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the ontext of γγWW oupling

The general diagram for the pp → ppW

+
W

−

reation via

γ
el

γ
el

→ W

+
W

−

subproess

p
2

p
1

f e l

e lf

p
1

p
2

W

W

+

−

Marta �uszzak University of Rzeszow



Plan of the talk

Introdution

Inlusive prodution of W

+
W

−

pairs

Conlusions

γγ → W

+
W

−

reation

Introdution

γγ → W

+
W

−
reation

The three-boson WW γ and four-boson WW γγ ouplings, whih

ontribute to the γγ → W

+
W

−
proess in the leading order:

L
WW γ = −ie(AµW

−

ν

↔

∂µ
W

+ν +W

−

µ W

+
ν

↔

∂µ
A

ν +W

+
µ Aν

↔

∂µ
W

−ν) ,

L
WW γγ = −e2(W−

µ W

+µ
AνA

ν −W

−

µ A

µ
W

+
ν A

ν) ,

where the asymmetri derivative has the form

X

↔

∂µ
Y = X∂µ

Y − Y ∂µ
X .
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The elementary tree-level ross setion for the γγ → W

+
W

−

subproess an be written in the ompat form in terms of the

Mandelstam variables

d σ̂

dΩ
=

3α2β

2ŝ

(

1−
2ŝ(2ŝ + 3m

2

W

)

3(m2

W

− t̂)(m2

W

− û)
+

2ŝ

2(ŝ2 + 3m

4

W

)

3(m2

W

− t̂)2(m2

W

− û)2

)

,

β =
√

1− 4m

2

W

/ŝ is the veloity of the W bosons in their

enter-of-mass frame and the eletromagneti �ne-struture

onstant α = e

2/(4π) ≃ 1/137 for the on-shell photon
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The exlusive di�rative mehanism

The exlusive di�rative mehanism of entral exlusive prodution

of W

+
W

−
pairs in proton-proton ollisions at the LHC (in whih

diagrams with intermediate virtual Higgs boson as well as quark

box diagrams are inluded) was disussed

P. Lebiedowiz, R. Pasehnik and A. Szzurek,

Phys. Rev. D81 (2012) 036003

and turned out to be negligibly small.
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Relevant leading-order matrix element, averaged over quark olors

and over initial spin polarizations, summed over �nal spin

polarization and ross setion are well known.
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γγ proesses ontribute also to inlusive ross setion.

We onsider in addition 3 new mehanisms
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Two di�erent approah are possible:

- ollinear - fatorization:

(M. �uszzak, A. Szzurek and Ch. Royon, JHEP 1502 (2015) 098,

arXiv:1409.1803)

- k

t

- fatorization

(G. Gil da Silveira, L. Forthomme, K. Piotrzkowski, W. Shafer, A.

Szzurek, JHEP 1502 (2015) 159,

M. Luszzak, W. Shafer and A. Szzurek, work in progress)

In ollinear - fatorization approah one needs photons as parton in

proton:

- MRST

- NNPDF
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MRSTQ parton distributions

The fatorization of the QED-indued ollinear divergenes leads to

QED-orreted evolution equations for the parton distributions of

the proton.

∂q
i

(x , µ2)

∂ log µ2
=

α
S

2π

∫

1

x

dy

y

{

P

qq

(y) q
i

(
x

y

, µ2) + P

qg

(y) g(
x

y

, µ2)
}

+
α

2π

∫

1

x

dy

y

{

P̃

qq

(y) e2
i

q

i

(
x

y

, µ2) + P

qγ(y) e
2

i

γ(
x

y

, µ2)
}

∂g(x , µ2)

∂ logµ2
=

α
S

2π

∫

1

x

dy

y

{

P

gq

(y)
∑

j

q

j

(
x

y

, µ2) + P

gg

(y) g(
x

y

, µ2)
}

∂γ(x , µ2)

∂ logµ2
=

α

2π

∫

1

x

dy

y

{

Pγq(y)
∑

j

e

2

j

q

j

(
x

y

, µ2) + Pγγ(y) γ(
x

y

, µ2)
}
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MRSTQ parton distributions

In addition to usual P

qq

, P

gq

, P

qg

, P

gg

spliting funtions new spliting funtions

apper.

