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Why a non-linear EFT?

EFTs: indirect, model-independent study of new physics through its
impact at the EW scale
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Why a non-linear EFT?

EFTs: indirect, model-independent study of new physics through its
impact at the EW scale

which EFT? The Higgs is found but the physics behind EWSB is still
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Why a non-linear EFT?

EFTs: indirect, model-independent study of new physics through its
impact at the EW scale

which EFT? The Higgs is found but the physics behind EWSB is still
mysterious!
linear EFT > see talk by F. Riva
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Why a non-linear EFT?

EFTs: indirect, model-independent study of new physics through its
impact at the EW scale

which EFT? The Higgs is found but the physics behind EWSB is still
mysterious!

linear EFT > see talk by F. Riva

a?‘};’f’&:?b A » applies to weak-interacting NP (e.g. SUSY)
.7.'?.'\') ? b}‘? 3?;7 » associated to an elementary Higgs
T 5
§§3§)D non-linear EFT
7??_9 » best suited for strong-interacting NP
O » typically composite Higgs
:52;'{30 » turns out to be very general!
1-‘%?2;5\)-:.’. Can describe also dilaton, 2HDM . ..
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The power of EFTs

The choice of the EFT mirrors a deep theoretical assumption!

the two formalisms imply different phenomenologies
» look for signatures that distinguish linear from non-linear
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The power of EFTs

The choice of the EFT mirrors a deep theoretical assumption!
the two formalisms imply different phenomenologies

» look for signatures that distinguish linear from non-linear

For example (spoiler!):
linear ‘ non-linear

w+ A correlated uncorrelated
A < hees in general
w- Z
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The power of EFTs

The choice of the EFT mirrors a deep theoretical assumption!

the two formalisms imply different phenomenologies
» look for signatures that distinguish linear from non-linear

For example (spoiler!):

linear non-linear
N\{ w+ < A correlated uncorrelated
A — h --- o
- 5 in general
S V\{,: W foreseen @QNNLO allowed @NLO
weeo W,W,Z, _
’ TR (d =8) (40)
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The power of EFTs

The choice of the EFT mirrors a deep theoretical assumption!

the two formalisms imply different phenomenologies
» look for signatures that distinguish linear from non-linear

For example (spoiler!):

linear non-linear
N\{ w+ < A correlated uncorrelated
A — h --- g

- 5 in general

S ’M{ W foreseen @NNLO allowed @NLO
) v o —
P v @ W, W,Z, (d—8) (40)
approximately larger violating
custodial symmetry conserved @NLO effects allowed
(d =6) OGNLO
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Non-linear construction: scalar sector

Field content
1 7wl + im?
q) = == - 3
V2 \v+h+in

Goldstone bosons: - Z, WLJ—r

physical Higgs: h
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Non-linear construction: scalar sector

Field content
CD—L 7wl + im? _)v—i—hU 0
V2 \v+h+ind V2 1

Appelquist,Carazzone (1980); Longhitano (1980,1981)
pp- ) a
Goldstone bosons: U(x) = ™ (x)a*/v U~ LUYT

physical Higgs: h h— h
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Non-linear construction: scalar sector

Field content
CD—L 7wl + in? _)v+hU 0
V2 \v+h+ind V2 1

Appelquist,Carazzone (1980); Longhitano (1980,1981)

Goldstone bosons: U(x) = ™ (x)a*/v U~ LUYT

physical Higgs: h h— h

Building blocks for the Lagrangian:
VvV, = (DNU)UJr V,— LVMLJr

T = Us3UT T LTL! — Custodiatsym.
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Non-linear construction: scalar sector

Field content
CD—L 7wl + in? _)v+hU 0
V2 \v+h+ind V2 1

Appelquist,Carazzone (1980); Longhitano (1980,1981)

Goldstone bosons: U(x) = ™ (x)a*/v U~ LUYT

physical Higgs: h h— h

Building blocks for the Lagrangian:
Vu - (DNU)UT S5 %Wj O'a — EB 0.3

2 Pu
in unitary gauge
T = Us3UT = o3 y gaug
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Non-linear construction: scalar sector

Field content
CD—L 7wl + in? _)v+hU 0
V2 \v+h+ind V2 1

Appelquist,Carazzone (1980); Longhitano (1980,1981)

Goldstone bosons: U(x) = ™ (x)a*/v U~ LUYT

physical Higgs: h h— h

Building blocks for the Lagrangian:

V, = (D, U)U’ = %Wiaa - %Buas _ -
In unitar auge
T = Us3UT =3 y gatle
Fhy= 1+2at bl .. 2 (v+h)"

Grinstein, Trott (PRD 76 073002)
au}'(h) Contino et al. (JHEP 1005 089)
Azatov et al. (JHEP 1204 127)
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Non-linear construction: scalar sector

Field content
CD—L 7wl + im? _)v—i—hU 0
V2 \v+h+ind V2 1

Appelquist,Carazzone (1980); Longhitano (1980,1981)

Goldstone bosons: U(x) = ™ (x)a*/v U~ LUYT

physical Higgs: h— h

U and h independent!

h
Building blocks fq
V, = (D, U is adimensional

h is a singlet
T= UO'3\, T

unitary gauge

Fhy= 1+2at bl .. 2 (v+h)"

Grinstein, Trott (PRD 76 073002)
au]-'(h) Contino et al. (JHEP 1005 089)
Azatov et al. (JHEP 1204 127)
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The non-linear effective Lagrangian

L =Zsm+ A7

Leading Order: SM Lagrangian

Zsm = (kinetic terms for v, W, Z . G)+

+ %%h&”h —V(h)+

v+ h)? ineti
. ( ) Tr[VMV”] n GB kinetic tel:ms
4 gauge bosons’ masses
v+h

73 [Q,[_)LU Yir + h.C.] Yukawas
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The non-linear effective Lagrangian

L =Zsm+ A7

Leading Order: SM Lagrangian
Zsm = (kinetic terms for v, W, Z . G)+
1
<F Eauha”h - V(h)+

Fc(h)

GB kinetic terms
gauge bosons’ masses

Tr[V,V*] +

Fy(h)
V2

[QZ}LU Yir + h-C-] Yukawas
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The non-linear effective Lagrangian

NLO (BSM effects):
ANY = Z ¢i'P;

with a complete basis of effective operators {P;}

» allowed by SM symmetries

» with up to 4 derivatives (chiral expansion)
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The non-linear effective Lagrangian

NLO (BSM effects):
ANY = Z ¢i'P;

with a complete basis of effective operators {P;}

» allowed by SM symmetries

» with up to 4 derivatives (chiral expansion)

@~ in this talk: bosonic, CP even Alonso et al. (Phys Lett B722 330)

Brivio et al. (JHEP 1403 024)

» bosonic CP odd Gavela et al. (JHEP 1410 44)

» bosons + fermions Buchalla,Cata, Krause (Nucl.Phys.B880 552)
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Bosonic CP even basis

