.(l)ﬂ- Planck 2013

ECOLE POLYTECHNIQUE Bonn, 22 May 2013
FEDERALE DE LAUSANNE

A minimally tuned
composite Higgs model

from an extra dimension

Andrea Thamm

Ecole Polytechnique Fédérale de Lausanne

in collaboration with D. Pappadopulo and R. Torre
based on hep-ph/1303.3062




Outline

Motivation

A composite Higgs

The 5D construction
Numerical analysis and results

Conclusions and outlook

Andrea Thamm A minimally tuned composite Higgs model from an extra dimension



Motivation

Andrea Thamm A minimally tuned composite Higgs model from an extra dimension



Motivation

Higgs-like particle discovered

need new physics at Ayp to understand EWSB

expect solution to hierarchy problem

here focus on compositeness

Andrea Thamm A minimally tuned composite Higgs model from an extra dimension



Motivation

Higgs-like particle discovered

need new physics at Ayp to understand EWSB

expect solution to hierarchy pro

here focus on compositeness

blem

m, = ¢,/ strong dynamics Ayvy
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The Higgs as a pGB

¢ minimal model SO(5)/SO(4)
quadruplet of GB: 3 eaten, 1 Higgs

o brea{ing Scale f > U [Contino, Nomura, Pomarol: hep-ph/0306259]

[Agashe, Contino, Pomarol: hep-ph/0412089]
[Agashe, Contino: hep-ph/0510164 |

[Contino, Da Rold, Pomarol: hep-ph/0612048]
[Barbieri, Bellazzini, Rychkov, Varagnolo: 0706.0432]

Andrea Thamm A minimally tuned composite Higgs model from an extra dimension



The Higgs as a pGB

¢ minimal model SO(5)/SO(4)
quadruplet of GB: 3 eaten, 1 Higgs

o brea{ing Scale f > U [Contino, Nomura, Pomarol: hep-ph/0306259]

[Agashe, Contino, Pomarol: hep-ph/0412089]
[Agashe, Contino: hep-ph/0510164 |

[Contino, Da Rold, Pomarol: hep-ph/0612048]
[Barbieri, Bellazzini, Rychkov, Varagnolo: 0706.0432]

Andrea Thamm A minimally tuned composite Higgs model from an extra dimension



The Higgs as a pGB

¢ minimal model SO(5)/SO(4)
quadruplet of GB: 3 eaten, 1 Higgs

o brea{ing Scale f > U [Contino, Nomura, Pomarol: hep-ph/0306259]

[Agashe, Contino, Pomarol: hep-ph/0412089]
[Agashe, Contino: hep-ph/0510164 |

[Contino, Da Rold, Pomarol: hep-ph/0612048]
[Barbieri, Bellazzini, Rychkov, Varagnolo: 0706.0432]

Andrea Thamm A minimally tuned composite Higgs model from an extra dimension



The Higgs as a pGB

¢ minimal model SO(5)/SO(4)
quadruplet of GB: 3 eaten, 1 Higgs

o brea{ing Scale f > U [Contino, Nomura, Pomarol: hep-ph/0306259]

[Agashe, Contino, Pomarol: hep-ph/0412089]
[Agashe, Contino: hep-ph/0510164 |

[Contino, Da Rold, Pomarol: hep-ph/0612048]
[Barbieri, Bellazzini, Rychkov, Varagnolo: 0706.0432]

Andrea Thamm A minimally tuned composite Higgs model from an extra dimension



The Higgs as a pGB

¢ minimal model SO(5)/SO(4)
quadruplet of GB: 3 eaten, 1 Higgs

o brea{ing Scale f > U [Contino, Nomura, Pomarol: hep-ph/0306259]

[Agashe, Contino, Pomarol: hep-ph/0412089]
[Agashe, Contino: hep-ph/0510164 |

[Contino, Da Rold, Pomarol: hep-ph/0612048]
[Barbieri, Bellazzini, Rychkov, Varagnolo: 0706.0432]

Andrea Thamm A minimally tuned composite Higgs model from an extra dimension



The Higgs as a pGB

¢ minimal model SO(5)/SO(4)
quadruplet of GB: 3 eaten, 1 Higgs

o brea{ing Scale f > U [Contino, Nomura, Pomarol: hep-ph/0306259]

[Agashe, Contino, Pomarol: hep-ph/0412089]
[Agashe, Contino: hep-ph/0510164 |
[Contino, Da Rold, Pomarol: hep-ph/0612048]

vacuum misalignment P T . [Barbieri, Bellazzini, Rychkov, Varagnolo: 0706.0432]

