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POs in Associated Higgs Production

Parametrisation of Associated Production (AP) processes with POs:
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Purposes

Such analytical decomposition is well motivated at threshold. 
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Purposes

Such analytical decomposition is well motivated at threshold. 

• QCD (& QED) gives distortions due to IR physics (Greljo) 

J⌫(q2)

Vµ(k) h(p) f f̄

A
�
f1(p1)f̄2(p2) ! V (k)h(p)

�
= 2 i

M2
V

v
f̄2(p2)�⌫f1(p1)✏

V ⇤
µ (k)

⇥

F f1f2V
L (q2) ⌘µ⌫ + F f1f2V

T (q2)
qµk⌫ � (q · k)⌘µ⌫

M2
V

+ F f1f2V
CP (q2)

✏µ⌫↵�q↵k�
M2

V

�

1

e.g.                  ,                  , … 



  Andrea Pattori, University of Zürich WG2 post-YR4 kickoff, 08.05.2017 3

Purposes

Such analytical decomposition is well motivated at threshold. 

• QCD (& QED) gives distortions due to IR physics (Greljo) 

• At high energy ⇒ kinematic deformation due to EW sector 
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Assumptions and approximations

• Kinematic region: ‣  on-shell external momenta 
‣  

1 Double logarithmic contributions

1.1 Overview (purpose, assumptions and approximations)

Our aim is to identify the leading 1-loop electroweak (EW) corrections to associated produc-
tion processes (AP)

A �

f1(p1) f̄2(p2) ! V (k)h(ph)
�

, (1)

within the framework where amplitudes (1) are parametrized using the Higgs pseudo observ-
ables (Higgs PO).

Given that EW loops are suppressed by a ↵/4⇡ ⇠ 10�3 factor, we will be interested
here only in logarithmically enhanced contributions. In particular, we will focus only on
double-logarithmic (DL) mass singularities (Sudakov double logarithms), since they benefit
the largest enhancement.

In our computation of DL contributions we restrict ourselves to the kinematic region
where all external momenta are on shell, whereas all Mandelstam invariants are assumed to
be much larger than the EW scale (i.e. ⇠MW ):

S ⇠ T ⇠ U ⇠ E2 � M2
W . (2)

where S = (p1 + p2)2, T = (p1 + k)2, U = (p1 + p)2 and E is thus the energy scale at which
the AP process occurs. On one hand, assumption (2) legitimates the largeness of the DL
contributions, which will have the form
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, log2
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, log2
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On the other hand, it will provide us with an e↵ective expansion parameter, v/E ⌧ 1, v
being the Higgs vev. In particular, we will systematically neglect terms of order O (v2/E2),
together with all Yukawa couplings and fermion masses1.

One subtlety related to the v/E power counting should be immediately pointed out.
Namely, longitudinal polarization of vector bosons (✏µL) have a dangerous behaviour,

✏µL(k) =
kµ

MV
+O

✓

MV

k0

◆

, (4)

which is formally of order (v/E)�1 and thus would force us to retain contributions in the
amplitude up to order v2/E2. The possible solutions are:

- To work at the v2/E2 order while computing the amplitude, thus taking into account
the possible E/v enhancement of longitudinal polarizations.

- To exploit the Goldstone boson equivalence theorem (GBET) to relate amplitudes
involving external longitudinal gauge bosons to amplitudes involving external would-
be Goldstone bosons.

In the following, we will adopt the first strategy. We will then deploy the second strategy to
obtain a nice consistency check of our computations.

1The only non-negligible Yukawa coupling is in principle the top-quark Yukawa. However, the top quark
is of no concern for the processes under study.
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• Effective expansion parameter: 

Neglecting terms order 
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↳ drawback:
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computation of DL contributions

Computation performed in a diagrammatic fashion: 

I. Determination of Feynman diagrams giving DL contributions 

II. Derivation of a master formula for those Feynman diagrams 

III. Careful computation of all contributions
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I. Which 1-loop diagrams give DLs? Pozzorini, hep-ph/0201077

Tree-level 
process:

Feynman gauge computation: 

1. Topologies  ⇒  particle exchange between external legs

2. Loop momentum  ⇒  soft and collinear exchanged particle 

3. v / E expansion      ⇒  exchanged particle: vector boson

e.g.                  ,                ,                , … no:
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computation of DL contributions

A B

I ;

II 1: , 2: 1: , 2:

III 1: , 2: 1: , 2:

IV 1: , 2:

Table 1: Summary of possible soft-V exchanges to be considered to account for DL contributions.
In the A column are diagrams with an hard process M0 ⇠ O (v/E) and a soft V scattering O (1),
while in the B column are diagrams with an O (1) hard process M0 and a soft V scattering involving
a V V � vertex (which is O (v/E) according to our power counting).

