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Motivations

General:
Extend the naturalness domain of the Standard Model
More concretely: address théle hierarchy problem

Specific:

Higgs boson as a PGB Strongly interacting Higgs
Little Higgs Higgs asA:

Composite Higgs Twin Higgs

Intermediate Higgs ...

|s there a ssimple and effective way to describe the
relevant phenomenol ogy?

[Giudice, Grojean, Pomarol, Rattazzi]
[Contino, Kramer, Son, Sundrum]
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A softly broken SO(5) In top-Higgs sector
Another model? NO, SO(5) already discussed at length.

Take it as an example

Plan:

1. “Minimal model”

2. Minimal model:

Discuss (in princip

Agashe, Contino, Pomaro
Contino, Da Rold, Pomarc

of stripping the models to bare bones.

at strong coupling
perturbative

€)! spectrum
naturalness

=) EWPT

flavor and b-physics

LHC phenomenologybut only if
all other things are OK)
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Minimal model @ strong coupling

Standard Model: ¢;—; 4= SO(4)

qqqqq

Extend to SO(5) broken to SO(4 (]\)521‘___15 with q"‘)z — fz

¢ €= SO(4)0[SU2)xU(1)ky
(SM gauge group not extended)

Q>
|

of
What matters for EWSB Is the orientation:
<¢> :(0,0,0,0,f) - No EWSB

(¢) = (£,0,0,0,0) - Maximal EWSB: v = /2f
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H|ggS VEV StabilizatiOnAgashe, Contino, Pomarol]

Minimize potential:SO(5) + soft breaking

V =45(¢° — f%) — Af°¢> — Bf’es

(SO(5)-breaking quartitgp* small; plays no role)

1. we find:

2. v<<f requires tuning B/2A1: A

i | o

pushesp pushesh.

<P =27 = - ()

2A

ol

v= 175 GeV

A ov? N 12| 12% finetund=500 GeV
T 02 HA 02| 3% finetuned=1 TeV

Better usef <500 GeV if want to compete with MSSV
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Reduced Higgs couplings and UV cutoff

ot
sl myp = 2V Av
i sino = V2v/ f

s

Couplings hVV and s are reduced by ces (=0.75 for =500 GeV)

Gs

AW, W, — W, W) = ——_sino,(1 4+ cos®
(WLW; W) 7/ ( )
oM .
Se = —5— =~ (24 TeV)~ (for =500 GeV)
SINn~ O

Agrees with the NDA estimate for the strong couploutoff:

dm f _
ANDA = Nap N~=4 - # of Goldstones for SO(5)/SO(4)




Vyachesav Rychkov

How about the EWPT?

0.5

Consistency of the 0al
standard Higgs boson
with the precision data: ~ ©-3[

0.2F

m <144 GeV @ 95%  of

LEPEVWVG
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1. IR effectin T,S

/\M S, T\SM = asrlogmy+bsr
h

5 T'\m,-g_,m;ﬁ; = as.r|(cos a)zlog my, + (sinot,)zlogz\] + bsr

— ( T, 5) ‘ SM (mEWPT.f{ff)

MEwpT.eff = Mp(A/my,) sin* o

For f=500 GeV, m, GeV 114 [200|300|...

Sirfe=0.25,A=2.5 TeV: Mewpterr | 250 | 380|500

Would need f=1 TeV to make Mgy pr <144 GeV !
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2. UV effect In S and request fAil

At the cutoff: AS ~ 5%2 AS~0.25 for =500 GeV

0.5
Nno AT (custodial symmetry)m1 |

Summary: 03
0.2F

(for =500 GeV) = 01

s T T
02> .......... .......... ......... fro CutOff ..... 4

0. i i ; i i ;
—%.3 -02 -01 0 01 02 03 04
S

Unresolvable tension? Need a source of extra 4T=0.3-0.5
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Extend SO(5) to top sector

1. Reduce sensitivity to the cutoff
2. Extra source AT

Add ¥, =(q,X,T), =5 of SO(5) (=2+2+1 of SU(2))
Full 3rd generation?, =(q,X,T),; t, by, Xg, Tx
3 more quarks than normal: X={XX,,;) and T,

Ltop = Al_iLéitR—l-)\QfTLTR—I—mXXLXR N\, = A1 A9
VAL + A3
mr = \/A% + A3 f
- : ATV )\%
Physical t has admixture, T, €L = e Ap = VTS
Physical § has admixturezXy  ¢; = %
X

NB: b quark completely normal (no state to mix Wwith
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Thep parameter

2
5 my 11
Apx = _Aptop x dep (log m% 6 ) [Carena,Ponton,Santiago,Wagner]
m2 )\2
Apr = +Aptop x 2€7 (log —j — 1+ 2)\2)
Problems:

1. To suppress negatiyg need m>1.5 TeV

2. Positivep; of needed size (25-40 % of SM contribution)
proceeds via mixing of left top and induces combpilaa
or larger effects in b physics:

Z-> bb, b-> sX), b-> g, and BBbar mixing

which are all known to agree with SM with 15-20%eriainty

Conclusion: minimal 39 generation model problematic
(models with more extended fermion content may dtebe
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Minimal model - perturbative
V =X¢* %) — Af?¢* — Bf¢s

47 f
Aot = ~ 2.4TeV (N =35, f =500GeV
¢ = N T3 (V=57 )
h = cosal ¢4+ sino s C = —SsIn® ¢4 +CcosA Ps5
1 T X T 'l T 1 T T ‘l T T
AD.Q' rnhj GeV 4': m\ Aﬂ.g' mg’ TeV ':\: \
5
G\\‘*‘——-es&—u____—
™
200 200
—150
AF 106 o
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EWPT in the perturbative model

sin” «
Uz
1. MEW PT,eff — TNh (—)
mp

reduced with respect to strong coupling case, tidlusizeable
(easily 200-300 GeV)

2. Sluor Can be totally eliminated if no vector resonances
at the naturalness cutoff

3. Hence much small&yT=0.1-0.2 will suffice

4. SuchAT can now be provided by the extended top sector
without violating b-physics constraints
(but predicting deviations observable in the future)
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Conclusions and outlook

1. To capture relevant phenomenology, it is muchenadficient
to concentrate on the effective 4d top-Higgs seetdminimal model”

= Can study other symmetries (SU(3) or SO(6))
= Can make clean and explicit studies of consistency with EWPT

= Can extract the relevant “low energy” phenomenology, if any, of LHC

2. Perturbative vs. composite left agan-trivial) experimental questio

Perturbative models may have better EWPT consistency
mainly because no S from the cutoff
(but need to exhibit the naturalness sector, SUSYcbimpletion?)

3. Extended gauge sector/5d/warping etc only casftise picture,
while not clearly extending the naturalness andutability
(see the paper)