P̃

qq

= C

−1

F

P

qq

, (1)

Pγq = C

−1

F

P

gq

,

P

qγ = T

−1

R

P

qg

, (2)

Pγγ = −
2

3

∑

i

e

2

i

δ(1 − y)

momentum is onserved:

∫

1

0

dx x

{

∑

i

q

i

(x , µ2) + g(x , µ2) + γ(x , µ2)
}

= 1
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Cross setion for photon-photon proesses

dσγ
in

γ
in

dy

1

dy

2

d

2

p

t

=
1

16π2ŝ2
x

1

γ
in

(x
1

, µ2) x
2

γ
in

(x
2

, µ2) |Mγγ→W

+
W

− |2

inlude only ases when nuleons do not survive a ollision and

nuleon debris is produed instead
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Cross setion for photon-photon proesses

dσγ
in

γ
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dσγ
el
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1

γ
el

(x
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γ
el
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2

, µ2) |Mγγ→W

+
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− |2

The elasti photon �uxes are alulated using the Drees-Zeppenfeld

parametrization, where a simple parametrization of nuleon

eletromagneti form fators was used
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Naive approah to photon �ux

the photon distribution in the proton is a onvolution of the

distribution of quarks in the proton and the distribution of

photons in the quarks/antiquarks

fγ/p = f

q

⊗ fγ/q

whih an be written mathematially as

xfγ/p(x) =
∑

q

∫

1

x

dx

q

f

q

(x
q

, µ2)e2
q

(

x

x

q

)

fγ/q

(

x

x

q

,Q2

1

,Q2

2

)
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Naive approah to photon �ux

the �ux of photons in a quark/antiquark was parametrized as:

fγ(z) =
α
em

2π

1+ (1− z)2

2

log

(

Q

2

1

Q

2

2

)

.

the hoie of sales:

Q

2

1

= max(ŝ/4−m

2

W

, 1GeV2)

Q

2

2

= 1GeV

2

µ2 = ŝ/4 .
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Resolved photons

For ompletness we inlude also the following proesses
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Resolved photons

extra photon remnant debris (alled Xγ,1 or Xγ,2 in the �gure)

appears in addition

the �photoni� quark/antiquark distributions in a proton must be

alulated as the onvolution:

f

γ
q/p = fγ/p ⊗ f

q/γ

whih mathematially means:

xf

γ
q/p(x) =

∫

1

x

dxγ fγ/p(xγ , µ
2

s

)

(

x

xγ

)

f

(

x

xγ
, µ2

h

)

.

Tehnially �rst fγ/p in the proton is prepared on a dense grid for µ2
s

∼ 1 GeV

2

(virtuality of the photon) and then used in the onvolution formula. The seond sale

is evidently hard µ2
h

∼ M

2

WW

. The new quark/antiquark distributions of photoni

origin are used to alulate ross setion as for the standard quark-antiquark

annihilation subproess.
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X
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X
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p
2

p
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+

−

If we study proesses with rapidity gap extra gap survival fator

must be inluded!
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- apply the resolved pomeron approah

- one assumes that the Pomeron has a well de�ned partoni struture, and that the

hard proess takes plae in a Pomeron�proton or proton�Pomeron (single di�ration)

or Pomeron�Pomeron (entral di�ration) proesses.

dσ
SD

dy

1

dy

2

dp

2

t

= K

∣

∣

∣
M

∣

∣

∣

2

16π2 ŝ2

[ (

x

1

q

D

f

(x
1

, µ2) x
2

q̄

f

(x
2

, µ2)
)

+

(

x

1

q̄

D

f

(x
1

, µ2) x
2

q

f

(x
2

, µ2)
) ]

,

dσ
CD

dy

1

dy

2

dp

2

t

= K

∣

∣

∣
M

∣

∣

∣

2

16π2 ŝ2

[ (

x

1

q

D

f

(x
1

, µ2) x
2

q̄

D

f

(x
2

, µ2)
)

