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Introduction
@00

Far-forward charm production at high energies

@ an interplay of small- and large-x effects
@ probing parton densities simultaneously at extremely small (x < 1079) and large
(x > 0.1) longitudinal momentum fractions
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@ gluon saturation, intrinsic charm content of the nucleon, recombination mechanism
@ forward hadronization (subleading fragmentation, color reconnection, beyond leading
color strings, etc.)

Experiments connected to forward charm production at the LHC and beyond: gﬁ
5

@ Forward Physics Facilities (FPF) at the LHC:
(FASERv, FASERv2, SNDOLHC, FLAYfE): ve, vy, v+ neutrino fluxes
@ IceCube Neutrino Observatory: prompt v, neutrino flux 2/2



Introduction
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Forward charm production at low energies

@ rather large-x effects
@ probing parton densities simultaneously at rather intermediate (x > 10~3) and large
(x 2 0.1) longitudinal momentum fractions
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@ gluen—saturation, intrinsic charm content of the nucleon, recombination mechanism
@ forward hadronization (subleading fragmentation, color reconnection, beyond leading
color strings, etc.)

Experiments connected to forward charm production at lower energies: gﬁ
5

@ fixed-target LHCb mode: D-meson, J/W-meson at /s = 86.6 GeV and 68.5 GeV
@ fixed-target SHIP experiment at SPS: v, neutrino flux /s = 27.4 GeV
@ fixed-target NA69/DsTau experiment at SPS: v, neutrino flux /s = 27.4 GeV 3/22



Introduction
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QCD charm production mechanisms at forward directions

UGDF / @ g*g* — cc .:> the standarfi QCD mechanism (a.nd
— —— usually considered as a leading) of gluon-gluon fusion
e with off-shell initial state partons, calculated both in the
\ ; full kr-factorization approach and in the hybrid model
o # 0
f @ g*c — gc = the mechanism driven by the intrinsic
kot # O ¢ charm component of proton calculated in the hybrid
3 approach with off-shell initial state gluon and collinear
~ |ntr|ns§ charm quark
UGDF \ @ gg — Dc = the recombination mechanism calculated

in the leading-order collinear approach

q

(cq)" = D

g c -
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Standard mechanism
@00

The kr-factorization (high-energy factorization) approach

off-shell initial state partons =
initial transverse momenta explicitly included ki ¢, k2, # 0
@ additional hard dynamics coming from transverse momenta of
incident partons (virtualities taken into account)
@ very efficient for less inclusive studies of kinematical correlations
@ more exclusive observables, e.g. pair transverse momentum or
azimuthal angle very sensitive to the incident transverse momenta

multi-differential cross section:
do _ / dzklyt dzkzyt 1 ﬁ
dy1dy2d?py sd?pas ™ T 1672 (x1x25)? £7e"2QQ
x &2 <E1,t + kot — P — ﬁz,t) Fe(x1, k3 ¢ 1) Fg(x2, k3 ¢, 1)

9 the LO off-shell matrix elements |M,. .., op|? available (analytic form)
@ the 2 — 3 and 2 — 4 processes (higher-order) only at tree-level (KaTie Monte Carlo)
@ F(x, kZ, 1) - transverse momentum dependent - unintegrated PDFs (uPDFs)

pair creation flavour excitation gluon splitting
@ part of higher-order (real)
corrections might be effectively™ =}

with gluon emission
included in uPDF

?

hard scattering

final state radiation
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Standard mechanism
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Forward open charm production at the LHCb
Open charm LHCb data in pp-scattering at /s =7, 13 TeV:

e B 7Tevm Detector acceptance: 2.0 < y < 4.5 and 0 < p1 < 8 GeV

KURAMHTZOMIo PDF  g'g" = G
0
@ inclusive D-meson spectra and DD-pair correlation
observables (M;,,, Ay, pr-pair)
@ longitudinal momentum fractions probed:
1073 < x; <1071 and 1075 < x, < 1073

@ pr-differential cross section well described in different y-bins

g (x)
4

-5[LHCb experiment
20<y,<45 0<p <8GeV

3 - 10

log (x,) @ correct shapes of the correlation observables

(R.M., A. Szczurek, Phys.Rev.D 100 (2019) 5, 054001)
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@ ky-factorizaton: g*g* — c¢ + KMR uPDF = works very well 6/22



Standard mechanism
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Moving more forward: The hybrid factorization

How to treat theoretically the asymmetric configuration?

