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Bounds on What?
Higgs-less SM: non-linear (ÒsigmaÓ) model

L = Lgauge − 1
4v2Tr(Vµ V µ ) + 1

2α1gg!Tr (BµνTW µν)
+ 1

2 iα2g
!Tr (T [V µ , V ν ]) + iα3gTr (Wµν [V µ , V ν ])

+α4 (Tr(Vµ Vν))2 + α5 (Tr(Vµ V µ ))2

T ! 2! T 3! † Vµ ! (Dµ! )! † Dµ! = ! µ! + 1
2 igW a

µ " a! " 1
2 ig!Bµ! " 3

where Σ = exp(i ! a" a/v )

Bound  ! Õs !



Why?

Assumpt ions very general (analyt icit y, 
crossing, unit ar it y, Lorentz Invar iance)

If bounds are st rong then we will be able 
to see ef fects (measure them?) through, 
eg,  WW scat ter ing

If bounds are violated, then ...
????



Since a dispersion relat ion 
is used, assumpt ions must hold 
to arbit rar ily large  energies

Only st r ing theory claims to be valid at all 
energies

St r ing theory sat isÞes analyt icit y, 
unit ar it y, crossing, maybe even Lorentz 
invar iance (doesnÕt i t ?)

Thus, a test of st r ing theory (of course, 
should apply to ÒnormalÓ QFTÕs too)



Find bounds on parameters of 
SU(2)xSU(2)/SU(2) sigma model

Non-linear SMÕs " -model reduces to this 
at g=gÕ=0 (plus uncoupled free gauge sector)

Bounds on some EW parameters
are those of t his modelÕs
up to cor rect ions of order g2

What weÕve act ually done

(α4,α5)

L = 1
4v2Tr(! µΣ  ! µΣ) + 1

4m2v2Tr(Σ + Σ  )

+ 1
4 "1[Tr(! µΣ  ! µΣ)]2 + 1

4 "2[Tr(! µΣ  ! νΣ)][Tr(! µΣ  ! νΣ)] ,

(! 2, ! 1),



Consider 
dn T(s)

dsn = n!
! ∞

4m 2

dx
π

"
x(x − 4m2)

#
σ(x)

(x − s)n+1
+

σ(x)
(x − 4m2 + s)n+1

$

! +! 0 → ! +! 0

Der ivat ives: 
convergence,
kill lowest order

Fwd Scat Ampl
Total cross sect ion

Approximate T(s) in 0 < s < 4m2  f rom chi-lag

Use σ > 0, get bounds
on 

d2T

ds2 ! ! i + f (s)

!̄1,2

!r
1(µ) =

1
96π2

!
!̄1 + ln(m2/µ 2)

"

!r
2(µ) =

1
48π2

!
!̄2 + ln(m2/µ 2)

"
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Results and To Do

! +! 0 → ! +! 0

π0π0 ! π0π0
! +! + ! ! +! +

1. St ronger bounds can be obtained from 
non-f or ward scat ter ing (at s=t=u) 
(and from sigma-model cross sect ion)

2. Calculate in Standard Model

3. Find examples of physics that violate bound
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Figure 9: Upper part: Cross section including backgrounds for the process e+e! → ø" " W+W ! .
All cuts have been applied. The shaded band is the statistical error corresponding to the expected
detection e! ciency and a luminosity of

∫
L = 500 fb! 1. It is assumed that the e! (e+) beam is

polarized at a degree of 100% (50%). Lower Part: 1! exclusion contours for all three processes
in the #4/#5 plane, based on the hypothesis #4 = #5 = 0. All cuts have been applied and
detection e! ciencies are included. The closed contour curve is the 90% exclusion limit obtained
by combining the e+e! → ø" " W+W ! and e+e! → ø" " ZZ channels.
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