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Physics Motivation:

Shed a Light on the Nature of Strong Colorless Exchange

(
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» Mechanisms of diffractive production studied QE E
through the analysis of open charm production 8 - 8

» c¢ production - lowest-mass process involving
hard-scale

» Probing the nature of Pomeron, testing alternative
approaches (e.g. Soft Color Interaction) P
» Testing the factorization theorem h
2

» Diffractive events identified with forward proton
tag with AFP

Unique class of events:
i) accessible within perturbative QCD framework,
ii) characterized by high exepected cross-section,
iii) possible to be studied in a clean, low background experimental environment — low pile-up
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Models of diffraction

Resolved Pomeron

» Ingelman-Schlein
+ absorption corrections (Sg)

> Two-step factorization:
Collinear factorization
convolution of partonic subprocess and
diffractive PDFs:

do = fP(x,Q% xp, 1) ® dogyp (v, Q?)

Proton-vertex factorization
Pomeron flux and its partonic

structure:
D 2 _ (v /e 2
fi7 (%, Q% xp, 1) = fpp (v, 1) fi (x/xp, Q7)
8
c
8 ¢
jIg
P P
Phys.Lett.B 152 (1985) 256-260
Eur.Phys.].C18:167-179,2000
AIP Conf.Proc. 1105 (2009) 1, 248-251

Two-gluon exchange Soft Color Interaction

> pQCD framework applicable at

sufficiently high pr
> Dipole model (y — gq)
> k; factorization

> cross-section o [xpGg (xp, Q

+ ...

Phys.Lett.B 379 (1996) 239-248
Phys.Lett.B 386 (1996) 389-396
Phys.Lett.B 406 (1997) 171-177

> Soft color exchange may change the
topology of the created color string

> Hard process remains unaffected

> Natural emergence of rapidity gaps

2)]2 > Similar concept used in the
Generalized Area Law model
¢ (soft color exchange happens

between the strings)

o

Xo § T gap

Phys.Lett. B366 (1996) 371-378
Phys.Rev. D64 (2001) 114015
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https://inspirehep.net/literature/207624
https://arxiv.org/abs/hep-ph/0007359
https://inspirehep.net/literature/802724
https://inspirehep.net/literature/416158
https://inspirehep.net/literature/418790
https://inspirehep.net/literature/427672
https://arxiv.org/abs/hep-ph/9508386
https://arxiv.org/abs/hep-ph/0106246

Phenomenology perspective

Specifics of charm production:

> At LHC, large cross-sections are expected from QCD.
— background can be reduced with special, low pile-up runs
— identification of diffractive events possible with intact protons

» Lesson from data on inclusive charm production:
QCD LO collinear approach works rather poorly — higher order corrections are needed
(e.g. k; factorization).

» There exists a wide range of model predictions (next slides).

Discovery potential:
> Tests of factorization theorem(s).
» Probing the nature of the Pomeron.

»> Measurement of diffractive charm production may pin down the mechanism of diffractive production —
large differences in predicted cross-sections.
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Single Diffraction
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1. Singe diffraction, IP-p process

ol hy - XQQY _jn) = fdaq jdxz a1l i2) &P (v p?) 6(gg - QQ)

> The dominant contribution in SD processes at the LHC.
» Gay Ducati et al., Phys.Rev.D 81 (2010) 054034

14 TeV, Resolved Pomeron, oy = 178 b (Ree = 2.3%)

Kopeliovich et al., Phys.Rev.D 76 (2007) 034019:

Dipole, Leading Twist Mechanisms

Luszczak et al., Phys. Rev. D 91, 054024 (2015):

Resolved Pomeron, 14 TeV, [y| < 2.5, pT > 3.5 GeV, D + DO, op,, = 3555 nb.
Luszczak et al., JHEP 02 (2017) 089:

k;-factorization, 13 TeV, |y| < 2.1, pr > 3.5 GeV, D% + DO, 01153? =3-4ub

Siddikov et al., Phys.Rev.D 102 (2020) 7, 076020:
Dipole Model, 13 TeV, Re¢=1.6% — opp ~ 135ub
predictions regarding charged particle multiplicity dependence

2. Single diffraction, y-p process

ol hy > XQQ_) = fdn fdxz @) a2 p?) 6(yg - QQ)

with the partons inside the proton.