The hybrid approach for far-forward production =
@ combined collinear- and kr-factorization
@ used in many phenomenological studies

@ the differential cross section for gg* — c¢ mechanism:

* — dxa
da’ppﬁcharm(gg - CC):/dX1/72/d2kt

X g(lellz) : ]:g(X2-, ktz-,,uz) . da’gg*%cé

@ g(x1,11?) = collinear large-x gluon
we use the CT14nnlo PDF

@ Fg(x2, k2, u?) = off-shell small-x gluon
we use the KMR/MRW and the KS linear/nonlinear uPDFs

@ dbgg+ ,cz is the hard partonic cross section obtained from a gauge invariant off-shell
tree-level amplitudes (available in KaTie)

@ a derivation of the hybrid factorization from the dilute limit of the Color Glass D
Condensate approach can be found in the literature
7/22



Intrinsic Charm
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Charm production driven by the intrinsic charm

What if there is a non-perturbative charm content of the proton?

The charm quark in the initial state =
@ perturbative: extrinsic charm (from gluon splitting)
@ non-perturbative: intrinsic charm (IC)

@ the differential cross section for cg* — cg mechanism:

dx:;
da’ppﬁcharm(Cg* - Cg) :/dX1/ 2 /dzkt

X c(x1, /Lz) - Fg(x2, kf,y ) dbcgr cg

@ c(x1,4?) = collinear charm quark PDF (large-x)
@ Fy(xo, kZ,u?) = off-shell gluon uPDF (small-x)

@ dbcg g = only in the massless limit (also available in KaTie)

@ regularization needed at p7 — 0 = we use PYTHIA prescription:

2
Fsup(pT) = ﬁ’ as(pR + pTo) where prg = 1.5 GeV (free parameter)
@ the charm quark PDF with IC content is taken at the initial scale: gﬁ
c(x1, 13), where pig = 1.3 GeV so the perturbative charm contribution is 'y

intentionally not taken into account
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Intrinsic Charm
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The concept of intrinsic charm in the nucleon

The intrinsic charm quarks = multiple connections to the valence quarks of the proton

@ strong evidence for internal strangeness and somewhat smaller for internal charm

xc(x,Q), comparison

CT14nnlolC (Sea-like HS)
,,,,,,,, CT14nnlolC (Sea-like LS)
— —  CT14nnlolG (BHPS 3.5%)
——— CTi4nnloIC (BHPS 1%)
Q=1.41e400 GeV.

@ global experimental data put only loose
constraints on the P;. probability

@ dfferent pictures of non-perturbative c¢ content: 107
9@ sea-like models

@ valence-like models 102
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@ we use the IC distributions from the £ E
Brodsky-Hoyer-Peterson-Sakai (BHPS) model as F 1
adopted in the CT14nnlolC PDF L e Y
xc(x,Q), comparison X
107 3
E CT14nnloIC (BHPS 1%) B
E e CT14nnlo (90% c.l.) ] . . . . .
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[l e—

large enhancement of the charm distribution at
large x (>0.1) in comparison to the extrinsic

charm prediction
@ the models do not allow to predict ‘EE

precisely the absolute probability P;.
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Intrinsic Charm
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Intrinsic charm at the LHC and beyond

A possible impact of the intrinsic charm component on the forward charm particle
production in already existing or future experiments at different energies:

(R.M, A. Szczurek, JHEP 10 (2020) 135)

@ Fixed-target LHCb mode at /s = 86.6 GeV (D-meson production)
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Intrinsic Charm
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Intrinsic charm at the LHC and beyond

