5 — 8(2m+1)m 222+ g —y| w8

To compare with RG, rescale the couplings accordingly

o Vi
C2(padidi ) = ([~2(2m+1)go™ L +mhg™™ 1 (96)2 + h¢™ D], 6),65H)

Evaluate r.h.s. at tree level T S (z) ( (27_7:)1!)' bh 4(2@' ) (47(7; +>'1)!g
and normalize the couplings RGPS oI i m)!

Solve the recurrence relation with
b.c. 11 =0(g°) =0

Agreement between RG and CFT
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Conclusions

e [n perturbation theory it is possible to obtain leading non trivial results
with renormalization group and with CET techniques for the conformal
universal data. Complete agreement where results overlap.

-~ ® This approach works both for unitary and non unitary theories.

~* Among non unitary theories we have i1dentified and studied a non

Tested on some non trivial scalar theories.

trivial universality class in 3 dimensions: the Blume-Capel or tri-
critical Lee-Yang.

- o To study higher derivative scalar theories we have employed RG which

relies neither on unitarity nor conformal invariance

e Allows to identify scale invariant deformations of higher derivative
HeeAEFS:

e [n particular for theories of the “second type” pure potential
deformations are not scale invariant (k=2, n=2m+1)

.* We have confirmed most of our results using SDE and assuming

conformal symmetry (provides evidence for conformal invariance)
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Outlook

e Higher derivative models of “second type”: alternative CFT
approaches (Conformal Bootstrap or structure of conformal blocks)

e Extension to higher derivative theories with odd interactions
e Higher order corrections

e Global symmetries: €.g. O(N) models
e Can we improve the methods on both RG and CFT sides?

e Theories for fields with non zero spin content
e More geometrical formulation of RG flow of QFTs

e Natural question: can one extend to a functional non perturbative RG
framework some of these 1deas?

Thank youl!
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Non Per‘cu rbative FRG

What about a non perturbative analysis of these models?

Conformal bootstrap may not be easy to apply, due to the lack of unitarity

One can proceed with FRG...

Let us consider the simpler case k=2 with even n
Use LPA with a cutoft:

\J

5 -0.4 -0.3 -0.2 -0.1 0.0 0.1

(=

Leading non trivial
eigenvalues for the

¢* theory

A2

Ri(p*) = (k*—p")0(k*—p")

Critical dimensions !

16 24 32
7375777
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