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pp — ppWT W™ reaction

pp — WTW =X is fundamental in particle physics

@ background to the observation of the Higgs boson in the W™ W= channel
@ used to test Standard Model gauge boson couplings

photon-photon contribution
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dominates at W pair masses
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vy — WTW™ reaction

three-boson WW+ and four-boson WW~~ couplings

<> g g
Lww~ = —ie(A W, 0* W+ W W, o* AV + WA, o+ W)
Lwwqy = —€ (W, WHHALA” — W, AW TFAY)

the Born diagrams
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Inclusive production of W W™ pairs

two different approach are possible:
o collinear - factorization

o M. tuszczak, A. Szczurek and Ch. Royon, JHEP 1502 (2015)
098

o k; - factorization
o G. Gil da Silveira, L. Forthomme, K. Piotrzkowski, W. Schafer,
A. Szczurek, JHEP 1502 (2015) 159
o M. Luszczak, W. Schafer and A. Szczurek, Phys.Rev. D93
(2016) 074018
e M. Luszczak, W. Schafer and A. Szczurek, work in progress
in collinear - factorization approach one needs photons as parton in proton:

e MRST
o NNPDF
e LUX
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QED parton distributions

o MRST-QED parton distributions

@ QED-corrected evolution equations for the parton distributions of the

proton
dgi(x, 1?) dy
o9\, ) (5 =
0 log u? 27r . { aq( Q(y 12) + Pag () }
dy 2 2.0% 8

+ o {qu & q‘(y" )+qu(Y)ei“/(;/=ﬂ )}
0 dy
dlogp? - X {qu(y) qu %) + Peg(y) }
I, p?) dy s
dlogpu? 27r/ {PW(V Ze 9 ( ;, 12) + Py (y )“/(yw )}

o NNPDF2.3 parton distributions
@ fit to deep-inelastic scattering (DIS) and Drell-Yan data

o LUXqed17 parton distributions

@ integral over proton structure functions Fa(x, Q2) and FL(x, Q3)
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Inclusive vy — WT W™ mechanism

@ 7y processes contribute also to inclusive cross section

ine
Ty

Py

doYinYin 1 2T 2
m = = RG] 2 1’Ym(X1 12 )X2’Yin(x27ﬂ ) |'/MW/A(‘}W+W*
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Results for MRSTQ parton distributions

" Eop o W'W (MRST-QED) Epp = W'W (MRST-QED) 58 TeV |
o EF

do/dy (nb)

oyl

T

| I I I | L L
600 800 1000 1200 1400 1600 1800 2

Myw  (GeV)

|
200 400

M. Luszczak, A. Szczurek and Ch. Royon, JHEP 1502 (2015) 098
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Results for NNPDF2.3 QED photon distributions

V5= 8TeV
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@ the statistically most probable result (middle dashed line) as well as one-sigma
uncertainty band (shaded area)

@ very difficult to obtain the photon distributions from fits to experimental data

@ limiting to both rapidities in the interval -2.5 < y < 2.5 the uncertainty band

becomes relatively smaller
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NNPDF2.3 QED photon distributions
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@ big uncertainties can be observed especially for large WW invariant masses, i.e.
in the region where searches for anomalous triple and quartic boson couplings
are studied

M. tuszczak, A. Szczurek and Ch. Royon, JHEP 1502 (2015) 098
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Some comments on recent studies on ¥~y W+ W~ boson

couplings

@ in DO collaboration analysis the inelastic contributions are not included when
extracting limits on anomalous couplings

@ the CMS collaboration requires an extra condition of no charged particles in the
central pseudorapidity interval

@ when comparing calculations to the experimental data the inelastic contributions
are estimated by rescaling the elastic-elastic contribution by an experimental
function depending on kinematical variables obtained in the analysis of the
utp~ continuum

@ it is not clear whether such a procedure is consistent for W W™ production,
where leptons come from the decays of the gauge bosons and the invariant mass
and transverse momentum of the W W~ pair is very different than the
invariant mass and transverse momentum of the corresponding dimuons

‘this cannot be checked in the approach with collinear photons‘

’requires the inclusion of photon transverse momenta! ‘
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kt-factorization approach

@ the unintegrated photon fluxes can be expressed in terms of the hadronic tensor

q?

q2 + z(M)Z( = mi\) + zsz‘

in.el Qem 2 ngé in,el 2 2 2
Frdaza) = =2 1-2)( )" BB Wi (M, @)k

@ they enter the cross section for W+ W™ production

o*(p1,p2: 41, q2)

(V)
F
dJ/1d}’2d2P1d2P2

v* /A (leql)‘F /B(X27q2)

dolid) /d q, d?q,
dyidy2d?p;d?p, Tq3 Tq3

@ the longitudinal momentum fractions of W+ W~ are obtained from the

rapidities and transverse momenta of final state

[p2 + m2 [p2 + m2
x1 = 7P1+mweyw+ 7P2+mweyw7
s s
2y 2 2
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Unintegrated photon fluxes from Budnev

@ the quantity to compare is the differential equivalent photon spectrum

: dz d? ;

el = = qu Fe (z.9)

@ for the inelastic piece
2 2

, a q 2 Fa(xsj, Q%)
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T q% + z(My — m3) +22m3/ Q% + % — m3

z? q° 2xp;F1(xBj, Q%)

g g% + z(My — m3) + 22my Q% + My — m32

@ for the elastic piece
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Matrix element

‘we obtain for the helicity-matrix eIement‘

helicity amplitudes — lectures Professor Otto Nachtmann
(Tue 26/09)

1 = =
MOwAdw-) = =———{(@11-d12) - (ME+HAwAw-) + M(—= Aw+n-))
|G 11171 2]

— ildLy dLal (M Aws Aw-) = M(==i AwAw-))
(911072 — a1975) (ME= AwsAw-) + M=+ dw+Aw- )

= i(ana@, + @ a%e) (ME— Aw A=) = M=+ dws Aw-) ) (1)
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Results for ky-factorization approach
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Results for ky-factorization approach
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Results for ky-factorization approach
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Conclusions

@ large contribution of photon induced processes

@ inelastic-inelastic photon-photon contribution large when
photon treated as parton in the nucleon

@ the inelastic contributions sum up to the cross section of the
order of 0.5 - 1 pb at the LHC energies

@ the photon-photon contributions are particularly important at
large WW invariant masses, i.e. probably also large invariant
masses of charged leptons where its contribution is larger than
that for gluon-gluon fusion

@ the elastic-inelastic or inelastic-elastic contributions are
interesting by themselves - since they are related to the
emission of forward/backward protons they could be
potentially measured in the future with the help of forward
proton detectors

@ in the future we have to include decays of W bosons
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