A possible impact of the intrinsic charm component on the forward charm particle
production in already existing or future experiments at different energies:
(R.M, A. Szczurek, JHEP 10 (2020) 135)
@ FASER at the LHC (dedicated to a measurement of forward neutrinos originating
from semileptonic decays of D mesons)
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@ the intrinsic charm important at |y| > 6 iE

@ transverse momentum distribution visibly enhanced
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Recombination
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The cg-recombination mechanism of charm production

Braaten-Jia-Mechen (BJM) recombination: g + g — (¢q)" + ¢

@ short-distance process (in contrast with fragmentation)
q @ (€q)": g has small momentum in the € rest frame

(cq)"=D o g and € are in a state with definite color and angular
momentum quantum numbers specified by n

@ direct meson: gg — Dc and gg — D¢
@ subsequent fragmentation of the associated c-quark

@ the direct recombination leads to D/D production
asymmetry

@ the differential cross section for gg — Dc mechanism:

do _—
dyrdyadpe = ]_67T—2§2[X1Q1(X1,#2)X2g2(>(27#2)|ngﬁbc(57 t,u)?

+ g0, p?) x2q2(x2, 12) [ M, (s, t, 1)

o IngﬁDc(S: t, U) 2= |~/qug~>(Eq)"c|2 P

) |ngﬁ(5q)nc|2 = explicit form of the matrix element squared available

@ p can be interpreted as a probability to form real meson gﬁ
= can be extracted from experimental data 5

e.g. fixed-target LHCb data on D/D production asymmetry! ,
12 /22



Recombination
o] ]

The cg-recombination mechanism of charm production
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Fixed-target
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Fixed-target charm data: Intrinsic Charm

The fixed-target data on forward open charm meson production already exists:
@ Fixed-target LHCb mode at /s = 86.6 GeV (D-meson production)

i3 T =— T T = — 10°F T R T 5
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@ some problems with understanding the LHCb fixed-target open charm data identified

(R-M., Phys.Rev.D 102 (2020) 1, 014028)
@ a new scenario proposed with the intrinsic charm contribution needed to describe

the data points in the backward direction and at larger pT's gﬁ
® X2, : Pic ~1.65% but large uncertainties D

R.M, A. Szczurek, Phys.Rev.D 105 (2022) 014001
14 /22



Fixed-target
(o] le}

Fixed-target charm data: Intrinsic Charm

The fixed-target data on forward open charm meson production already exists:
@ Fermilab (1986): D-meson production in pp-scattering at /s = 38.7 GeV

10° —————— T 10% ———T—
,pp sca‘rlenng @ \F 38 7 GeV LEBC-| MPS data E *pp sca‘rlenng @ \F 38.7 Ge\) LEB -MPS data E
N g*g — cC (dotted) : g*g* - cC (dotted) :
g'c — gc (dashed) < g'c — gc (dashed) -
— v arc (sofi q, o ot
T el g°g + g”c (solid) . ORI =N 9*g" + g’c (solid) _
= E E X 2N E
E ] -g_ SN ]
><u- i 1 - i 1
o h o - [ ~ 7
8 10 / S ik
® E
[P, =20GeV B ° :pm =2.0GeV
I-k;-factorization (hybrid) miadel: R |-k;-factorization (hybrid) model: ~ .
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on-shell charrv CT14nnloIC P‘DF (BHPS I%)‘ | I - on-shell charrv CTIAnn\oIC IT“DF (BHPS I%I | I
! 0.2 0.3 0.4 0. 10 T 2 3 7 5
2 2
charm meson x; charm meson P; [GeV7]

@ we obtain a very good description of the xg-distribution within our model with the
same set of parameters as in the LHCb case ‘gﬁ
@ the intrinsic charm component crucial for large-xg data
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Fixed-target
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Fixed-target charm data: Intrinsic Charm + Recombination
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lceCube: Prompt neutrino fluxes and intrinsic charm

dotdx,, [pb]
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@ intrinsic charm very important

@ extrinsic charm negligible

o’ 10° 10° 10 10

10°

107

E, (GeV)