Alonso,Gavela,Merlo,Rigolin, Yepes (Phys.Lett.B722 330)

Pw = — & W3, W Fyy (h)
2
Pg = —£B,, B Fg(h)
2
Pe=—5G.,6"" Fs(h)
Pr=30,hd" hFu(h)

Por = & (6,hd"h)* Fou(h)

Pan =5 (0uhd"h) o Fan(h)

Pon = 2 (oh)(ch) Fon(h)
Pe = —2 Tr(V V,,) Fe(h)

Pr =2 Tr(TV,) Tr(TV*) Fr(h)
P1=gg’' B Tr(TWH") Fi(h)
Py = ig’ B Tr(T[V#, V¥ ]) Fa(h)
Ps = ig Tr(W, [V*, VV]) Fs(h)
Pa = ig’ By Tr(TVH) 3" Fa(h)
Ps = ig Tr(W,, V*) 8" Fs(h)

Ps = (Tr(V.V*))> Fo(h)
Pr=Tr(V,.V*)0,0" Fr(h)

Py = Tr(V,.V, )" Fo(h)d” F4(h)
Py =Tr((DuV*)?) Fo(h)

llaria Brivio (UAM Madrid)

Higgs BSM: The non-linear EFT approach

Pro =Tr(V,DuV*)0" Fro(h)
Pu = (Tr(V,.V.))* Fua(h)
Pr2 =g Tr(TW,))* Frz(h)
Pz = ig Tr(TW.) Tr(T[V*, V¥]) Fis(h)
Pra = ge"P> Tr(TV,,) Tr(V, W, ) Fua(h)
P15 =Tr(TD.V*) Tr(TD, V) Fis(h)

Pio = TH([T, Vo ID,V#) Tr(TV) Fig ()
Prr = ig TH(T W) Tr(TV¥)2" Fir (h)
Prg=Tr(T[Vy, Vo ]) Tr(TV*)0" Fs(h)
Pro=Tr(TD, V") Tr(TV,)0" Fag(h)

Pao = Tr(Vu V)8, Fao ()" Fao(h)

Par = (Tr(TV,.))?0u Far (h)0” Fiy (h)

P2 =Tr(TV,) Tr(TV,)0" Faa(h) 0" Fpa(h)
Pz = Tr(V.V*)(Tr(TV,.))* Fas (h)

Pos =Tr(V,V,) Tr(TVH) Tr(TV”) Fas(h)
Pos = (Tr(TV,.))? 0,0 Fas (h)

Pas = (Tr(TV,.) Tr(TV.,))> Fas (h)

Bosonic sector
CP even
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Bosonic CP even basis

Alonso,Gavela,Merlo,Rigolin, Yepes (Phys.Lett.B722 330)

Puw = — & W2, W Fyy (h)
Pp— _TB,“,B’“’]-'B(h)

2
Pe = _gng;\ygA'uU]:G(h)

Pr = 10,,ho" hFu(h)
Por = & (8,.h" h)? For(h)
= i(a hé*h) o Fan(h)

Poti = 5z (ah)(2h) Fon(h)

Pe =2 Tr(VHV,,) Fe(h)

Pr =2 Tr(TV,) Tr(TV*) Fr(h)

P1=gg’' B Tr(TWH") Fy(h)

Po = ig’ By, Te(T[VH, V")) Fa(h)

Ps = ig Tr(W, [V*, V*]) Fs(h)

Pa = ig’ By Tr(TVH) 3" Fa(h)

Ps = ig Tr(W,, V*) 8" Fs(h)

Po = (Tr(V,.V*))* Fo(h)

Pr=Tr(V,.V*)0,0" Fr(h)

Py = Tr(V,.V, )" Fo(h)d” F4(h)

Py =Tr((DuV*)?) Fo(h)
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Appelquist,Bernard (1980)
Longhitano (1980,1981)
Appelquist, Wu (1993)
Feruglio (1993)

Pio = Tr(V, D, V*)3" Fio(h)
P = (Tr(V,uVo)) Fu(h)
P2 = g> Tr(TW,.))> Fia(h) No h:
Pz = ig Tr(TWy) Tr(T[V*,V*]) Fis(h) ALF basis
Pra = ge"PA Tr(TV,,) Tr(V, W,2) Fra(h)

Pis = Tr(TD,VH) Tr(TD, V") Fis(h)

Pis = Tr([T, V,]D,.VH) Tr(TV?) Fis (h)

Pi7=ig Tr(TWy) Tr(TVH) 0" Fir(h)

Pig = Tr(T[V,, V..]) Tr(TVH)d" Fig(h)

Piro = Tr(TD V) Tr(TV,, )" Fio(h)

Pao = Tr(V,VH), Fao(h) 8" Fho(h)

Por = (Tr(TV,.))20, For (h) 8" Fhy (h)

Pay = Tr(TV,,) Tr(TV,) 0" Fao (h) 0" Fi(h)

Poz =Tr(V, VH)(Tr(TV,.))2 Fas(h)

Poa = Tr(V, V) Tr(TVH) Tr(TVY) Fas(h)

Pos = (Tr(TV,.))28,0" Fas (h)

Pas = (Tr(TV,,) Tr(TV,))? Fas (h)
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Bosonic CP even basis

Alonso,Gavela,Merlo,Rigolin, Yepes (Phys.Lett.B722 330)

Puw = —& W2, W Fyy ()
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Pe = —5&.G4,6" Fo(h)

Pr = £0,ho" hFu(h)
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Pan = % (8.ho"h) o Fan(h)
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Pro=Tr(V,DuV*) 3" Fio(h) Custodial
P = (Tr(V,. V)2 Fui(h) symmetry
Pro=g> Tr(TW,.))* Fra(h) imposed

Pis = ig Te(TW,u) Tr(T[VH,V¥]) Fis ()
Pra = ge"P> Tr(TV,,) Tr(V, W, ) Fua(h)
P15 =Tr(TD.V*) Tr(TD, V) Fis(h)

Pis = Tr([T, VoD V) Tr(TV") Fis(h)
Pr7 = ig Tr(TW,u) Tr(TV*)0" Faz (h)
Prg=Tr(T[Vy, Vo ]) Tr(TV*)0" Fs(h)
Pro=Tr(TD, V") Tr(TV,)0" Fag(h)

Pao = Tr(V,V*) 3, Fao(h) 0" Fao(h)

Par = (Tr(TV,.))?0u Far (h)0” Fiy (h)

P2 =Tr(TV,) Tr(TV,)0" Faa(h) 0" Fpa(h)
Pas = Tr(V, V) (Tr(TV.,))* Fas ()

Pos =Tr(V,V,) Tr(TVH) Tr(TV”) Fas(h)
Pas = (TH(TV,)20,0" Fas ()

Pas = (Tr(TV,.) Tr(TV.,))* Fas (h)
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Bosonic CP even basis

