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Longitudinal dibosons



Simplicity at High-E

At high-E only one effect survives (for given i, f states)
Jackob,Wick’59, Franceschini,Panico,Pomarol,FR,Wulzer


iH†�a
$
DµHQ̄�a�µQ

a(3)

TeV2

a(3)e.g.

+ high-E

dimension-6 operators
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WZ most promising
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Fully leptonic WZ 

pT cut on extra radiation:
(kinematics close to LO) (exploit radiation-zero)

Cos  cut close to central✓



Results - NLO - LHC
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is this a good result?
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What are we after?
BSM Perspective:

SM:
g g

Composite Higgs:
<<1

To test it we need accurate measurements

Very interesting

⇠ g2

g

g

gNP

gNP

⇠ g2
E2

⇤2

��

�SM
⌧ 1

⌧ g2

Universal NP:
g g
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For          states have well defined helicity E � mW

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

Azatov,Contino,Machado,FR’16

Challenge: 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:
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When SM and BSM contribute to the same amplitude:

Amp = SM +BSM = SM(1 + �BSM )

� / |Amp|2 ' SM2(1 + �BSM + �2BSM )

For small BSM effects           ,  

     interference dominates �BSM � �2BSM

1 � �BSM

�BSM = c
E2

M2
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Non-Interference?

� /
X

|Amp|2 ' SM2(1 + ci
E2

⇤2
+ c2i

E4

⇤4
)

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 necessary in a precision program



Interference Resurrection
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Azatov,Elias-Miro,Reyimuaji,Venturini’17
…but small statistics for EW processes!
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Differential measurements WƔ

No (leptonic) 
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Differential azimuthal distributions = SM-BSM interference

Panico,FR,Wulzer’17,

Hagiwara,Peccei,Zeppenfeld,Hikasa’86

Duncan,Kane,Repko’86
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Important improvement, though not yet there for weakly 
coupled/loop-generated new physics
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Explicit Model (Remedios)
Liu,Pomarol,Rattazzi,FR’16


Interference Resurrection makes the difference.
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Interference Resurrection makes the difference.
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Message
SM precision tests will define  the new distance frontier

1m
10-15

10-35
107

1021
10271027

10-8

LHC - direct

Challenges: 
- Non-interference limits precision in learning about transverse vectors 
- longitudinals hidden in transverse background

LHC good in High-E 2>2 processes 

Azimuthal distributions crucial (Realistic in other 
processes? WZ? VBF? )

SM precision program LHC completes LEP



Results

Panico,FR,Wulzer’17


δsyst=10%, Delphes

No Interference

No Detector

No δsyst
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pp →Wγ (LO), 100fb-1@14 TeV

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)



What are we after?
BSM Perspective:

SM:
g g

Composite 
Higgs+Vectors

<<1

>>1

Testable also with inaccurate measurements

Interesting-ish
(for me. paper has 20 citations…)

⇠ g2
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Liu,Pomarol,Rattazzi,FR’16
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What are we after?
BSM Perspective:

SM:
g g

Composite 
Higgs

<<1

To test it we need accurate measurements

Very interesting
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What are we after?
BSM Perspective:

SM:
g g

Universal NP:

<<1

⇠ g2

⇠ g2
E2

⇤2 ⌧ g2
g g

To test it we need accurate measurements

Very interesting

��

�SM
⌧ 1



Accuracy target:     <<1 also at high-energy��

�SM
⌧ 1



Higgs closest cousin

In the SM, all scalars belong to Higgs doublet 
✓

h+

h+ ih0

◆WL

ZL

Their interactions are related also in BSM:
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Higgs closest cousin

In the SM, all scalars belong to Higgs doublet 
✓

h+

h+ ih0

◆WL

ZL

Their interactions are related also in BSM:

g2⇤
M2

H†DµH ̄�
µ 

 

 

Z

h

+ + · · ·1

⇤2

Higgs Physics EW Physics

 

 

WL

WL

This talk: anatomy of high-E diboson processes

1. Longitudinals   ! VLVL   ! VTVT2. Transverse



Comparisons
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pp→
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3/ab syst=5%
300/fb syst=10%
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…with TGCs at LEP2 …with S-parameter at LEP1 

high-E is unique, but it compares at lower-E with different effects:

Genuine SM precision test



No Interference

2->2 processes:

h,VL @ high-E

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