10°

@ the inclusion of the cg* — cg mechanism driven by the intrinsic charm (IC)

has a strong effect on the prompt neutrino flux

@ the flux is enhanced by one order of magnitude when intrinsic charm is present

(Pic = 1% here)
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IceCube: Predictions and limits for intrinsic charm

10°g g
£ KMR 1
— 10F E
5 F ]
—‘(/l ]
o E
£ E ]
o rC 1
% L 4
O, . 1C-59 l NS =
> Conventional NS E
ﬂe> —.—.—.. Conv.+gg \\'Q\ bl
[ B M Conv. + gg + ge (P, = 0.2%) RSN ]
Conv. +gg + ge (P, = 0.5%) S <
Conv. +gg + ge (P, = 1.0%) E
Folo.. Conv. + g +gc (P, = 1.5 %) H3a 1
11 Ll L L

10
4 5 6 7
10 10 10 10

E, (GeV)

@ the impact of the prompt flux is small in the current kinematical range probed by

IceCube as long as only the gluon-gluon fusion mechanism is taken into account
@ the intrinsic charm mechanism implies a large enhancement of the prompt flux at

large E,, with the associated magnitude being dependent on the value of P;. gﬁ
@ linear QCD dynamics = P;. < 1.5% d ]
@ similar to the central CT14nnlolC PDF set
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FASERv2: Far-forward neutrino fluxes

SpScatbring @ 15— 13 T8V " " T " 3653 10" ESpTSETerng @ S =13 eV T 6,
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Semileptonic decays of D°, D A. = source of ve,v,,
@ E, > 100 GeV = intrinsic charm and recombination
larger than standard mechanism
@ both IC and recombination of similar size
@ v, large backgrounds from 7 and K
= IC and recombination completely covered even at large energies gﬁ
5

@ ve: large background from K but
= both IC and recombination win at E, > 1000 GeV
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FASERv2: Far-forward neutrino fluxes

R ALY O LU = oy e e s
p-scattering @ 1s = 13 TeV , > 8.
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D meson decays = dominant source of v,

direct D} — 7tv; and chain DF — 77 — U, decays
no background from light mesons due to limited phase space
for 7 production in the Ds decay

5(x) K tyay(x), dyaj(x) = recombination reduced gﬁ
5

[ ]

E, > 100 GeV = intrinsic charm larger than standard mechanism
flux dominated by intrinsic charm
optimal to pin down the IC contribution in the nucleon 20/22
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Conclusions

We have shown that the intrinsic charm and recombination mechanisms can be extremely
important for far-forward charm production at the LHC and beyond:

@ D-meson at fixed-target LHCb experiments

@ a scenario proposed with the intrinsic charm contribution needed to describe
the data points in the backward direction and at larger pT's

@ extract the intrinsic charm probability Pc (< 1%)

@ still a room for recombination mechanism

& the recombination probability from D/D-production asymmetry (=~ 10%)
@ Prompt neutrino flux at lceCube Neutrino Observatory

@ upper limit on the intrinsic charm probability P;c (< 1%)
@ next step to include recombination

@ Neutrino fluxes at Forward Physics Facilities (FPF) at the LHC (FASERv2,FLArE)
@ both IC and recombination important
@ ve, vy fluxes difficult because of large backgrounds from light mesons

@ v flux at high energies dominated by intrinsic charm (recombination
suppressed)therefore optimal to pin down the IC contribution in the nucleon gﬁ
5
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Summary
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Thank You!
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Charm cross section in QCD

The basic ingredient for the prompt neutrino flux = pQCD charm quark production

@ the leading-order (LO) partonic processes for Q@ production =
gg-annihilation and gluon-gluon fusion (dominant at high energies)

:Riixw

@ main classes of the next-to-leading order (NLO) diagrams:

pair creation flavour excitation gluon splitting
with g/uon emission

the NLO and the NNLO corrections
of a special importance for charm
pr-differential cross section!

k r-factorizaton (high-energy factorization):

collinear approach

@ state of the art for single particle @ exact kinematics from the very beginning
spectra at NLO (FONLL, GM-VFNS) @ correlation observables directly calculable

