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Two approaches to physics beyond
the standard model:

1. Add new particles

Directly observe new physics

2. Add new Interactions of SM particles

How should we do this?
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Example: Z’ boson

.f

‘--'..I

New Physics

A

Scott Willenbrock - Top2010

- Energy



Example: Z’ boson

f f f
-
-
F F F
SM New Physics

- Energy

A

Scott Willenbrock - Top2010



Example: Z’ boson

f f f
Z}
ZJ'
F ‘ 2 7
f f
New Physics
F F

- Energy

A

Scott Willenbrock - Top2010



Example: Z’ boson
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Example: Z’ boson
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Example: Z’ boson
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Dimensional analysis
h=c=1

dim A“ =1

dimg =1

dimy =3/2
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Dimensional analysis
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Dimensional analysis
h=c=1

dim A“ =1

dimg =1

dimy =3/2

Effective Field Theory L =L, +Z%Oi
Weinberg 1979 ‘ ! I

dim = <4 6
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Leung, Love, Rao 1984
Buchmuller, Wyler 1986

Bad news: 59 operators
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Effective Field Theory L =L, + Z%Oi
Weinberg 1979 ‘ ! ‘
dim = <4 0
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Good news: only a few operators
contribute to top physics

Leung, Love, Rao 1984
Buchmuller, Wyler 1986

Bad news: 59 operators

|
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Effective Field Theory L=Lg, + ZFOi
Weinberg 1979 ‘ ! ‘
dim = <4 6
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Top decay
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Top decay
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Top decay
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Top decay
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Single top
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Single top
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Single top
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Single top
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Orw from t decay

Strategy:

Opq 0O, from s-, t-channel single top:
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Vertex function approach

Kane, Ladinsky, Yuan 1992
Aguilar-Saavedra 2008, 2009
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Vertex function approach

Kane, Ladinsky, Yuan 1992

Aauilar-Saavedra 2008, 2009
m General form of Wtb vertex:

T = —{’Y“ [fiPL+ fi*Pgr) — Eﬁ: (e — ), [fo Pr + féRPR}}
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Vertex function approach

Kane, Ladinsky, Yuan 1992

Aauilar-Saavedra 2008, 2009
m General form of Wtb vertex:

T = _{’Y“ [fiPL+ fi*Pgr) — Ei (e — ), [fo Pr + féRPR}}

Form factors: functions of Q2
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Vertex function approach

Kane, Ladinsky, Yuan 1992
Aauilar-Saavedra 2008, 2009

m General form lof Wtb vertex:

woh”

My

{’)"“’ [f{PL + f{*Pgr] — (pr — o), [szPL+féRPR}}

o > v2
Effective field theory Vi, + Coy ﬁctufi—g
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Vertex function approach

Kane, Ladinsky, Yuan 1992
Aauilar-Saavedra 2008, 2009

m General form Iof Witb vertex:

(Toiaid

My

{’Y’“’[ff’PL+f1RPR}— (Pt—Pb)y[féLPL+féRPR}}

Effective field theory Vi, + Cyy5 :

v
V2Cw 2

contribute only at O(m;) and O(1/A%)
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Vertex function approach

Kane, Ladinsky, Yuan 1992
Aauilar-Saavedra 2008, 2009

m General form Iof Witb vertex:

12
Effective field theory Vi, + Cyy~

contribute only at O(m;) and O(1/A%)

Effective field theory approach provides rationale
for neglecting some f’s, setting others to constants
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Effective field
theory

Well motivated and
provides guidance

SU(3)xSU(2)xU(1)
gauge Invariant

Includes contact
Interactions

Valid for top and
bottom off shell

Can calculate radiative
corrections
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Effective field
theory

Well motivated and
provides guidance
SU(3)xSU(2)xU(1)
gauge Invariant
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Effective field

theory
Well motivated and Yes
provides guidance
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Effective field

theory
Well motivated and Yes
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gauge invariant
Includes contact Yes
Interactions
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Effective field  Vertex function

theory approach
Well motivated and
provides guidance e e
SU(3)xSU(2)xU(1) Yes No
gauge invariant
Includes contact Yes No
Interactions
Valid for top and Yes
bottom off shell e
Can calculate radiative Yes NoO

corrections
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Effective field  Vertex function

theory approach
Well motivated and
provides guidance TS e
SU3)xSU(2)xU(1) Yes No
gauge invariant
Includes contact Yes No
Interactions
Valid for top and Yes
bottom off shell e
Can calculate radiative Yes NoO

corrections
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W1 production

t

Scott Willenbrock - Top2010

38



b

g

b

W1 production
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W1 production
g t g t
K + ?—b}—{
b W b W
g t g t g O t
b W b W b w

_ O from t decay
Strategy: Oy, 0O, from s-, t-channel single top
Orc from Wt
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Top pair production
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Top pair production
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Cho, Simmons 1995

Top pair production

_ O from t decay
Strategy: Oy, 0O, from s-, t-channel single top
Ovc from Wt
Oc from tt
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Virtual Top
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Nick Greiner, Cen Zhang, and SW
In progress
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Top mass (GeV)
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Virtual Top

Scott Willenbrock - Top2010

46



Virtual Top
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Conclusion

o Effective field theory is the ideal way to
parameterize unknown physics at “low”
energy

— Well motivated, provides guidance

— Incorporates gauge invariance

— Includes contact interactions

— Valid for real or virtual top

— Allows for unambiguous loop calculations
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Conclusion

* \We Intend to add all 59 dim 6 operators to
Madgraph.
— Top physics
— WW physics
— Higgs physics
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Single top production

W1 associated

s-channel single top

t-channel single top

9 gy, t
b LW
q t
>;’\/\/\/\/\<
q b
q q
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Tevatron LHC

0.15pb 70 pb
0.9pb 10.6 pb
2.0pb 240 pb
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