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1. Introduction

It was realized rather recently that the electroweak ctimes are important for precise cal-
culations of cross sections in different processes. fihe- WTW~ process is a good example
(see e.g. [1]). Theyy — WTW ™ is the relevant subprocess. This subprocess is importsmiiral
the context of searches beyond Standard Model [2, 3]. By simgospecial conditions on the final
state this contribution can be observed experimentall$]4,

In [6, 7] we developed a formalism for calculatingp — |71~ processes proceeding via
photon-photon fusion. In [8] we used the same technique lmulede cross section fopp —
WTW~ reaction proceeding via photon-photon fusion. In order é@reference to real “measure-
ments” of the photon-photon contribution one has to incindeldition the gap survival probability
caused by extra emissions. In [9] we concentrated on thetefftated to remnant fragmentation
and its destroying of the rapidity gap.

In [10] we calculated cross section for the photon-photantrioution for thepp — tt reaction
including also effects of gap survival probability.

Here we briefly review our results obtained in [8, 9, 10].

2. A sketch of the formalism

In our analyses we included different types of processewstioFig.1.
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Figure 1: Diagrams representing different types of photon-photaluoed mechanisms for production of
WHTW™ pairs.

In our approach we include transverse momenta of (virtuadtgns. Then the differential
cross section foww"W~— production can be written as:

do() d%try d%dr, ) pug)) do*(p1, Pz; Gry,Gra)
= ) ’ I /4
dy1dy,d?pr,d2pr, / M} s Py aba,dra) Fy 00, rz) dY1dY2d2f)T1d25T2\2'1)
wherei, j = elastic, inelastic and the longitudinal momentum frati@re expressed in terms of

rapidities and transverse momenta/fbosons. The elementary off-shell cross section in (2.1) is
written as:

do*(p1, P2;Gry,0r2) 1 2 5(2)
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Above the helicity-dependent off-shell matrix elementsevealculated as:

— m )\Z}\ (8L (A1) -TL1)(BL"(A2) - TLo) A (A1, A2; Aw+, Aw-)

1 ) ) .
= T 2 T8 (Ae () (a, Azt A Aw-) 2.2)
Ao

M(Aw+Aw-)

Initial and final state helicity-dependent matrix elementre discussed e.g. in [11]. The
k;-factorization W-boson helicity dependent matrix elersemnere calculated with the help of the
above [8].

The unintegrated inelastic flux of photons is expressed as:

| a Gr? 2 Fa(xg, Q%)
Zn (z07) = 43 (1—z d
Y A( QT) T {( )(q'Tz—i—Z(l\/l)Z(—ﬁ’%)—i-Zzn%) Q2+M)2<—m%
Z 2 2xgjF1(xgj, @
SRS i 106 ?nz) b (2.3)
The main ingredients of the formula a@fg andF, proton structure functions.
The unintegrated elastic flux of photons is expressed as:
el _ Oem qu 24m%G%(Q2) + QZGE/I (Qz)
JWHA(Z»qT) = 7{(1—2)( 2 2 2 > Am2 2
dr°+z(Mg —mg) +22mg 5+ Q
z ar? 2 (2
— G .
4qT2—|-Z(|V|>2<—m%)—|—22m% M(Q )}
(2.4)

In this case the main ingredients &g andGy electromagnetic form factors of proton.

To calculate inelastic fluxes of photons one needs numeepaésentation of structure func-
tions of protons. Different parametrizationskfstructure functions are available in the literature,
see e.g. [12, 13, 14].

3. Selected results

The integrated cross sections obtained in our approaciodested in Table 1.
Without any gap survival effects:

o(ind.—inel.) > o(ind.—d.)+o(el.—inel.) > o(e.—d.). (3.2)

Many differential distributions were calculated in [8]. tdein Fig.3, we show only invariant
mass distribution for double dissociation processes dstil-inelastic) for different parametriza-
tions of the structure functions from the literature.

Thek;-factorization result is similar to the collinear one foetseame structure function (LUX-
like). The rather old MRSTO04-QED collinear approach [15¢dticted larger cross section. The
reasons were discussed in [8].
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contribution 8 TeV | 13 TeV
LUX-like
Yel Vin 0.214 | 0.409
YinYa 0.214 | 0.409
Yin¥in 0.478 | 1.090
ALLM97 F2

Yel ¥in 0.197| 0.318
YinYa 0.197| 0.318
Yin¥in 0.289| 0.701

SU F2
Yel ¥in 0.192 | 0.420
YinYa 0.192 | 0.420
YinYin 0.396 | 0.927

LUXged collinear
Yinte Yinte 0.366| 0.778
MRSTO04 QED collinear|
Yel ¥in 0.171| 0.341
YinYa 0.171| 0.341
Yin¥in 0.548 | 0.980
Elastic- Elastic

Ya Yo (Budnev) 0.130| 0.273
Ya Yo (DZ) 0.124 | 0.267

Table 1: Cross sections (irpb) for different contributions and differeri%, structure functions: LUX,
ALLM97 and SU, compared to the relevant collinear distribas with MRST04 QED and LUXqed dis-
tributions.
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Figure 2: Mww invariant mass distribution for double dissociative cimittion obtained with different
parametrizations of structure functions.
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Figure 3: Two-dimensional distribution il 0g10(Q?),10g10(Q3)) for double dissociative process.

