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SMEFT: constructed with

Higgs: h GBs: U(CC) _ eiﬁaﬁa(x)/v
Singlet U(z) — LU(2)RT

Independent!!

h
2 Being h asinglet: generic functionsof h  F;(h) = 1 + 2a;— + Bi— +...
v v

2 Being U(z) vs. h independent, many more operators can be constructed



Decorrelations

B Investigate on the signals of decorrelations: due to the nature of the

2
chiral expansion vs. the linear one, and due to F;(h) # (1 + E)
v
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Brivio,Corbett,Eboli,Gavela,Gonzalez-Fraile, Gonzalez-Garcia,LM&Rigolin, JHEP 1403 (2014)
Brivio,Eboli,Gavela,Gonzalez-Garcia,LM&Rigolin, JHEP 1412 (2014)
Brivio,Gavela,LM,Mimasu,No,Rey&Sanz, arXiv:1511.0109 4



New Signals

B Study the anomalous signal present in the chiral description, but

absent in the linear one

SMEFT HEFT
_________ / I
d = 12 S— /
d =10 — /><” "
d =
o - 40

Brivio,Corbett,Eboli,Gavela,Gonzalez-Fraile, Gonzalez-Garcia,LM&Rigolin, JHEP 1403 (2014)
Brivio,Eboli,Gavela,Gonzalez-Garcia,LM&Rigolin, JHEP 1412 (2014)
Brivio,Gavela,LM,Mimasu,No,Rey&Sanz, arXiv:1511.0109



2 Why and how EFTs
¥ The master formulas for operator counting and cross sections

B SMEFT

0 xPT

" HEFT
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Why to use an EFT?

It is convenient

The observables considered are measured in a determined energy range

l

Only on relevant contributions at that energy

Calculations are easier
Benefits in the renormalisation procedure

Accidental (approximate) symmetries

Top-down approach from the full theory to the EFT: i.e.

- EFT applied to B physics;
- QCD chiral perturbation theory for pions;
- etc...



Why to use an EFT?

It IS necessary



Why to use an EFT?

It IS necessary

The full theory is NOT known

l

Use of the known particles and known interactions to infer
the symmetries and the nature of the full theory.



Why to use an EFT?

It is necessary

The full theory is NOT known

l

Use of the known particles and known interactions to infer
the symmetries and the nature of the full theory.

Bottom-up approach from the EFT to the full theory
(with some luck): i.e.

- Fermi theory;
- Higgs effective theories;
- etc...
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How to construct an EFT?

Spectrum + Symmetries

l

Construct ALL possible operators with the

fields of the given spectrum and invariant + Power counting
under the chosen symmetries.

Reduces the number of operators at each order of the
expansion(s), organises the hierarchy among the operators,
sets the validity of the EFT.
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2 A generic interaction vertex i constructed out of the building blocks has the form
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Na,i refers to the number of such field/coupling appearing in the vertex
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A generic interaction vertex ¢ constructed out of the building blocks has the form
aNp,i¢N¢,iANA,iwNw,iANA,igNg,iny,i)\NA,'L'(47-‘-)N47r,i
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¥ An arbitrary connected diagram with insertions of the generic vertex will have an
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¥ An arbitrary connected diagram with insertions of the generic vertex will have an
amplitude of the same form of the vertex but the N, undergo some conditions

8NP¢N¢ANA¢N¢ANAgNgyNy)\N)\ (47T)N47r

depends on external \\

momenta and internal ~ depend on depends on the
legs (propagators external and external” 4mt and on
brings momenta) internal legs the number of loops

No=) N, Nix = Numi—2L
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When we have an operator, only the external legs, and not the internal, are relevant!

—P Eliminate the dependence from the internal legs

+

—pp |mposing the theoryidentity V -7+ L =1

+

—Pp |mposing that the total dimension is 4

3
4= Np;+ Ngi+ Na;+ §N¢,z‘ + Nai

l

only 6 relations are independent
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15



aNpng(pANAwNwANAgNgyNy >\N>\ (ZJLT‘_)NAMr

1
Whop & M - 505 NF, = Ng; + Na, + Ny,
1 - _9)— (2L —
NX = Np + §N¢ Np = Z(NF’L 2) (2L 2)

Ny =) Ng; Nyr = Np — N, — N, — 2N, — 2
. equivalent to say that:
{9, A, 9} — 4n{¢, A, ¢}
{9, VA} = i{gyy, VY

o
"~ (47)?

L L
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ONe N6 AN Nv ANA g No g Ny \Nx (477)Nam

1
Ny,i = Npi+ 5 Ve, Np, = Ny, + Na, + Ny,
1 _ oy _
Ny = Ny + 5Ny Np = E (N, —2) — (2L - 2)

Ny =) Ng; Nyr = Np — N, — N, — 2N, — 2
equivalent to say that:

19, A, b} = dmio, A, ¢}

{g,y, VA} — i{g,y, VA}
1

L — (47r)2£
Master Formula
A TO1™ [an 1™ [an ATV [am 1™ r g 1N py 1N [ X TV
1672 [K] T] [T] [A3/2 [E} [E} [16#2]
Each operator in the effective Lagrangian should Enoar:ﬁ;igg:érga 1984

. . . . . Luty 1997
be written according to this normalisation. TR



Consequences
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¥ The master formula can be generalised to masses and cubic couplings:

n3? gy ko
\ \ \

m | B N N
A2 A AT A

B Covariant derivative homogeneous in power counting of A and 4mt (not of N,)

2o gl [

- J0+igA
A A A |

A

& Equation of Motion is homogeneous in power counting of A and 4t (not of N,):
i.e. consider the SM Higgs doublet

OH +m?*H + X(H'H)H + yyp =0

A7
all the terms scale as —
A G
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What is different wrt the well-known NDA master formula?

A4 aN
16%[]

A = 47Tf

1Y
7'(' 16%]

47TA 47T¢
47T 4
'\L“K‘: U
Original NDA master formula: b
_’fA fA FA
124 P]Np HM [L]N‘” NQX [&]Ny [u]”’
Al LF] LfVA A e




Comparison with the old NDA

What is different wrt the well-known NDA master formula?

A% Q N @ 47TA 4mp Ng y Ny oA T
1672 A3/2 7T 7T 1672
AN=A4nf
Nyp N¢ N¢
<> f A2 'V\L“\‘V fy 1
Original NDA master formula: X X
2 Dwv
/ —>f A fA A

2] o) el ) (21 (5]

- Doubts on how to weight Xuv:

v XHY v i 1
F2A2 % ‘(“2 . . W e Tuning!!
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2—n
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Master Formula for Cross Sections

1 2
UNﬁPV\/”
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0’ ’0
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0. .0
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o Y 2
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*
’0
.0
*
*
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There ONLY dependence is on A

The hierarchy between the size of cross sections only depends
on A\, and not on the number of derivates!!