Alonso,Gavela,Merlo,Rigolin, Yepes (Phys.Lett.B722 330)

Puw = —& W2, W Fyy(h)
2
Pg = —£B,, B Fg(h)
2
Pe=—5G.,6"" Fs(h)
Pr = 10,hd" hFw(h)
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Pr =2 Tr(TV,) Tr(TV*) Fr(h)
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Ps = ig’ By, Te(T[VH, V")) Fa(h)

Ps = ig Tr(Wu [V, V"]) Fs(h)

Py = ig’ By Tr(TVH)0" Fa(h)

Ps = ig Tr(W,., V") 0" Fs(h)

Ps = (Tr(V,.V*))* Fo(h)

Pr = Tr(V,.V*)8,0" Fr(h)

Py = Tr(V,.V, )" Fo(h)d” F4(h)
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P‘” _I_\ \; \7 iz ;1”‘ 4 Massless
= (Tr v .
1= (Tr(ViVo ) Fuu(h) fermions

P12 = g2 Tr(TWuV))z}—IZ(h)
Pis = ig Tr(TW,,)) Te(T[V#, V*]) Fis(h)
Pra = ge"P> Tr(TV,,) Tr(V, W,2) Fra(h)

Pr= LLANLIEZ/MA AV ELLANLIESO D e L))
“Pre=Tr{{ TN D) Tr(TVY) Fis(h)
Pr7 = ig Te(TW,,) Tr(TV#) 0" Fiz(h)
Pig =Tr(T[V,, V. ]) Tr(TV*)0" Frs(h)
% T (T \/XL) Ty{Tv AV (k)

Pao = Tr(V, V*)d, Fao(h)0” Fo(h)

Por = (Tr(TV,.))20, For (h) 8" Fhy (h)

P =Tr(TV,) Tr(TV,)d" Faz (h)0* Fhy(h)
Pz = Tr(V V*)(Tr(TV,))2Fas(h)
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Current bounds on the chiral coefficients
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Current bounds on the chiral coefficients

QGC

CMS WWy limits = CMSyy— WWlimits ==«

CH

cT

cw

B

a al/A? Tev?

(&)

Cc3 fro/A*TeV*
Ca
G5

Co |

C11 |

C14 [

|

|

|

|

|

Anomalous WWyy Quartic Coupling limits @95% C.L.

al/A% Tev?

-10°-10°10%10%2-10 -1 1 10 102 10° 10* 10°

C23
C24
C26

z [
Brivio, Corbett, Eboli, Gavela,Gonzalez-Fraile, Gonzalez-Garcia, Merlo, Rigolin (JHEP 1403 024) 90 A) CL

llaria Brivio (UAM Madrid) Higgs BSM: The non-linear EFT approach 7/22



Current bounds on the chiral coefficients
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Disentangling linear and non-linear

Most interesting:
what are the characteristic signatures of the non-linear EFT?

Strategy

» Match linear and non-linear EFTs
» Look for distinctive signals.
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Disentangling linear and non-linear

Most interesting:
what are the characteristic signatures of the non-linear EFT?
Strategy

» Match linear and non-linear EFTs
» Look for distinctive signals. Two main categories:

doublet ¢ singlet h
h couplings:  fixed by (v + h) pattern generic
h vs gauge coupl.: correlated due to independent

D, ® structure
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Disentangling linear and non-linear

Most interesting:
what are the characteristic signatures of the non-linear EFT?
Strategy

» Match linear and non-linear EFTs
» Look for distinctive signals. Two main categories:

doublet ¢ singlet h
h couplings:  fixed by (v + h) pattern generic
h vs gauge coupl.: correlated due to independent

D, ® structure
$ of dm=1 U adimensional

3 signals: ONNLO @ NLO
(further suppressed)
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Linear - chiral correspondence

Two towers of operators:

Linear Non-linear
| I

- .
- N A £ N I Z
g .
<} d=12
o
2 d=10 o
g d=38
: @-¢ 40

{0} {Pi}

Correspondence O; — P;
h
Replace in O;: ¢ — v+ U(O)
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Linear - chiral correspondence

Two towers of operators:

Linear Non-linear

60

40

more suppressed

{0} {Pi}

Correspondence O; — P;
h
Replace in O;: ¢ — v+ U(O)
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Correspondence between first orders

Linear

Non-linear
| | /

d=6 | ———] > 40
o Pa Pa

10 inear operators of d = 6 Eha 16 8
Ps Ps
correspond to P )

P A

17 chiral operators with 40

Ps  Pr Py Pro
OD¢—>Puh+?+T—'P8—T—7
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Example I: (De)correlation effects

For instance, consider

Op = *
Ow =

(D”CD)TBW(D"GJ)
(D“dD)TWW(D”(D)

w|qa NIy
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Example I: (De)correlation effects

For instance, consider

~

Op = %(Duq))TBW(D"CD)
Ow = %(D“‘D)TWW(DV(D)
Replacing ® — V\J/%h U () we get
B Ig/ " 2 /gl v
O = 15 By TH(TIV! VY I)(v + h)? + 5By THTV)2"h(v + )
= V2 (ﬂ + &)
16 8/ rem—ihpy

Ow = 2 Tr(W,u [V, V))(v + h)2 = STH(W,, V)" h(v + h)

,(Ps P
= v - =
8 4 Fz=Fs=(1+h/v)?
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Example I: (De)correlation effects

AMV W+n W—v Z/uz W+u W—u
Coupling W+ W+
A Av\<: K~ 7 Av\<: Kz
1% 1%
non-linear EFT 2¢) + 3 —t22c + c3
linear EFT %(CB +cw) é(—thB +cw)
Au 21" h ZwZ" " h
Coupling A e
b { b <
V4 z
non-linear EFT 2¢4a4 + Csas t922C4a4 — Cgas
linear EFT 1(ce — cw) 1(técg + cw)
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Example I: (De)correlation effects

Focus on | Og vs. P>, Ps

AMV W+n W—v Z/uz W+u W—u
Coupling W+ W+
A Av\<: K~ 7 Av\<: Kz
w- w-
non-linear EFT 2¢ + 3 —t§2cz + c3
linear EFT t(cs + cw) 2(—ticg + cw)
Au 21" h ZwZ" " h
Coupling A e
b { b <
Zz V4
non-linear EFT 2Cha4 + Csas t922C4a4 — Csas
linear EFT 1(ce — cw) $(técg + cw)
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Example I: (De)correlation effects
AW}WHLW—V ZMVWJruWﬂ/

Coupling Define the combinations

w+ w+
A ‘V\< Ky V4 ‘V\< Kz 3= 4(2C2 + C4a4)~ (o
w- w-

AB = 4(2C2 — C4a4)

non-linear EFT %(ZB + Ag) + 3 —tgé(ZB + Ag) + 3
linear EFT t(cs + cw) L(—t2cg + cw) Y5 #0 deviation from SM
A Z"3"h 2,240 A #0 T.GC and H\./V not
i aligned as in the
Coupling

