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Multiple thresholds:

Multiple thresholds and several processes:

resums to
the same

All amplitudes have
 the same singularities

They come from the zeroes

Factorisation:

1

of det(D)=

O(1/   )

*

*

*

*

∆

∆



complex j−plane for t>0

relations for residues of each singularity
continue to t<0

���
����

�
�������

������������

������

�
� ������ ���	
�

������ �����

��� 	

���

� � �

�

������ 	 
����
�

� �

� �

� �

� �

� �

� �

� �

� �

������� �	
��� �
� ������ �	���

��� �

���

� � �
�

���

�� � ���
�

���

�� � ���

�

������ � �����
�

� �
��
��� � ����������� ��������

� �
����� � ������ �������� � �������

� ������ ������� � ��������

� ��
��
� �
��

������ ��	 	
���� �
��


��� �

���

� � �
�

���

�� � ���

�

������ � �����
�

��
��
��� � ����������� � �������

Factorisation:

New tCU relations

O(1/   )∆



The case of off−shell photons

New (purely perturbative?) singularities
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D

D

D

N

N²
N’

Same as before

Possible new singularities
additionally to the old ones

γ∗ p singularities squared

Several channels, multiple thresholds...

No        in the intermediate state γ∗

M



photons do not enter the tCU relations
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The case of on−shell photons

to define exclusive processeses
Soft emissions may destroy the possibility

on−shell photons can have extra singularities, as off−shell photons

no S matrix for QED

Problem:

Remarks:

Existence of a pole mass for the electron?
Possibility of collective states?
cfr Lavelle, Mc Mullan, Bagan et al.

would prove that one cannot recover an S−matrix formalism in QED
The existence of extra singularities in photon total cross sections



Models for σ
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double pole

only for off−shell photons

lower trajectories: a/f

box diagram

triple pole
rising term
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pp
pp
γp/α
γγ/α2

double
triple

Fit to total cross sections:

low side of error bars

no box diagram contribution

no extra singularities

from 7 GeV to 30 TeV
γ down to 2 GeV!



F  at low Q
2p

2

10-6 10-4 10-2

0.0

0.2

0.4 0.045 GeV 2

10-6 10-4 10-2

0.065 GeV 2

10-6 10-4 10-2

0.085 GeV 2

10-6 10-4 10-2

0.0

0.2

0.40.11 GeV 2

0.0

0.2

0.4 0.15 GeV 2 0.2 GeV 2 0.25 GeV 2

0.0

0.2

0.40.3 GeV 2

0.0

0.5

1.0

F
2 

→

0.4 GeV 2 0.428 GeV 2 0.5 GeV 2

0.0

0.5

1.0
0.585 GeV 2

0.0

0.5

1.0
0.65 GeV 2 0.8 GeV 2 1.094 GeV 2

0.0

0.5

1.0
1.2 GeV 2

0.0

1.0

2.0
1.5 GeV 2 2.0 GeV 2 2.046 GeV 2

0.0

1.0

2.0
2.5 GeV 2

10-6 10-4 10-2
0.0

1.0

2.0
2.8 GeV 2

10-6 10-4 10-2

3.5 GeV 2

10-6 10-4 10-2

x →

3.828 GeV 2

10-6 10-4 10-2
0.0

1.0

2.0
4.5 GeV 2

total cross sections

extrapolates to "low"

good fit to all data
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p

2
F  at higher Q

2

no hard pomeron

no DGLAP evolution

10-4 10-2

0.0

1.0

2.0
5.0 GeV 2

10-4 10-2

6.0 GeV 2

10-4 10-2

6.5 GeV 2

0.0

1.0

2.0
8.5 GeV 2 9.0 GeV 2 10.0 GeV 2

0.0

1.0

2.0
12.0 GeV 2

0.0

1.0

2.0

F
2 

→

15.0 GeV 2 18.0 GeV 2 20.0 GeV 2

0.0

1.0

2.0
22.0 GeV 2

0.0

1.0

2.0
25.0 GeV 2 27.0 GeV 2 35.0 GeV 2

0.0

1.0

2.0
45.0 GeV 2

0.0

1.0

2.0
50.0 GeV 2 60.0 GeV 2 65.0 GeV 2

0.0

1.0

2.0
70.0 GeV 2

10-4 10-2
0.0

1.0

2.0
80.0 GeV 2

10-4 10-2

90.0 GeV 2

10-4 10-2

x →

120.0 GeV 2

10-4 10-2
0.0

1.0

2.0
150.0 GeV 2

H1
ZEUS
BCDMS
E665
NMC
SLAC
double
triple
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2

γ
F  

10-3 10-2 10-1

0.0

1.0

1.86 GeV 2

10-3 10-2 10-1

1.9 GeV 2

10-3 10-2 10-1

5.0 GeV 2

10-3 10-2 10-1

0.0

1.0

5.9 GeV 2

0.0

1.0

F
2γ  / 

α 
→

9.0 GeV 2 12.1 GeV 2 13.0 GeV 2

0.0

1.0

14.7 GeV 2

0.0

1.0

18.0 GeV 2 19.9 GeV 2 30.0 GeV 2

0.0

1.0

39.7 GeV 2

10-3 10-2 10-1
0.0

1.0

41.0 GeV 2

10-3 10-2 10-1

59.0 GeV 2

10-3 10-2 10-1

x →

76.4 GeV 2

10-3 10-2 10-1
0.0

1.0

120.0 GeV 2

good fit to all data

need box diagram

test of tCU relations
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2

γ
F   : perturbative (BFKL) region

10-3 10-2 10-1

x

0.0

1.0

F
2γ  / 

α

P 2 = 3.7 GeV2

Q 2 = 120 GeV2

10-3 10-2 10-1

x

0.0

0.1

0.2

0.3

F
2γ  / 

α

3.5 GeV 2

10-3 10-2 10-1

x

14.0 GeV 2

to reproduce the data 

The soft fit + the box diagram seem to be sufficient 

Note: this can be done directly using the tCU relations and HERA data



Triple Double

DL

Conclusion: singularities at t=0

pQCD

DGLAP BFKL

New parametrisations of DIS 
Respect t−Channel Unitarity
Predict γγ            γ        from     p and pp

Im j

Re j1 1

1 1

1

Global
description,
soft+hard