As an example in Fig.3 we show distribution in virtualitifgpbotons. Rather large virtualities
of photons come into game. The large virtualities of photsem to contradict collinear approach.

The remnant fragmentation [9] was done with the help of PYA'Blbrogram. Including only
parton (jet) emission is already a quite good approximation

The gap survival probability for single dissociative presés calculated as:

1 /Mot do
=1-— / ——dNjet - 3.2
KR(Neut) 0 J o et Njet (3.2)
Jet emissions were considered also in [17].
The gap survival factor associated with jet emission is shimwFig.4.
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Figure 4: Gap survival factor for single dissociative process asgediwith the jet emission. The solid line

is for the full model, the dashed line for the valence conttitn and the dotted line for the sea contribution.

We find (see also Table 1)
Srop & (Sre)? - (3:3)

Such an effect is expected when the two fragmentations depandent, which is the case by the
model construction. So far we have not included the soft gagal factors. They are relatively
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easy to calculate only for double elastic (DE) contributjb@]. For the “soft” gap survival factors
we expect:

Sg)ft(DD) < Ssoft(sj) < Ssoft(DE) . (34)

8Tev | 13Tev | 8Tev | 13Tev | 8Tev | 13TeV
(2Mww,200GeV) | 0.763(2)| 0.769(2)| 0.582(4) | 0.591(4)| 0.586(1)| 0.601(2)
(200500GeV) | 0.787(1)| 0.799(1)| 0.619(2) | 0.638(2)| 0.629(1)| 0.649(1)
(500,1000GeV) | 0.812(2)| 0.831(2)| 0.659(3) | 0.691(3)| 0.673(2)| 0.705(2)
(10002000GeV) | 0.838(7)| 0.873(5)| 0.702(12)| 0.762(8)| 0.697(5)| 0.763(6)

full range 0.782(1)| 0.799(1)| 0.611(2) | 0.638(2)| 0.617(1)| 0.646(1)

Table2: Average rapidity gap survival factor§z o (|n%"| < 2.5), (Sesp)?(In%"| < 2.5), koo (|n ] < 2.5)
related to remnant fragmentation f@ngle dissociative anddouble dissociative contributions for different
ranges oMww.

Finally we wish to show also similar results fop — tt reaction. In Table 3 we show integrated
cross sections for different categories of processes.eRathall cross sections are obtained. It is
not clear at present whether such a process can be identifiedimentally.

Contribution No cuts | yjet cut
elastic-elastic 0.292 | 0.292
elastic-inelastic | 0.544 | 0.439
inelastic-elastic | 0.544 | 0.439
inelastic-inelastici, 0.983 | 0.622
all contributions 2.36 1.79

Table 3: Cross section fatt production in fb at,/s= 13 TeV for different components (left column) and the
same when the extra condition on the outgoingygt| > 2.5 is imposed.

As an example we shott invariant mass distribution for inclusive case as well agmwéxtra
veto on (mini)jet is imposed. The inclusion of rapidity gagioreduces the cross section. Whether
the cross section corresponding to the photon-photonrusia be measured requires special ded-
icated studies.

4. Conclusions

Helicity-dependent matrix elements fgry* — WTW~ (off-shell photons) have been derived
and used in the calculation of cross sectiongdior— W+W™ reaction. We have obtained cross sec-
tion of about 1 pb for the LHC energies. Different combinatiof the final states (elastic-elastic,
elastic-inelastic, inelastic-elastic, inelastic-irstie) have been considered. Several correlation ob-
servables have been studied. Large contributions frometems of large photon virtualitie@f
and/orQ% have been found putting in question the reliability of lemdorder collinear-factorization
approach.

We have discussed the quantity called “remnant gap surfaabr” for the pp — WTW~
reaction initiated via photon-photon fusion. We have dal@d the gap survival factor for single
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Figure 5: tt invariant mass distribution for different components dedirin the figure. The left panel is
without imposing the condition on the struck quark/antiduend the right panel includes the condition.

dissociative process on the parton level. In such an apprtee outgoing parton (jet/mini-jet)
is responsible for destroying the rapidity gap. We have dotivat the hadronisation only mildly
modifies the gap survival factor calculated on the partoelle¥We have found different values
for double and single dissociative processes. In genStalp < Srsp andSpp ~ (SR.SD)Z. We
expect that the factorisation observed here for the remgliaabciation and hadronisation will be
violated when the soft processes are explicitly includebe Targernq,: (upper limit on charged
particles pseudorapidity), the smaller rapidity gap staMiactorSg. This holds both for the double
and the single dissociation. The present approach is a fagttewards a realistic modelling of
gap survival in photon induced interactions and definitelguires further detailed studies and
comparisons to the existing and future experimental daah#Ve shown that rather large photon
virtualities come into the game fov "W~ production.

We have also calculated cross sectionstfgoroduction viayy mechanism inpp collisions
including photon transverse momenta and using modern driaations of proton structure func-
tions. The contribution to the inclusivé is only about 2.5 fb. We have fourgf® 92 < g <
aPP. We have calculated several differential distributionsam® of them are not accessible in
standard equivalent photon approximation. AsWrW— production we have shown that rather
large photon virtualities come into the game.
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