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« Most extension of the SM contarks exteaded
gauge sector amd/oy extended Higgs sector

* These new models are sevevely constrasrmed by
precision EW data

“Most analyses utilize SM-Like fit with 3 mpot
data points

Models wrth pL=1 at tree Jevel:
. MSSM o
- models with singlets or dbublet Higyses
- medels with additonal 'ﬁn}/,‘e; of fermions

> SM-lke it with 3 mpol parameters ok.
Models with P# | at tree Jeve/: .

. SM With Friplet Miggs { Clunct £ Holll. 1778
LR symmetric model € Caston et al, 579 s

X listlest Higgs mede | {{ﬁ@f C & S Diosseey , 155 )

- need additional input parameter
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Figare 5.8 Top mase depeadence of R, in the SM 2ad the T for vrioss Higzs masses. The
error bar of R, covers the full vertical axie.
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Figure 5.9: Top mass dependence of Ryin the SM and the TM for various Higgs masces.
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Fignre 5.10: Left/Right asymmetcy in the SM and the TM. The shaded area corresponds to »
variatios of s¢* = 0.23165 % 0.00024.
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Figure 5.11: Forward/backwasd asymmetry for charm quarks in the SM aad the TM. The shaded
** area corresponds to 3 variation of #® = 0.23165% 0.00024.
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Figare 5.12: Forward/backward asymmetry for bottom quarks in the SM and the TM. The

Ms&i im

L2 v * - T ——r

i — o N
L] G+ ooy S
ma} ORI

”ns - 1.‘—.:;( ot

£ w0z
0o b
™8

m, (GeV]
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Figare 5.2: D@mdenaoﬁllﬁon&e‘ihmtm»’hmnvﬂwefm and Migs
in the TM. The masses for the neutral Higgs bosons aze fixed at 380 GeV. ‘
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Figure 5.5: Top mass dependence of the total Z width in the S} and the TH for vatious doublet
Higgs masees Myps. The input valnes for the TM Higes masses My xnd Miga aze 300 GeV.
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Figure 5.6: Dependence of the total Z width on the input parameter 242 for various values of
m; and M. The masses of the triplet Higgs boeons are fixed at 300 GeV.
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Lntvoduction - Lislest Higgs Mode |
« Eloctro ueék precesion constraints => SM Higqs
has £o be light
- 1o stabilize Mu needs new sﬁm ~ few Te!
| 4o cancel the guadmﬁc divergences |
~+ Liftle Hiags moJe-l:- an clternative to SUSY

65 o solution Yo the gavge hierarchy problem

. consider minimal vealization of this idea :
‘d'@ Littlest Hn‘”S Modd - a nom-linear

v .mloclel based on SV /s0(S )



fue MoDEL

<2> > S0(5)

* Gllobal symmetvry :  SU(S)
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+ Reduce the qlobo!l‘ symmetvry by

part of it > preudo- Goldstone
gauged svbgroup :

[sSvw x um], x [suwzunl,
2,
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* turning off either copy of tSucz;i vl

 testoves some globel symmetry SUIya2
which forbids M

- Collective Symm. breaking = My at 2-leop



* Goldetone bosbns‘ :
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cancellation be fweean states with s‘ame
spin Statistics

collective symm. breaking easures relatioas
between coupling consts.
< opposite sigas
- eguality bt cou.ph’ng consts.
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El*'cchouf&;ak Precwsion Constraints
' Lidtlest Higqs Model

(M-C.C. & S. Dawson , Phys. Rev. D30, 0/5003 (2004) )

- natuyalness veguives F o (I-2) Te\/ LA 5\;3

+ existing tree level analyses (3 mpufs even for
“'to 1)
2> §7(3-%) TeV

. One-loop Contributions important

@ tree-level corrections (higher order terms
1% Chival perturbation %eoyy ) ~ %;
one-loop radiative corrections -~ ,"J;.; (1)

> |

For fa few TeV = ?14' x*

> we found catellations between tree-level
and me-/oop covrections ..

D a low cutoff with F~ 2TeV s st/ atlowed



@ Hcavy scalar §ields do NoT decouple !
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Renormalization

¢ & valid fenormalization scheme regquives W mput
dota pomts : o= Mw/ Mg C5
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fix Mw using M- decay :
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Non- decoupling_of scalar fields
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FIG. 11: Complete list of diagrams due to fermions and scalar fields to the self-energy of the Standard
Model W gauge boson.
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di) fake £ 0o : decouple or not JepenJm’m/nw
the limit is faken

. |
W) i~ /iewt = auv en®

N Quv: unknown OU) coeff. paramftmzeqt
| by UV completion

vt — foxed ( m; fixed ~ U " )
Recall: =
‘. Awsl, V &*

1&" -‘i- t A 0: !

(Note: Atge 90 65 §200 ) Non- decou;

(b) M’Moaf fum‘ng auv R f PO D ,u‘ - ©O

v* fixed by fakc‘ng Ay 3 00 (My = co Ly

f? l:% |
ars ~ é" Rm‘) ( ) Ag f 7;; - 0
decouple !

Whe = Ag D @ polhi Theory breaks doan !
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FIG. 1: Prediction for My, as a function of the mixing angle &' at the tree level and the one-loop level.
Also plotted is the correlation between Mz and s' for fixed s, v' and f. The cutoff scale f in this plot is 2
TeV, the SU(2) triplet VEV v' = 3.4 GeV, the mixing angle s = 0.2, and zy, =0.4.
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FIG. 4: Parametric plot of My, — Mz in terms of &' for different values of the SU(2) triplet VEV, v' =
- 0, 1.0, 1.56, 2.0 and 2.5. The cutoff scale f is 3 TeV, the mixing angle s = 0.2, and zz = 0.4. The data

point with error bars on Mw, and Mz is also shown.
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Conclusio

* No Mode | - independent Precision EW €T

oP*i.‘

- valid venormalization Scheme reguires

d input parameters

2 Soften Yhe constracats (m: > Lemi)

= many new models wéicl' have been valed out
by SM-Zke tit may sti/ be alive if
the Trenormalization Scheme is properly defined
according Uo the EW Sfrucfuve of vhe moedel

¢ hea vy particles (esp. triplet Higgs ) do NoT |
decouple |

> Pecsion EW Constramts 9 upper bound o A
* Bortorbation Geory breaks down, EFT NoT wvalrd
* In Iittlest Hig4s model, consistent analysis sheds
f= 2Tev Is still allewed.