A V4 linear case
h { h {
Z V4

non-linear EFT (S5 —Ag) + csas  t32(Eg — Ag) — csas

linear EFT %(CB —cw) %(tch +cw)
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Example I: (De)correlation effects

AMV W+MW—V Z;uf W+u W—u

Coupling W+ W+ Define the combinations
A ‘V\< Ky V4 ‘V\< Kz 3= 4(2C2 + C4a4)~ (o
w= w= AB = 4(2C2 — C4a4)
non-linear EFT %(ZB + Ag) + 3 —tgé(ZB + Ag) + 3
linear EFT t(cs + cw) L(—t2cg + cw) Y5 #0 deviation from SM
Ne \
A 240" 2o ZhEh Ag #0 TC ot H\./V not
. 0\‘\“% 4 as in the
Coupling S\

A V4 linear case
h { h {
Zz V4

non-linear EFT (S5 —Ag) + csas  t32(Eg — Ag) — csas

linear EFT %(CB —cw) %(tch +cw)
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Example I: (De)correlation effects

A WHEW Z WHW Y

Coupling W+ W+ Define the combinations
A ‘V\< Ky V4 ‘V\< Kz 3= 4(2C2 + C4a4)~ (o
w= w= AB = 4(2C2 — C4a4)
non-linear EFT %(ZB + Ag) + 3 —tgé(ZB + Ag) + 3
linear EFT t(cs + cw) L(—t2cg + cw) Y5 #0 deviation from SM
Ne \
A 240" 2o ZhEh Ag #0 TC ot H\./V not
. 0\‘\“% 4 as in the
Coupling S\

A V4 linear case
h { h {
Zz V4

non-linear EFT  }(Sg — Ag) + csas  t32(Xg — Ag) — csas  for define

linear EFT %(CB —cw) %(tch + o) { Xw~ G
A
B i1
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Combining TGV 4+ Higgs data

A BSM sensor A linear vs non-linear discriminator
Yg =4(2c + cpaq) Ap =4(2¢) — cpaq)
Tw= 2(2C3 = C5a5) Ay = 2(2C3 + C5a5)
1.5 [ . 15 —_—
linear doublet
0.75 09 - ]
S 203
W 0 <
_03 [ -
-0.75
-0.9 | -
o7 o 7 RE 2 7
ZB AB

x> dependence after marginalizing over the other chiral parameters
Datasets: TGV (LEP) and HVV couplings (DO+CDF+ATLAS+CMS).
Colored areas: 68%, 90%, 95%, 99% CL
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Example |l: Cancellations

Another linear operator corresponds to 6 non-linear ones:

Oco — Pop + V2 (éps + %7’7 —Ps — %7’9 - %7’10)
1B,Eboli, Gavela,Gonzalez-Garcfa,Merlo, Rigolin (JHEP 1412 004)
Oco=(DuDFOT) (DD ®)  Pop=L (9,0 h)(9,0" h)
Po=(Tr(V,VH))? Fo(h)
Pr=Tr(V,.VH)0, 0" F7(h)
Pe=Tr(V, V., )0 Fg(h)o” F;(h)
Po=Tr((DuV*)?)Fo(h)
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Example |l: Cancellations

Another linear operator corresponds to 6 non-linear ones:

Oco — Pop + V2 (épﬁ + %7’7 —Ps — %7’9 - %7’10)
1B, Eboli, Gavela, Gonzalez-Garcia,Merlo, Rigolin (JHEP 1412 004)
Ouo=(D, D1OTY(D, DY) Pop= (6,0 h)(2, 0" h)
Po=(Tr(V,VH))? Fo(h)
Pr=Tr(V,.VH)0, 0" Fr (h)
Pe=Tr(V,V, )0 Fa ()" FL(h)
Po=Tr((DuV*)?)Fo(h)

> interesting cancellation effects in the linear case compared to chiral
» a possible non-linear signature: h* — ZZ or WTW~ from P;

» box operators associated to Lee-Wick partner for the Higgs

— alternative solution to the hierarchy problem f,;'h";;};"e'v9[,5;;"?;36;“;;5012)
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Example Ill: Characteristic signals

Linear Non-linear ‘
d=10 —
d=38
d=6

Effects that are expected to be
» leading-order corrections in the most general non-linear expansion
» higher-order corrections in the linear series
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Example Ill: Characteristic signals

Linear Non-linear ‘

d

d
d
d

=
D0 SN

Effects that are expected to be
» leading-order corrections in the most general non-linear expansion

» higher-order corrections in the linear series

ghvod (ch‘B’pcb) (cho—,- ‘B’Acb) wi, d=8

P1a = g Tr(TV,) Tr(V, W) Fia(h) ¢
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Example Ill: Characteristic signals

Linear Non-Hnear‘

aq

oy
=

D0 5o

Effects that are expected to be
» leading-order corrections in the most general non-linear expansion

» higher-order corrections in the linear series

Wi
P >z T ERerg w2 he
0
W,

Warning: this operator breaks custodial symmetry.
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Example lll: Expected sensitivity at the LHC

Current best bound at 95% CL
V4 2 2
‘gs =8 C14/2C9 ’ gf € [—0.08,0.04]

Dawson, Valencia (1994)

Simulation analysis

é » WZ pair production
5 scooclill q oF
W W V4 o
wit JiEs
_______ q v
background | > binned analysis of pZ distribution
25 50 75 100 125 150 175 200 225
p% (GeV) » Result (95% CL)
dataset: 7+8+14 TeV g% € [—0.033,0.028]

(4.7419.6+300 fb~1)
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Matching on specific CH models

energy A

N +
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Matching on specific CH models

energy A

N T strong resonances (technicolor)

global symmetry G
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Matching on specific CH models

energy A
A T+ strong resonances (technicolor)
global symmetry G
f + Goldstone bosons characteristic scale  47f > N\
condensates 2 {7?, h}
G spontaneously broken in H 2 SU(2), x U(1)y
v +
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Matching on specific CH models

energy A

A T+ strong resonances (technicolor)
global symmetry G

f + Goldstone bosons characteristic scale  47f > N\
condensates 2 {7?, h}
G spontaneously broken in H 2 SU(2), x U(1)y

vV + electroweak scale £ =v2/f2 €[0,1]
SU(2)L x U(1)y — U(1)em breaking non-linearity

parameter
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Two effective Lagrangians

energy A

N+

£Iow
V T+ > invariant under SM group, EW sym. in the broken phase

> fields: V,,, T, h,W,, , B,
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Two effective Lagrangians

energy A

AL ity

» chiral Lagrangian invariant under G — EW unbroken

> fields: ¥ 2 {n',¢},V, = (D, )" ,W,, ,B,,

£|ow
V T+ > invariant under SM group, EW sym. in the broken phase

> fields: V,,, T, h,W,, , B,
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Two effective Lagrangians

