: i . e S SiSa TaGun s Sy S St SN i SESw: SSSOWN SO SMNE S SN SO roew cngwn o e TS

The Curvature of nggs
Field Space

Rodrlgo Alonso

| In collaboratlon W|th E E. Jenkms & A V. Manohar .

. HEFT 2015 - Chlcago .
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< Composite?
< Elemental?
< Mass Stabilization?

< Effective Field Theories helps
us stay agnostic

< A tool to frame the BEH scalar

< This talk: a different view of
(H)EFTs
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Started from the bottom

W,Z Massive Gauge Bosons living in:
SU(2) xU(1)y /U(1),

One needs fields that live in the broken
ne gauge bosons
here S

group to be sacrificed in t
altar: a three sp

parametrizec

N =

S

w
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u(p) - u(p) =1,
ui(0) = 54,




Started from the bottom

W,Z Massive Gauge Bosons living in:
SU(2) xU(1)y /U(1),

One needs fields that live in the broken
group to be sacrificed in the gauge bosons
altar: a three sphere S
parametrized as:

g— L ut +iud u? +dut
- —u? 4 qu! vt —id

V2
U— LUR'




Started from the bottom

Three Massive Gauge Bosons living in:
SU(2) xU(1)y /U(1),

a three sphere S ¢, a=1,2,3
— ——

Sau(p) = T4 - u(p), T4 = —(TH)*
A=1,2,3Y

o (Bu2\ ' Bule), 4 _ .
049 ‘<(6<p)2) oy LSt

Defines the Gauge Covariant Derivative




Started from the bottom

Three Massive Gauge Bosons living in:
SU(2) xU(1)y /U(1),

a three sphere S ¢, a=1,2,3
— ——

Sau(p) = T4 - u(p), T4 = —(TH)*
A=1,2,3Y

r “
So0® = 03t
L 6% A(<P)“

The most general/transformation
is given by the Killing Vectors
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Started from the bottom

Three Massive Gauge Bosons living in:
SU(2) xU(1)y /U(1)q

a three sphere §*  ¢%, a=1,2,3

So that we have a Gauge Covariant Derivative:

D, = 8,0% + gW it} + g'B,ts
and a Kinetic term:

1 1
L = §Duu(90) - Dfu(p) = §gab DuSOG'D”SOb
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Now the Higgs is here

It is a singlet of the EW symmetry and appears where
the NGB are, is it maybe the ‘radius’?

)
21 =(w+h) uZ(gog ,
)

Then the sphere S’ gets expanded to R*
we have the SM Higgs doublet

_ 1 | op+io
kb gl

but u still transforms non-linearly!




What Higgs is it?

¢' = (¢ h)

Duﬁbi = 8u¢i + QWit}(ﬁb) + Q,ButiY (0),
= (Dpp®, Ouh)

Let’s give him a kinetic term

roo -
Z = §gij(¢) Duqle“qb’,

N 4 For Example:

| F(h)?gab(y) O —14+P

gii (¢) = ( )(.)9 b(¢) ay Fsm(h) =1+~




Riemann Curvature

How is the space the 4 scalars live on?

Rabcd(¢) — -_ _ (F,(h))z- F(h)2 (gacgbd — gadgbc),

# (ngB, 3
R(h) _ -;_2 - (F'(h))2- N‘P(NSO - 1) 2N90F”(h’) .

F(h2 _~ F(h)

~ Functions of the singlet h
characterizing Curvature




The Curvature and Physical
Observables

E.g. in an HEFT longitudinal boson scattering

is not fully unitarized:
[Barbieri, Bellazzini, Rychkov & Varagnolo; '07]

s+t ek
A(WLW, = WWp) = =———R(0), :;_? ...... {

V2

Which means new resonances are required at
(NDA):

dmv/VR
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Connection with Composite
Models

take O(5)/0O(4) and therefore a 4-sphere, '

[Agashe, Contino Pomarol; ‘05]

o= (o (50 ().

where the function of the singlet in the metric:

F(h) = sin[(h + (h))/ f]

and curvature:
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Part Il: Curvature is useful




Functional Methods

Partition Function and Effective Action:

Z[J] = Wl = /ng exp z (S[qb] +/da: ng):

N N =3
() = Wi - 73, §=1°7

expanding the action around the classical solution

628
56+ 209 g+

-1 ~ ~ 1 628
:eﬁs F[¢]=S[¢]+%lndet (5¢16¢j)

S = S(¢) +6¢

~




Functional Methods

1-loop il
result: Llg] =
1

2q _

0“8 = >

% log det (—525)

~ 1 528
S[¢] + 7 Indet (5¢i5¢j)¢=~ .

