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Effective field theories

EFTs are QFTs valid only below some given energy. We use
them for both practical and technical reasons

They are characterised by the relevant
and

Examples are the SMEFT (SM+SU(3)xSU(2)xU(1)+1/f
expansion) or CHMs (h+shift symmetry h—h-+c + expansion in
derivatives)
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The EFT landscape

Theories in the

swampland This collection of degrees of
freedom and symmetries can

not be UV completed

This region of the parameter
space of this EFT can not be
UV completed

Theories in the landscape



Examples in CHMs and in the SMEFT

The EFT degrees of freedom in a CHM are (p)NGBs from
spontaneous symmetry breaking G—H. They transform in real
representations r, of H

It is impossible to have 8 NGBs transforming in

The EFT degrees of freedom in the SMEFT are the SM particles.
The (gauge) symmetries are those of the SM

It is impossible to have cesp2D,(€7"e)D"(€vy,e) with ceap2 > 0



Examples in CHMs and in the SMEFT

There are different ways of unraveling the landscape of EFTSs

One is brute force: explore all possible UV models (e.g. all

CHMs with certain maximum number of NGBs) and see how
they look in the IR

A different approach is understanding how
(e.g. locality and unitarity) manifest in the IR

I will mention both, with particular emphasis on the second one



CHMs

on the
basis of chiral symmetry breaking in QCD. The pions are NGBs
of

SU(Q)L X SU(Q)R — SU(2)L_|_R

The four degrees of freedom of the Higgs doublet are assumed to
be
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CHMs

The four degrees of freedom of the Higgs doublet are assumed to
be

We require no fractional electric charges among the NGBs

Adj(G) = Adj(H) +ry

ry — Tsu@)xsu@) = (2,2) +-- = 241 + -+
11



Interesting facts about CHMs

Inon trivial!l

Care must be taken when comparing CHMs. For example,
SU(2),xSU(2),, can be broken to SU(2) (left or right) or to

SU(2) In the first case, one SU(2) is spectator

L+R"°

SU(Q)L X SU(Q)R

There are many different ways of embedding H into G. For
example, p(n)-1 different embeddings of SU(2) into SU(n), where
p(1),p(2),...= 1,2,3,5,7, ... p(n) ~exp+/n/n [Fonseca ‘15]
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Interesting facts about CHMs

(in practice, one
only needs to check the fundamental)

Still, two a prior: different embeddings could be related by

symmetries of G. For example, the embeddings of SU(3) into

SU(4) associated to the following branching rules are related
4—1+3 4—1+3

One needs to take all these caveats into account for obtaining all

different CHMs
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Interesting facts about CHMs

On top of this, there are many simple groups and

luse GroupMath; Fonseca ‘20|
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CHMs with at most 8 NGBs

SU(2) x SU(2) content Ty H G/H
(2,2) (2,2) SU(2) x SU(2) SO(5)/SU(2)? |41]
(2.2)+(1,1) SU(2) x SU(2) S()( ) U1 )/5( (2)? |42]
(2.2)+(1.1) 5 S0(5) U (4)/S0(5) 3
(2,2)+(1,3) SU(2) x SU(2) SU(2) x SO(5)/5U(2)?
7 Go SO(7)/Gy |43
(2.2)+(1,3) 7 SO(7) SO(8)/SO(T)
(1.2,2) + (3.1,1) SU(2)* SU(2) x SU(2) x SO(5)/SU(2)?
2% (2,2) SU(2) x SU(2) SU(4)/(SU(2)? x U(1)) [39]
4+14 SU(4) SU(5)/SU(4) x U(1) |44]
8 SO(7)
2% (2,2) (2,4) SU(2) x SO(5) Sp(6)/(SU(2) x SO(5)) [39]
(1,2,2)+(2,1,2) SU(2)
8, SO(8) SO(9)/SO(8) |44]
(1,2,1,2)+ (2,1,2,1) SU(2) SO(5 ) /SU(2)*

(2,2)+2x (1,1)

(2,2) +2x(1,1)

SU(2) x SU(2)

SO(5) x U(1)*/SU 2 )
SU(2 )>< SO(5 )/(5 (2)* xU(1))