>

energy A

AL ity

» chiral Lagrangian invariant under G — EW unbroken

> fields: ¥ 2 {n',¢},V, = (D, )" ,W,, ,B,,

f 1
EWSB: X 5 p=<(p)+h

£|ow
V T+ > invariant under SM group, EW sym. in the broken phase

> fields: V,,, T, h,W,, , B,
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ghigh basis

The high energy basis contains only up to 13 independent operators
independently of the choice of G/H

(provided the coset is symmetric)

A =~ 2w (9,90 Js - i Tr (W, [0 9]
As =~ Tr (B,,8) Ay =T (9,99) T (¥, 9%
o) AT (5 (o)
Agy = g/2 Tr (ZBWZTE’“’) Ag = Tr (( )
Aws = g2Tr (ZW,, ='W g = Tr (0,90, 0)
Ar=gg Tr (ZEWZTW””) = Tr< V, V* Y >

Ao =ig Tr (INBW [\7“,\7”])
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ghigh basis

The high energy basis contains only up to 13 independent operators
independently of the choice of G/H

coeff. fixed by W, Z mass 'd the coset is symmetric)

e - P (0,0) Js = ig T (W, [0
As =~ Tr (B,,8) Ay =Te (¥, %) 7r (¥, 0%)
A = = T (W) As =i (V. ) (V)
Agr = g2Tr (ZEWZTE’“’) Ag = Tr (( )

Aws = g2 Tr (ZWWZTW“”> Ay =Tr (\7#\7 v, 7 )

A =gg' Tr (ZEWZTW*‘”) - Tr< YAVAYE )

Ao =ig Tr (INBW [\7“,\7”])
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ghigh basis

The high energy basis contains only up to 13 independent operators
independently of the choice of G/H

'd the coset is symmetric)
coeff. fixed by W, Z mass coeff. fixed by W, Z kinetic terms

k i - _%2 Tr (\"/#\"/u) j Az =igTr (W;w [\7{\%])
Ap =~ (B,,Bm) Au =T (0, 90) 70 (6, 9)

() 7 A -n (@0 ()
Aps = g2 Tr (£8,,7'8) As = Tr (D, 912)
Aws = £ Tr (ZW,, =) Ay =T (V, 99,9

A =gg Tr (ZEWZTW*‘”) - Tr< YAVAVE )

Ao =ig Tr (INBW [\7“,\7”])
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ghigh basis

The high energy basis contains only up to 13 independent operators
independently of the choice of G/H

'd the coset is symmetric)
coeff. fixed by W, Z mass coeff. fixed by W, Z kinetic terms

k i - _%2 Tr (\"/#\"/u) j Az =igTr (W;w [\7{\%])
Ap =~ (B,,Bm) Au =T (0, 90) 70 (6, 9)

() 7 A -n (@0 ()
Aps = g2 Tr (£8,,7'8) As = Tr (D, 912)
Aws = £ Tr (ZW,, =) Ay =T (V, 99,9

A =gg Tr (ZEWZTW*‘”) - Tr< YAVAVE )

Ao =ig Tr (INBW [\7“,\7”])
» at most 10 independent low-energy parameters!
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ghigh basis

In the example [Q/H = 50(5)/50(4)]

de = =5 (9,90 Ao = i Tr (W, [07,97])

As =5 T (BB F A AGR(AD
o= () A n(5,0) ()
Aps = g°Tr (ZEWZTI%“”) Ao =Tr <(DM\~/“)2)

flwz = g2 Tr (Z\INVWZTVN\I‘“’) A= NH \/ N,, Y
Adi=gg Tr (ZEWZTWW) g =TFr (V-
Ao = ig Tr (B, [0, 07]) Az , Ag are not independent

» only 8 independent low-energy parameters!
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Comparison of explicit CH models

a3 ggg/gg% SU(3)/SU(2) x U(1) linear d = 6
& Fa(h) & sin? o7 %2 sin? 2 <"8_+A’2’L2CB
caFa(h) &+/Esin £ %2 Esin 2%’ %
csF3(h) 28 sin® £ S sin? £ %CW
cs Fs(h) —2%+/Esin £ —2¢3/Esin £ —L;,Tzh—)cw
conFor(h) —2&¢ —2E¢ %Cw
c6Fo(h) 16Z sin* & — %Es sin” £ 8(2& + &)sin* £ — %Eg sin” £ (V;TZ)ZCD:»
crF7(h) —2&6+/Esin £ —2g5+/E sin £ %qﬂo
csFa(h) —16Z5Esin” & + 4Tl cos” & —4(4Ts + &)Esin® & + 4TE cos” 4 —X—zcm
@ 7s(h) 42 sin” 4Zsin® £ ~ e
cr0F10(h) 4%+/Esin £ 4%+/Csin £ 7%%‘»
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Comparison of explicit CH models

ciFi(h) :gg;/gggig SU(3)/SU(2) x U(1) linear d = 6
c2F2(h) &sin® £ 5 .2 [ inp2
caFa(h) &/Esin £ » Less free parameters
» the functions F(h) are fixed

csFs(h) 28 sin® £

cs Fs(h) —2&+/Esin £ —2¢3/Esin £ —L;,Tzh—)cw
conFor(h) —2&¢ —28¢ ¥ oo

csFe(h) 16Z sin* & — %Es sin” £ 8(2& + &)sin* £ — %Eg sin” £ (V;TZ)ZCD:»

arF7(h) —2¢+/Esin £ —285+/Esin £ %Cﬂ@

csFe(h) || —16&¢&sin® £ + 4&E cos® £ —4(4% + &)Esin® £ + 48 cos? £ ¥ Goo

coFo(h) 48 sin® & 4% sin’ £ BN
c1o0F10(h) 4%+/Esin £ 4%+/Csin £ 7%%‘»
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Comparison of explicit CH models

L SU(5)/50(5) i erainn aaia [ .
cii(h) 50(5)/50(4) Ve Xﬁ
Non-linearity sensors ']
Cz]:z(h) Ez sin2 _2£f
Ap =& &2
C4]:4(h) EZ\/E sin % - 52
Ay =&G¢
C3.F3(h) 2E‘3 Sil‘l2 % 1’5 . R -
i 68%, 90%, 95%, 99% CL |
Csfs(h) —2?:3\/—sin % 0'9 : :
CDH]:DH(h) —2&55 § 0.3 | ]
0 <
csFe(h) 16 sin* b = 555 sin? 2 ~0.3
C7.F7(h) —2E5fsin % —0.9 I |
cs Fs(h) —16&¢sin® & + 4% cos” £ — s r . L ‘ 1
a7 0 7
Cg]'—g(h) 4¢ sin? &
2f AB
cr0F10(h) 4%+/E sin 2 Ay TSI —= o
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Comparison of explicit CH models