—

A2 ¢ 2 2\ 2
w(4m)* (E

(4)° 2 9 9
T (00,0)7 = 20 26

(4m)°

o

(477)2 2
i (600)
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The Physical Impact
- () T )

There ONLY dependence is on A

The hierarchy between the size of cross sections only depends
on A\, and not on the number of derivates!!

6 —_— 26 > 46
A? ’ (4m)? (E2)2

d =6 < —_—) 0~ A2
T(ﬁbauﬁb)z — 290 — 2¢

(47T)6 ¢8 _> QQ/) — 6§b

(p0p)? = 20 — 29
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The Physical Impact
- () T )

There ONLY dependence is on A

The hierarchy between the size of cross sections only depends
on A\, and not on the number of derivates!!

r(47T)4 6
) — L
SR — > "R (A?)
00,07 —— 202
f(i;)(s& —gp 20 — 60 , N
d=8 { — UNW(;) (i)
f‘ff(qﬁmqs)? — 2652

21



The Physical Impact

o~ () )

B Processes with same number of particles can have different
cross sections: the difference is ruled by A

[ (47)4
VA — 20 — 40 |
d=6 { I ) @
_ .
\(ZXFQ)Q (00,¢)? — =———pp(2¢ — 2¢
r

(T4)6¢8 —_— 20 66 |
(4
d=8 < . ——l O~ (EQ)
\(ZXZ) (¢0¢) —}
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The Physical Impact
- () )

&Y Processes with same number of particles can have different
cross sections: the difference is ruled by A

B¥ Processes with different number of particles/derivatives can
have same cross sections: same number of A

r(47‘(’ 4
5 {2040 .
m(4m E
d:6< 2 — O (EQ) (AQ)
\%ww)? —> 20 2
r(477)6 8 —p| 2 — 6
IICK w4 (B4’
d=38 < ; —p O 2 A4
\( (606  ——| 26 20
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SMEFT

The Standard

Model Effective Field Theory (SMEFT): assuming B and L conservation

Operator | d | N, | NDA Form

H? 21 0 A’ H?

02 |3 1 Agy?

H* 4] 0 | (472 H
Vv*H 41 1 (4) p* H
V2D 41 2 2D

H?D? 41 2 H?D?

X? 41 2 X?

6 6l 0 (4[;)4 6
b2 H? 61 1 MXQ b2 H32

oHip2 gl 2 (‘XVQ)2 4?2
22 |6l 9 (%@2 X2 2
V2XH 6] 2 | U y2xH
J2H2D | 6| 2 (%@)2 $2H2D

o N R

X3 6] 3 o) x3

[Buchmuller&Wyler 1984]
[Gradkoski,Iskrzynski,Misiak&Rosiek 2010]
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SMEFT

The Standard Model Effective Field Theory (SMEFT): assuming B and L conservation
[Buchmuller&Wyler 1984]
Opel’atOI’ d NX NDA Form [Gradkoski,Iskrzynski,Misiak&Rosiek 2010]
H? 21 0 A’ H?
)2 3| 1 A2
H* 41 0 (47)% H*
Vv H 41 1 (4) p* H -
V2D | 4] 2 V2D > YD
H?D? |4 2 H?D? +—> D,H'D'H
X2 41 2 X2 +t—> (W, W)
H6 6 0 (‘%/124 H6
T 3
¢2H3 6 1 (4;&2) ¢2H32
H4D2 6 2 (‘5@)2 H4D2
2
X2H2 6 2 (‘X? X2H2
4
V2XH 6] 2 | ! A% V2XH
¢2H2D 6 2 (‘i@) ¢2H2D
e 61 2 (4/(2) e
XS 6 3 (jl\g) XS

22



SMEFT

The Standard

Model Effective Field Theory (SMEFT): assuming B and L conservation

[Buchmuller&Wyler 1984]

Opel‘atOI‘ d NX NDA Form [Gradkoski,Iskrzynski,Misiak&Rosiek 2010]

H? 21 0 A2H?

)2 3| 1 Ag)?

H* 41 0 (47)2 H*

V2 H 41 1 (4) p* H B
V2D | 4] 2 2D > YD
H?D? |4 2 H?D? <t ——> D,H'D'H

X2 4| 2 X2 <+t—>» Tr(V, W)

47)%

HS |6 0 4< A;) HS
¢2H3 6 1 (/{TQ) ¢2H32
HD? |6| 2 | Yn) gip?

27172 (41}72)2 27172 (47T)2 jn% 1
XPH® 16| 2 | - X°H > S TW.W ) (H'H)
V2XH 6] 2 | U y2xH L
Y2H?D | 6| 2 | Un) VPH'D 4= (Q Dy (H DFH)

gt 6] 2| Syt

X3 6] 3 o) x3

22



SMEFT

The Standard Model Effective Field Theory (SMEFT): assuming B and L conservation
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SMEFT

The Standard Model Effective Field Theory (SMEFT): assuming B and L conservation

B = [FOSE L peso L pdse L

Operator | d | N, | NDA Form

H? 21 0 A°H?

? 3| 1 Ay?

H* 41 0 (4m)? H*
V2 H 4| 1 (4m) p* H
V2D 4| 2 ?D

H?D? |4 2 H?D?

X? 4| 2 X?

6 6 0 (4/;;)4 6
b2 H3 61 1 (4]32) : b2 H32

H4 D2 61 2 (45(?2)2 H4 D2
Y22 61 2 (%@2 X2 2
V2XH 6] 2 | U y2xH
Y?H2D | 6| 2 %@?2 z)prQD
4 47 4
;b(?, g 2 (i\;) ;;3
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SMEFT

The Standard Model Effective Field Theory (SMEFT): assuming B and L conservation

B = [FOSE L peso L pdse L

The A expansion determines the
physical impact of the operators and
it coincides with the ordering of the
operators due to renormalisation:

Operator d N, | NDA Form

H? 2 0 A’ H?

? 3 1 Ay?

H* 4 0 | (47)2HA
W2H 4 1 | (4n)¢2H
2D 4 2 b2 D

H?D? 4 2 H?D?

X? 4 2 X?

