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Focus: Standard Model Precision Tests
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(2016: 40 fb-1)

(2035: 3000 fb-1)

LHC Exploration

?

10-100 TeV

Experimentally: Already very difficult… 

and comes with a fundamental challenge: non-interference
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3- Interference



Why Interference?

When SM and BSM contribute to the same amplitude:

Amp = SM +BSM = SM(1 + �BSM )
�BSM = c

E2

M2



Why Interference?

When SM and BSM contribute to the same amplitude:

Amp = SM +BSM = SM(1 + �BSM )

� / |Amp|2 ' SM2(1 + �BSM + �2BSM )
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If SM and BSM contribute to different amplitudes:

interference 
vanishes

The leading effects BSM are              : O

✓
1

⇤4

◆

(the same order as dimension-8 that do interfere)

Small effects, even smaller!



Interference is important… can we always count on it?



For          states have well defined helicity E � mW

Amplitudes for 2➙2 with different total h don’t interfere

Azatov,Contino,Machado,FR’16
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For          states have well defined helicity E � mW

Amplitudes for 2➙2 with different total h don’t interfere
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Non-Interference for BSM6 amplitudes 

Any BSM dim-6 operator

Massless limit + tree level + at least one transverse vector
SM and BSM6 contribute to different helicity amplitudes 
No interference

Theorem:

Exploit:



proof(



How?

i) Helicity sums for amplitudes on-shell:

n=m+m’-2 legs

SM or BSM6 

Non-Interference for BSM6 amplitudes 
Azatov,Contino,Machado,FR’16





ii) For massless theories 3-point amplitude determined: 

               Helicity of 3-point    coupling dimension,$

Non-Interference for BSM6 amplitudes 
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How?

gSM ) |hSM | = 1 ) |hBSM | = 3⇠ 1

⇤2

BSM6

                 Poincaré

        Dim. Analysis

3-point kinematics
}



How?
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 + + · · · = 0

e.g.

BSM not supersymmetrizable in general
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How?

BSM6

SM+SM

+SM

htot = 1� 1 = 0

htot = 1± 3 = 2, 4

e.g q̄q ! W+
T W�

T

Massless limit + tree level + at least one transverse vector

SM and BSM6 no interference



proof
(



No Interference

2->2 processes:

h,VL @ high-E

Non-Interference for BSM6 amplitudes 
Azatov,Contino,Machado,FR’16





What to do to test transverse vectors?

1) BSM with large effects can be tested consistently 

2) Vectors in interfering amplitudes 

3) NLO effects that do interfere 

4)Interference Resurrection

see Pomarol’s talk



2. Vectors in interfering amplitudes
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M2
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Effects in transverse 2-point function affect interfering 
4-point amplitude

See Wulzer talk
Remedios Scenario
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2. Vectors in interfering amplitudes
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4-point amplitude
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…but small statistics for EW processes!
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…resurrecting ideas from 1986 



Differential measurements WW, WZ

Quantum mechanically different, no interference
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f(1,3) f(2,4): Helicity +1/2 -1/2 in SM and in BSM

QM same, interference possible
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Differential measurements WƔ

No (leptonic) 
Branching Ratio
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IntCP =

IntCP/ =

Differential azimuthal distributions = SM-BSM interference
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Important improvement, though not yet there for weakly 
coupled/loop-generated new physics
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δsyst=10%, Delphes
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High-energy analysis,  
small statistics,  
sensitive lo large (quadratic) BSM

At small energy, interference has impact already now. 
(improving low-energy measurement, important for validity)
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Interference Resurrection makes the difference.



Message
SM precision tests will define  the new distance frontier

1m
10-15

10-35
107

1021
10271027

10-8

LHC - direct

Challenge: 
non-interference limits precision in learning about transverse vectors

LHC good in High-E 2>2 processes 

Azimuthal distributions crucial

Realistic in other processes? WZ? VBF? 