1+5 S0(5) U(4) x U(1)/SO(5)
6 SU(4) 50( )/SU (4) o[12]
1+7 G, S0(7) ( yLe
(1.1)+(2,2) + (1,3) SU(2)? SU(2) x SO(5) x U(1)/SU(2)?
8 SO(7)
1+7 S0(7) SO(8) x U(1)/S0(7)
(2.4) SU(2) x SO(5) Sp(6)/(SU(2) x SO(5))
(2,2)+ (1,1 +(1,3) (1,5)+ (3,1) SU(2) x SO(5)  SU(2)2 x SU(4)/(SU(2) x SO(5))
(1,2,2)+ (2,2.1) SU(2)
(1,1,1) +(1,2,2) + (3,1, 1) SU(2)3 SU(2)? x SO(5) x U(1)/SU(2)?
8, SO(8) 50(9)/50(8)
(1,1,2,2) + (2,2.1,1) SU(2)* SO(5)%/SU(2)*
(2,2)+3x (1,1) SU(2)2 ;g((zjj)x 5(()() )//z{{ ((22))2
, o SU(4) x U(1)%/S0(5)
(2,2)+ 3% (1,1) 2x1+5 SO6) SU) x SU@)/(SO(5) x U(1))
1+6 SU(4) SO(7) x U(1)/SU (4)
7 SO(T) SO(8)/50(7) 15
(1,2,2) +(3,1,1) SU(2)* SU(2)* x SO(5)/SU(2)3



CHMs with at most 8 NGBs

SU(2) x SU(2) content Ty H G/H
(2,2) (2,2) SU(2) x SU(2) SO(5)/SU(2)? |41]
(2,2) + (1,1) SU(2) x SU(2) S0(5) x U(1)/SU(2)? [42]
(2.2)+(1.1) 5 S0(5) SU(4)/S0(5) [35]
(2,2)+(1,3) SU(2) x SU(2) SU(2) x SO(5)/SU(2)*
7 Go SO(7)/Gy [43]
(2,2)+(1,3) 7 SO(7) SO(8)/SO(T)
(1,2,2) + (3,1,1) SU(2)? SU(2) x SU(2) x SO(5)/SU(2)?
2% (2,2) SU(2) x SU(2) SU(4)/(SU(2)? x U(1)) [39]
4+4 SU(4) SU(5)/SU(4) x U(1) 44
8 SO(7)
2% (2,2) (2,4) SU(2) x SO(5) Sp(6)/(SU(2) x SO(5)) 139]
(1,2,2)+(2,1,2) SU(2)
8, S50(8) 50(9)/S0(8) |44]
(1,2,1,2) + (2,1,2,1) SU(2)* SO(5)?/SU(2)*
, N SO(5) x U(1)2/SU(2)?
2,2)+2x (1,1 SU2) x SU(2) gy bl Lt .
2.2+ 2% (L1 (2:2)+2x(1,1) (2)xSUR) 1709y % SO(5)/(SU2)2 x U (1))
: ’ 1+5 S0(5) SU(4) x U(1)/50(5)
6 SU(4) SO(7)/SU(4) [9]12]
1+7 G, SO(T) x U(1)] Gy
(1,1)+(2,2)+(1,3) SU(2)? SU(2) x SO(5) x U(1)/SU(2)*
8 SO(7)
1+7 SO(7) SO(8) x U(1)/50(7)
(2,4) SU(2) x SO(5) Sp(6)/(SU(2) x SO(5))

(2,2)+ (1, 1) +(1,3)

(1,5)+(3,1)

SU(2) x SO(5)

SU(2)? x SU(4)/(SU(2) x SO(5))

(1,2,2)+(2,2,1) SU(2)
(1,1,1) +(1,2,2) +(3,1,1) SU(2) SU(2)* x SO(5) x U(1)/SU(2)*
8, SO(8) S0(9)/SO(8)
(1,1,2,2) + (2,2,1,1) SU(2)* SO(5)?/SU(2)*
, e SO(5) x U(1)*/SU(2)?
] 2
(2:2)+3x(1,1) SU2) SU(2) x SO(5)/SU(2)?
. e SU(4) x U(1)2/S0(5)
(2,2)+ 3 (1,1) 2x1+5 S0(5) SU(2) x SU4)/(SO(5) x U(1))
1+6 SU(4) SO(T) x U(1)/SU (4)
7 S0(7) S0(8)/50(7)
(1,2,2)+(3,1,1) SU(2) SU(2)? x SO(5)/SU(2)?



