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Purpose of my talk

What does the recently discovered
125 GeV Higgs
imply for models of strong dynamics?

... besides
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The Effective Field Theory of the Standard Model
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The Effective Field Theory of the Standard Model
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Nature seems to suggest the point-like limit of the SM:

it would be unprecedent!

Monday, 18 March 13



Natural EFT

With an elementary scalar & Quantum EFT:
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Natural EFT

With an elementary scalar & Quantum EFT:

A — Mpl
d<4 d>4
A% H|? o
H| Ui HH,
C;
d=4 J“ b

1
A2

energy A

No hierarchy is generated
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Unnatural EFT

. I am tuning!

- anthropic reasoning

- beyond EFT
- 277
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Natural EFT with Symmetries and Dynamics

A~ TeV

a) Most dangerous operators can be protected by symmetries.
b) Dynamical mechanisms allow to split Higgs sector.

U(l)B X U(l)L

SU(3)>.
SO(4)c
1
2N 7712 — H'W,, HB"
A H| 4=a Azt

H is different!

Fine,
> for now..

It 1s for Experiment to decide if there 1s New Physics at the TeV
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The ElectroWeak Hierarchy

energy

A
— Agv > Arg

Natural Hierarchy from Scale Invariance:

A) No strongly relevant operators: £ D X0, [O]=4—¢

M) = A (M)
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Dimensional Transmutation
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The ElectroWeak Hierarchy

energy

A
— Agv > Arg

|

| Natural Hierarchy from Scale Invariance:

B) If relevant operators, protected by symmetry:

® Compositeness: H ~ <¢w> the Higgs is composite

. s s § SO

fermion masses protected by Chiral sym.

new states at 47v ~ 2 TeV

. p—

¢ Supersymmetl’y-' H ~ w the Higgs is chiral

scalar masses protected by Chiral sym.
new states at gv ~ 100 GeV

Arr
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The Strongly Coupled (Composite) Sector

The emergent picture of the Composite world:
CKM fitter
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The Goldstone-Hi

Absence of physics beyond the SM:

\)

Laige ED (ADD) " monojet + E; a.

2 Large ED (ADD) : diphoton & dilepton, . " ATLAS
S D : diphoton + Ey Preliminary
2 S'Z, ED : dilepton, m,
QE) RS1 : diphoton & dilepton, m,, ,, Graviton mass (k/Mg, =0.1)
S RS1 : ZZ resonance, my, Graviton mass (k/My, = 0.1) .
o . -, 05925) V‘V(ves‘onea‘nscem mpy Graviton mass (k/Mp, = 0.1) del =(1.0-13.0) for
£ RS g, - I+ g, Mass
Il ADB'BH (M, /M,=3) : S dimuon, Ny we, My (56) 15=7,8TeV
ADD BH (M, /M,=3) : leptons + jets, S My (5=6)
Quantum black hole : dijet, F muﬁ M, (5=6)
dqqq contact interacion 7(m ) | AR AT EONEAEH 7Tl A
Il Cl: ee &uy, m‘ L=0.950 15", 7 Tev [1211.1150] a8Vl A (constructive int.)
uutt C1 : SS mlep«on wjets + Byl fitowtrmovimessa  aamev A
" (SSM) 1M, [L55%1 " 8 Tov [ATLAS CONF 2012173 R 7 mass
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Scalar LQ pair “kin. vars. in eejj, evij ss0Gev 1" gen. LQ mass
S Scalar LQ pair ki, vars. in g, wvij es5Gev 2" gen. LQ mass
Scalar LQ palv(\_ ). Kin. vars. in twj, Tvjj s3Gev 3" gen.LQ mass
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g Top partner : TT — tt+ A,A, (dilepton, M} [esszsuzroviszsnasest 483GaV! T mass (m(A ) <100 GeV)
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= Vector-like quark : NC,m,, |i=4g1" 7 eV ATLAS-CONF 2012:1371 408 Tevl VLQ mass (charge 2/3, coupling ko =v/mg)
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*Only a selection of the available mass limits on new states or phenomena shown
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The Goldstone-Higgs .