6 6 0 (4/;?2)4 6
b2 H3 6l 1 (4&?2) : b2 H32

H4 D2 6 2 (4/@) H4 D2
X2H2 6 9 (%/@)2 22
V2XH 6 2 | U ylxH
Y?H?D 6 2 (6@32 z)prZD
4 47 4
;?3 g 2 (i\;) ;;3
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SMEFT

The Standard Model Effective Field Theory (SMEFT): assuming B and L conservation

[ — [d<4 | pd=6 , pd=8 | Operator d N, | NDA Form
H*? 2 0 A2H?
The A expansion determines the ) 3 1 Ayp?
physical impact of the operators and HY 4 0| (4m)°H"
it coincides with the ordering of the v:H 4] (4m) 4*H
operators due to renormalisation: A ¥*D
H?D? 4 2 H?D?
L=t 2 2
LO { X 4 2 X
n-loop with £9=* vertices HS 6 0 (‘j’f HS
S2H? 6 1 (4]32)3 b2 H32
HAD2 6 9 (4/(2)2 H4 )2
X2H2 6 9 (%/@)2 22
Y XH 6 2 | YU y2XH
J2H2D 6 2 (%{72)2 b2 H2D
e 6 9 (4;@)2 o
X3 B6P3 e 3
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SMEFT

The Standard Model Effective Field Theory (SMEFT): assuming B and L conservation

[ — [d<4 | pd=6 | pd=8 | Operator d N, | NDA Form
H2 2 0 A2H?
The A expansion determines the ) 3 1 Agp?
. . 4 2 4
physical impact of the operators and I;’ 40 (47) f
it coincides with the ordering of the ¢2H d B (47)2¢ H
operators due to renormalisation: s B E Y=D
H?D? 4 2 H?D?
L=t 2 2
LO X 4 2 X
n-loop with £9=* vertices HS 6 0 (‘j’f HS
o [d=6 b2 H3 6 1 (4]@)32 b2 H32
. _ 47
n-loop with 1 £%=¢ vertex ‘D’ @ cll2 | Y H4D?
X2H2 6 2 (‘XQQ X2H2
VIXH 6 2 <4A722 V2 X H
¢2H2D 6 2 (‘X;) ¢2H2D
g6 2 | Unbg
47
X3 6 3 @r) x3
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SMEFT

The Standard Model Effective Field Theory (SMEFT): assuming B and L conservation

[ — [d<4 | pd=6 | pd=8 | Operator d N, | NDA Form
H? 2 0 A2 H?
The A expansion determines the ) 3 1 Ayp?
. . 4 2 174
physical impact of the operators and I;I 4 0 (47) f
it coincides with the ordering of the Gl B B (4m) p°H
e 2D 42 b2 D
operators due to renormalisation:
H?D? 4 2 H?D?
L=t 2 2
1o { x2 M4l 2 X
n-loop with £9=* vertices HS 6 0 (‘j’f HS
i Y2HS 6 1 | Um)y2ps)
NLO , _ ok
n-loop with 1 £9=° vertex H*D?> 6 2 (12)2 H*D?
= X2H? 6| 2 | L x2p?
NNLO | 2XH 6 2 | YD y2xH
n-loop with 1 £9=% vertex ¢2 , (42 ¢2 ,
| I Y2H?D 6 2 | Ynly2H?D
n-loop with 2 £4=° vertices w N - (4@2 "
4
X3 6 3 @) x3
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SMEFT

The Standard Model Effective Field Theory (SMEFT): assuming B and L conservation

[ — [d<4 | pd=6 | pd=8 | Operator d N, | NDA Form
H? 2 0 A’ H?
The A expansion determines the ) 3 1 Ayp?
. . 4 2 174
physical impact of the operators and I;I 4 0 (47) f
it coincides with the ordering of the ¢2H d B (47)2¢ H
operators due to renormalisation: YD <2 P
H?D? 4 2 H?D?
L=t 2 2
1o { x2 B4 2 X
n-loop with £9=* vertices HS 6 0 (‘j’f HS
o [d=6 S2H? 6 1 (4]32)3 b2 H32
. _ 47)?
n-loop with 1 £9=° vertex H*D?> 6 2 (A2)2 H*D?
= X2H? 6| 2 | L x2p?
NNLO | 2XH 6 2 | Wl y2xH
n-loop with 1 £9=% vertex ¢2 , (42 ¢2 ,
| | Y2H?D 6 2 | Ynly2H2p
n-loop with 2 £4=° vertices o 6 9 (m)?
independently of number of loops!! X3 6 3 @) x3
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XPT

B Chiral Perturbation Theory (xPT) has been used for low-energy QCD:
considering only u and d quarks and neglecting their mass

Chiral Symmetry SU(2)r x SU(2)r :

(o) = (3)

u u
(dﬁ) —)QR (d_}i) QL,RESU(Q)LR
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XPT

B Chiral Perturbation Theory (xPT) has been used for low-energy QCD:
considering only u and d quarks and neglecting their mass

Chiral Symmetry SU(2)r x SU(2)r :

(o) = (3)

u u
(dﬁ) %QR (d}f) QL,RESU(Q)LR

B8 As ¢ — ¢ pairs are energetically cheap, the QCD vacuum will contain condensates:

Chiral Symmetry spontaneous breaking (qg) #0:

SU2)L x SU(2)r — SU(2)diag =P 3 Goldstone bosons =
U= U5 0lUQg

24



I The pion Lagrangian is written as

L=Ly+Ly+ ... (+soft breaking part)

f scale of the pions
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I The pion Lagrangian is written as

L=Ly+Ly+ ... (+soft breaking part)

N, N,
A P] [@] £2:f—2Tr((9uU(9“UT)

1672 | A A 4
A=drf Ly = —2 [Tr (8,U0"U")]’
1672 a

f scale of the pions
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I The pion Lagrangian is written as

L=Ly+Ly+ ... (+soft breaking part)

A* TO1 [4mg] " #2 - 1
— — = — N — N —N'.- — 2
1672 [A] [ A ] Lo A Tr (8NU8 U) X p T g \Y
C4 2
A=dnf Ly = 1o [Tr (9,U0"U)] N, =4

f scale of the pions

-—P The ordering of the operators due to renormalisation, £,, £4, etc...
coincides with the ordering in N,
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I The pion Lagrangian is written as

L=Ly+Ly+ ... (+soft breaking part)

A* TO1 [4mg] " #2 - 1
— — = — N — N —N'.- — 2
1672 [A] [ A ] Lo A Tr (8NU8 U) X p T g \Y
C4 2
A=dnf Ly = 1o [Tr (9,U0"U)] N, =4

f scale of the pions

-—P The ordering of the operators due to renormalisation, £,, £4, etc...
coincides with the ordering in N,