+

(

x

1

q̄

D

f

(x
1

, µ2) x
2

q

D

f

(x
2

, µ2)
) ]

The matrix element squared for the qq̄ → W

+
W

−
proess is the same as previously

for non-di�rative proesses
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Formalism

The 'di�rative' quark distribution of �avour f an be obtained by a onvolution of

the �ux of Pomerons f

IP

(x
IP

) and the parton distribution in the Pomeron q

f /IP(β, µ
2):

q

D

f

(x , µ2) =

∫

dx

IP

dβ δ(x−x

IP

β)q
f /IP(β, µ

2) f
IP

(x
IP

) =

∫

1

x

dx

IP

x

IP

f

IP

(x
IP

)q
f /IP(

x

x

IP

, µ2) .

The �ux of Pomerons f

IP

(x
IP

):

f

IP

(x
IP

) =

∫

t

max

t

min

dt f (x
IP

, t) ,

with t

min

, t
max

being kinemati boundaries.

Both pomeron �ux fators f

IP

(x
IP

, t) as well as quark/antiquark distributions in the

pomeron were taken from the H1 ollaboration analysis of di�rative struture

funtion at HERA.
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NNPDF2.3 QED photon distributions
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the statistially most probable result (middle dashed line) as well as one-sigma

unertainty band (shaded area). The unertainty band is very large. This

demonstrates that it is very di�ult to obtain the photon distributions from �ts

to experimental data. We have heked that limiting to both rapidities in the

interval -2.5 < y < 2.5 the unertainty band beomes relatively smaller
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Big unertainties an be observed espeially for large WW invariant masses, i.e.

in the region where searhes for anomalous triple and quarti boson ouplings

are studied.
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Contributions of di�erent subleading proesses to the total ross setion (pb)

ontribution 1.96 TeV 7 TeV 8 TeV 14 TeV omment

CDF 12.1 pb

D0 13.8 pb

ATLAS 54.4 pb large extrapolation

CMS 41.1 pb large extrapolation

qq̄ 9.86 27.24 33.04 70.21 dominant (LO, NLO)

gg 5.17 10

−2

1.48 1.97 5.87 subdominant (NLO)

γ
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γ
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3.07 10

−3

4.41 10

−2

5.40 10

−2
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−1

new, anomalous γγWW

γ
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γ
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−1
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−1

3.71 10

−1

new, anomalous γγWW

γ
in

γ
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1.08 10

−2

1.40 10

−1

1.71 10

−1

3.71 10

−1

new, anomalous γγWW

γ
in

γ
in

3.72 10

−2

4.46 10

−1

5.47 10

−1

1.19 anomalous γγWW

γ
el ,res

− q/q̄ 1.04 10

−4

2.94 10

−3

3.83 10

−3

1.03 10

−2

new, quite sizeable

q/q̄ − γ
el .res

1.04 10

−4

2.94 10

−3

3.83 10

−3

1.0310

−2

new, quite sizeable

γ
in,res

− q/q̄ new, quite sizeable

q/q̄ − γ
in.res

new, quite sizeable

double sattering(++) 0.57 10

−2

0.11 0.14 0.40 not inluded in NLO studies

IPp 2.82 10

−2

9.88 10

−1

1.27 3.35 new, relatively small

pIP 2.82 10

−2

9.88 10

−1

1.27 3.35 new, relatively small

IRp 4.51 10

−2

7.12 10

−1

8.92 10

−1

2.22 new, relatively small

pIR 4.51 10

−2

7.12 10

−1

8.92 10

−1

2.22 new, relatively small
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Large ontribution of photon indued proesses

Inelasti-inelasti photon-photon ontribution large when

photon treated as parton in the nuleon

Resolved photon ontribution are rather small

Di�rative prodution with rapidity gap interesting by itself

(ould be measured ?)

Di�rative ontribution to inlusive ross setion unlear

In the future we have to inlude deays of W bosons
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