Absence of physics beyond the SM: iscovery of a 125 GeV Higgs:
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*Only a selection of the available mass limits on new states or phenomena shown

mp <Y A[R

The Higgs doublet must be a (pseudo-)Goldstone boson of the
new strong dynamics

Georgqgi, Kaplan 84 Arkani-Hamed, Cohen, Katz, Nelson 02
Banks ’84 Agashe, Contino, Pomarol 04
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Spontaneous Global Symmetry Breaking

Eg: V(p)~-m,¢*+g.9", ¢=05¢cS0(5)

( 8\ X

@) =|0]. f~"" —> SO(5)/SO(4) '
0 p W
\f) 4 GB’s: H = (%:;}?2)

H—H+a —» Vi, (H)=0
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Spontaneous Global Symmetry Breaking

Eg: V(p)~-m,¢*+g.9", ¢=05¢cS0(5)
(0 .
0
0
0

(¢) = . f~— —> 80(5)/50(4)

! (b 4ihy)
\) 4GBS'H_<h+ih3)

H—H+a —» Vi, (H)=0

Phenomenological requirements on G/H :

i) G DOSUR2) xU(l)y weakly gauged
i) H D SO4)=SU(2), x SU(2)r custodial symmetry
i) G/H D4 =(2,2) Higgsdoublet
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Explicit Breaking of Global Symmetry & Higgs Potential

Monday, 18 March 13

Elementary
SM gauge
& matter

sector

"Composite
Higgs
sector

Lmia)ing — gA,uj'u T y&()iﬂ
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Explicit Breaking of Global Symmetry & Higgs Potential

Monday, 18 March 13

, , Elementary
Composite SM gauge
Higgs & matter

sector sector

Lmiajing — gA,uj'u T y&(/)iﬂ
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Vacuum Alignment

v
9p /
Technicolor limit |
=1 277
"' |
|‘ v : . .
\‘s 'l f — 0

Monday, 18 March 13

13



Vacuum Alignment

2
v
9p /
Technicolor limit |
E—1 =7

"' _
|‘ : . .
\‘s 'l f — 0

x & log(A?/myy)
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clever structure
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Higgs mass & Light Top-partners

As 1n SUSY, the top 1s expected to give the largest contribution:

¢
O
T
Neom2m?2 m 2 /500 GeV \ ~
2 Clt 1o 2 T 2
i~ =~ (125GeV) (700(}6\/) ( ; ) (125 GeV) (
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Higgs mass & Light Top-partners

As 1n SUSY, the top 1s expected to give the largest contribution:

t
Q
1
NemZm? mr \2 [500GeV”
2 clity iy 2 T o ( 9T
~ ~ (12 ~ (195 CeV)2 ( 2L
M~ apr ~ (125GeV) (o0 6ev) ( f ) (125 GeV)* (17
mass
P mpy = gpf
Top-partl?ers ml.lSl‘ be T mr = g f
parametrically lighter ) LT
(approximate Chiral sym.) t
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Vector resonances

Expected subleading contribution to the potential, but enter WW scattering:
AlA P, O,
unitarity bound  [----nooommoneereeeeee . S s U E i M
Myes ™~ A
. : >
Mmp, < > A > 4nv
,UQ
0A x —
fQ
Bellazzini et al. 12
m;,=125 GeV, A=3,5TeV,a*+3/4 a,*=1
WO T =
08/ |
0.6/ i
04] ]
02/ |
R s00 " 1000 1500 2000
m, [GeV]
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Vector resonances

However also contribute to S-parameter:

S <1073 — m, > 2.5TeV

Bellazzini et al. 12

m=125 GeV, A=3TeV

-~
~~~
~
~
~

§~~
~
~
~
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Top-partners from AdS/CEFT

Lmiajing — Y &Ow

d[Oy] =2+ My = y(p < f) = y(po) (i> o

Light fermions
w

= = Y My >1/2 irrelevant

Gauge Boson . SD mass:
uv s IR \‘MM < 1/2 relevant
Contino, DaRold, Pomarol 07
My — —1/2 _, o] =3/
strongly coupled limit free field

Light top-partners byproduct
of composite top (IR localized)

Monday, 18 March 13 17



Top-partners from Desconstruction or “Weinberg Sum Rules” :

Redi, Tesi 12

3000

Deconstruction:
S0/(5) Z 2500
3 SU2) x U(L)y > 2000
SO(4) % 1500
P T At 1000 |
500° .
100 120

“Weinberg Sum Rules”:

as 1 QCD:
3
T mE, —m2 ~ T log2 ~ (37 MeV)?
2 F 1500/
R I Exp.: (35 MeV)? -]
\ &% 1000}
500/

Monday, 18 March 13
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Higgs mass & Tuning: Survey of Models

3y;my 2 47 2
h) = h® + bh
V(h) 3 (ah® + bR/ f7 + ...)
Instead of a,b ~ O(1) : a Rattazzi "12
v/f tuning my tuning

2 2
0 < <5OOG6V> ) < (3)
mr ~\Yr
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Higgs mass & Tuning: Survey of Models

V(h) =

Instead of a,b ~ O(1) :

w/f tuning

2
0 < <5OOG€V> ) < 2
mr A\ gr

B 33/752 mr

2

1672

mj tuning

3

(ah? + bh*/ 2 + )

( Rattazzi 12

but there are unknown factors and model dependence:

Lmia:ing — Y @ZOQA

P(O¢) — 5L+5R
I'(Ow) = 14L—|—]—R

Monday, 18 March 13

a,b~ O(y;/97)

tuning

4

\

Panico et al. 12

9y = 3Gp

9y = Gp

anomalously

light partners ad hoc tuning

MCHMs 10,4 1 147 + composite tg,...

>

1
51 +95pr,14; +14p, ... 1

14; + composite tg,... 1

»
>

top partners mass
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Constraints from EWPT & Flavor

Electroweak Precision Tests:

Pomarol, JS 08

Flavor: ¢, B;,—DBy,...

Barbieri et al. 12

doublet triplet bidoublet

U ) 4.9 1.7 1.2%
U(3)3 4.6 5.3 4.3
U(3)%c - - 3.3
U(2)3 4.9 0.6 0.6
U(2)%c - - 1.1x

mr ~ mg ~ mpy
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LHC Collider Searches

5 2 5 02 1
=+, 4+ T @ r ¢=+z,+2 2

3 3 Case (a) | (2,2)2/3 (1,1)2/3 / S99
Case (b) | (2,2)2/3 | (1,3)2/3 + (3,1)23

/N

Double production Single production
@ Contino, Servant 08 Mrazek, Wulzer ’1(

_|_

W+ b Wy
ot

g < t — b hadrons

same sign dileptons!
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LHC Collider Searches .

5 2 5 2 1
=+, 4+ T @ r ¢=+z,+2 2
33 Case (a) | (2,2)/3 (1,1)2/3 / SIS B
Case (b) (2, 2)2/3 (]_, 3)2/3 -+ (3, 1)2/3
Double production Single production
@ Contino, Servant ’08 Mrazek, Wulzer 1(
v ' Uu > > d

s v 0
T5/3
> > t G 1b
t

g < t — b hadrons

same sign dileptons!

'CMS Preliminary
19.6 o' at Vs =8 TeV -

¢ - BR (pb)

10°E « Observed Limit

i Expected Limit

- [ Expected Limit + 1o

- [ Expected Limit + 20

- — Signal Cross-Section
"4\IlllIlll\II|IIII|IIII|IIII‘IIIIlIII\lII\IlIIIIlII

10 550600650 700750800850900 9501000

Mrs; (GeV)
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Non-minimal Cosets