LO {Nx2

NLO { 1-loop with an arbitrary number of N, =2 vertices} =Ny=4
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I The pion Lagrangian is written as

L=Ly+Ls+... (+soft breaking part)

A* TO1 [4mg] " #2 - 1
— — — L N,=N,+ =N, =2
1672 [A] [ A ] Lo A Tr (8MU8 U) X p T g \Y
C4 2
A=dnf Ly = 1o [Tr (9,U0"U)] N, =4

f scale of the pions

-—P The ordering of the operators due to renormalisation, £,, £4, etc...
coincides with the ordering in N,

LO {Nx

NLO { 1-loop with an arbitrary number of N, =2 vertices} =Ny=4

NNLO 1-loop with an arbitrary number of NLO vertices ~ N, =

2-loop with an arbitrary number of N, =2 vertices



LQ = —Ir

Ly =

f2
4

C

4

6 2

s

(0,U0"UT)

Tr (0,U0*UT)]°
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2 1
ngf—Tr(ﬁuUﬁ“UT) NXENp+§N¢=2 d =2

4
C 2 -
Ly = 6;2 T (8,U0*U )] N, =4 d=4
APPARENTLY:

—P Counting dimensions is equivalent of counting derivatives

1
N, =N — —d
X p+2X¢
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2 1
£2:f—Tr(5‘MU8“UT) NXENp+§Nw=2 d =2

4
C 2 -
L4 = 6;2 T (8,U0*U )] N, =4 d=4
APPARENTLY:

—P Counting dimensions is equivalent of counting derivatives

1
N, =N — —d
X p+2X¢

O v

—pp  Counting d is equivalent
E? A2

to counting A

7 (47)? <E2>_NA

Does Nx determine the physical impact of operators in xPT?

26



- Convenient to expand in pion fields:
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O°II*  O°II°
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f f

Lo ~ O*TI? +
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- Convenient to expand in pion fields:
O°II*  O°II°

29172
Lo ~ 07117 4 7 + 7
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- Convenient to expand in pion fields:
O°II*  O°II°
2 + 4
f f

O*TI* O*II°
£4NC4<A2f2 + A2f4 —|—>

Lo ~ O*TI? +
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- Convenient to expand in pion fields:
O°II*  O°II°
2 + 4
f f

O*TI* O*II°
£4NC4<A2f2 + A2f4 —|—>

Lo ~ O*TI? +

d=4,6,8,...

d=8,10,12...

27



- Convenient to expand in pion fields:
O°II*  O°II°

27172 —
Lo~ 0TI + 7T d=4,6,8,...
841_14 841_16
£4NC4(A2f2+A2f4+'”> d=28,10,12...

1
\—' NXENp+§XN

27



- Convenient to expand in pion fields:

0114 O°TII°
271712 _
Lo ~ O°TI% + 7 + 7 d=4,6,8,...
841-14 841_16
L4~ cy A2f2+A2f4+... d=28,10,12...

1
\—' NXENp+§XN

—P Distinct terms of the expansion gives different effects:
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- Convenient to expand in pion fields:

0114 O°TII°
271712 _
Lo ~ O°TI% + 7 + 7 d=4,6,8,...
841-14 841_16
L4~ cy A2f2+A2f4+... d=28,10,12...

1
\—' NXENp+§XN

—P Distinct terms of the expansion gives different effects:
021_[4 821_16
_|_
f2 f4

Lo ~ O°TI? +
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- Convenient to expand in pion fields:

0114 O°TII°
271712 _
Lo ~ O°TI% + 7 + 7 d=4,6,8,...
841-14 841_16
L4~ cy A2f2+A2f4+... d=28,10,12...

1
\—' NXENp+§XN

—P Distinct terms of the expansion gives different effects:
821'14 821'16

\ \. |

(mm — 7mw)g ~ (27;) (ij)

Lo ~ O°TI? +

7 (4r)?
2

O r~

N, =2
N, =4
m(4m)?

E4

E2

(

A4

:

27



- Convenient to expand in pion fields:

621_14 821-16
Lo~ O°TI° + I — 7 d=4,6,8,... N, =2
ol I GRS |
£4NC4(A2f2—|—A2f4—I—...> d=28,10,12... N, =4

1
\—' NXENp—I—§XN

—P Distinct terms of the expansion gives different effects:
6‘21'14 821'16

Lo ~ OTI? +
2
\ (47{') E4
7 (4r)? \ Alrs w2y E? A4
g ~ [P

(7 — 7)) ~ (27;) (ij)

The same operator gives two cross sections with different suppression and

therefore NX cannot be useful to determine the ordering of the physical impact




—pp However, considering a given process, it receives contributions from
different operators and ...
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O°TI*  O*II°
7 + 7 + ...

T ol T (2 )2

Lo ~ O°TI? +
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—pp However, considering a given process, it receives contributions from
different operators and ...

O°TI*  O*II°
7 + 7 + ...

T ol T (2 )2

OTI*  O*IIS
£4NC4(A2f2 -+ A2f4 —|—>

\ o(nm — )y ~ ) <E4)2

Lo ~ O°TI? +

E? A4
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—pp However, considering a given process, it receives contributions from
different operators and ...

821'14 (‘921'16

7T(47T)2 E2\?
o(mm — )y [5% e

0TI+ OIS
A2f2 —|— A2f4 —I_"'

Lo ~ O°TI? +

£4NC4

n(4m)? (E*\’
’7T7T — 7T’7T E2 A4

o(mm — mm)y (Ez)

o(mm — 7)o A?

28



—pp However, considering a given process, it receives contributions from

different operators and ...

821'14 821'16

7'('(47'(')2 E2\?
o(rm — 7)) [5% e

OII* O*II°
A2 f2 T A2 74 T oo

T~ r(4m)° (E)

Lo ~ O?TI? +

£4NC4

7T’7T—>7T7T

o(mTmT — Ty E?
T\ A2

o(mm — )9

2
. ) L
according to /N.. ordering:
) 8 X g {[,
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—pp However, considering a given process, it receives contributions from
different operators and ...

O°TI*  O*II°
7 + 7 + ...

T ol T (2 )2

OTI*  O*IIS
£4NC4(A2f2 -+ A2f4 —|—>

\ o(nm — )y ~ ) <E4)2

E? A4

Lo ~ O°TI? +

o(mm — Ty £2\° : . )Ly~ O
g (F) according to [V, ordering: {£4 - O

-

The physical ordering is again determined only by A, although it
can be hidden in the GB matrix.
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—pp However, considering a given process, it receives contributions from
different operators and ...