Some (brute-force) findings and their explanation

. e.g. a
Higgs doublet plus a singlet and a triplet [SO(7)/G,,
SO(14)/SO(13), ...|. Easy to understand on the basis of

SO(m-+1)/SO(m) only

The symmetries in the IR can not be arbitrary, e.g.; there
is no (composite) 2HDM with symmetry given by 8 of SO(7) (see
previous table)

Either 8 NGBs transform in the 8 of SO(8), like in SO(9)/SO(8),
or the IR symmetry is smaller

How to understand this from IR information only?

17



Closure condition

Given a (real) representation R,
|see also Low ‘14’18]

Let T, be the matrices of the representation R. If the following
condition is hold, then there is at least one CHM satistying

72),, (Tk) o+ (Th), (k) + (7)), (Th),, =0
(Raz} Raci+ RJse RCZB_l_ BJaa \" 1) be

all OHM
§

fail closure )
condition

symmetric cosets

SO(n +1)/SO(n)

8 of SO(7)

18



Closure condition

When certain IR scenario fulfills the closure condition, the
dynamics of the NGBs can be described using IR information

only (no need to know G!)

L= -

/

d? = | F 'sin

a
f

2 16 .4
f2de @
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fraction of CHMs

fraction of CHMs

0.100¢

0.010+¢

0.001 =

0.500

0.100+
0.050}

0.010+
0.005 ¢

Other aspects of the landscape of CHMs

— singlet
—— doublet
— triplet

— larger rep

max size of coset

10

— closure false

max size of coset

10

fraction of CHMs

fraction of CHMs

1
0,10(];- — 1 extra field
i — 2
| — 3
0'0105 — 4 o0 more
0.001-‘! P |

o 2 4 6 8 10 12

max size of coset

1
0.500 -

0.100
0.050

— reducible coset

0.010
0.005 -

o 2 4 6 8 10 12

max size of coset
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IR-UV connection in the SMEFT

(6) (8)
C. C.
Lsmert = Lonm + E 5 O 4 E —j\ ; 03(-8)
U J

+ corrections of higher order in E/A

\

C2 A e

—
—
—
—
—
—
=
—
—
—
—

landscape

swampland
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Brute-force exploration

The set of all UV completions of the SMEFT is infinite.
However, if we
, then it is finite |Blas et al ‘14|

Name N ) Al Ag ) 21
ep (L1, (LD, (L2 L2y (1.3), 1L3)
Name v D ) Qs Q7 Ty Ty
Irrep (31 1)% (37 1)—% (332)% (332)—2 (372)% (313)—% (393)2
k& E 5 5 5 K 3
Name S 81 82 2} =] 51 @1 @3
Irep  (L,1), (L,1); (LD, (1L2); (L3), 1L3);, (L4); (L4); Name B By w Wi g Gy H Ly
Irrep (11 1)0 (Ll)l (1’3)0 (173)1 (871)0 (81 1)1 (873)0 (1>2)%
Name Wi wa wy 1L, 117 ¢
Irep  (3,1)_y (3,1 G1)_s 2 G2): B3 Name L3 Uy Us 9 Qs X _% . Vs
Nome Ql Q2 Q4 T > Irrep (1, 2)_% (3, 1)% (37 1)% (3, Q)é (3, 2)_% (3, 3)% (6 2) (6 2)_7
Irrep (6, 1)% (6, 1)7% (6, 1)% (6, 3)% (8, 2)%




Brute-force exploration

The SMEFT parameter space that results from integrating out
the most general Lagrangian involving those fields has been
worked out in a series of works |Aguila, Blas, MC, Criado Perez-
Victoria, Santiago ‘01-'14/, e.g.:

(Yo )rki(Ys2)ri;  (9%)rk1(98)rij

(Cee)z" . —
Jkl 2 2

2M 5, QMBT
(Cy) _(981):3'1@81)”% n ( El)Tk?:(yal)::lj B (gfg)rkz(gfg)mj

! ijl Mﬁglr M-%lr QM%T
 (gw)rj(gw)ri N (gin)rki(giy)ris
2 2 v
4MWT SMWT

23



Brute-force exploration

In general,

operators (unless the UV consists of only scalars,
for example)

Things are very different at dimension eight:

S ~ (1,10 — igipd ~ (0,0,1),
= (1,2,3)
2~ (1,3)0 — cpipd ~ (2,0,-1),

(1,2.3) c2 >0
BN(171)0|—> HA4 DA N( 1’170),

(1:2,3) Cq —+ Co Z 0
By~ (1,1)1 — cpipi ~ (1,0,—-1),
WN(1,3)0|—> gfb?;)fv(l,l,—Q) C1—|—62—|—CSZO

24



Positivity bounds

“ P S = =+ :
pi(p1) ~ i(ps) (P14 p2)
t = (p1 + p3)°
/ \ u = (p2 + p3)’
pj(p2) -~ pj(pa) st+t+u=>0
A(s) = A(—s)

A(s) = ag 4+ a15+ ass” + - - -

25
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Positivity bounds and running

Positivity bounds are not necessarily stable under running

0.00

-0.01

-0.02}

H* p*

(2)

-0.03¢

-0.04¢

But some are. e.q.:
9 (1) _ 41 20261 4 363 4 (B
2 692 ¢4 ¢4 qb4

CWw242D
] (2) 1) |, (2 O IR RIRE)
C(VV)2¢2D2 <0 L ot Fleg o Cotl T legs S Cor T €]

o -~ Q ~ Q -



Positivity bounds and running

Simple rules indicating when positivity bounds are respected by
(one-loop) running derived in [MC ‘23|

This opens the door to of
dimension-8 operators themselves, and to unravel new zeroes

The logic is schematically as follows. Assume positivity of c,

(¢,>0) is respected in mixing from c::

G = Vi Cy

éigo/ j{WZJSOIfCJZO

vi; = 0 if ¢; unconstrained
30



Examples

O ps = i(E1" D" e) (D Dyy ' 9) + hc.
1 v
O(BQ)¢2 D2 — (DM¢TD ¢)BMPBI€

O = i(ey" D) (¢ DD,y $) + hoc.

(1)
. + @ Cp2gap2 SV
@i & ’

_|_ ..
. 3
(1) (2) 1, \\\\ +1/2
Oczg2ps =~ Ocageps = = (43)(41)[43][31]
(5(1) 20 - 4-1/2 31



Examples

e2¢p2D3 — = i(ey"D"e)(D,D u)CbTCb) + h.c.
O y2pe = (D"¢' D" ¢)B,, B
ngﬂ s = i(ey* D" e)(ngD(M ,,)gb) + h.c.

Cg2)¢2p2 = #1 ~¢(8;)<152D3 t = #1=0

And this is

32



0 \\\\\ 3+1 10 \\\\ 3+1/2
@i =@ = (43)(41) [4331]

2, . 2, - 4.5
10 . 3’+1/2 i 3’-1/2 3+1
’y6(12)2 3—>C(1% . X E >®Z
e <D BZ¢=D 2, 7 4, i 4,0 4.
- / dLIPS(4'3")(4'1)[4'3"][3'1] i
— (3'3)(34")

27 /2 | v 0
= / de/ dfsgce {#16“’5 + #oe? 4 - }
0 0
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Full electroweak SMEFT (with no flavour)

1 2 3 ~(1 ~(2 ~(1 (2 (3 ~(4 1 2 1 2
Czﬁd]ga CE&*’)D‘“ Ct(;{,a]Dd Cinzﬁz D3 Ci:z::i,z D3 C;(zq)ﬁzﬂa Ciz{:}z D3 Cjz Ebzﬂs C}zinﬂa Ced 2 \‘3;;4])32 5541]32 C}zizﬂz C§232D2

Coleaps  + + + - (0] — —~ 0 0 0 0 0
Cyhgapa +  +  + 0 0 [0] = - 0 0 0 0 0
s+ + + o« o« @ - - - 0 0o [ -
Eidaps  +  + 4 - ’ ’ o - - [0] -
Eaaps  +  +  + - X . o - - [0] -
Co2p2p 0 0 0 — 0 0 0 0 — 0 0 [0] -
cpprp 0 0 0 0 0 (0] - - 0 — - [0] -
Ceawzp 0 0 0 — 0 0 0 0 0 0 0 0] -
covap 0 0 0 0 0 [0] - - 0 — - 0 0
cap: 0 0 0 - (0] - - - y .
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Full electroweak SMEFT (with no flavour)