Andrea Thamm A minimally tuned composite Higgs model from an extra dimension



The Higgs as a pGB

¢ minimal model SO(5)/SO(4)
quadruplet of GB: 3 eaten, 1 Higgs

o brea{ing Scale f > U [Contino, Nomura, Pomarol: hep-ph/0306259]

[Agashe, Contino, Pomarol: hep-ph/0412089]
[Agashe, Contino: hep-ph/0510164 |
[Contino, Da Rold, Pomarol: hep-ph/0612048]

vacuum misalignment P T . [Barbieri, Bellazzini, Rychkov, Varagnolo: 0706.0432]

, v
sinf = —

f

Andrea Thamm A minimally tuned composite Higgs model from an extra dimension



The Higgs as a pGB

¢ minimal model SO(5)/SO(4)
quadruplet of GB: 3 eaten, 1 Higgs

o brea{ing Scale f > U [Contino, Nomura, Pomarol: hep-ph/0306259]

[Agashe, Contino, Pomarol: hep-ph/0412089]
[Agashe, Contino: hep-ph/0510164 |
[Contino, Da Rold, Pomarol: hep-ph/0612048]

vacuum misalignment P - [Barbieri, Bellazzini, Rychkov, Varagnolo: 0706.0432]

, v
sinf = —

f

Andrea Thamm A minimally tuned composite Higgs model from an extra dimension



The Higgs as a pGB

¢ minimal model SO(5)/SO(4)
quadruplet of GB: 3 eaten, 1 Higgs

o brea{ing Scale f > U [Contino, Nomura, Pomarol: hep-ph/0306259]

[Agashe, Contino, Pomarol: hep-ph/0412089]
[Agashe, Contino: hep-ph/0510164 |
[Contino, Da Rold, Pomarol: hep-ph/0612048]

vacuum misalignment P - [Barbieri, Bellazzini, Rychkov, Varagnolo: 0706.0432]

, v
sinf = —

f

Andrea Thamm A minimally tuned composite Higgs model from an extra dimension



Partial Compositeness

[Kaplan: NPB 365 259]
[Keren-Zur, Lodone, Nardecchia, Pappadopulo, Rattazzi,
Vecchi: 1205.5803]

e linear mixings between elementary and composite fields
Loix = AL qLO% + AR tRO% + h.c. + gAMj'u

e Yukawa couplings generated

e couplings break SO(5) — Higgs potential generated
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Higes Potential

structure ot potential

V(h) = £2m (52) SRV + EFD B+ )+

o 4 b

need cancellation to obtain € <1
2 .2

for 07,0 € 5 only a single invariant €2F\" = ¢;e2s?
cancellation with higher order ¢4FY = (co€?) €257 (1 — s3)
— tuning of order c¢; =~ cz¢? — double tuning

— tuning worsened from & t0 & X € ko, ke Tesi Witzer: 12107114

for 09 € 14 and O € 1 : two invariants in 7V

® (] ([ ] 3
— minimal tuning I = (UMPEP] U)ss = 1 - 57

I, = (UTP2U)ss(UT P} _U)ss = 522
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Higes Potential

e linear couplings to strong sector break SO(5)
—> (Coleman - Weinberg potential for MCHM14 at 1-loop

V(h) = acy, + Bsicj, = (B — a)sy — Bs;,

d4pg 114 <1+ 20T + 113 )_6N/d4pEH‘{

(27’(’)4 H()

2 (o + I

(H_%_ | M2 )
pg, 1L 11§

(2m)* 1o

86
P

e form factors can be computed in explicit model,

(1-2¢)

2 _
m; —

but estimate o and S using spurionic symmetries and NDA

m A2 X 40\ 2
V(h) = Nc¢ 0 2 (a1 + agls) S ~10"° i =
0.1 9p

e need fully composite tr (egp ~ 1)

1 2
m2 ~ (380 GeV)” - (gr) lag] —>» o small gy and |az| ~ O(1)
GR ° OR a9 g 1
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AdSs
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>
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5D Construction

[Scrucca, Serone, Silvestrini hep-ph/0304220]

[Barbieri, Pomarol, Rattazzi hep-ph/0310285]
[Serone 0909.5619]

[Panico, Safari, Serone 1012.2875]
[Pappadopulo, Thamm, Torre, 1303.3062]

Composite

WT7ZT7ﬁY7gaba Ty ...
Elementary

&

Large UV kinetic terms k > 1 suppress elementary states wave functions and interactions,
implement PC: 1/k ~ €
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The gauge sector

L
dz 1 1 2
bulk action 57, = /d45€/ - [4 STe[Frpn] + vn (Frrn) ]
0 gs 9x

symmetry broken on boundaries by BC

localised kinetic terms at z =0 for holographic fields
Sov = _/ b [4;2 (W) T;%(B“”)Ql
integrate out bulk fields — form factors, GB kinetic term