G Fi(h) e SU(3)/SU(2) x U(1) linear d = 6
aFa(h) &sin® & 2 sin? £ th? o
caFa(h) &+/Esin £ 2 ./Esin 2o %
csF3(h) 22;s5in* £ S sin? £ %CW
s Fs(h) — 2¢;/E5in 2 —2¢;/Esin 2 —veh) ¢y
cnFon(h) _,:, Universality of the functions F(h) £
csFe(h) 162, sin* B — %Es sin? e 8(2& + &)[sin® B - %Eg sin® i (V{;—TZ)ZCDQ
crFr(h) —28+/€sin £ —28+/Esin £ LG
cs Fa(h) —16Z¢sin® & + 48£cos® & —4(4% + &)Esin’® £ + 4&E cos” & —/‘(—zcnq,
coFo(h) 4 sin® £ 48 sin> £ _ %Cm
c1o0F10(h) 4%+/Esin £ 425+/Esin € *%an

llaria Brivio (UAM Madrid)
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The non-linear EFT is one of the best-suited tools to study the Higgs
if the new physics behind EWSB is strong-interacting

Goldstone bosons and Higgs are independent fields

key: U adimensional,  h singlet

Disentangling a linear EFT from a non-linear EFT:

» correlation/decorrelation of TGV, HVV and HHVV
» cancellation effects from O.¢ vs Py —  Non-linearity signal: h* — VV

» anomalous WWZ (gg) and WWZ~ couplings appearing
@ NNLO (d=8) vs @ NLO (40)

When considering specific composite Higgs models:
> the number of parameters is considerably reduced

> h couplings have characteristic weights depending on &
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Backup slides



Triple gauge vertices

Lavwy = — fgwwv{g1v<WJVW7”VV - w VuW7‘“J) + ryWHEW, vy

— igg "7 (WFa, W, — Wy a,W,E) Vi +
+ & (QuWHWT = WTEW ) v, |

gwwz = gcost, gwwy =e
Coeff. Chiral Linear
xe?/sa %
Ary 1 —2¢1 + 2¢2 + ¢c3 — 4cip + 2613 %(CW + cg — 2cBw)
Agg —Cg —
2 2 2 2
z 1 56 25y 1 S __%0
Agi & Tetcyy T + 20 L T gew + cag CBW T Teergy, €01
4s2 2s2 1 s2 s2 s2
20 20 — 20 — L — 20 20 — 20
Akz 1 p cr + &5 c1 pr ) + 3 — 4ci2 + 213 FCW — 52 B + 300 cBW 2200 Co,1
1
Agf 224 C14 -
o
zZ 1 2
Agg & 535G — Ci6 =
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L =8Hge Gy G h + Bhyy Aur AU h + g0 Au 210 h + g0 Au 2" h
1 v 2 v 3 4
+ g/E/z)z Zuw ZH0" h + gl(-IZ)Z ZuwZ"h + g/E/z)z ZuZ"h + g/E/z)z ZuZ" o h
+8,0.2"Z,8" h+ g\, 0.Z"0,Z" h
+ gy (W W™ H b+ h.c) + gl Wi, W™ # h + gl WEW ™k
Enww (W )T Epww Wi Enww Wi

gy WEW o+ glp) (0, WHHW, 8" h+ h.c) + glomy oW HTHa, W "h
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HVV vertices

Coeff. Chiral Linear

xe?/4v xv?
Dgrgg § —2cgag —4cce
Agriy~y 1 —2(cgag + cwaw) + 8ciar + 8cizan —(cBB + cww) + caw
Agf(flz)w é —8(csas + 2csas) — 16cr7any 2(cw — cs)
Agf(,ZZ)7 %Z 4%‘:533 —4cwaw + 8%2‘56131 + 16ci2a12 2%(‘35 —2cww + ?T;CBW
Dgl), % —4%5535 + 8csan — %(:17817 %Cw +cs

2 4 2 4 2

Ag,(fz)z 75;% 2%:;6583 +2cwaw + 8%‘;5c1a1 — 8cpan %ZCBB + oww + %%CEW
Ag,ffz)z —':;— —2cy + 2¢c(2ac — 1) — 8cr(ar — 1) — dmican Co,1 + 2Co 4 — 2Co 2
ngl, -% 16cra7 + 3202 -
Ag,(fz)z 7$ 16c10a10 + 32c19a19 -
Ag,(fz)z —;2179 16coa0 + 32ci5a15 -
AgIEIIV)VW é— —4csas cw
Agl(-lzl/)VW é —4cwaw —2cww
Ag,(_f,,)vw mézcg —4cy + 4ec(2ac — 1) + %q + lf;f cr — Bmﬁcuh — % c12 %iﬂg)coyl +4cos4 —4coo + %CEW
Dgimw —;15 8crar =
Ag}_,ﬁl,)vw 7$ 4cioaio -
Agliy *é 8coay -
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Quartic gauge vertices

_ (1) m (1) A — W~ (2) + m
Lx = { 7 (ZuZ ) &y Wy WHHW, W — W, w= )
+ g WHW Y (VL VL + VIV) — gl Wiw v vy
VY nVy Vv v o n
. (5) vpo + - /
+ lgvv,e“ W,IW, Vv,
Coeff. Chiral Linear
xe?/4s] xv?

2glh, 1 :’C‘ig cr + 2 ) e +4cs + 20 — 16cr2 + 8ais S0 o @CBW %;cm
Ag?) 1 So_cr 4 ”c + 40— 4cs — Loy — 2011 — 16c12 + 8¢ ”W+596 oy

Sww 2oy CT 1 3 — 4G5 — 5 Con 11 12 13 oy CBW — ez Co1

2
Ag(” CLa Co + % Con + c11 + 2¢23 + 2c24 + 426 =
0
Agg % :2{;:: cr + 2” 00y + 4ckcs — 2spcy + 2c11 + 4s3cis + 20 CWC” + ﬁcsw -2 Cze C®l
Agld) % 2:22;" cr + 452" a1 +8cics — 4cs — 7cu,, —4cx cwep + 24629 cew — zjgc; Co1
Agl) s —2¢9 -
@) 4 7
gty z% = 2;;9 cr + —cl + 4¢3 + 4sico — 4ce o CBW Toyy e Co1
2 2