1 2 3 ~(1 ~(2 ~(1 (2 (3 ~(4 1 2 1 2
Czﬁd]ga CE&*’)D‘“ Ct(;{,a]Dd Cinzﬁz D3 Ci:z::i,z D3 C;(zq)ﬁzﬂa Ciz{:}z D3 Cjz Ebzﬂs C}zinﬂa Ced 2 \‘3;;4])32 5541]32 C}zizﬂz C§232D2

(1) g’ g’ g’

Chigrpr o 5 i — 0] — — 0 0 0 0 0
Cyhgapa +  +  + 0 0 [0] = - 0 0 0 0 0
s+ + + o« o« @ - - - 0 0o [ -
Eidaps  +  + 4 - ’ . o - - [0] -
Eadaps  +  +  + - . ¢ o - - [0 -
Co2p2p 0 0 0 — 0 0 0 0 — 0 0 [0] -
cpprp 0 0 0 0 0 (0] - - 0 — - [0] -
Ceawzp 0 0 0 — 0 0 0 0 0 0 0 0] -
covap 0 0 0 0 0 [0] - - 0 — - 0 0
cap: 0 0 0 - (0] - - - y .
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Full electroweak SMEFT (with no flavour)

1 2 3 ~(1 ~(2 ~(1 (2 (3 ~(4 1 2 1 2
Czﬁd]ga CE&*’)D‘“ Ct(;{,a]Dd Cinzﬁz D3 Ci:z::i,z D3 C;(zq)ﬁzﬂa Ciz{:}z D3 Cjz Ebzﬂs C}zinﬂa Ced 2 \‘3;;4])32 5541]32 C}zizﬂz C§232D2

(1) g’ g° g°

mep: T 5 g - [0] - — 0 0 0 0 0
Cyhgapa +  +  + 0 0 [0] = - 0 0 0 0 0
s+ o+ + ‘ < [ —4|§|2 - - 0o o [ -
Gapaps  + +  + - ‘ X o - - [0 -
Eaaps  + + + —~ < ’ 0 - - [0 -
Co2p2p 0 0 0 — 0 0 0 0 — 0 0 [0] -
Cipap 0 0 0 0 0 [0] — — 0 — — [0] —
Ceawzp 0 0 0 — 0 0 0 0 0 0 0 0] -
cawap 0 0 0 0 0 (0] _ — 0 _ 0 0
e | 0 0 - (0] - - - - - y y
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Full electroweak SMEFT (with no flavour)

1
C(Bgtﬁ!ﬂ D2

(1)
W2¢2D2

-2
Cizlzﬂs

~(2
55235,2 Da

—(4
‘3523{,2 D3
Ce2B2p

Cizp2n

Ce2W2p

(1)
2wWip

(2)
Ciae2n2

(1)

(2)

(3) ~(1)

~(2)

Cpips Cgipa Cphipa Coagaps Cogaps
2 2 2

S[E[5] = -
. - - 0 0
+ - +‘92—\Y\2‘ x
+ - + -
+ - - -
0 0 0 -
0 0 0 0 0
0 0 0 -
0 0 0 0 0
0 0 0 -

~(1
C;(zq)ﬁzﬂa

0]
[0]

Ciagaps

4y
3

0

0

~(3
C;;z;zﬂs

Bl el = & -

~(4
C}zinﬂa

Ced 2

(1)

Cjap2

0

0

(2)
Clapaz

(1)
Ciz2.2 p2

° [o] o [ol & o] [e] = =

.

(2)
Cizp2 p2

0
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Extension to full SMEFT |[MC, Li "23]
(there are three more tables)

~(1 ~(2 ~(3 ~(4 ~(1 ~(2 ~(1 ~(2 ~(3 ~(4 ~(1 ~(2 ~(1 ~(2
;2 ;rzD:s C;Z;,ﬂ D3 C’;ﬂi&zD:‘ c§2‘lﬂ D3 Cf_,ﬂfﬁ,zD:s CizLJDa c;ﬂ;ﬂ D3 C;ZL,Z D3 CET?)Q}ZDS c;ﬂi{,ﬂ D3 C.Er'ﬂ)q}zD:s Ciz)q}zDa cii'z}q_l',ZDa ci‘.:}q.‘.-“D“‘