O2TI4 2116
[T

T ol T (2 )2

OTI*  O*IIS
£4NC4(A2f2 -+ A2f4 —|—>

\ o(nm — )y ~ ) <E4)2

E? A4

£2N82H2—|— -+ ...

o(mm — Ty E?
T\ A2

o(mm — 7)o

2
: : Lo ~ O(p?)
according to /N.. ordering: {2

The physical ordering is again determined only by A, although it
can be hidden in the GB matrix.

The ordering in A coincides with IV, only for processes with
same number of external fields.
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HEFT

Grinstein & Trott, PRD 76 (2007)

Azatov, Contino & Galloway JHEP 1204 (2012)

Alonso, Gavela, LM, Rigolin & Yepes, JHEP 1206 (2012)

Alonso, Gavela, LM, Rigolin & Yepes, PLB 722 (2013)

Alonso, Gavela, LM, Rigolin & Yepes, PRD 87 (2013)

Buchalla, Cata & Krause, NPB 880 (2014)

Gavela, Gonzalez-Fraile, Gonzalez-Garcia, LM, Rigolin & Yepes, JHEP 1410 (2014)

Higgs: h GBs: U(x) = 10T (@) /v
Singlet U(z) — LU(z)R!

Independent!!

29



HEFT

The Higgs Effective Field Theory (HEFT) is a fusion of SMEFT and xPT
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HEFT

The Higgs Effective Field Theory (HEFT) is a fusion of SMEFT and xPT

3 GBs SM

Renormalisation is different between SMEFT and xPT:

N e
- I -
1
o [PRNWSTRWRY WTEW]
NNLO NNLO—NNLO—NNLO— NNLO NNLO%
30




How to merge the two theories??



How to merge the two theories??

B Building blocks:

VvV, = (D,U) U V o LV
L € SU(Q)L
T = Ug,U! T > LTL
YL R
Au g

N
h  singlet of SM syms: arbitrary F(h) = Z a; (})
i=0
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How to merge the two theories??

B Building blocks:

vV, =(D,U)U" VLV
LeSU(2).
T = UgsUT T > LTL
YL R
A, X
. ° h Z
h  singlet of SM syms: arbitrary F(h) = a; (})
i=0

¥ Leading interacting terms: expanding the fields

U=1+...
T:()'g
21 21 qgu

V,==08,I+ = [II,gA,] + =B
o= g Ol L g A+ = By .



How to merge the two theories??

B Building blocks:

vV, =(D,U)U" VLV
LeSU(2).
T = UgsUT T > LTL
YL R
A, X
. ° h Z
h  singlet of SM syms: arbitrary F(h) = a; (})
i=0

¥ Leading interacting terms: expanding the fields

U=1+... N, =
T:0'3 NX:
21 21 qgu
V,=—=-0I11+ — [II,gA,| + —B, N, =
f f f 31



How to merge the two theories??

B Building blocks:

VvV, = (D,U) U V o LV
L € SU(Q)L
T = Uo, UT TS LTL'
YL R
A, g |
h 1
h  singlet of SM syms: arbitrary F(h) = a; <?>
i=0
¥ Leading interacting terms: expanding the fields
U=1+... N, =0 d=20,1,2,...
T:US NX: d:O,].,Q,...
21 21 v
V,=>09,00+ = [II,gA,] + 2 B, N,=1 d=1,2,3,...

f f f
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How to merge the two theories??

B Building blocks:

vV, =(D,U)U" VLV
LeSU(2).
T = UgsUT T > LTL
YL R
A, X
. ° h Z
h  singlet of SM syms: arbitrary F(h) = a; (})
i=0

¥ Leading interacting terms: expanding the fields . . .
Primary Dimension

U=1+... N, = dp =0
T — 03 NX — dp — O
21 21 qgu
V,=—=-0I11+ — [II,gA,| + —B, N, = d, = 2
f f f -



HEFT basis

Assuming B and L conservation, and no BSM custodial breaking
Operator | d, N, NDA form
22U 3 1 A2U Fyey(h)
X2 4 2 X?% Fxz2(h)
2D 4 2 2D
(Oh) 4 | 2 (Oh)?
V?2 4 2 ( 41\)2 V2 Fya(h)
V2V 5 2 V2V Fyov (h)
2 XU 5 2 2T 2 XU Fyexu(h)
! 6 | 2 Gn)” o Fya(h)
XV? 6 3 L XV Fxve(h)
X3 6 3 1) X3 Fys(h)
XVo 6 3 = XV 0Fxva(h)
P2VUO | 7 3 | x*VUIFyevua(h)
Pp2VIU | 7 3 | 2 ¢*V2U Fyeyvey(h)
W2U% | 7 3 12U 02 Fyeyoz (h)
V202 8 4 ﬁ V202 Fy2p2(h)
\'%% 8 4 ez Vi Fya(h) 32



Assuming B and

HEFT basis

| conservation, and no BSM custodial breaking

Operator | d, N, NDA form
12U 3 1 AU Fyey(h)
X2 4 2 X?% Fxz2(h)
V2D 4 2 V2D
(Oh) 4 2 (Oh)?
V?2 4 2 ( 41\)2 V2 Fya(h)
V2V 5 2 V2V Fyev (h)

2 XU 5 2 2T 2 XU Fyexu(h)
! 6 | 2 Gn)” o Fya(h)
XV? 6 3 + XV Fxvz(h)
Jce 6 | 3 Q1) X3 Fys(h)
XVo 6 3 = XV 0Fxva(h)
P2VUO | 7 3 | x*VUIFyevua(h)
P2V?2 7 3 | 2 ¢*V2U Fyeyvey(h)
2 UH? 7 3 + 12U 02 Fyevae (h)
V202 8 4 @ V202 Fy252(h)
\% 8 4 @z V Fva(h)

<> A UygFyey(h)

> Iy

2

>

Tr (V,VH) Fy:(h)

1

> T (W [VH, V) Fes (h)

1

< Tr (VAVH)? Fya(h) ;




Primary Dimension dp

Operator | d, N, NDA form
»2U 3 1 A2U Fyey(h)
X2 4 2 X2 Fxz2(h)
V2D 4 2 V2D
(8h) 4 2 (Oh)?
V* 4 2 ( " )2 V? Fyz(h)
V2V 5 2 W2V Fyev (h)

