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At Lagrangian level
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Sroken phase:

L = [,(E(), 50, V)
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=Xperimental setup:  External fermions are light

Oblique
corrections
dominate
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Tree-Level expression Example: Charged Current
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Tree-Level expression Example: Charged Current
2
e 1
MWW — —Ol_|_ I_
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All Orders Vacuum Polarization
b
e* / Z‘/1/,>,<
)t 9 )
25* g~ — mW,>l<

x‘ed quantities depend on °

Mpyw = |_

+ Most SM corrections can e absorbed into
these variables (including direct corrections)
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‘On shell’ sin” Oy = 1 EV
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471 Qs (5
Better: | sin26, = 4 | X %m+{Mz)
\/ECFm%

We can now compute any EW observable as an
expression of sw, a, GrF and m;

Up to corrections from new physics!
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On shell’  sin® By =1 )

S, =1
4ﬂa5m*(m%)

Better: | sin20, =
\/ZG/:m%

We can now compute any EW observable as an
expression of sw, a, GrF and m;

Up to corrections from new physics!

2
m—g‘/ — cos’ 6,
i ac? 1 , An ¢t — s

—5 lon (I'I§3(0) — ”30(0)) +C (M11(0) — M33(0)) + 42 167T (nﬂ(o) I_I§3(O))
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M. Awramik et al., Phys. Rev. D69, 053006 (2004), hep-ph/0311148 « SM mw calc. + others
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Peskin-Takeuchi S = 16m (M3(0) — M34(0))
— 16T, (0)
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He-

Kin-Takeuchl

q

Polonsky-Su
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Definitions
S = 167 (M53(0) — M30(0))
p = —16xl13(0)

o — 16, Mar(a)) — sy (0)

qZ
We will not do this

)
qg==imz



e e T Definitions
Deskin-Takeuchi S = 167 (M55(0) — M34(0))
p = —16xl13,(0)

g° — 0

2
He-Polonsky-Su S — _16g 90 ~ 'y (9)
q q*=m}

[ —0 .
) 0/ We will not do this

M3y (q”, x, T, 1) — M3y (0, x, T, 1)

S =—16n

go = x|q|, q°=qy—q x = cothn > 1



Degenerate technifermions: No Y dependence

i 1 ¢> 1 ¢ q°
S(g?/m%r) = = [1 + + +0O | —
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D7
Doy el S at zero T an CI IJ

Degenerate technifermions: No Y dependence
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Degenerate technifermions: No Y dependence
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2-loop perturbation

WSR + vector dominance + Large N rescaling

N i I
S(0) ~ 1575 > =

Peskin, Takeuchi, Phys. Rev. D 46, 381 (1992)



WSR + vector dominance + Large N rescaling

N i I
S(0) ~ 1575 > =

WSR + more sophisticated approx + Large N rescaling

S(0) ~ 188t > *

b b
Peskin, Takeuchi, Phys. Rev. D 46, 381 (1992) 4
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1
For a degenerate technifermion doublet: [l3y = =Il;g

2
1 loop 00

v + m g -+p-+m
=T P [yp, 2 p
LA Z/ r[ 7 —m2! H(q+p)2—m2]

[=—00

p’ = iRl + Nl +

Mir(x, %, T, 1) — Mir(x,0, T, 1)

S = —-8n 7




Cold (Bm >> 1):

B t cosh(Bu) sech’(n) 3v2n B 1
oL R (1o,

2 cosh i
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Cold (Bm >> 1):

~§ cosh(Bu) sech4 3V 2 o 1
T o 1—(q/_m)2 (Bm) ¢ '(HO(_))

2 cosh n

Hot (Bm << 1): Result factorizes
S, = —So + sech? (18u) cosh(n) SV (¢*/m?) (Bm) + OB’ m?)

3 . 1 g° :
q2/m2 + ZP — No remnant of T=0 result!

SV (g% /m) =
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Cold (Bm >> 1):

~§ cosh(Bu) sech4 3V 2 o 1
T o 1—(q/_m)2 (Bm) ¢ '(HO(_))

2 cosh n

Hot (Bm << 1): Result factorizes
S, = —So + sech? (18u) cosh(n) SV (¢*/m?) (Bm) + OB’ m?)

3 . 1 g° :
q2/m2 + ZP — No remnant of T=0 result!

SV (g% /m) =

S(/<2/m2 — 0) = % sech? (%Bu) cosh(n) (Em) + (’)(/93m3)
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Summary & Outlook

S parameter measures the size of TC sector

Conjecture:

-

Pert

Urbative calculation provides lower bound

on S (throughout the phase diagram)

Lattice calculations can corroborate/falsify, but
finite size effects can be significant (especially in
conformal theories)

-utu

re work: Compactity all dimensions?
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SU(3) sextet representation with 2 flavors

From top to bottom:
am=0.10 (m,=0.48) @ Lattice size = 12¢

am = 0.75 Brm=amLlo
am = 0.05
am = 0.035 Ranges between

am = 0.02 (mp=0.33) 1.2 and 0.24
(if conformal !)

."l-'_..-m for y=1

N;™ fory =05

ALS
||1hr I|"

T. DeGrand, arXiv:1006.3777 [hep-lat]

Pert. div.
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Neutral Current Matrix Elements

=0 at
My = a2 01G 40, tree-level
2
Mza = j—c (55— 5°0)1G240; + 01Gza(l; — 5°0),]
2
Mzz = ;7(/3 —5°Q)1Gzz(l — s70Q);

Charged Current Matrix Element

o
Mww = 2—52/+ Gwwl-