@ MCONLO+PS for correlations @ some contributions even beyond

@ NNLO not available for charm/bottom the NLO available (also differentially) iy

prompt neutrino flux = high energy limit and far-forward charm production /11



Unintegrated parton distribution functions (uPDFs)

Transverse momentum dependent PDFs: J(x, k7, /)

@ CCFM evolution: Jung-Hautmann (JH2013)

Parton Branching + DGLAP: Bermudez Martinez-Connor-Jung-Lelek-Zlebcik
linear/nonlinear BK (saturation): Kutak-Sapeta (KS)

modified DGLAP-BFKL: Kimber-Martin-Ryskin-Watt (KMR, MRW)
modified BFKL-DGLAP: Kwiecinski-Martin-Stasto (KMS)

hon—pertt

© 6 60

log(Q?)
gluon, x = 0.0001, p = 3 GeV

10

‘JH-2013-se12 (solid) ‘

PB-NLO-set1 (short-dashed)
KMR-CT14lo (long-dashed)
KShard-2013-linear (long-dash-dotted)
KShard-2013-nonlinear (dash-dot-dotted)

i

@ hard emissions from the uPDF =
resummation of higher-order
corrections

@ ky-fact. g*g* — c¢ + KMR uPDF 10
works very well for inclusive open
charm and bottom mesons at th LHC 1
(as well as for correlation observables)

<Y

XF(xk b)

@ saturation effects possible to be studied
within the KS uPDF 102

@ open charm at the LHC: small-x and
small/intermediate scales 10! ]




The quark to meson transition

Heavy quark to open heavy meson fragmentation: ¢ — D and ¢ — D

The independent parton fragmentation picture:
o

the charmed meson xg-distributions at large xg can be obtained from the charm
quark/antiquark xg-distributions as:

d9pp—D(XF) _ /1 2z d9ppscharm (¥E) py oy
- c— )
X,

C
dxg 4 dxg

where xg = xg/z and D._,p(z) is the relevant fragmentation function (FF)
the fragmentation procedure leads to a decrease of the xg range for meson
with respect to xg of the parent quark

REMNANTS

@ ¢ — D: Peterson(z), e = 0.05

o | 222 quarkonia (well known from ete™ data)

2
Q=cb 3 onD:T]C,XF:Z'X,E—,ZE(O,l)
Q=cb @ fragmentation fractions well known

z , .

g | == D.Bmeson (Part|c|e Data GI’OLIP)

S| ormn

== A¢, \y baryon ’

HADI

REMNANTS
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Intrinsic charm at the LHC and beyond

A possible impact of the intrinsic charm component on the forward charm particle
production in already existing or future experiments at different energies:
(R.M, A. Szczurek, JHEP 10 (2020) 135)
@ SHIP at the SPS CERN at /s = 27.4 GeV (dedicated to a measurement of forward
vr neutrinos originating from semileptonic decays of Ds mesons)

10° ErT T T T T T T T T T T 10° ErT T T T T T T O R T T AT
@ Vs = 27.4 GeVq g PP @ 5= 27.4'Ge
F standard: k,fact. g*g*+ q°F" — cG (dotted) 1 (s [LSrandard: kyfact. g°g"+ q'G" — G (dofted)
10 . . . - E IC: hybrid g*c - gc (dashed)
hybrid g*c - gcand cg* - cg (dashed) E — E standard + IG (soli)
[ standard + IC (solid) 3 % "
o) o b (2 10 ?
K= 3 ¥el F
E [= B
> 1 = 10
k<) 1 e F
5 E s f
° 3 T e
E S E
] ] F
E 1O—LSH|P:yE>1.0
F off-shell g\uon/quark KM?,E 14lo uPDF y 1 off-shell gluon/quark: KMR-CT14lo uPDF
§ \nlnn Ic charm CTMnVJfo PDF al I-| ‘ 3 GEV B\ﬁﬁs |°/a) H T mlnr\ﬁlc charw\ CT14nnlolC PDF at y=1.3 GeV (BHPS 1%) =
h ! - LY Hmmmmmmmmmmmu
S 3 2 25 3 35 4 45
y of charm quark charm quark p_ [GeV]