G H Ng NGBs rep.[H| = rep.[SU(2) x SU(2)]
SO(5) SO(4) 4 4= (2,2)
SO(6) SO(5) 5 5=1(1,1)+(2,2)
SO(6) SO(4) x SO(2) 8 4,90+4_5=2x(2,2)
SO(7) SO(6) 6 6 =2x(1,1)+(2,2)
SO(7) Qs 7 7=(1,3) + (2,2)
SO(7) SO(5) x SO(2) 10 100 = (3,1) + (1,3) + (2, 2)
SO(7) [SO(3)]° 12 (2,2,3) =3 x(2,2)
Sp(6) Sp(4) x SU(2) 8 (4,2)=2x(2,2),(2,2)+2x (2,1)
SU(5) SU4) x U(1) 8 4 5+4,5=2x(2,2)
SU(5) SO(5) 14 14 =(3,3)+(2,2) + (1,1)

Minimal Composite Higgs Model

Monday, 18 March 13



Non-minimal Cosets

G
SO(

Ot
~—

@

o
N7 N7 NSNS N
- ~J ~J 3o O
S— e e N N

@)

-
e W N
) ) |
~ ~— —

H
SO(4)
SO(5)

SO(4) x SO(2)

SO/(6)
Go

SO(5) x SO(2)
[SO(3))°
Sp(4) x SU(2)
SU(4) x U(1)

SO(5)

—(1,1)+ (2,2)
4.9 —I—Zl_z =2 X (2,2)
6—2x (1,1)+ (2,2)

7= (1,3)+(2,2)
100 = (3,1) + (1,3) + (2, 2)
(2,2,3) =3 X (2,2)

(4.2) = 2 x (2.2),(2.2) + 2 x (2,1)
4 5 —|—Zl+5 =2 X (2,2)

14 = (3,3) + (2,2) + (1,1)

Beyond the Minimal Composite Higgs Model

Interesting fact: Minimal coset from constituent fermions

<\Ija\Ilb>

Monday, 18 March 13

~ SU(4)/Sp(4) = 5=4+1=(2,2)+(1,1)

\ .
extra singlet!
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Beyvond the MCHM & Dark Matter

SO(6)/SO(5) — H +1,

a) Mass of singlet very model dependent: SO(2) explicit breaking?
b) Discrete symmetry 77 — —7) might be an exact symmetry.

Singlet could be DM!

Frigerio et al. ’12

XENON100

10? 103
m, [GeV]
Monday, 18 March 13
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Non-minimal Cosets

Mrazek et al. 12

G
SO(

Ot
~—

N

O
N7 N7 N7 N7 NN
- ~J ~J 3O O
S— N T N N NS

@)

-
A/~ —/—~ 7 _
ot Ot
~ ~ —

SO(5)

[SO(3))°
Sp(4) x SU(2)
SU(4) x U(1)

SO(5)

(4.2) =2 x (2,2),(2,2) + 2 x (2,1)
4_« —I—ZLH:', =2 X (2,2)
14 = (3,3) + (2,2) + (1,1)

many more...

Monday, 18 March 13

25



Composite Unification

,. ? main obstacle, calculability

',, >
A~Arf log (1/GeV)

- - Agashe, Contino, Sundrum ’05
SImpleSt SOIutlon' Frigerio, JS, Varagnolo 12

—1 strong
a) SO(11)/50(10) = "N jf‘;ﬂ -
b) Composite R-handed top — /\/\/\QNV\/ {SM} —h —tr +1T's

R

(bl — bg)/(bg — bg) ~ 1.45
Exp.: 1.395

Monday, 18 March 13
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Spontaneous Scaling Symmetry Breaking

energy A
Uv

|
|
|

Arr

Monday, 18 March 13

Scale Invariant Sector (CFT)
Avv > Arr

r — ez, O(x) — e™*P(ex)

SCFT:Z/d4$O;dO:4
@,

Spontaneous Breaking of Scale Invariance
(@) = f*, Ajg ~dnf

1 GB (enough) , SO(4,2)/SO(3,1)
X = fe?l — ey
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Explicit Breaking of Scaling Symmetry & Dilaton Potential

Monday, 18 March 13

Fo >0

V(X) — F0X4

-

Need “vacuum alignment”
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Explicit Breaking of Scaling Symmetry & Dilaton Potential
4
V(X ) = FpX
F 1 0 F 0 < 0

(x) — 0 — f =7

Need “vacuum alignment”

Add explicit breaking

LOMNO, |O]=4—¢

B gy VO TXFOG) .

dlog
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Dilaton mass & Tuning

Fo still matters for the dilaton mass

