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The following arguments hold for any parametrization for SM
precision tests that involves a

(a consequence of Lorentz invariance and the equivalence theorem)



Interference

When SM and BSM contribute to the same amplitude:
Amp = SM + BSM = SM(l + 535]\4)

» o |Ampl? ~ SM?(1 +‘|‘ 0Bsn)

For small BSM effects 1 > dnsn, interference dominates dssum > 65gu



Interference

When SM and BSM contribute to the same amplitude:
Amp = SM + BSM = SM(l + 535]\4)

» oo |Amp|* ~ SM?(1 +‘|‘ SBsn)

For small BSM effects 1 > dnsn, interference dominates dssum > 65gu

\’ 2.0. EW fits to LEP-1 observables:
Experiment very precise = 1> dpsu

/02

> (EFT) expansionin dss: = 5 well defined,
often approximated at linear order (interference only)



Non-Interference

Derivative (energy) expansion: SpSM = Ci—e -

If SM and BSM contribute to different amplitudes:

inferference
vahishes

» O X Z | Amp|* ~ SM=(1 + Ci 7= |




Non-Interference

Derivative (energy) expansion: SBSM = Cime -

If SM and BSM contribute to different amplitudes:

inferference
vahishes

The leading effects BSM are o <i> :j

A4
the same order as dimension-% that do interfere

Question of interference relevant for expansion consistency



LHC

High-energy (2—>2,2—3..)processes important part of LHC search program:

Interference in High-energy processes
and its implications
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Exploit:
For £ > myy states have well defined helicity

Awplitudes for 2—2 with different total h don't interfere



Non-Interference for BSMg amplitudes

Azatov,Contino,Machado,FR 16

Exploit:
For £ > myy states have well defined helicity

Awplitudes for 2—2 with different total h don't interfere

Theorewm:

Massless |IWII1' * ’rree Ievel * a’r Ieas’r one ’rransverse vec’ror
-, SM and BSM¢ contribute to different helicity ampll’rudes
\___»Nointerfereee ]
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How?| i) Helicity sums:  h(An) = h(Am) + h(Am)

n=m+m’-2 legs

A

+ F

!
SM or BSM¢ (*)
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How?| i) Helicity sums:  h(4n) = h(Am) + h(Am)

n=m+m'2 legs

A

+ T

T
{ SM or BSMe (*)

p € C (outgoing )so that on-shell
condition p° = 0 satisfied also for As

(*)=In a basis where all effects proportional to the Equations of Motion have been eliminated
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How?| i) Helicity of 3-point<«>coupling dimension:
|h(A3)| =1 —[g]

S
§“—A<J = [hSM] =1 BM"Q@ S [RBSM| =3
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Row?| i) Helicity of 3-point<scoupling dimension:
|h(A3)| =1—[g]

M BSMs

M 1
9 = M| =1 = |RP5M| =3
AQ
: , : "’( ~H ).
v (P) = (|Pla;0) €5 (p;q) = - /) /\‘ ‘
- - vV 2(qp) SU(2) x SU(
v_(p) = (0, |p)%) irreps of 7~ SW 5
— 7= |p)[p| + |p/(p
Little Group scaling (Poincarré) |p;) — tilp:) |pi] — ¢ |pil pff invariant A ~ t;zh’i
Pimensional Analysis [|p)] ~ [|p]] ~ GeV'/? Aspoint] ~ GeV
. . ~ \P1P2
3-point kinematics (p,ps)[p1pa] = 2p1.p2 = (p1 +p2)? = (—p3)? =0 4
Ay~ [pipa] - -

Az(1M12M2303) = g(12)s—M—h2(13)h2—h1—hs 93)h1—h2—hs U"iquely fixed
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How?| iii) SUSY" Ward ldentities: h(AZM)| < 2 lexceptv v vt i)

SM : AVHVIVIVT) = AVIVEYHeT) = A(VHV og) = A(VHgTyte) =0

BSM : Operators with transverse V not supersymmetrizable

Elias-Miro,Espinosa,Pomarol’14

» no restriction on total helicity for BSM
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How?| iii) SUSY* Ward ldentities: |h(A7")| < 2 lexcept v ")

SM : AVIVIVIVT) = AVTVIYtyT) = AVTVTeg) = A(VTyTyte) =

BSM : Operators with transverse V not supersymmetrizable

Elias-Miro,Espinosa,Pomarol’14

» no restriction on total helicity for BSM
*in the limit of either y,=0 or ys=y=0:
upliftable to (with 1 Higgs doublett)

e.0. 0= (0[Q, T VVFVH]jo) = Y (0[¥t..[Q. V..V F |0y o (O|[VFIVTVTVT|0)

Q] ~VHQ, V] ~ ¢ Wyt =0




Non-Interference for BSMg amplitudes

Azatov,Contino,Machado,FR16

How?

