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Introduction: General case

@ In general, the inclusive op for hadrons A, i’ is
[Nuovo Cim. A 70, 215 (1982) JHEP 03, 089 (2012). JHEP 03, 005 (2010). Eur. Phys. J. C 72, 1963 (2012)]

ofl = = Z / dxidx,dx|dxyd’r X (1)
ljk’l’
X1 X2, T ,kf (x1,X))6 X27x2 Fk’l/(xlvx% r).
Proton 1 Proton 2
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Introduction: uncorrelated case

@ Considering the scenario where there is no correlation between x
andr.

Lij(x1,x2,1) = fi(x1)fi(x2) F(r) O(1 —x1 —x2)(1 —x1 —x2)", (2)

@ Here, f;; are usual PDFs and F' contain the geometrical
information entering op.

@ Note: that the function F doesn’t depend on flavour i, ;.

@ The n > 0 is a parameter to be fixed phenomenologically,
introduces the natural kinematical constraint x| +xp < 1.

@ But this is important only if we consider large rapidity values.

1
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Introduction: Pocket formula

@ So, to simplify, we used the following ansatz
Lij(x1,x2,1) = fi(x1)fj(x2) F(r). 3)

@ Substituting this into the equation 1, we get the famous

Pocket formula

SPS ~SPS
oPPS — N oy op

Pip2 2 chl;

@ The o, is known as effective cross section and it contain all
information about the transverse hadron structure.
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@ This can be due the fact that we are neglecting all correlations.

. VALENCE
"I' SEA

Proton

TRANSVERSE SPACE

1 s W&
@ Let us introduce a parton—kind (valence or sea) dependence! s
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Theoretical background

Theoretical background
@ Neglecting again longitudinal—transverse correlations but
including parton kind dependence:
rij(X],)CQ,l') :fi(X])j(Xz) Fl'j(r)a i,jG {S,V}. (4)

@ Then, the DPS cross section Eq. 1 is

[A. Del Fabbro and D. Treleani, Phys. Rev. D 63, 057901 (2001)]

oy == Z O (A)Oj (B)/ Oy efs )
Uk’l/

where the geometrical coefficients

.. -1
(ofner) =0y = [ &rFyx)Fen (o) (6)

are weighted differently depending on the final state.

Ji
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Theoretical background

@ The effective DPS cross section for each final state AB is
Yiw O (A) Xy 0jr(B)

Theory
(AB ) ij '
Yiwr O (A)ojr (B)/ Oy eff

Lff

(7

@ The o;;/(X) values were obtained with PYTHIA 8.3

[C. Bierlich et al., SciPost Phys. Codebases 8, (2022)]
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Results — Fit

i
@ The free parameters are the o}, .«

@ By symmetry, only 6 are independent:

SS SS SS SV SV vy
Os.eft> Osvefts Ovvett> Osveft> Ovvett> Oy effs -

@ We minimize the x> using Minuit2.
[E. James and M. Winkler, MINUIT User’s Guide (CERN, Geneva, 2004).]

3 11 SS SS
@ Current data is only sensitive to o . and Oy .

@ The others are fixed to 38 mb but this value does not really
matter.

i
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Results

@ The basic pocket formula gives G = 9.8 £0.6 mb with
X3 =46.45/(18 — 1) = 2.73.

@ This gives a p-value of only 0.00015 and as such the null
hypothesis is rejected with confidence level of 3.80.

@ In our study, we find that sea—sea correlations are really different
from sea—valence:

Effective cross section Fit result (mb)
sS
o5 6.5+0.9
sS
Ot 27+15
Table: o found in our fit with goodness Xjnf = 1.70. The notation GZ/, 7 of means that i

interacts with k¥’ and j interacts with /',

i
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Results
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Conclusion

@ These results were published in JHEP, arxiv.org/abs/2305.11106
https://doi.org/10.1007/JHEP09(2023)177.
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Abstract

The effective cross section of double parton scattering in proton collisions has been measured

N
|

o by many experiments with rather different results. Motivated by this fact, we assumed that the
™ parton correlations in the transverse plane are different whether we have valence or sea partons.
) With this simple approach, we were able to fit the available data and found that sea parton pairs
z are more correlated in the transverse plane than valence sea parton pairs.
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Conclusion

@ We use the assumption that the transversal distributions of
valence and sea parton kinds could be different in the proton to
fit o¢ to data on several processes and experiments.

@ This hypothesis can be important since it affect the value of Ge
and make it depend on the final state.

@ The quality of the fit was not bad and the calculated values of the
Ocfr are in good agreement with the data.

@ Allowing transverse correlations between parton populations is
an important improvement in the description of DPS.

@ The sea-sea correlations are the larger than sea—valence ones.

i
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Future research: x-dependence

@ Now, in a simple scenario where there is correlation between x
and r, the dPDF factorizate like

Lij(x1,x2,1) = fi(x1)fj(x2) Fij(x1,x2:1). ()
@ But this correlation prevents us from obtaining the formula 5.

@ We are left with a term like
) /QZ//(XI:X%XG-/X/Q) () (6)) G (1, x7 ) X
ikl

X Gjp (32,35 (x2)fy (¥5) dxydxpdxydxs, )

where

O, (x1,x23x),x5) = /dzr Fij(x1,x0;r) Frop (X, x5;r). (10)
OFsc
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Future research: x-dependence

@ One way to introduce it is using ansatz
Fij(x1,x2,r /dsldsz (s2 —s1 —r)pi(x1,81)pj(x2,82), (11)
where the x-dependence comes from the transverse density
Pi (X, S)'

@ A possible profile that encapsulate this x-dependence is the
gaussian approach

1 r?
pi(xar) = 271'5()(?)2 exp{za(x)z}v (12}
5() = w u—@m%, (13)
_ X0 )
or 8(x) = Bo+2Koln (™). 14 e
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Future research: x-dependence

@ The last parameterization comes from the J/y-SPS data.
[L. Frankfurt, M. Strikman, and C. Weiss, Phys. Rev. D 83, 054012 (201 1)1
6 — .

T
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Figure: The exponential #slope, By, of the differential cross section of exclusive J/y e
photoproduction measured in the FNAL E401/E458, HERA H1, and ZEUS experiments, as a ol
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