Agf{"z) = ;5522”9 T+ lci—s:q +8c3 cw + 2:2—‘79csw — s cor
Ag,(fz) z% 8cus =
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Coefficients of custodial preserving operators

cii(h) 5U(5)/S0(5) SU(3)/SU(2) x U(1) linear d — 6
Fa(h) 1 4g"2ps cos® 1-g”% &2 (1 + 3 cos 2“’) 1+ (V+h) g cpp
Fw(h) 1 - 4g%8ys cos” 1—2g%&ys cos £ 1+ (V+h) rhY g2
CorFan(h) —28¢ g€ 7%@
canFan(h) - = _
corFpr(h) 4(8 + ) &2 2(2%, + 28 + &) 2
aFi(h) & sin® & 4 sin? £ (2S5
e F2(h) &sin? & @ gin? ¢ %CB
csF3(h) 283 sin® £ Ssin2 ¢ (G2
caFa(h) &+/Esin £ %\/Esin 2 Loth) o
e Fs(h) —2E3+/Esin £ —22;/Esin £ _MCW
%5 (h) 1623 sin® 7 — %Eﬁ sin® £ 8(28 + &)sin* £ — 165 sin? £ %Cm
crF7(h) —25+/Esin % —28+/Esin £ iy
Fg(h) | —16EsEsin® & + 4Gl cos §  —4(48s + &)Esin®  + 4&s¢ cos” 7 —v2coo
coFo(h) 4% sin? 5‘07 4% sin? % (v+h) &
c10Fio(h) 426+/Esin £ 4Z1/Esin £ V(v + h)cse
cunFua(h) 1685 sin* & 1625 sin* £ _
c20F20(h) —16&¢sin® £ —4(a%y + E)Esin® £ B
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Coefficients of custodial breaking operators

ciFi(h) | SUB)/(SU@2) x UQM)) | ciFi(h) SU(3)/(SU(2) x U(1))
c2Fia(h) Ews sint & c1F21(h) 8&¢ sint £ — 2,& cos ¢ o2 £,
asFis(h) 2 sin® £ cnF(h) | 88&sin® £ + 262 sin? & — 28 sin? £ (1 + 2cos £)
cisFis(h) —2% sin* oo c3F23(h) —162; sin® £+ sin? £ sin? g4

28 sin* £ (cos £ — 3

c6F16(h) 4% sin® £ 7 % (cos £ —3)
arFiz(h) 2834/Esin? £ sin £ 24 F24(h) —4(42 + &) sin® £ + & sin? £ sin? 2
csFis(h) | 2(8 — &)v/Esin? £sin 2 || co5Fas(h) 285+/Esin? £ sin £
cwFio(h) | —4Z/Esin? Fsin | casFas(h) 202(& + &) + & + &) sin® &
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If the Higgs is an elementary SU(2), doublet

How is the linear SU(2) doublet described in the chiral formalism?
» The chiral expansion shall converge to the linear one

For €xa mple Buchmiiller, Wyler (1986)

HISZ Iinear basis Hagiwara, Ishihara,Szalapski,Zeppenfeld (1993)
Oce = —gT52¢T¢GuuG”V Oww = —EoTW, W
Ow = %(D,®)'W"(D,0) 0= %£(D,®)'B"(D,9)
Op1 = (D,®)! & of (D) Opy = 30 (910) 0, (¢T0)
O3 = %(CDT(D)?) Oos = (Du(b)T (D) (¢T0)

ODd) =] (DN Dl‘(b)T (DI/ qu)) Grzadkowski, Iskrzynski,Misiak,Rosiek (2010)
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Linear - chiral correspondence

v2 v2 2v2
Oss = 5 Pa(h) Oww = 5 Pw(h) Og6 = ——5Pg(h)
&s
2 2 2 2 2
Osw = 5 Pu(h) Op = gPa(h) + 5 Palh)  Ow = 5-Ps(h) = 5-Ps(h)
V2 V2 2 V2 V2
O¢1 = ?'PH(h) — T]:(h)PT(h) O¢p = viPu(h) O¢ 4 = ?'PH(h) + ?]:(h)'Pc(h)

V2 V2 V2
OD‘D = ?'PDH(h) + gpﬁ(h) + T'P7(h) = V2P8(h) =

Por(h), Pao(h) — [D,o'D* o]

(h) —[ ]
P11(h), Pig(h) , Par(h), Paa(h), Paz(h), Paa(h) — [D“d)TD"cb]z
Pra(h) — (<1>7‘W‘“’<1>)2
Pi3(h), Piz(h) — (¢TW‘“'¢) D,%'D,®
Pra(h) — P (¢T‘B’,,¢) (qﬂg,-‘ﬁ’@) wi,
Pis(h) . Pro(h) — [¢'D,D"é — D,DF!6]*
Pus(h), Pas(h) — (D"'D,D"® — D,D*0'D"0) (¢!D,)

Pas(h) — [(@Tﬁ#d)) <¢TB’V¢)]2
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Linear - chiral correspondence (SILH)

ogtH = oTe G2, G Ot = o'B,, B
OglLH _ ((DT u(b) auBuu O%AI/LH _ ’g <¢T lﬁ’ CD) D, W}Lu
O3 = (D, )T (D, ®) B O = (DNCD)TWW(DUCD)
1 1
OFH = = (1D o) (01D ) OffH = S0 (of0) o, (o10)
1 3
SILH _ = T SILH — T
o3 . (¢ ¢) oS (4> 4>) OV fr + h.c.
OSILH _ v2 6(;(/7) OSILH — V_2(9 (h)
g 282 v > YB
V V2 V2 V2
O = g (Palh) + 2Pa(R)) + =Pu(h) + 5-Ps(h) O = a2 (k2R (h))
V2 V2 V2 V2
ot = = (Pa(h) =275 (M) + —=-Pu(h) + = Pw(h) O = g (Fa ()25 (h))
2
v
oM = 5 F(h)Pr(h) O = v2Pyy(h)

(v + h)36V(h)
2 oh
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OJ'"H = 3v2Py(h) + V2 F (h)yPc(h) —



Expected xi weights

Pw = —& W2, W Fyy(h)
Pg = —£ B, B* Fg(h)
B8 — — =02, 0" Fo(h)
Pr = 10, ho" hFu(h)
PBH — L (8,,ho" h)* Fou(h)
Pak = 5 (3,ho"h) o Fan(h)
%(

Pori = % (oh) (ch) Fon(h) & y TV
- A A Pis = Tr([T, V., ]D,.V*) Tr(TV*) Fig(h)

Prz = ig Tr(TW.) Tr(TVH)EY Fiz(h
Pr = 2 Te(TV,,) TH(TV*) Fr(h) = g Tr(T W) Tr(TVY) (h)
€ , Prs = Tr(T[V,,, V..]) Tr(TV#)3" Fis(h)
P1 = gg' By, Tr(TW")Fi(h)
- Pro = Tr(TD,V*) Tr(TV,)d" Fio(h)
P> = ig' B, Tr(T[V*,V"]) F2(h) ,
_ ) Pao = Tr(V, V)0, Fao(h)0” Fio(h)
P = ig Tr(Wyu [V#,V"]) F3(h) ) L
, Por = (Tr(TV,.))?00 Far(h) 0¥ Fay ()
Ps = ig' Buy Tr(TVH)0" Fa(h) ,
) Pz = Tr(TV,,) Tr(TV,) 0" Faa(h) " Fho (h)
Ps = ig Tr(W,., V*)8" Fs(h) s
2 Poz = Tr(V, V) (Tr(TV.))* Faz(h)
Po = (Tr(V,.V*))2 Fo(h)
P24 = Tr(V V TI’(TVH) Tr(TVV)]:u(h)