2 XU 5 2 2T 2 XU Fyexu(h)
! 6 | 2 Gn) ot Fya(h)
XV? 6 3 o XV Fxvz(h)
e 6 | 3 G X3 Fys(h)
XVo 6 3 = XV oFxva(h)
Y2VUO | 7 3 | x*VUIFevua(h)
P2V?2 7 3 % V2V2U Fyevey(h)
12U H? 7 3 sz 0% Fyrvaz (h)
V25?2 8 4 = )2 V202 Fyeg2(h)
V4 8 4 V4 Fya(h)

(4 (4m)2 33



Primary Dimension dp

dp counts the dimensions of
the leading interacting term

Operator | d, N, NDA form
»2U 3 1 A2U Fyey(h)
X2 4 2 X2 Fxz2(h)
V2D 4 2 V2D
(Oh) 4 2 (Oh)?
V? 4 2 ( " )2 V2 Fya(h)
V2V 5 2 W2V Fyev (h)

2 XU 5 2 2T 2 XU Fyexu(h)
e 6 9 (477) e Fya(h )
XV? 6 3 -+ XV Fxve(h)
X3 6 3 B2 X3 Fys(h)
XVo 6 3 = XV oFxva(h)
Y2VUO | 7 3 | x*VUIFevua(h)
P2V?2 7 3 | $¢*V2U Fyeveu(h)
»2UH? 7 3 1 ¢2U 0% Fyeusz (h)
V25? 8 4 = )2 V202 Fy2g2(h)
V4 8 4 V4 Fya(h)

(4 (4m)2 33



dp counts the dimensions of
the leading interacting term

|

d, counts the number of scales,

explicit and implicit

Primary Dimension dp

Operator | d, N, NDA form
»2U 3 1 A2U Fyey(h)
X2 4 2 X2 Fxz2(h)
V2D 4 2 V2D
(Oh) 4 2 (Oh)?
V? 4 2 ( " )2 V2 Fya(h)
V2V 5 2 W2V Fyev (h)

2 XU 5 2 2T 2 XU Fyexu(h)
e 6 9 (477) e Fya(h )
XV? 6 3 -+ XV Fxve(h)
X3 6 3 B2 X3 Fys(h)
XVo 6 3 = XV oFxva(h)
Y2VUO | 7 3 | x*VUIFevua(h)
P2V?2 7 3 | $¢*V2U Fyeveu(h)
»2UH? 7 3 1 ¢2U 0% Fyeusz (h)
V25? 8 4 = )2 V202 Fy2g2(h)
V4 8 4 V4 Fya(h)

(4 (4m)2 33



Primary Dimension dp

Operator | d, N, NDA form
d, counts the dimensions of Y?U 3 1 AY?U Fyey(h)
the leading interacting term X? 1 2 X? Fxz2(h)
?D 4 2 V2D
I (Oh)? 4 2 (Oh)?
\% 4 2 ( " )2 V2 Fyz(h)
d, counts the number of scales, P2V 5 2 VAV Fyev (h)
explicit and implicit 2 XU 5 2 2T 2 XU Fyexu(h)
6 | 2 ()" 4 Fopa ()
6 | 3 EXV Fxve(h)
6 3 B2 X3 Fys(h)
6 3 = XV oFxva(h)
7 | 3 | LyPVUOFevus(h)
7 3 | $¢*V2U Fyeveu(h)
The physical impact on cross Y*Uo? | 7 3 | % WU 0% Fyeuaz (h)
sections is ordered by d, V2452 8 4 (4 )2 V202 Fyeg2(h)
V4 s | 4 V4 Fya(h)

(4 (4m)2 33



dy, is orthogonal to the ordering for renormalisation:

Operator | d, | Ny NDA form
»2U 3 1 AY?U Fyey(h)
X2 4 2 X?% Fx2(h)
V2D 4 2 V2D
(Oh)? 4 2 (Oh)?
V2 4 2 ( A )2 V2 Fyz(h)
EAY 5 2 V2V Fyav (h)

2 XU 5 2 2T 2 XU Fyexu(h)
P 6 | 2 el ot Fya(h)
XV? 6 3 = XV Fxvz(h)
X3 6 | 3 1) X3 Fys(h)
XVo 6 3 = XV 0Fxva(h)
p2VUO | 7 3 | x*VUIFyevusa(h)
V2 V2U 7 3 + V2V2U Fyevey(h)
2 UH? 7 3 + 12U 02 Fyevyae (h)
V202 8 4 ﬁ V202 Fy252(h)
\'% 8 4 V* Fya(h)

(4 (4m)? 34



dy, is orthogonal to the ordering for renormalisation:

LO

Operator | d, | Ny NDA form
»2U 3 1 AY2U Fyei(h)
X2 4 2 X?% Fx2(h)
V2D 4 2 V2D
(Oh)? 4 2 (Oh)?
V2 4 2 A — )2 V2 Fyz(h)
EAY 5 2 V2V Fyav (h)

2 XU 5 2 2T 2 XU Fyexu(h)
P 6 | 2 el ot Fya(h)
XV? 6 3 = XV Fxvz(h)
X3 6 | 3 1) X3 Fys(h)
XVo 6 3 = XV 0Fxva(h)
p2VUO | 7 3 | x*VUIFyevusa(h)
2 V2U 7 3 + V2V2U Fyevey(h)
2 UH? 7 3 + 12U 02 Fyevyae (h)
V202 8 4 ﬁ V202 Fy252(h)
\'% 8 4 V* Fya(h)

(4 (4m)? 34



dy, is orthogonal to the ordering for renormalisation:

Operators necessary to
absorbed divergent
contributions arising from
the 1-loop renorm. of LO Lag

-+

Operators encoding NP
contributions with the same
physical impact

LO

NLO

Operator | d, | Ny NDA form
)2 3 1 A2U Fye(h)
X2 4 2 X?% Fx2(h)
V2D 4 2 V2D
(Oh)? 4 2 (Oh)?
\% 4 2 ( — )2 V2 Fya(h)
V2V 5 2 V2V Fyov (h)

2 XU 5 2 23X 2 XU Fyexu(h)
P 6 | 2 Uyt Fya(h)
XV? 6 3 - XV Fxve(h)
X3 6 3 1) X3 Fys(h)
XVo 6 3 = XV 0Fxva(h)
2VUO | 7 3 + V*VU O F p2vua(h)
P2V2IU | 7 3 | 2 ¢*V2U Fevey(h)
2 UO? 7 3 + 92U 02 Fyoysz (h)
V25?2 8 4 anye V2 02 Fyzp2 (h)
v 8 4 ﬁ V4 Fya(h)

34



Disentangling the Higgs Nature

HIggS ]’L GBs: U(aj) _ eio'aﬂ-a(;c)/v
Singlet U(z) — LU(2)R!

