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The Usual Approach

 Build the model of the week

 Assume new physics contributes
primarily to gauge boson 2-point
functions

e (Calculate contributions of new
particlesto S, T, U

« Extract limits on parameters of
model

« CLAIM: This approach must be
modified when p=My?/(Mz%Cg?)+1
at tree level

* pz1 =al can be compensated by
neavy Higgs
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Standard Model Renormalization

EW sector of SM is SU(2) x U(1) gauge theory
— 3 inputs needed: g, g/, v, plus fermion/Higgs masses
— Trade g, g’, v for precisely measured G,, Mz, a
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— SM has p=Mw?/(Mz?cy?)=1 at tree level
* Sp is derived quantity
— Models with p=1 at tree level include
« MSSM
* Models with singlet or doublet Higgs bosons
« Models with extra fermion families
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Muon Decay in the SM

* At tree level, muon decay related to input parameters:
* One loop radiative corrections included in parameter Argy

(1+Ar,,)

G# \/_2 2
* Dominant contributions from 2-point functions

Ar is a physical parameter ‘




Various Schemes for s, in SM

. _ os 11x M 2
On-shell: sw?=1-Mw?/Mz2  ary~ o2 Iog(M }

Effective mixing angle:
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All schemes identical at tree level
One-loop results show strong scheme dependence

(Of course in SM, state of the art way beyond one-loop,
but BSM conclusions often drawn from one-loop
results)



Models with p=1 at tree level are different
from the SM

| p=Mw2(M2ce2)x1 |

« SM with Higgs Triplet

« Left-Right Symmetric Models

 Little Higgs Models

e .....many more

 These models need additional input parameter

« Decoupling is not always obvious beyond tree
level



Higgs Triplet Model

Simplest extension of SM with p#1

SM: SU(2) x U(1)
— Parameters, g, g, v, My,

Add a real triplet [ ¢ J [ ”}
H = l 0 - 0 (I): V+77
—(v+h"+iy")

V2

-

— Vsm?=(246 GeV)?=v2+4v™2
— Real triplet doesn’t contribute to My

2,2 12
g°v 4y
My = 1 [1+ sz

At tree level, p=1+4v'2/v2£1
: Motivated by Little Higgs models

Neglects effects of scalar loops




Scalar Potential

V=i 4 aiof + AR+ 22 o] + Z{H0f {2 H o Ho,

* )4 has dimensions of mass — doesn’t decouple Forbidden

_ by T-parity
 Mass Eigenstates:

PRSI T g (4

* 6 parameters Iin scalar sector: Take them to be:

MHO’ MKO’ MH+’ V, 6, y ‘tan 8 =2 V’/V ‘

o small since it is related to p parameter



Decoupling at Tree Level

Require no mixing between doublet-triplet sectors for
decoupling

v'—0 requires A4 —0 (custodial symmetry), or Az—ow
(invalidating perturbation theory) .

M2, = pf +12v"%, +1§v21,3

M?. =15 +4v'"° 4, +§v223 +2V'2,
v'—0 implies Mo ~ M+



Require parameters be perturbative

« Generically, want tree level > 1-loop contribution
— Require A < (4 1t)?
— Large effects for large mass splittings
b= M st ME M2 )

2V
2 1

v2tan?s

(M2 M2 +sME M2 e sim2)
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e p ~1+ tan2g, so & must be small
— Scalar couplings large unless Mko~M,+

 Large y will require Mxo ~Muo
* Mo — oo will force small y



Heavy Scalars — Small Mass Splittings
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e Plots are restriction A, < (4 )2

Forshaw, Vera, & White, hep-ph.0302256



Upper Limit on My+ from Perturbativity

Limit from A4

My+ — oo requires 6 — 0O



Renormalization of Triplet Model

« At tree level W mass, related to input parameters:

2
o o M.,

G = =1
GNP VENSENPIVE Y C:M 2

For p#1, 4 input parameters

* One loop radiative corrections included in parameter Ar

My = (1+ Ar)

\FG

« Study scheme dependence in triplet model:

G, My +505_5S§
G M a s

Y7,

Ar =—




Scheme 1: Input 4 Measured Quantities
(Mz, a, G, sin OGﬁ)

Use effective leptonic mixing angle at Z resonance as 4t
parameter

L:_iéyy(ve+ae7/5)ezﬂ V:__ngﬁz, a :%
Variation of sgef:

eff 2 eff

&zﬁZ :Lceeﬁ )Hyzl\/(ll\/lzz) +O(m2)

Could equally well have used p or My as 4 parameter

At tree level, SM and triplet model are identical in sg®'
scheme

or

Y —
W \/Esgff ZGﬂ

(1+Ar)

This scheme discussed by: Chen, Dawson, Krupovnickas, hep-ph/0604102;
Blank and Hollik hep-ph/9703392