Pr =Tr(V.V*)0,0" F(h) )
Ps =T VuV 6:]: Pas = (Tr(TV,,)) (3 0" Fas(h)
s =Tr(V,V.) s( 1) Te(TV,,))2 Fas ()

A
s( B% - (T (Tv
Po = Tr((D,V*)?) Folh
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Pio = Tr(V., D, V*)3" Fio(h)

Pu = (Tr(VuVV))z]:ll(h)

Pro = g* Tr(TW,..)))> Fia(h)

Piz = ig Tr(TW,.,) Tr(T[VH,V*]) Fis(h)
Pra = ge"*P Tr(TV,,) Tr(V, W,») Fia(h)
Pis = Tr(TDLVH) Tr(TD,VY) Fis(h)



Expected xi weights

Pw = — & W2, W Fy(h)
2
Ps = — &~ B, B Fa(h)
2
Po = — %0/, 9" Fo(h)
Ph = 10,ho" hFu(h)

SR Y

Pro = Tr(V, D, V)" Fio(h) Corresponding
R to linear

-6

Pati = % (0h) (oh) For 2
Pec = — %2 Tr(VAV,,) Fe(h)
¢ Pr =2 Tr(TV,.) Tr(TVH) Fr(h)
P1=gg’' B, Tr(TWH) Fi(h)
Py = ig’ B Tr(T[V#, V¥ ]) Fa(h)
P3 = ig Tr(W,u [V*, V"]) F3(h)
Pa = ig’ By Tr(TVH) 3" Fa(h)
Ps = ig Tr(W,., V*)o” Fs(h)
Po = (Tr(V,. V")) Fo

)7 Fo(h) NN ‘
Py =Tr(V,V")0, 0" Fr(h)
Py = Tr(V, V) 0" Fa(h)o” Fi(h) .&(\ \
Po = Tr((DV")2) Fo(h) R
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Current constraints on the £ parameter

0.5

02 Current constraints and

future sensitivities

at CLIC and LHC
for theories

CLIC Double Higgs S0O(5)/S0(4)

0.1

g 0.05

0.02

001 m,, mass of the lightest

resonances
0.005

m,in TeV

Contino et al. (JHEP 1402 006)
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Current bounds on the £ parameter

Constraints on ¢ and
the coupling constant g,
in theories

SO(5)/S0(4)

Colored area:
excluded @ 99% CL
by LEP

Dashed curves: constant
resonance mass m,

Contino (1005.4269)
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Results from specific CH models
Georgi, Kaplan (1984)

In SpeCIfIC models: Agashe, Contino,Pomarol (2004)

U(5)/SO(5) and SO(5)/S0(4)

s 2P
o Fo(h) = & sin® —
( ) 2f Alonso,|B,Gavela,Merlo,Rigolin
(2014) (JHEP 1412 034)

h) =28 sin? =
caFa(h) & sin oF

> .7:2(/7) = Fa(h) # (1 + /'I/V)2

» expanding:
sin® £ = %[H% 1-§+ h—z(l——)]+(9(h3) = LML o)

» £ is a parameter of the model
» F(h) > &1+ h/v)®2 for £—0

> the condition ' 2¢; = ¢4 is verified exactly
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(De)correlation effects

Ay WHEW Y Ay WHW = b Zu WHW Zu WHW = h
Coupling W R W+ . W+
A~ f< 2~ X
w- w- V4 w-
generic singlet al2c+c 2cay + c3a3 —2t2c) + ¢3 —2t2ca + 333
linear doublet é(CB + Cw) %(CB + Cw) %(_tch + Cw) é(_thB + Cw)
pGB doublet 128 + &) lRn +&@)yf/1-§  1(—285+8&) (226 +&)4/1-4
AuwZ"d"h A Z"ho” h Z,,Z"0"h Z,Z"ho" h
Coupling
h

generic singlet
linear doublet

pGB doublet

A
h ___<
V4

2c4a4 + Csas

(e —cw)

1-¢

(28 — &) &

A
\\
X
h V4

2C4 b4 + cs b5

(e —cw)

a-z)(1-§) CHe+an/1-%

V4
h ___<
V4

2t§c4a4 — Csas
142
3(thce +cw)

r

h~ V4

\

N

’
ho { z
2th4b4 — csbs

1(thcs + cw)

(2828, + 53)(1 - g)
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Example |l: Cancellations

O — Pon + v2 (éps + %7’7 —Ps — %7’9 - %7’10)
Non-linear Lagrangian » applying the EOM for h, V,:
Pon — Yukawa couplings - < <
Poh, Po — 4-fermions ><
Pon — scalar potential <
Peh, P9 — fermion-gauge >}<
Poh, Ps — 4-gauge ;Ki
<

Pon, Ps, Pz, Ps, Po, Pro —  gauge-Higgs
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Example |l: Cancellations

1 1 1 1
- 2 (2 ip _p _tp 1
Oue — Pop + v (8776 £ 4777 Py 4779 2P10)
Non-linear Lagrangian » applying the EOM for h, V,:

Pan — Yukawa couplings — ----- < <

the linear EFT is recovered for
Pan, Po — 4-fermions v2cop = 8¢ = 4cr = —cg = —4cg = —2cio
aj = 1, b,‘ =

Pan —  scalar potential P e

Pah, Po — fermion-gauge >}<
Pon, Ps = 4-gauge ><

Psh, Pe, Pz, Ps, Po, Pro —  gauge-Higgs < ,,,,, <
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Example |l: Cancellations

1 1 1 1
Oco — Pop + V2 (gpﬁ +Pr—Ps—;Po— 57710)

Non-linear Lagrangian » applying the EOM for h, V,:

D., — Yukawa couplings -+ < <
different pattern i
the linear EFT is recovered for
Pan, Po — 4-fermions | v2cop = 8cs = o7 = —cg = —4co = —2c10
aj = 1, b,‘ =
Pon — scalar potential \‘<’/ pre

s
in the linear limit (and only in this case!) %
-

these effects cancel out!
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Example |l: Cancellations

1 1 1 1
Oco — Pop + V2 (5776 +Pr—Ps—;Po— 57710)

contributions to
QGV, gauge-Higgs and gauge-fermion couplings

signal deviations from the SU(2), doublet structure

a possible signal: <> T
8 = —— Higgs with a,¢,=0.5
10 | |
offshell gg —h* —ZZor WW | 3 M Higgs
from ,P7 _ Tr[V#V”]a,,a”}}(h) _g 102 —— SM no Higgs background
~N
o 5
O 10 | .
10t
10° | |
0 500 1000 1500 2000
Simulation for ZZ — p*p~ete™ @LHC13 My (GeV)
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