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e Theoretically appealing
» Exact three point functions
» AdS/CFT correspondence
» Conformal bootstrap

e Realized in nature
» Phase transitions
» Deep inelastic scattering
> Coastlines

e Phenomenologically relevant
» Unparticle physics
» Dilatonic Higgs
» Walking technicolor
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Fixed points

Luty, Polchinski & Rattazzi; arXiv:1204.5221
Fortin, Grinstein & Stergiou; arXiv:1208.3674

uji = B4(g) (1)

e When 3, = 0, the theory is at a fixed point.
e Quantum field theories at fixed points are scale invariant.

e Perturbatively, unitary, four dimensional, scale invariant quantum field
theories are conformally invariant.
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Banks-Zaks analysis
Banks & Zaks (1981)

(4m)2 \ 3 (2)
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3
By = — (f;)z <13162(G) — iTz(F)>
5 (2)
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Banks-Zaks analysis
Banks & Zaks (1981)

()

R (34C(G)2—Ecz(G)Tz(F)—sz(F)Cz(F))

02

o J / e Infrared free
‘ ‘ L, ¢ |IR conformal
2 4

e Asymptotically free
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Phase diagram of quantum field theories
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Theories with multiple couplings
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Theories with multiple couplings

1 1
L = Lin — 5 (YJK;AWJ\UK¢A + h.c.) — E)‘ABCD(DACDBCDCCDD (3)

and have

dgi
Hdg = Bg,(&i", YIKk.Es AABCD) (4)

m

dy k.
y;Z’E = By .e(&i YK Ers AaBcD) (5)
d\

% = Brusen (&> YIK:E: AvB c'D’) (6)
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1 1
L = Lin — > (YJK;AWJ\UK<DA + h.c.) — EAABCD(DACDB(DC(DD (3)

and have

dgi
Mdg = Bg,(&i", YIKk.Es AABCD) (4)

m

dy k.
y;Z’E = By .e(&i YK Ers AaBcD) (5)
d\

% = Brusen (&> YIK:E: AvB c'D’) (6)

We will use rescaled couplings

g y? A
ag:W ayzw aA:W (7)
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Renormalization group flows
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The Weyl consistency conditions

World’s shortest review

Jack & Osborn (1990), Osborn (1991)
The function 3 is defined in analogy with the Zamolodchikov ¢ function.
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03 . owl  ow'
) X7 Pj ag, agj B (8)
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The Weyl consistency conditions

World’s shortest review

Jack & Osborn (1990), Osborn (1991)
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93 , owl  ow
— g
o8 ﬁ1+(6g, 0&>B’ )
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The Weyl consistency conditions

World’s shortest review
Jack & Osborn (1990), Osborn (1991)

The function 3 is defined in analogy with the Zamolodchikov ¢ function.

93 , ow  ow'
— _in.
ogi X (38’/ Ogj > g (®)
Nji - —X"fﬂ,-,BJ- <0 (To leading order) (9)
U
%3 N Bk Ox™* Bk :
= = To leading order 10
508 8 o8 ( g ) (10)
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The Weyl consistency conditions

World’s shortest review

Jack & Osborn (1990), Osborn (1991)
The function 3 is defined in analogy with the Zamolodchikov ¢ function.
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The Weyl consistency conditions

World’s shortest review

Jack & Osborn (1990), Osborn (1991)
The function 3 is defined in analogy with the Zamolodchikov ¢ function.

- =—x"Bj + ( > B

8g: agl agj
d3 y
’udi = —x"BiBj <0 (To leading order)
L
3 OB X B
= = To leading order
0giog; ogi 9g; ( )

To leading order, x¥ is diagonal, and the leading terms are
o (’)(a;z) for gauge couplings
e O(a,*) for Yukawa couplings
e O(1) for quartic couplings
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The Weyl consistency conditions |l

Four loop diagram with quartic and Yukawa couplings from the a function
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The Weyl consistency conditions |l

Four loop diagram with quartic and Yukawa couplings from the a function

One loop diagram from Sy Two loop diagram from 3,

Thus, to preserve Weyl symmetry in a gauge-Yukawa theory, we must use
e the gauge beta function to n+ 2 loops,
e the Yukawa beta function to n+ 1 loops,
e the quartic beta function to n loops.
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Generic beta functions