III. V exchange between a fermion and the Higgs.

IV. V exchange between the gauge-boson and the Higgs.

For diagrams of type I and II, the hard process is an AP process, Mff̄V h
0 or Mff̄�h

0 . For

diagrams of type III and IV, the hard process is an EW scattering process, Mff̄V V
0 , Mff̄V �

0

or Mff̄��
0 .

Table 1 summarises all possible diagrams with a V exchange, ordered according to the
two criteria above. We are now left with the evaluation of these 12 classes of diagrams. One
should keep in mind that each class can produce more than one Feynman diagram, once
the particles running in the loop are specified. In particular, a sum over the possible soft V
bosons (A,Z,W±) is always understood.

1.3.2 extracting double logarithms from loop diagrams

We will evaluate loop diagrams of Table 1 by computing their amplitude in a generalised
fashion and exploiting results ii and iii stated in section 1.3.1. However, in order to correctly
evaluate those Feynman diagrams, we should first clearly state (and justify) how Higgs PO
should be handled.

We leave to appendix A.2 the detailed discussion regarding the validity of the PO frame-
work within this one-loop computation in Feynman gauge, together with a proof of the main
results. Here we will just state the main outcomes of such discussion, needed for our present
purposes:

5

All possible topologies giving rise to DL mass singularities:
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computation of DL contributions

II. Master formula for DL contributions

Rµ
i 1

Di

R⌫
j

1
Dj

'i

'j

�i
DV

⌘µ⌫ M0

Figure 3: Generalised loop diagram involving a Vs exchange between external particles 'i and 'j

(whose incoming momenta are pi,j).

sented in Fig. 3. With the (ab)use of Eq. (8), we derive:

=
1

(4⇡)2
⌘µ⌫R

µ
i R

⌫
j M0



�i (4⇡)2
Z

ddq

(2⇡)d
1

DiDjDV

�

=
1

(4⇡)2
⌘µ⌫R

µ
i R

⌫
j M0 ·

1

4 pi ·pjDL(2 pi ·pj, V,'i,'j) . (9)

To derive the second equality we have evaluated the DL mass singularities of the loop function
in square brackets (which is a simple C0 scalar loop function), along the line of Ref. [Pozzorini].
To encode DL contributions, we have introduced the shorthand notation

DL(⌃, Vs,'i,'j) = log2
✓

⌃

M2
Vs

◆

� 1

2
�VsA

✓

log2
✓

m2
'1

�2

◆

+ log2
✓

m2
'2

�2

◆◆

, (10)

where � is a fictitious photon mass which regulates IR divergences.
Using master formula (9), vertices expressions (7) and prescriptions regarding the PO

framework stated above, we are now able to evaluate all class of diagrams of Table 1. One
finds:
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⌘

,
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Vs

�̄1
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Figure 4: Convention for particle names used to derive results in Eq. (11). All particles should be
understood to be incoming. The direction of Vs is irrelevant, since a sum over all Vs possibilities
(A,Z,W±) is eventually performed.
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0 . (11)

Conventions for particle names are specified in Fig. 4 for each diagram class. All particles
and momenta are understood to be incoming. The final connection to the physical 2 ! 2
scattering process is eventually given by crossing symmetry (see Eqs. (6)).

1.3.3 contextualize 1-loop results in the PO framework

8
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Future perspectives

• Montecarlo simulations of the impact of such DL EW 
corrections 

• Inclusion of these corrections into the PO tool  

• Extension of the computation to other interesting processes 
(e.g. vector boson fusion)
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Conclusions

• NLO EW corrections can be sizeable when far from threshold 

• Computation of relevant loop EW correction (i.e. DLs) can be 
consistently performed within the PO framework 

• Those corrections introduce a mixing between POs, but a 
very contained and reasonable one  

• Study of EW corrections will be pushed further and could be 
also extended to other processes


