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° 59(2499) operators at dim-0: Buchmuller, Wyler Nucl.Phys. B268 (1986) 621-653

Grzadkowski et al arxiv:1008.4884
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-irst lecture recap

o SMEFT:
e only SM tields
e respecting SM symmetries ¢/
e valid below scale A

» Gauge invariant ¢/
 Higher-order corrections: renormalisable order by
order in 1/A\

O(as)+o(%>+o(i§) .

» Complete description ¢/
 Model Independent ¢/
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EFT In VBS

VBS is interesting as it probes:

K

TGC Higgs couplings

Connection to dibosons, Higgs physics, EWPO etc
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dim-6 operators in VBS
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Ow = (Du®)'IWH(D,®) Osw = (‘Iﬁ <I’) Te[WHW ]
O = ([)#(p)f kY (D, D) <I> <I> —_—
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How do these operators change the VBS process:

ZWW [ AWW | HWW | HZZ | HZA | HAA | WWWW | ZZWW | ZAWW | AAWW

Oww w v v v v v
Ow v v v v v v v v
Qg v v v £

Qs g :

Osw

Qsp v v v

TGC 190 QGC
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How does a dim-6 operator

affect VBS?

—
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Multiple insertions can be relevant
for large couplings
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1 EFT Insertion

2 EFT Insertions



Going beyond dim-6: Why

also dim-8 in VBS?

* At dimension-6 TGC and QGC are correlated
 Dimension-6 operators do not allow a fully generic

parametrisation of the helicities of the 4 gauge bosons
 New physics may appear at tree-level for the

d
d
. T

mension-8 operators compared to one-loop level for
mension-6 operators

nere are UV theories which predict dominance of dim-8

operators
 Dimension-6 operators entering VBS can be probed
more precisely in other processes: VV and Higgs

P

roduction, QGC are unigue to VBS
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dim-8 operators in VBS

Osp = (D)1 D,d] x [(D#®)1D*®] | | Orp = Tr | W WH| x Tv [W,sWe#]
Ory = Tr [Wa WHS| x T [0
Orp ="Tr W, W x Tr Wg,,W”a
Ors = Tr |W, W | x BagBP

Org = Tr |Wa, WH8| x B,sB™

Lon g itudinal Os1 = [(D,®)! D*®] x [(D,®)t D ®]
Osz2 = [(D,®)'D,®] x [(D¥®) D+ ®]

Omp = Tr |W, W | x [(Ds®) DP 9]
On1 = Tr |W,, W¥B| x [(Ds®)t D]
Oma = BB | x [(Ds®)! D3] e A
Ora = |BuB| x [(Ds®)! D] Orz = Tr |Wau,WH?| x Bg, B"®
Org = B, B*™ x 303303
Org = BauB*? x Bg, B,

Transverse

O = -(Dyé)fI/ifg,,DF‘(I)] « BAY
L |(D.®)1 W3, D*®| x B + hc.
Orz = |(Du®)1 W, WD ®|

OMs =

How do these operators change the VBS process:

WWWW | WWZZ | 72727 | WWAZ | WWAA | Z77ZA | ZZAA | ZAAA | AAAA
Oso/ v v v
On 0717677 v v v v v v v
O M. 2/3/4/5 v v v v v v
Orons 7 7 7 7 7 7 7 v v
Or.s/0 v v v v v
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-xample: same sign W

Distributions for dim-8: Longitudinal operators
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-xample: same sign W

Distributions for dim-8: Transverse operators
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-xample: same sign W

Distributions for dim-8: Mixed operators
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What happens for larger
values of the coefficients”

wu — WTWtdd ~ »— Unphysical high-
2 — 1 energy behaviour

= Amplitude rises with
= N the energy
= =
=7 | =
° b
- |
-
— |
| | T e S
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Unitarity

The special role of the Higgs:

W W
W woWw Wow W W wl) W
T | —_ H
I -S ‘Z
A 2
W woW W W W ,J"'JLLL W "W
W W
2
N - — —

amplitude .
growing with energy Probability < 1 \/

Amplitude in the SM is finite (due to Higgs exchange)
Modification of the TGC and QGC can lead to unitarity
violating behaviour

E.Vryonidou

14



What can we do about this?

1) EFT interpretation not valid: Apply a hard energy cut
above which the EFT interpretation is not meaningful
2) Use unitarisation to enforce unitarity for the amplitudes

A simple example: K-matrix Unitarisation
Im(a) 4

One can project the unitarity-
)\ unitariseo violating amplitude back to the
Argand circle

i " ’Ro(a) Various unitarisation methods:
’ > " Alboteanu et al arXiv:0806.4145
o . . Kilian et al arXiv:1408.6207
unitarity violating

Perez et al arXiv:1807.02707
E.Vryonidou
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Does unitarisation work”?

- pp — WHW+jj 101 pp = WHW+5;
. I — Fu=50 . g — Fr,=50
1Solid: Unitarised — Fu,=10 1 Solid: Unitarised — P10
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"= 10714
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Brass et al arXiv:1807.02512

Unitarisation cures the unphysical predictions in the high
energy region but it is not straightforward to connect any EF
iInterpretation of the results to UV physics
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EFT or Resonances in VBS?

EFT applies in the absence of light states
* Any model with resonances coupling to gauge bosons

will affect VBS
* Depending on the channel the resonance will be in the

s-channel, t-channel or both;
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Matching example

A scalar resonance:

d

1
Lkm D SD#S o 5*’\1382 Znt _8\78
Js = ay (Du¢)' D*¢ + aw Wi, W™ + apB,, B"

It M>>E we can match
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Does the EFT work??

o|pb/bin]

— SM _
— dim-8 operator |
| resonance

uuw — WTWTdd
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| Resonance mass: 20 TeV
| Energy probed << 20 eV

—FT description Is valid

\

| Good agreement between
| EFT and resonance plots
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When does the EFT fail?

0.000010000

T
dim-8

pure EFT contribution  =ein =

0.000001000 e — ]

o|pb/bin]

0000000010 |- [T

wu — WTWTdd

For light resonances the EFT Is not reliable
As we approach the mass of the resonance the EFT
becomes unreliable

0.000000001
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Thank you for your attention