Independent!!

h
B} Being h asinglet: generic functionsof h  F;(h) = 1 + 2a;— + Bi— +...
v v

& Being U(x) vs. h independent, many more operators can be constructed

35



<€4—» Linearsibling

isentangling the Higgs Nature
Operator | d, | Ny NDA form SMEFT
22U 3 1 A2 U Fyey(h) 4
X 4 2 X2 Fxz(h) 4
2D 4 2 2D 4
(Oh) 4 2 (Oh)? 4
V? 4 2 = )2 V2 Fyz(h) 4
W2V 5 2 V2V Fyov (h) 6, 8
VXU | 5 2 AT 2 XU Fyexuv(h) 6
Y 6 | 2 A" 4 Fya (h) 6
XV? 6 3 XV Fxvz(h) 6, 8
X3 6 3 (4”> X3 Fyxs(h) 6
XvVo | 6 | 3 — XV 0F xva(h) 6
p2VUO | 7 3 | **VUIFevua(h) 8
P2 V2 7 3 | $¢*V2U Fyeveu(h) 8
2 UH? 7 3 12U 02 Fyeuaz (h) 8
V25? 8 4 @ V202 Fy2g2(h) 8
\'%4 8 4 V* Fya(h) 8, 10

(4 (4m)?

36



<€4—» Linearsibling

} <4<—» D, H'D'H

isentangling the Higgs Nature
Operator | d, | Ny NDA form SMEFT
22U 3 1 A2 U Fyey(h) 4
X 4 2 X2 Fxz(h) 4
2D 4 2 2D 4
(Oh) 4 2 (Oh)? 4
\%& 4 2 ( A )2 V2 Fya(h)
W2V 5 2 V2V Fyev (h) 6, 8
VXU | 5 2 AT 2 XU Fyexuv(h) 6
Y 6 | 2 A" 4 Fya (h) 6
XV? 6 3 XV Fxvz(h) 6, 8
X3 6 3 (4”> X3 Fyxs(h) 6
XvVo | 6 | 3 — XV 0F xva(h) 6
p2VUO | 7 3 | **VUIFevua(h) 8
P2 V2 7 3 | $¢*V2U Fyeveu(h) 8
2 UH? 7 3 12U 02 Fyeuaz (h) 8
V25? 8 4 ﬁ V202 Fy2g2(h) 8
\'%4 8 4 V* Fya(h) 8, 10

(4 (4m)?

36



isentangling the Higgs Nature

Operator | d, | Ny NDA form SMEFT
W2U 3 1 AY?U Fyey(h) 4
X 4 2 X2 Fxz(h) 4
2D 4 2 WD 4
(8h) 4 2 (8h)? 4
V2 4 2 i )2 V2 Fy2(h) 4

b2V @ 2 Y2V Fyay (h) 6, 3

V2 XU 2 2T 2 XU Fyexu(h) 6
Y 6 | 2 A" 4 Fya (h) 6

XV?2 @ 3 XV Fxve(h) 6
X3 6 3 (4”> X3 Fyxs(h) 6
XVo | 6 | 3 — XV 0F xva(h) 6
»2VUO 3 | **VUIFevua(h) 8
2 V2 3 + V2V2U Fyevey(h) 8
2 UH? 3 12U 02 Fyeuaz (h) 8
V252 8 4 ﬁ V202 Fy2g2(h) 8

V4 4 gz VA Fya () 8,(10)

<€4—» Linearsibling

} <4<—» D, H'D'H
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<€4—» Linearsibling

iIsentangling the Higgs Nature
Operator | d, | Ny NDA form SMEFT
p?U 3 | 1 A 92U Fyep(h) 4
X 4 2 X2 Fxz(h) 4
2D 4 | 2 2D 4
(Oh) 4 | 2 (Oh)? 4
V? 4 | 2 A2 V2 Fya(h) 4
W2V 2 W2V Fyzy (h) 6, 8
V? XU @ 2 | ZYPPXU Fyexuy(h) 6
e 6 9 (477) Wt Fpa(h) 6
xv? |(6)] 3 L v Fxve(h) 6(8)
X3 \ 3 Ur) X3 Fys(h 6

Y2Ud* |\7/ L 20 82 Fyoyge (h) \8/
V292 | 8 L V292 22 (h) 3
@y
Ve @ @z Vi Fva(h) 8’
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e PAT(TV ) Tr(V, W) Fia(h)

Brivio,Corbett,Eboli,Gavela,Gonzalez-Fraile, Gonzalez-Garcia,LM&Rigolin, JHEP 1403 (2014)

Signals expected in the chiral basis, but not in the linear one (d=8)

gf)Zéuyp)\aMWij_ZAflgl(h) 4

number of expected events (WZ
production) with respect to the Z pr

)“6000%\ ‘\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\7

14000F —— i . chkgroumd?

B sm wz B

i_-_-_-_i gsz = O . “

120000

Events/Bin

_______

10000

8000

6000

4000

2000 ereeacnn .

0
O 25 50 75 100 125 150 175 200 225

pﬁ(GeV)

@95% CL:
present g5Z S
LHC(7+8+14) g2 €

—0.08,0.04]

—0.033,0.028]
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Conclusions
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Conclusions

Y Use EFT is convenient and sometimes necessary. Many
different counting can be defined.
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Y Use EFT is convenient and sometimes necessary. Many
different counting can be defined.

2¥ The primary dimension counting:
B measures the physical impact in terms of cross sections
B is orthogonal to the renormalisation ordering(s)
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Conclusions

oY Use EFT is convenient and sometimes necessary. Many
different counting can be defined.

¥ The primary dimension counting:
B measures the physical impact in terms of cross sections
B is orthogonal to the renormalisation ordering(s)

1Y To disentangle the Higgs nature:
B the presence of new signals
B decorrelation signals (not discussed here)
1
and the primary dimension can tell which are the most
promising couplings. Relevant for phenomenology!!

38



Conclusions

Y Use EFT is convenient and sometimes necessary. Many
different counting can be defined.

1Y To disentangle the HIggs nature:
B the presence of new signals
B decorrelation signals (not discussed here)
1
and the primary dimension can tell which are the most
promising couplings. Relevant for phenomenology!!
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Comparison with Buchalla et al.