F at the minimum:  F'(\) = Fy + Z anA(f)"
Minimization condition: V' = f3[4F()\(7})) + BF'(A(f)] =0

Dilaton mass: m; ~ 4f°BF (A(f))

Monday, 18 March 13
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Dilaton mass & Tuning

Fo still matters for the dilaton mass
F at the minimum:  F(\) = Fy + Z anA(f)"
Minimization condition: V' = f*[4F(\(f)) + BE'(A(f))] = 0

Dilaton mass: m; ~ 4f°BF (A(f))

QCD “tuned” QCD
A
b,
perturbative coupling

(477)2 N : ]
Fy / A Cr .
tunin : ==

g A

f
> ey N
A = 2A/mdzl ~ 50 (246(}6\/
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Dilaton mass & Tuning

b=
AN F(A) ~

Realizable 1in a warped extra-d:

UV

loophole

A+ +.) <1
O(3),V'(\") =0, my ~ O()

not like Goldberger-Wise

Goldberger, Wise 99

IR

ds? = e 2AW a2 — dy?

Sundrum 04

Contino, Pomarol , Rattazzi, 10

Still one needs to accomplish: v/ f ~ 1

Monday, 18 March 13
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Dilaton mass & Tuning

loophole

B=eA+b\+..)<1

N FO) ~O0(B),VIN) =0, m2~ O(f)

Realizable 1in a warped extra-d:

UV

Still one needs to accomplish: v/ f ~ 1

Monday, 18 March 13

not like Goldberger-Wise

Goldberger, Wise 99

Sundrum 04

Contino, Pomarol , Rattazzi, 10
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Goldstone-Higgs couplings

@
the LHC



Current L HC data

®
More data on EWSB than ever:!
T T T 1 I
ATLAS Prellmlnary g mH z 125‘5 Gev 4 T T T | T T T T T T I T T T I T T T ] T T T T T T L
W,ZH — bb - ATLAS Preliminary + SM .
Ve =7TeV: | Lt = 4.7 16" ° i r x Best fit N
s=8TeV: |Ldt= % H 3— r —
Pt E V5=7TeV, [Ldt=481b" —-21In Ak kg) < 2.3
Vs=7TeV: [Lat= 46" _._|_ : Vs = 8TeV lLdt -58509 fb-l weee21n ."\(K‘V,KF) <6.0 ]
Vs=8TeV: |Ldt=1310" H 2 v o e - —
H—wWw” = viv C e e ]
Ve=8TeV: Ldt=131b" g - P @ \ .
: 1— S A —
H— H - " 4 © o5 T T T[T
\:s=7Te?//:‘1Ldt=4.81b” g, ) —_ = SN T ] “ - ATLAS Preliminary + SM 5
\s=8TeV: |Ldt=2071b" H - dr . - - [ 1 : -
. : = . - ] L =7TeV, |Ldt=4.8fb x Best fit ]
H-2zz" > 4l ; = - ATLAS Preliminary ] o ] C Tev }L § o1 —2NAl k) <23 ]
Yo=7TeV: =‘Ldt=4.61b".1 i —e— h — \s=7TeV: |Ldt=4.6-48fb" ) C LT -~ _ o 18= 8TeV, JLdt=58-59 ceee 21N A(Ky,Kg) <6.0 —
Yg=oev: lLa=20T - \s=8TeV: [Ldt=13-207 ib" ] AE k O v . i ! ]
Combined n=1.43%0.21 = m, = 125.5 GeV = - . _,_—"’ ] B - ]
Vs =7TeV: |Ldt=4.6-4.81b" i = m C ST N 15— |
\s=8TeV: ‘Ldl= 13-2071b" g R, 1 L P P IR P PIPVY (e ASIPRES ol 7] _ Cooov v b v b b b by by T L [ _
R R R L g g e 1 64 06 08 1 12 14 16 18 S ]
-1 0 +1 i = "I";” B Ky L “\. i
Signal strength (1) iy L o i 1; g
__________________________________________________________ g - T D R B
E 2.2
s D -, S L, L I R B Ky
-05 0 0.5 1 1.5 2 2.5 3 3.5
Hygrvm / uggFmH
Ys=7TeV,L<5.1fb" {s=8TeV,L<19.6 b’ CMS Preliminary {s=7TeV,L<5.1fb' \s=8TeV,L<12.2fb"
. . J 5_0 _TII[I?II[]]II‘ LI ‘T‘[T LB TIYII[I]II'I T ‘T171 TirrnrT de
CMS Preliminary ~ m, = 125.8 GeV p - b p ]
H - bb (VH tag) . — 4.5 seve H
i < g ----Exp.for SMH ]
H — bb (ttH tag) [ ; A 4.0 p &
H — 11 (0/1 jet) - ' - / 1
