
 Modelling      fusion��

but in terms of photon parton distribution function (PDF),              .�(x, µ2)
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Figure 6: �� luminosity at
p
s = 13 TeV in the inclusive and semi–exclusive cases, with

� = 5 for both protons. For demonstration purposes, the semi–exclusive luminosities are
shown both with and without survival e↵ects included. In the left hand figure the absolute
luminosities, while in the right hand figure the ratios to the inclusive luminosity are shown.

i = 1, 2, where �
i

is coupling to the pomeron. However, this is not the only possibility: for
larger x where the quark contribution to H� is more important, it may be more sensible to
instead assume that this coupling is universal, i.e. simply H�

i

⇠ F
1

(t). A further question is
whether the proton form factor F

1

is the appropriate choice: it may be be more suitable, in
particular at low x, to take the same form factors as in [37] for the coupling of the pomeron
to the GW eigenstates. In fact, it turns out that these di↵erent choices generally have a
small e↵ect on the observable predictions; we will comment on this further below.

The corresponding average survival factors for all combinations of photon PDF compo-
nents from each proton are given in Table 1. A large range of expected suppression factors
is evident, with as anticipated S2 for the lower scale (and hence more peripheral) coherent
production process being higher than for the higher scale evolution component. The survival
factor for the incoherent component of the input PDF is seen to be particularly small: this is
due to the (1�G2

E

(t)) factor in (20), which accounts for probability to have no intact proton
in the final state, and is therefore peaked towards larger t, i.e. less peripheral interactions,
where it is less likely to produce an intact proton.

These results have important implications for the standard factorisation formula
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, µ2) �̂(�� ! X) , (29)
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• Can write LO cross section for the       initiated production of a state      
in the usual factorized form:

��
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Why bother?
• In era of high precision phenomenology at the LHC: NNLO 
calculations rapidly becoming the ‘standard’. However:

• Thus at this level of accuracy, must consider a proper account of 
EW corrections. At LHC these can be relevant for a range of 
processes (                                                         ).

↵2
S(MZ) ⇠ 0.1182 ⇠ 1
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↵QED(MZ) ⇠
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! EW and NNLO QCD corrections can be comparable in size.

W , Z, WH, ZH, WW , tt, jets...

R

• For consistent treatment of these, must 
incorporate QED in initial state: photon-
initiated production.

X

�(x1, µ
2)

�(x2, µ
2)

• Inclusive production of     + anything else.X