Buchalla, Cata & Krause, NPB 894 (2015)

Operator | d, | Ny NDA form
Counting based on derivatives U 2 : A2U Fpog ()
, X2 4 2 X2 Fxz(h
Naively expected at LO, LO xz (1)
2D 4 2 2D
as they are IV, = 2
(Oh)? 4 2 (Oh)?
4 2 (4 )2 V= Fye(h)
NLO = ¢°XU 5 L2 XU Fyzaxu(h)
N, P 6 Uyt Fya(h)
Use one single parameter when XV? 6 3 i XV2 Fxvz(h)
naturally there are many! ~ NNLO e 6 | 3 Q1) X3 Fys(h)
XVo 6 3 = XV 0Fxva(h)
Y2VUO | 7 3 | ¢¥*VUOIFevus(h)
NLO = y2v2u | 7 3 | £9*V2U Fyevey(h)
V202 | T 3 | Lyp2UB2 Fpouee(h)
V209? 8 4 s V202 Fy292(h)
e e (47‘-)
otherwise 4 fermions at LO v 8 | 4 oz VA Fya(h) 0




Alternative F.» Normalisation

¥ Canonical normalisation of the gauge field strength kinetic terms as

X, XM

At 077 [4m o] ™ 4mp 2
1672 | A A | /\3/2 47T 167T2

¥ Alternatively

_XWXW

aels] (5] [ [iﬁ/‘i] o (1] ]

41



Alonso, Gavela, LM, Rigolin & Yepes, JHEP 1206 (2012)
Alonso, Gavela, LM, Rigolin & Yepes, PRD 87 (2013)

It is easier to read the interaction vertices in the unitary gauge:

££:4 = — % [W:UL’)/“[aw(l + Bw h/?}) -+ iacp(l + Bop h/v)]x
/ < (y%—VT—I— Vy%) Dy + h.C.] +
&LV’UV/HDL |

QZL/VM [Tv V,u] wL

BT - 1Ty

W Y meson oscillations
awW,CpP ——> . —> Ab
sl

B — X,y

42



3.0 1 ' ! L) | 1 ' | L} | 1 ' 1 L) | 1 1 Al L) | L} | 1 ' | L) 1 1 r | L] 1 1 L)

BR(B+ — T+V)/AMBd

7~
7,
o,
Y :
- , "".Z-.-»?.g,»i» il L.
s ; —— T M'q'._"qe;&n:a,\j;‘ o
5 158 SERTTR ’ SEARL B L
= £
S
= 10F 4
R i )
] ” )
= 05L 3
< - i
~— . |
Ao
Qéa O.OFI..ljllxlllell.lll-.lll..J,I.lld
1.7 1.8 1.9 2.0 21 2.2 Z3 2.4

SM values: aw,acp € | — 1,1
ex ~ (1.884+0.3) x 1072 a% €[—0.1,0.1

Rpr/am ~ (1.62+£0.13) x 10~*




Decorrelations

Bounds from TGV+Higgs

0 Bounds from TGV+Higgs 0
5 R B B A 610 e I
Z 8 E $ 8 E
JE 6 E JE 6 E
e e e = R =
T DTN W S 2 BT S
' ‘Linear doblet
: 0.9 -
0.75 ¢
0.3
3 J
- -0.3
-0.75 P
-1.5 -1.5
> = 4(262 + a4) — fBE Ap = 4(262 — CL4) — 0
EW = 2(263 — CL5) — fm/f= AW — 2(263 + CL5) — 0

Data: Tevatron DO and CDF Collaborations and LHC, CMS, and ATLAS
Collaborations at 7 TeV and 8 TeV for final states yy, WtW—, ZZ, Zy, b b, and tt~
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Example of Decorrelation

Correlations present in the linear basis are absent in the chiral basis

Op = (D,®)'B*(D,®)
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Example of Decorrelation

Correlations present in the linear basis are absent in the chiral basis

.9 - 2
O =g~ AwW W (04 1)* = £ 2 W W (04 1)
1%
Y A, 7R h(v 4 h) <y ZH9" h(v + h)
14 v I 14
4cosOy " 4 cos? Oy " v

45



Example of Decorrelation

Correlations present in the linear basis are absent in the chiral basis

3 2 - 92
:—A I/ H T h Z y 1% +
Op o A W=HFW™ (v + h) el W=FW™(v+ h)
Y A, 7R h(v 4 h) <y ZH9" h(v + h)
174 v I 1Y (Y
dcosby " 4cos? Oy "
UZ U2 h 9
* Op = EPQ(h) + §774(h) with  F;(h) = <1 4 ;>
. 2
Pa(h) = 2ieg? A W WV Fy(h) — 2——— 7, W HW T Fy(h)
cos Oy
Py(h) = ——2 A, ZF3 Fa(h) A g T F ()
=V cos Oy, M 4 cos2 Oy M 4

Wt ha o W w hs, o WT
i~ A, 4 A
w- A W- W Z W~
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Example of Decorrelation

Correlations present in the linear basis are absent in the chiral basis

3 2 - 92
:—A I/ H T h Z y 1% +
Op o A W=HFW™ (v + h) el W=FW™(v+ h)
Y A, 7R h(v 4 h) <y ZH9" h(v + h)
174 v I 1Y (Y
dcosby " 4cos? Oy "
UZ ?J2 h 9
* Op = EPQ(h) + §7?4(h) with  F;(h) = <1 4 ;>
. 2
Pa(h) = 2ieg® A WHWH Fa(h) — 2—— 2, W W+ Fa(h)
cos Oy
Py(h) = ——2 A, ZF3 Fa(h) A g T F ()
=V cos Oy, M 4 cos2 Oy M 4

due to the decorrelation in the F;(h) functions: i.e. o
[see also Isidori&Trott, 1307.4051]
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Example of Decorrelation

Correlations present in the linear basis are absent in the chiral basis

Y 2 - 92
:—A I/ H T h Z y 1% +
Og : W HEW ™ (v 4+ h) Sy—— W HW T (v + h)
Y A, 7R h(v 4 h) <y ZH9" h(v + h)
174 v I 1Y (Y
dcosby " 4cos? Oy "
U2 U2 h 9
* Op = EPQ(h) + §7?4(h) with  F;(h) = <1 4 ;>
. 2
PQ(h) — QiGQQAMVW_Mw+V'F2(h) 2 <9 ZMVW_MW+Vf2(h)
cos Oy
Py(h) = ——2 A, 710" Fy(h) - g T F ()
=V cos Oy, M : cos2 Oy M 4

due to the nature of the chiral operators (different ¢; coefficients): i.e.
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