1 63¢(3) ([, 1%
Volsn) = = 77 35612 (1 "

e S paramter
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The fermionic sector

bulk action 7, = /d4 / = Te[@, (i) + Mg,) O, + U, (i) + My,)

BC v, = (th( +) Uir(+—))

U, > 4

e boundary actions
L

Sk = / d' / dz[ (KD upilu + KD piDoly + kel ibuly + kv, by
0)

(mllaépzth + h.c. ) ] 6(z— L)

L
S{}V :/d‘lx/ dz [quLilﬂqL—FZtﬁRiquR] 6(2)
0

e integrate out bulk fields — form factors
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Results
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Numerical Analysis

e parameters of the model:

L
MQ7 Mtamlla kZa kga ZCJ7g5

e relations due to

1 Ncgé &

my = ﬁZ—qFt({pz}) m% — 72 (47)2 Zth({pi})

m2 %Lﬁ 2 1 f
4% L2 29§ t

— could fix g5, Z; and L — but actually use only mw

e random scan within the interval

M,L, M,L

mul (0.3 my = 81GeV
Wiy Mo : : 148GeV < my < 154GeV
V Zq : : 120 GeV < my < 130GeV

g5
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e distribution of points passing

L my, <400 (GeV)
 my—125|<5 (GeV)
. EWPT

(0.39 & 0.70) 103 )= ( 1

(0.60 + 0.56) 103 0.91

e scaling of mrimplies small 9y

gi gi 1 /gy 2
2,.2 -~ 2
ot 5z ViV laal(1 =€) & (380 GeV)* & )/a,z

need to know distribution

m%vaC
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e find natural value of a2 by scanning without requirement
20 077 v v

04 06 08 10

Vel

e value not due to a cancellation, but to numerical factors
— no increase in tuning!

e rewrite NDA estimate for ms

1 2
2 2
my, ~ (150 GeV)” — ) |as|
R S~ natural value is 1

e in this model, Higgs is naturally light
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distribution of points passing

200

 my,<400 (Gé
; Imh -125 |<5
| EWPT

o EWPT at 99% C.L. (039 £0.70)107°  _ ( 1 0.91)

(0.60 % 0.56) 103 0.91 1

e definition of tuning: A= n(%%)

— parameter space region left after imposing constraints

| EWPT EWPT (+AT =10"%)
% | 45+£0.4 18 £1
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e spectrum of fermionic resonances

- Mss3 <600(G€V) 20.- ’.3'0- ¢
L / '

- m53>1000(GeV) 7.7 e many points with light
0.7 " f

spectrum

e but according to NDA
My ~ gpf
expect my = 3TeV
for g, =4 and £ = 0.1

[Matsedonskyi, Panico, Wulzer 1204.6333]
[Marzocca, Serone, Shu 1205.0770]

[Pomarol, Riva 1205.6434]

[Panico, Redi, Tesi, Wulzer 1210.7114]

[Barbieri, Buttazzo, Sala, Straub, Tesi 1211.5085]
[Pappadopulo, Thamm, Torre 1303.3062]
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m in TeV
[
o

e
in

mass in TeV

mass hierarchy: mg < maz, , <mz2, < my,,, only 15,3 matches NDA

2 2
e due to constraint iy Sk 5| My, L _ My, < —1

2 2 2\Mvy L
My, 95 Zg + e2Mvallpd

111aSS 9, 27/67 21/6 ]_2/3

zeros of | My, + wqcotwyl My, + w; cot wy L

solution | p ~ 2| My, |e™Mu:lL Mg, L <0

—_ parametric suppression
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m in TeV
[
o

e
in

mass in TeV

mass hierarchy: me < ma, , < ma, only 15,3 matches NDA

mass splitting between 9 and 27,6 proportional to (k7 — kd)
EWSB prefers k4 < kg =—>» mg <maz,
mass splitting between 27,6 and 2, /6 due to different UV BC

mz. e

1
My, L + wqL cot wy L

: 1
given by e

of 4 = 7
mz, ¢ ZEeros q T

) m2; ¢ < M2, /¢
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m in TeV
[
o

e
in

mass in TeV

|+ EWPT

[
()

m in TeV
ok
=

e
in

08 10 12

my, in TeV mass in TeV
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Conclusions

e discussed model withO] € 145,53 and O}, € 153
- moderate tuning
- obtain light Higgs
- somewhat heavier spectrum of top partners

e expect exclusion or confirmation soon

- search for charge 8/3 colored fermions
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