/dw(@udgb.@u&b + X (6¢)?)

1 (D, D) X2}
—327r2€/da:'1‘r{ 12 27

[t’Hooft; ‘73]




Functional Methods: HEFT

Second variation of the action of HEFT

1 ' | | o
6°8 =3 / dz | 9ij(Dud9)' (2"6¢) — RijuDud' D*¢*6¢)6¢'

— gl 0¢* (2" Do)} |.

Non-Invariant term!

X = D,¢D"¢- R+T6S
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Covariant Formalism

The problem is we do not know  [Honerkamp; 721
how to take derivatives [Tataru; ‘75]

Bt

R S  ~ - 628 ¢ 05

So the second variation of the action is:
Lilama)i_ 1 - P RY o I
5 (DjDiS) W =5 [ dz|9i(Zun) (2"n)’ — RiuDu¢ D ¢ ' |-

Or equivalently we must use geodesics
to deviate from the background field




HEFT at one-loop

1 . .
¥ = 599 (¢) Do’ DH¢’ +I(¢),
1

1
= 50uh0"h+ O F (R)?9ab(0) D Dy

— V(h) + K(h) w'u'(),

w =qLO'i Y,qr + ZLaiYMR + h.c.,

Introduce:
[@N : @V] — RijE[D“¢EDV¢[ + (dﬂ'u)lj ,
X'y = D'DyI — Ry D"¢*D,¢",
() = (a[uAf] + ngAgAE) Ditls,




o+ %(v"’FF”)z +

HEFT at one-loop

3977 times

% (V" — K"w ) + (K/wF)))’ [w-

-[ser2+ - p-er 5

3N, — 7

- | 7 - K+ - ) 1= PP =T+ o) (T - ) | (B D)

6 [1 - (vF,)z] 2:

1

- 3 1= @F)?] (D"4)7 A, (D) - g(vr)(vF")(a,,h)(D,,u)TAwu+ liztr(A,wA“") + é [(F")? — 1] o7 (A, 4" Yu.

et () - E o (B |

_V'F

(8,h8"h)(D,u- D*u) + § 11— wF))* (Du- Dyu)?

(Dyu - D*u)* + %(vi"')z(a“ha"h)(D,,u- D,u) — 2F"(8"h) (K/F)' (w- Dyu) |

[Guo, Ruiz-Femenia & Sanz-Cillero; ’15]
[RA,Jenkins, Manohar]




Non-invariant terms

They are calculable with functional methods:

1 05 1,05 408
— Yyt € [ij
52 = gorze (XDl + 5T T )

and we can compare with the literature:

3212 2 vl v3

/ [

: =
[Appelquist & Bernard; ‘81] [Gavela, Machado, Kanshin, Saa; ‘14]

1 2 h
{(§+10n+18n2) POP)" . (34 10m) £2% }




The Limits of HEFT

<= SM Higgs; Flat
< Technicolor; Curved (=1/v)
<= Composite Higgs; Curved (tunable)

< Dilaton; Flat to first order




I\/\easu re the Curvature

Two curvature magnitudes:

/ \
’\/\/é'\/\/\/\/\/é/\/\/—

dF\* F'(0)  F(0)
- \2 — - e
@ 0-0F)) (1 (vdh) ) 1 A2

AS = —R(0) log( 2) :
quite constrained e.g. L2m Mz

. o _ d?F  The second is hard to
"~ dh? measure




Higgs field round?
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Higgs field round?
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—Thank You




