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Model Independent searches

Resonances Bffective theory
Assumption : One Assumption : The
particle exchanged new physics is heavy

Example : 72’ Example : Fermi th.
BEffects : Peak in the Effects :

invariant mass Normalisation : ;2 / A2
distribution Shape : s/A°
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Model Independent searches

Resonances

Assumption : One
particle exchanged

Example : 7’

BEffects : Peak in the
invariant mass

Bffective theory

Assumption : The
Nnew physics is heavy

Example : Fermi th.

Effects :
Normalisation : ;% /A2
Shape : s/A°

Celine Degrande (UIUC)



BEffective Lagrangian

From the SM fields only
Invariant under the SM symmetries

Dimension d of the new operator is >4
New operators are suppressed by 1/A%*

Keep only the first order (lowest dimension)
OWWW — TI[WMVWV’OWK]
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Effective ﬁeld theories

SM syminetries (BéeL) : 69 dimension-six operators
(one flavor)

Only few operators/process and different effects
More predictive than anomalous couplings
Unitarity is satisfied (no form factors)

More than one vertex/operator (high multiplicities)

Loop computation
C.D. et al, axXiv:1205.4231
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WW(WZ/WA) production
TGC’s and weak boson
masses are affected by

(D,®) W (D,®) different operators at
(D,®)'B" (D, ®) the tree-level in this
bassis

Tr[W,,, WP W]
(D, ®)'W*(D,®)

Only S operators!
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WW production

2= i (o OV N v+ 3
+igy WIwW, (0FVY + 6" VH)

~ A 2
—igs PO (W0, W, — QWi W Wo + sy W W, VH + QVW”WPV“)

| gww~y = —€ gwwyz = —ecot ewl

EM gauge invariance implies: ¢/ =1 g¢/=97=0

11(5+6) parameters
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WW production

L =i1gwwv <9¥(WJVW_M -Wi il & "WWJW wow, vy
o de-g
+igs WIW, »
—igg/e“VpU(WJ_@pW._ :;‘2/ W5+Wypvp“>
W

11(5+6) parameters
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WW Production

A
L = igwwv (glv (WL W+ = e WV g W, W, (VY + V™)
w

A A\ o
—igg/e“”PG(W,japW; = aijW,j)Va i /%VWJW;VW i VW”*W’?W)

CP even Operators

Tr|W,W**W|
(D, @)W (D, ®)
(D, ®)'B" (D, )

~

Tr[W, W*"*W]
(D.®)'WH(D,®)

2

3g°m
Az = Cipw TQVV
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WW Production
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PDG constraints

Z +0.022
g7 =0.984" 5 ‘
gppese .

" oo T
Ay = 0.028 7 55

Rz =012 8

Az = 0.09 & U 1§

| waw/A2 = [—11.9, 1.94]TeV_2

| ew /A° € [8.42,1.44]TeV—*

e 0 [49]TeV ?

i /A € [—185.3, —82.4]TeV ™~
o [T € [-39.3, —4.9]TeV ™~

e Only LEP combination

e T'evratron measurements are more
precise but use form factors/other

relations
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Unitarity bound

pp—~WW @ LHC 14 TeV with Cyww/A*=6.25 TeV ™

SM
Uni. bound

More than
& orders of
magnitude
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S

Fom factors are no ned!
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Invariant mass and polarisations
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Invariant mass and polarisations

pp— W, W, @ LHC 14 TeV with Cy/A*>=6.25 TeV ™
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Invariant mass and polarisations
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Invariant mass and polarisations
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Invariant mass and polarisations
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Invariant mass and polarisations
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Invariant mass and polarisations
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Invariant mass and polarisations
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Invariant mass and polarisations
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Invariant mass and polarisations
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Invariant mass and polarisations
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Invariant mass and polarisations
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Invariant mass and polarisations
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Invariant mass and polarisations
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Invariant mass and polarisations

OWWW

SM SM

Int ; Int

Oy Op

SM+Int SM+Int
SM+Int+Oy, SM+Int+0p

LL

do/dmy,, (pb/GeV)
do/dmyy, (pb/GeV)

pp—WrW, @ LHC 14 TeV with Cyww/A>=6.25 TeV~>
0.1

SM SM SM
0.01 Int Int E Int
Owww Oy Op
0.001 SM-+Int SM-+Int SM+Int

SM-+Int+Owww SM+Int+Oy SM+Int+0p
LT BB

103

do/dmy,, (pb/GeV)
do/dmy,y, (pb/GeV)

pp—WrWr@ LHC 14 TeV with Cy/A?=6.25 TeV 2

SM SM
Int
Int
Oy
SM-+Int
SM+Int+0y,

Owww
SM-+Int
SM+Int+Oyyy

TT

do/dmy,, (pb/GeV)
do/dmy,, (pb/GeV)

Celine Degrande (UIUC)



S

OI1S
1/s
1/s
1/

Celine Degrande (UIUC)




Expansion and error
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Expansion and error

pp—WrW;, @ LHC 14 TeV with Cy/A’=625TeV? = 1/ (400G eV)2
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Expansion and error

p—W;Wr @ LHC 14 TeV with Cy/A’=625 TeV> = 1/ (400GeV)
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P is suppressed : Bad estimate of the scale
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pp>WWW or pp>W W]

e Same operators for 4W amplitudes

e gauge invariance requires S and 4
legs vertices to be related
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pp>WWW or pp>W W]

e Same operators for 4W amplitudes

e gauge invariance requires S and 4
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Concluding remarks

e EFT are a good way to search for
heavy new physics

e More predictive (Suidance)

e Satisfy unitarity

e Take care of gauge invariance for any
Process

e Allow loop computation

e EFT are available in MadGraph
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https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/Models/EWdim6
https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/Models/EWdim6
https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/Models/EWdim6
https://cp3.irmp.ucl.ac.be/projects/madgraph/wiki/Models/EWdim6
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Dim-6 versus dim-8

e Smaller effects or larger errors
£ =5M O6+ZA4OS+0 e
1 10% 1% 0.1%
1 0% 10% OREY/

e IixXtra assumptions
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Dim-6 versus dim-8

e Smaller effects or larger errors
£ =5M O6+ZA4OS+0 e
1 10% 1% 0.1%
1 0% 10% 0.3%

e IixXtra assumptions
e More parameters/less guidance

e Can affect a new observable
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