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Three loop soft gluon corrections to di-lepton and Higgs
productions at the LHC
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Snap shot of the talk

Perturbative QCD provides a frame work to compute observables at high energies

They are "often" sensitive to

1) Renormalisation scale

2) Factorisation scale

3) Non-perturbative quantities that enter

4) Missing higher order contributions(stability of perturbation)

Higher order QCD corrections reduce these effects

Soft gluons dominate in some kinematic regions that are accessible at hadron colliders.

Sudakov resummation of soft gluons can be used to predict for Drell-Yan and Higgs total
cross sections and their rapidity distributions at and beyond.
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Standard Model

Tests of Standard Model of Strong,Electroweak interactions:

have been incredibly successful.

This involves 25 years of work from both theorists as well as experimentalists.

1) Discovery of all the gauge bosons ( ),
all the fermions ( ),

2) Precise measurements of SM parameters at level
effects( ,....).

"BUT"

We have not found Higgs Boson yet!. The Higgs boson is the last particle to be discovered
in SM.
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Higgs Mass [
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Various Contributions at LHC
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Factorisation Theorem (QCD improved Parton Model)��� � �� �� 	 � � ��� 	 �� �� �� �

Hadronic cross section in terms of partonic cross sections convoluted with appropriate PDF:

	 � 	�
 ��
 ��� � 	� � �
�

� �
� �

�
�

	��
�

� � � � � � �� � 	 �� 	 �
 � � � 	
� � � �

� � � � �

The perturbatively calculable partonic cross section:

The non-perturbative flux:

are Parton distribution functions with momentum fraction .
is the Renormalisation scale and , Factorisation scale

The Renormalisation group invariance:
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Higgs Prodution at NNLO (Two Loop level)
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Double Virtual:

� � + 148 terms;

Real Virtual:

� � + 635 terms;

Double Real:

�
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For one loop results, see Djouadi et al, Dawson
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Higgs production at LHC and Scale dependence
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Is it the end?
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Soft part of NNLO
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1) Factorisation theorem 2) Renormalisation Group Invariance

3) Higgs and Drell-Yan NNLO results
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Formal solution upto loops:

Every order in , all the poles except the lowest one can be predicted from the previous
order results using and function.



- p. 12/27

Sudakov Resummation for Form factors

	 � � � 		 �� �� � �� � � 	 ��� 
 		 
 
� � � � �� � �

� � 	
	 � �

3� ��� � �� � � � �� � �� � � �
�

	
�

�� �� � � � ��
� � � � � �� �� � �

� �
� �� � � ��
� � � �

�

@ 2 3�� 5 ��2 � � 3� ���� � �� � � � �� � �� � � �
�

� � �
�� ��

� � �
� �

	 � �� � ��
���� 
 � � 


� � � �

Formal solution upto loops:

Every order in , all the poles except the lowest one can be predicted from the previous
order results using and function.



- p. 12/27

Sudakov Resummation for Form factors

	 � � � 		 �� �� � �� � � 	 ��� 
 		 
 
� � � � �� � �

� � 	
	 � �

3� ��� � �� � � � �� � �� � � �
�

	
�

�� �� � � � ��
� � � � � �� �� � �

� �
� �� � � ��
� � � �

�

@ 2 3�� 5 ��2 � � 3� ���� � �� � � � �� � �� � � �
�

� � �
�� ��

� � �
� �

	 � �� � ��
���� 
 � � 


� � � �

Formal solution upto

�

loops:

��� 
 � � 

� �

�
� � � 	 �� � � �
�

�� � � � �

���� 
 � � 


� �
�

� , � � �� � � �
� � � �
	

�� � � � � �� � � � � � �
	 �

�� � � � �

� � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � �

Every order in , all the poles except the lowest one can be predicted from the previous
order results using and function.



- p. 12/27

Sudakov Resummation for Form factors

	 � � � 		 �� �� � �� � � 	 ��� 
 		 
 
� � � � �� � �

� � 	
	 � �

3� ��� � �� � � � �� � �� � � �
�

	
�

�� �� � � � ��
� � � � � �� �� � �

� �
� �� � � ��
� � � �

�

@ 2 3�� 5 ��2 � � 3� ���� � �� � � � �� � �� � � �
�

� � �
�� ��

� � �
� �

	 � �� � ��
���� 
 � � 


� � � �

Formal solution upto

�

loops:

��� 
 � � 

� �

�
� � � 	 �� � � �
�

�� � � � �

���� 
 � � 


� �
�

� , � � �� � � �
� � � �
	

�� � � � � �� � � � � � �
	 �

�� � � � �

� � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � �

� �� � � � A � � � A � 3 3 9 � 2 � � � 4 ; 3 � � � � �
� �

� �
��

� �
�

� � � � 	 � � 


Every order in , all the poles except the lowest one can be predicted from the previous
order results using and function.



- p. 12/27

Sudakov Resummation for Form factors

	 � � � 		 �� �� � �� � � 	 ��� 
 		 
 
� � � � �� � �

� � 	
	 � �

3� ��� � �� � � � �� � �� � � �
�

	
�

�� �� � � � ��
� � � � � �� �� � �

� �
� �� � � ��
� � � �

�

@ 2 3�� 5 ��2 � � 3� ���� � �� � � � �� � �� � � �
�

� � �
�� ��

� � �
� �

	 � �� � ��
���� 
 � � 


� � � �

Formal solution upto

�

loops:

��� 
 � � 

� �

�
� � � 	 �� � � �
�

�� � � � �

���� 
 � � 


� �
�

� , � � �� � � �
� � � �
	

�� � � � � �� � � � � � �
	 �

�� � � � �

� � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � �

� �� � � � A � � � A � 3 3 9 � 2 � � � 4 ; 3 � � � � �
� �

� �
��

� �
�

� � � � 	 � � 


� Every order in

�� � , all the poles except the lowest one can be predicted from the previous
order results using

�

and
�

function.



- p. 13/27

New observation for single pole in �
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Two loop results for and in solves the single pole problem:
s have interesting structure:

are part of splitting functions. The new constants " and " satisfy

We conjuctured the form of the single pole: to all orders with
for all

Recent three loop result by Moch,Vermaseren, Vogt confirms our conjucture:

This completes the understanding of all the poles of the form factors.
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Finiteness of the Cross section
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Observable are finite:

The remaining poles after UV Operator Renormalisation( and ) and Mass
factorisation:

Highest poles are not removed by renormalisation and factorisation

The structure of soft part should be "similar" to the Form Factors.
Hence using gauge invariance and RG invariance, we can propose

RG invariance of implies:
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The threshold exponents for DY and for DIS are related to .

upto three loop gives and for

Expansion of leads to soft part of the cross section.

Fixed order soft plus virtual cross sections can be computed(except )
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Higgs and Drell-Yan productions beyond

� � � �

Universal soft function:
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threshold corrections to Higgs production:

threshold corrections to Drell-Yan production:

The scalar form factor can be predicted at three loop from the known
three loop and .

threshold corrections to :
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Conclusions

The scale uncertainties go down significantly due to the success in computing various
higher order results.

All the poles in of the vector and scalar form factors are now understood.

Soft distribution functions are found to satisfy Sudakov type differential equation.

Higher order threshold corrections beyond can be computed using three loop form
factors, splitting functions and soft distribution functions.

Higher order threshold exponents and upto three loop level can be computed using
this approach.

Dominant Soft plus Virtual total cross sections and rapidity distributions to is now
known for both Drell-Yan and Higgs productions.
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