H > ¢ (VBF tag) im o 2OfEIE sy s vk 3.5 ; 0 SePemmny | GermeuLostsiEssTenisiest
H - 1t (VH tag) —— o . 3.0 K = £ I ]
i 1.8 ] o K b 10 /
H — vy (untagged) o-l— 1 6: b 55 3 ; E Cﬂ L |
H - vy (VBF tag) — “E : ~F ] "~ [—cmspata )
: e T - - . - - E ted
[ Ho ww 1 jen) - 1.4f . 2.0f : 8l xpecte |
H — WW (VBF tag) —-— 1.2? /’"\\ * 1.5F = i ]
H— WW (VH tag) -— 1.00 // v i 1ok § 6
Ho 2Z - I | \ ] F £ 1 i ]
Cl 0.8 - - /. - L i
2 0 2 4 g . { ,\ ; 0.5F E i 1
BeSt flt G/GSM 0.6; 2:. \ // .,'.: 7: 0 O : ‘I'I’I 1 | 11111 11 l 11l l 11111113 l 11111111 1: -
o.aF AN 0O 02 04 06 08 1 :
: e . BR ]
02F T - BSM i i
0.0:1 P R A N R T S S S S S S A NS S A Y S S 1: 7
0.0 0.5 1.0 1.5 O_ e L . L 7
Ky 0 0.2 0.4 0.6 0.8 1
fa3
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Higgs couplings Parametrization

h B B ) ) —
Ly = il 2% (Qm%/W;W“ + m%ZMZ“) — ¢ Z meff — ¢ Z meff—cr Z myf f
_ f=u,c,t f=d,s,b f=e,u,T _
h T 1% 1% 1% 1% a a
[:(2) —= —@ [QCWWWIU,VW -+ CZZz,u,/Z + QCZ,YA/WZ + C,WA/WA — ngG,uz/G,uy]
CWww = Cyy + J CZy Czz = Cyy T 9L~ 9y CZy
Y grgy

Standard Model

cy = =¢c=¢c, =1

Cyy = Czy = Cgg = 0
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Higgs couplings Predictions

S0(5)/SO(4)

cy = /1 —v?/f?
.= 1 — (1+n)v?/f?
N

(9% 98) v i
C’Y%gg 167T2 fQ 92
p

g2 112

T Tom? f?

Monday, 18 March 13

dilaton

U
CV:?

(V)

C f(l +97)

r IR

B (9/2993*) U (. (EM,3) (EM,3)
Cyvy,99 = b — byy
! 1672 f

(% 2 2
T q6nr f (b5~ 8% )

34



Higgs couplings Predictions

S0(5)/S0(4) dilaton
<1 (model independent)

CV:\/].—UQ/fQ/ \CV_;
1 — (1+n)v?/f? v

Cr = ( Jv'/ cy = —(1+7y)

V=i j

(9", 98) v* y; _ @ g9)v ey g
Cyvy,99 ™ 1672 f2 g2 Cyvy,99 = 1672 [ IR Uv

0
g° v? 9

e (2)
Czny ™ 1672 12 CZy ™ 1672 ? (bIR - va)
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Higgs couplings Predictions

SO(5)/S0(4)
cy = /1 —v?/f?
<1 (m.1.)
I S ROl s
L VTP

(9% 98) v i
C’Y%gg 167T2 fQ 92
p

g2 02

T Tom? f?

Monday, 18 March 13

dilaton
; (v
B
<1/>1(m.d.) !
U
g - 21+ )

r IR uv

(9%, g%) v P(EM3) 3 (EM3)
Cyy,99 = 1672 f —

(% 2 2
T Tent f (b5~ 8% )
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Higgs couplings Predictions

SO(5)/S0(4) dilaton
CV:\/]._/UQ/JE2 CV:B
f
L= (14 0/ U

B = —(1+

N V1 — 2/ f? Cf f( V#)
f( /2 2) 2 .2 f( 9 2;
9=, 95)|v" ¥ 9”,9s)|v | |

99 ™ 167T2S f2 gl52 Cyyv,99 = 167.‘.23 ? (bggM K — bé-EVM 3))
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Higgs couplings Predictions

SO(5)/SO(4) dilaton
CV:\/l_v2/f2 CV:%
1 — (1 +n)v?/f v
Cy = cg = —(1l+4+~
N YT r=7+7)
N
(9’29 Q%)@yf B (9/29 9% % b(EM,S) b(EM,S)
C’y’y,gg ™~ 167_‘_2 fQ gg C'V%gg o 167_‘_2 \Z IR - YUV
(o) -
N g% |[v? 4 _gﬁ(b(z) _b(z))
T 1672 ﬁ suppression 7o 16my Y

— (m.1.) —
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Higgs couplings Predictions

S0(5)/SO(4)

cy = /1 —v?/f?

.= 1 — (1+n)v?/f?
N

)
(9%, 92) vy;

C ~
77,99 2 19 2
167 f49;

2

g2 UQ

C ~Y
“Y 71672 f2 Goldstone
suppression

Monday, 18 March 13

dilaton
)
Cy — —;
f
)
Cy = ?(1 + )
12 2 g A