Scheme 1 results

Compare with SM in effective mixing angle scheme
— In both SM and triplet model Mw(tree)=79.838 GeV

— Mw(experiment)=80.399+.025 GeV

Input parameters: Mgz, sin6e", a, G, Muo, Mko, Mus+,y
— cos 6 = Mzcos 6¢f/ My predicts sin 8 =.07 (v'=9 GeV)

— System is overconstrained (can’t let v’ run)

Triplet model has extra contributions to Ar from K°, H*

SM couplings are modified by factors of cos 6, cos vy



Scheme 1, Continued

Artriplet ~ AFSM +Ar NP

. AFSIVlc:ontains SM particles (including the Higgs), but

differs from SM ArSM because My is input for triplet model
and calculated for SM

« AP contains contributions from SM particles multiplied
by factors of s; and s, and contributions from K® and H*
(which need not vanish for s5 or s, =0)

Can write ArtPletin this way only because we’ve chosen a scheme
where My is the same in both the SM and triplet model



Quadratic dependence on Higgs mass

* Triplet model with Mpo << Mko~ My + and small mixing

(Scheme 1)

Artriplet NAFSM 4

2
a M2 -M

2

H tsing(...)+siny(...)

24787 M’

H+

Inputs different in triplet model and SM
Triplet model: M,=91.1876 GeV is input
SM (in this scheme): Mz is calculated = 91.453 GeV

Perturbativity requires Mxo~My-+ for large My«

Toussaint, PRD18 (1978) 1626



Scheme 1: Mw(SM)-Mw(Triplet)

2_"_\'“[ """ [rrrrT It (e prrrreT |
Mu+ - Mc=0, 10, 20 Gev
* For heavy H*, o #
perturbativity requires > LW /
Myp+~Myo, and predictions = -
of triplet model approach 5'2'
SM < R, '}’:-1, ]
» No large effects in L/ MHo=120 GeV
perturbative regime | SR T TN R T
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« SM not exactly recovered at large My* due to different Mz
iInputs

Similar conclusions from Chivukula, Christensen, Simmons: arXiv:0712.0546



Reminder of Experimental Status
Mw=80.399 + 0.025 GeV

July 2008
' I

1 — LEP2 and Tevatron (prel.)
80.5- LEP1 and SLD
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Scheme 2: v’ as 4t Input

Alternative approach: Input Mz, G ,a, V'

1
‘2 av?)

Nalvely, more natural approach to SM limit
Naturally connects with SM Mz scheme in v'—0 limit

1 .
s2c2 = ¢ —4v*
zvz M§ {\/EGy ]

Calculate 1-loop corrections to My in usual way

G

This scheme advocated by Chankowski, Pokorski, & Wagner, hep-ph/0605302



Scheme 2

* For v'=0, only consistent M0=120 GeV, y=0
solution to minimization of :
potential is y=0 (no mixing in '
neutral sector) and My* = Mg

=
n
|

>

No large effects from triplet é |
sector in this case §
<

Decoupling of heavy Higgs ~ .
IS apparent '
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Difference between 1-loop predictions of
SM in MZ scheme and 1-loop triplet model



Dial up v’

-100 ——

 As soon as v'#0, then A4s#0

e Since A4 has dimension,

decoupling theorem isn't

3
. E 300
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- Large effects ~v2G,,(Mp+/Mw)?

No Tadpoles ]
My+ (GeV)

Difference between 1-loop predictions of
SM in Mz scheme and 1-loop triplet model
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Tadpoles require fine tuning

 In SM, tadpoles cancel N [_tha;po.e+ . Hmo.e]
* Not so for non-zero Vv’ e e-s LMD 146, My

« Tadpole contributions grow with M?

; — v'=5GeV,M . =M
o I v’ =9 GeV, M“.: MK
Note @ .of VO, M =M Tadpoles
units! E; — gener.ate
< sk Tadpoles only effective v
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Fine Tuning

No physical motivation for definition of v’ in simplest
triplet model

— Plots use running MS

— GUT may have natural way to define v’
Define v'(renormalized) to cancel tadpoles

— Numerical effects still large in this scheme
— Lose predictivity



The Moral of the Story is....

Models with p#1 at tree level require 4 input parameters
iIn gauge sector for consistent renormalization

Non-decoupling effects vanish for p= 1 limit as expected

Important to compare NP results with appropriate SM
scheme

— We investigated 2 schemes: One with 4 low energy inputs and
one with 3 low energy inputs and a running unknown parameter

Effects of scalar loops critical

Same issues arise when using S/T/U formalism if there
are tree level contributions

— THE CORRECT RENORMALIZATION PROCEDURE
IS COMPLICATED AND MATTERS!
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