Generically, beta functions in a gauge-Yukawa theory have the form

Ba, = aé(bl(ag) + by(ag, ay) + b3(ag, ay, ax)) (11)
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Generic beta functions

Generically, beta functions in a gauge-Yukawa theory have the form

Bag = aé(bl(ag) + by(ag, ay) + bs(ag, ay, ay)) (11)
Ba, = ay(c1(ag. ay) + c2(ag, ay, a)) (12)

Esben Mglgaard (CP~ Origins) The conformal window beyond QCD September 11, 2014 11 /17



Generic beta functions

Generically, beta functions in a gauge-Yukawa theory have the form

/Bag = 3§(b1(3g) + b2(3g> 3y) + b3(3g7 ay, a)\)) (11)
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Generic beta functions

Generically, beta functions in a gauge-Yukawa theory have the form

Bag - aé(bl(ag) + b2(ag7 3y) + b3(ag7 ay7 a)\)) (]‘1)
Ba, = ay(c1(ag, ay) + c2(ag, ay, ay)) (12)
Bay = di(ag, ay, ay) (13)

Which is automatically in line with the Weyl consistency conditions!
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Perturbative toy model

Antipin, Mojaza & Sannino; arXiv:1107.2932

£ = Lk(Gus Am: @, Q. H) + (y1QHQ + hc)

~u (Tr [HHT])2 T [(HHT)z] . (14)

Fields | [SU(NTc)] | SU(Nf)L SU(Ne)r — U(L)y  U(1)ar
o Adj 1 1 0 1
= N—N N
_Nf—INTC _NTC
Q E’ 1 E NTC 2NNf
H 0 0 0 MW
G, Adj 1 1 0 0

Table : The field content of the toy model and the related symmetries
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Running to the fixed points

Antipin, Di Chiara, Mojaza, EM & Sannino; arXiv:1205.6157
Antipin, Gillioz, EM & Sannino; arXiv:1303.1525

We investigate this model in the Veneziano limit of large Nt¢ and large
Ng, with x = NLTfC fixed and rescaled couplings

. g>Nrtc _ yiNTC - ur N2 2= uo N¢ (15)
£ (4m)27 (4m)2 (4m)%’ (4m)%
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Running to the fixed points

Antipin, Di Chiara, Mojaza, EM & Sannino; arXiv:1205.6157
Antipin, Gillioz, EM & Sannino; arXiv:1303.1525

We investigate this model in the Veneziano limit of large Nt¢ and large

Ng, with x = NLTfC fixed and rescaled couplings
2 2 2
g°Ntc yiNtc u Ng uo N¢
ag (47'(')2 9 aH (477)2 9 Zl (471')2 bl 22 (47_[_)2 ( )

e The double trace operator u; (Tr [HHT])2 decouples at large Ny
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Running to the fixed points

Antipin, Di Chiara, Mojaza, EM & Sannino; arXiv:1205.6157

Antipin, Gillioz, EM & Sannino; arXiv:1303.1525

We investigate this model in the Veneziano limit of large Nt¢ and large

Ng, with x = NLTfC fixed and rescaled couplings

A :gzNTC 5 :)/E,/VTC . ur N2 o uo N¢
€7 @mz T n T (mr P (42

e The double trace operator u; (Tr [HHT])2 decouples at large Ny

We find fixed points in three beta function counting schemes
211 to 2 loops in ag, 1 loop in ay and 1 loop in z>.
222 to 2 loops in ag, 2 loops in ay and 2 loops in z>.

321 to 3 loops in ag, 2 loops in ay and 1 loop in 2.
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Modified fixed points

211 (solid), 222 (dotted), 321 (dashed)

0.00
440 442 444 446 448 450

Fixed point values for ag (blue), ay (red) and z (yellow)
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Modified toy model

Antipin, Gillioz, EM & Sannino; arXiv:1303.1525
£ = £x(Guy @, Q. H) + (ynQHQ + hic)

— (Tr [HH ])2 — T [(HHT )2] . (16)

e No adjoint fermion.
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Asymptotic Safety
Litim & Sannino; arXiv:1406.2337
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Asymptotic Safety
Litim & Sannino; arXiv:1406.2337
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e Generalization of asymptotic freedom
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Asymptotic Safety

Litim & Sannino; arXiv:1406.2337

e Generalization of asymptotic freedom
e Non-perturbative renormalizability

e Fundamental QFT

o Lattice-friendly
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