B (9 agS)v b(EM,S) b(EM,S)
Cyvy,99 = 1672 ? IR — Oyv
\_ J
4 )
2 2
e 24 (62— 82
J

Scale /

anomaly
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Contrasting results with Data

Falkowsky, Riva, Urbano 13

EW precision tests & Higgs couplings:

02 04 06 08 10 12 14
Cy
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Contrasting results with Data

Falkowsky, Riva, Urbano 13

EW precision tests & Higgs couplings:

Cy -2t ‘ ‘ ‘ : L -
00 02 04 06 028 1.0 1.2 14
Cy

S0(5)/SO(4)

Composite Higgs

8- ‘ e ‘
// / /

0.6 08
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Contrasting results with Data

Falkowsky, Riva, Urbano 13

EW precision tests & Higgs couplings:

Monday, 18 March 13

_2,‘ ‘ ‘ ‘ ‘ :' ‘ ‘ J
00 02 04 06 08 10 12 14
Cy

SO(6)/SO(5) / — 1y =

cr=cy=1, cge=cy=cz,=0

i P
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Contrasting results with data

Falkowsky, Riva, Urbano 13

EW precision tests & Higgs couplings:

Cgg=Cyy=Cz,=0, c;=cp=cr=cy

Cy

dilaton
vi=0

J

L
<L incd k277
E% roincl.h - yy
- Or Vh h = bb
b EwpT
‘3§ L

_27

_al

00 02 04 06 08 10

vif
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00 02 04 06 08 10 12 14
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Non-minimal Higgs sectors & Higgs couplings

h to photons from composite resonance:

hs 1t (N7
N 9/2 9[2) g?S“M
,@ e g
(h)” g
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H'HB,,B"
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Non-minimal Higgs sectors & Higgs couplings

h to photons from composite resonance:

hs 1t (N7
N /2
(ﬁ ~ Cvgz s gSMHTHB v B
s m? 1672 g2
- p
y

h to photons from extra Goldstone’s:

RO
12
e 9H2HTHB B
(hy / \/% m# 167

2 2 2
gP 2 2 2 gp 2 ~ gp

h <

me ~
107 g
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167T2gSMf & g1 ~ ﬁgSM —> Cy ™~ Cy—5—
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E.g.:S5008)/S0(7) & Higgs to photons

SO(8)/SO(T) = SO(7)/Cs

2 2
Sigma-model: 7@2%%2 — %

— 7T=(2,2)+(3,1) = H+uw

fion + @y + G2E20

1 — h?2 — W2

Potential: V= mih® + msw? + M\ h* + Mow® + A3h*w?
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E.g.: SO8)/S0O(7) & Higgs to photons

SO(8)/SO(T) = SO(7)/Cs

2 2
Sigma-model: ?ELZT(?“Z — %

— 7T=(2,2)+(3,1) = H+uw

fion + @y + G2E20

1 — h?2 — W2

Potential: V= mih® + msw? + M\ h* + Mow® + A3h*w?

Monday, 18 March 13

41



Summary

Nature has given us a light higgs for EWSB

4+ If a composite Higgs, the expectation is that it behaves as a Goldstone
boson.

4+ A 125 GeV composite Higgs implies light and weakly coupled top
resonances, with masses around the current bound 700 GeV.

4 Light /7 and Z resonances are disfavored by EW precision data and Higgs
couplings measurements.

4+ We have clear predictions for composite Higgs couplings (deviations),
which we should look for.

4+ Extra Goldstone’s might play an important role and deserve further study.
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Thank you for your attention