) Helicity sums  h(4,) = h(Am) + h(Am')
i) Helicity of 2-point<>coupling dimension |n(43)|=1-[g]
iii) SUSY” Ward ldentities |h(AS™M)| < 2

eq qq — WiWy
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How?

) Helicity sums  n(A,) = h(Am) + h(Am)
i) Helicity of 3-point<>coupling dimension |n(45)| =1 - [g]
iii) SUSY" Ward ldentities |h(A7M)| < 2

e.g qq — WIW:

>sﬂ+ -S_M< ptet =121 =0
>S—M-+ BS—M< ptot =1+3 =24
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?
How ) Helicity sums  n(A,) = h(Am) + h(Am)
i) Helicity of 3-point<>coupling dimension |n(45)| =1 - [g]
iii) SUSY" Ward ldentities |h(A7M)| < 2
e.g qq — WIW:

>‘ —< Rt —=121=0

No Interference
(dim-6, 4-point)

>— ~—< htot =1+3 =24




lmplications

At £ > mw dimension-6 with transverse vectors dont interferein 2 -2
Naive derivative expansion truncated at dim-6 inconsistent

- di-hoson WWWZWY pair production*
- VH, tth associated production
- gg_,>.l-.l- see Elenis Talk

- VBF
- VV scattering

(*= Notice that this concerns also LEPIl TGC analyses)
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2) Fit also dimension-8 that interfere o D a0,
3) Study 2 —3 processes with extra, e.g., jets that interfere .10y ct o in progre
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5) Forget consistency and take dimension-6 as a complete benchmark

(*= Notice that this concerns also LEPIl TGC analyses)



BSM context in which dim-6 searches make sense

Iwmplications?

79— VYV’
qq g,

VO =W*, Z,y
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e
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o I W“”W” WePE  doesnt interfere
for mw—>0

€abc IW YW WePH  does interfere

(3-point vertex has dimension of coupling = weight with g* for illustration)
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Iwmplications? o/ T2 WEWE WePH  doesn't interfere
| q—q N VV/ WM fOI’ WIW""O
J KN
V) — Wi, Z,~ "1 g* b )
774 Cabe WSrw, , WePk  does interfere
(3-point vertex has dimension of coupling = weight with g* for illustration)
ot gsmit
Now=ilterterence:
BSMox SM BSMg? DIBSIME2):0(BSM:s.
R gsm A° g§M A4 ©  LO:SM
4
4 % - ] ‘
JsmM_ L NLoBSME
BSMg x SM NLO: BSM, NLO: BSMg
0 mw T mw M

E Azatov,ContinoMachado,FR16



BSM context in which dim-6 searches make sense

Implications?

\,ss' M2

qgq — V.V’

Liu,Pomarol,Rattazzi FR'16

o/ I W“”W” WePH  doesn't interfere
for mw—>0

g

VO =W*, Z,y

VL
(3-point vertex has dimension of coupling = weight with g* for illustration)
4t gS‘Mf
Non-interterence:
BS\/ng SM  BSMj2 0(BSM62):0(BSMs
4 %V g E4
9dsm gx M *
op ~ =1+
LR gsm A7 g§M AT % LO:SM
E'4
-+ I F . ]
JsM o NLOSBSM@ N
BSMg x SM NLO: BSM; NLO: BSMg
0 myy */MmW M

€abc IW YW WePH  does interfere

E Azatov,ContinoMachado,FR'16

i Stronaly coupled Theories d-G7 might b bigger Than diw-8 and
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In some high-energy (off-resonance) processes, SM and the “leading”
BSM (dimension-6 in derivative expansion) do not interfere.

(dim-6)2 same order 0(1/A4) as dim-8
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Conclusions

In some high-energy (off-resonance) processes, SM and the “leading”
BSM (dimension-6 in derivative expansion) do not interfere.

(dim-6)2 same order 0(1/A4) as dim-8

C . P Bt g9 B
In strongly coupled theories dim-6 is coupling-enhanced: ;]—2 > %F

In this context present dim-6 analyses make sense

It would be inferesting to explore strategies fo make these analyses consistent
also for weakly coupled physics, e.g:

1) Study 2 —>3 processes that interfere
2) Tag polarization to reduce non-interfering piece
3) Improve sensitivity at small energy where mass-effects relevant

4) .7