I : : : : 0 0 0 0 0 0 0 0 0 0
e 0 0 0 0 0 0 0 0 0
&8 0 0 0 0 0 0 0 0 0 0
FA 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0
& 0 0 0 0 0 0 0 0 0 0
Banaps  — - 0 0 — - 0 0 0 0
Elana - - 0 0 - - 0 0 0 0
Guipe 0 0 0 0 0 0 0 0 0 0 0 0
&, 0 0 0 0 0 0 0 0 0 0 0 0
&, 0 0 0 0 0 0 0 0 0 0 0 0
& 0 0 0 0 0 0 0 0 0 0 0 0

éa . 0 0 0 0 0 0 0 0 0 0 0 0
Qap: 0 0 0 0 - 0 0 0 0 - 0 0
a0 0 0 0 - 0 0 0 0 0 0 -
& aps 0 0 0 0 0 0 0 0 0 0 — -
& 0 0 0 0 0 0 0 0 0 0 — -
eape - — — 0 0 0 0 0 0 0 0
&3 pa - - 0 0 0 0 0 0 — 0 0
e — - 0 0 0 0 0 0 0 0 .
&ape 0 0 0 0 - - - 0 0 0 0
Eape 0 0 0 0 0 0 - - - 0 0
Eape 0 0 0 0 0 0 ~ - —~ 0 0
&ppz 0 0 0 0 0 0 ~ - 0 0 -
epps 0 0 0 0 0 0 - - 0 0 -




A byproduct of this work is that we have worked out positivity

bounds not previously derived in the literature
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Slowly unraveling the quantum structure of the

SMEFT to dimension eight

ds & dy & dsxds dy d Exdy dF  dsxdy d
d<4 (bosonic)
d<, (fermionic) X X
ds
dg (bosonic)
dg (fermionic) X X X X
dr
ds (bosonic)
ds (fermionic) X X X X

MC, Guedes, Ramos, Santiago; 2106.05291
Accettulli Huber, De Angelis; 2108.03669
Bakshi, MC, Diaz-Carmona, Guedes; 2205.03301
Helset, Jenkins, Manohar; 2212.03253

Asteriadis, Dawson, Fontes; 2212.03258

Bakshi, Diaz-Carmona; 2301.07151
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Besides pure , anomalous
dimensions of dimension-8 operators |Murphy ‘20; Li, Ren,
Shu, Xiao, Yu, Zheng ‘20| not always phenomenologically
irrelevant

Simplest example:

Integrate out

absent at tree-level
dimension-6, one-loop dimension-6 and tree-level

dimension-8 |Mc, Krause, Nardini ‘18; Durieux, McCullough, Salvioni ‘22
41




Can’t we just compute all anomalous dimensions in

some automated way?
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EFT in UV
Tools like matchmakerett or matchete

not yet fully automatic
|Carmona et al ¢ 21; Fuentes-Martin et al ‘22|

\J
EFT in IR

Main obstacles: Green’s and physical bases |Mc, Diaz
Carmona, Guedes ‘21; Ren, Yu ‘22; Fonseca]; lMC,
Santiago]
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AN / \ N / \
/
. | |
| | [ ] [ ]
4 N I —— , I ——
it AN /\ 7 \ /\
/ \ \ / 4 \ /
/ N \ Y v N Py
/ \

'~ renormalise g ST ’ S

¢4 D4 ¢6 D2 off-shell ¢6 D2 X ¢4 D2

L(local) ~ P(pz "PjsDi " €5, )
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Require Lagrangian with redundant operators to
provide as that without them

Too many constraints on-shell. Solution:
Compute the amplitudes in different Montecarlo

physical phase-space points. Problem reduced to
linear algebra
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Application to the purely Higgs sector |

|:

1
Co — CpO T 5”’“2517 ; (22)

g6 — Cy6 + 2AT4p (23)
i pe = chipe +2X@2r0h — 2 — ()
1 7
— 4C¢|:|T';5D — EcquT;bD_ZT;?D T TgQD y
(24)

65526) — 65526) — 2)\(7“;1421)74 — rq(bi)DQ — cngr;bD .

(25)
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Outlook

Not all EFTs are the low-energy limit of well-
behaved UV theories

Within CHMs, there are
There are
criteria that allow to discriminate between landscape

and swampland using IR information only

In the SMEFT,
by positivity bounds. These sometimes
stable under running — allow to constrain

anomalous dimensions
46



Thank you:
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