» Goncalves et al, Nucl.Phys.A 976 (2018) 33-45:

13 TeV, |v| < 10, Dipole Model, oyp = 1030 (b-CGC) — 1140 (IP-SAT) nb

» Strong electromagnetic fields arising around the proton due to relativistic effects may interact directly
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https://arxiv.org/pdf/1002.4043.pdf
https://arxiv.org/pdf/hep-ph/0702106.pdf
https://sci-hub.se/https://journals.aps.org/prd/pdf/10.1103/PhysRevD.91.054024
https://arxiv.org/pdf/1606.06528.pdf
https://arxiv.org/pdf/2008.12446.pdf
https://arxiv.org/pdf/1711.04497.pdf

Central Diffraction

) 3. Central diffraction with double IP exchange
’

ol — hy_XQGY _h fdufdxz SPlend) &P (v i) 63— QQ)

» Gay Ducati, et al., Phys. Rev. C 83, 014903 (2011):
14 TeV, Resolved Pomeron opp = 13.6 ub (R.z = 0.17%)

» Luszczak et al., Phys. Rev. D 91, 054024 (2015):
14 TeV, Resolved Pomeron, |y| < 2.5, pT > 3.5 GeV, DY+ D_O, opp = 177 nb.

4. Central diffraction in y,IP exchange

olhhs =y _QQY_in)= fdxl fdxz M) P i) Slyg > QQ)

> Goncalves et al, Nucl.Phys.A 1000 (2020) 121862:
pp @ 13 TeV, Exclusive, |1] < 2.5, Dipole Model
oyp = 83.2-117.9nb

» Goncalves et al, Phys.Rev.D 85 (2012) 054019
pp @ 14 TeV, Dipole Model, o)p = 161 nb
pp @ 14 TeV, Resolved Pomeron, oy p = 1208 nb
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.83.014903
https://sci-hub.se/https://journals.aps.org/prd/pdf/10.1103/PhysRevD.91.054024
https://arxiv.org/pdf/1911.03453.pdf
https://arxiv.org/pdf/1911.03453.pdf

Central Diffraction (contd.)

5. Central exclusive production in the electromagnetic channel

oy —hy_QGQ_ha)= jdxl jdXz (e, 7abea i) S(yy - QQ)

» The term ¢(yy — QQ) is heavily suppressed due to presence of two EM vertices, thus it is
not expected to contribute significantly to the signal measured experimentally.

6. Central exclusive production in the strong channel

a(hhy —h; Q0 _h)e 6(gg—QQ)

» Maciula et al., Phys.Lett.B 685 (2010) 165-169:
2TeV:Ree=1%

» Gay Ducati, et al., Phys. Rev. C 83, 014903 (2011):
14 TeV: opp = 0.53 ub (Rqz = 0.007%)



https://arxiv.org/pdf/0912.4345.pdf
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.83.014903

Measurement

ATLAS

» Low-pr charged particle tracking

[/ ////Q

T117117

(down to 100 MeV)

» Calorimeter acceptance |1| < 4.9
(rapidity gaps)

» Dedicated triggers

» Advanced vertex & track
reconstruction software

67.7%

AFP

» Forward proton tagging
with Roman Pot technology

» 3D pixel silicon tracker
— precise reco. of kinematics

> Acceptance:
0.02gé=1- Eproton/Ebeam <0.15

» High efficiency, low background

Targeted decay modes:
» D* - Do — Knire
» D* > Knn
» Df - KKn
4 AC —)pKﬂ
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Measurement Feasibility

Excellent data to be studied: » Feasibility studied with simulations

» LHC Run 2 (2017): (JHEP 02 (2017) 089)
100 nb™! at  ~ 0.05, . , . AipT
500 nb’l at u~ 0.3, 0.9 fre:;::v R T QEE E*;g'o"fnm ?i% :\)/i’);(ﬁa(m)n*
= - - VX, o L - * = m co. vtx.
650 nb X atpu~1, R g-j : 2pF ﬁt?/:: E*:goq:n ©=10h, n, =100
150 pb™" at u ~ 2. o ° 3 10
o 06 *
» LHC Run 3 (2022): 5 05 [ . $
—1 - - _D*‘~> D' —7d < i c
0.46 nb™" at u~ 0.005 z 04 8
, -1 = 2 03f — AFP, p*= =
34.6nb™" at u~0.05 ) AFP. B =90 ] )
170 nb~! at y~0.02 ' ALFA, B = 0.55 v,
01 | o ALFA. B* =0 m
» LHC Run 3 (2023): So1 o1 T 10
175 nb~! at u~1 pile-up, pile-up,

29nb~lat y~0.2

_1 » Dedicated triggers:
61 nb™" at u~ 0.05

track with min. p7 = 2,4,6,8 GeV/c, single-side tag in AFP
track with min. pr = 2,4,6,8 GeV/c, double-sides tag in AFP
First look at Pythia8 A3 simulation:

» The pt spectrum of D mesons is quite soft — (p7) = 2.5 GeV/c for single diffraction
» Average number of charm hadrons with || <2.5is 1.77
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