@ at the lower energy = the intrinsic charm important in the whole rapidity spectrum ip
@ transverse momentum distribution visibly enhanced
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Intrinsic charm at the LHC and beyond

A possible impact of the intrinsic charm component on the forward charm particle
production in already existing or future experiments at different energies:
(R.M, A. Szczurek, JHEP 10 (2020) 135)

@ Future Circular Collider (FCC) (D-meson production)

10° T — T3 10“7””HHHHHHHHHHHHH RN
T pp@ 50 e\lE E T T T T T T @‘}—‘\ \

| standard: k,-fact. g*g*+ q'q* —~ cC (dotted)

E IC: hybrid g*c — gc (dashed)

HS

10° -standard: k,-fact. g*g*+ g q ~ cC (dotted)
E IC: hybrid g c — gcandcg® — cg (dashed)
L standard + IC (solid)

| standard + IC (solid)

L 53

— F o el
2 ] o TE
S el ¥el F

10°F g f
> [ = 10
e} s E
B O o E
el 4: g 104?

10° ? [I B E

- ;7 #H 10° LFCC: y,>75

4
off-skiell gluon/quark: KMR-CT14lo uPDF E off-shell gluon/quark: KMR-CT14lo uPDF
[ infigsic charm: CT14nniolé, PDF at 1.3 Ge\/)(EHP% %)
0

-10 -5

intringic charm: CT14nnlolC PDF at p=1.3 GeV (BHPS 1%)
mﬁmﬂ‘ mm\m\mmmmmumm
2 25 3 485 4 45

y of charm quark charm quark P, [GeV]

@ the intrinsic charm important at |y| > 7 qﬁ

@ transverse momentum distribution visibly enhanced
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Kinematics probed with the lceCube prompt neutrino flux

Mapping the dominant regions of the phase space associated with cé-pair production

relevant for the prompt flux at IceCube
(V.P. Goncalves, R.M., R. Pasechnik, A. Szczurek, Phys.Rev.D 96 (2017) 9, 094026)

107 T T T T Ty 107 F T T T T e T

—_——— ] F H : No cuts
=TTy | ] [ : N P, Py <20GeV
....... N sTev | r : : e p<50GeV
........ SR S1aTev : Py < 10GeV
107 No cuts E 10 E E

E3¢'V[Ge\/2 em?s’ sr“]

@ future: E, > 107 GeV = energy range beyond that probed in the LHC Run2

@ recent: up to £, = 3-10% GeV = the LHC energy range gﬁ
@ flux sensitive to the pr < 5 GeV ¥
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Kinematics probed with the lceCube prompt neutrino flux

Mapping the dominant regions of the phase space associated with cé-pair production
relevant for the prompt flux at IceCube
(V.P. Goncalves, R.M., R. Pasechnik, A. Szczurek, Phys.Rev.D 96 (2017) 9, 094026)

10°

T L AL B A R A 107 F T
s Noaws| ] s : Noaws | ]
[ x <02 ] [ ————x>10" ]
X, <04 e
— T <06 1 E T S x> 10 1
5 107 x:\'(LX E ® 107 %> 107 E
o f 3 To o F ]
e L ] e L ]
5 [ ] 5 [ ]
o o
> b 4 > L 4
[0} [0
8 g |-
& 10 E At E
W B N W F ]
r N r ]
[ N [ \
[ _ - [ \ N ]
B i R H H \
-5 N Su| SRS il Lol PR T 5 N | Lol S| Lol R
0t 10° 10° 10’ 10° 10’ R 10° 10° 10 10° 10
E, (GeV) E, (GeV)
@ projectile: 0.2 < x; < 0.6
@ target: 107 % < x < 107° (IceCube recently)
and even 1078 < x; < 107> (future) »

@ far-forward production beyond the LHC range =- very asymmetric kinematics
8/11



Predictions of our model for charm xg-distributions

10° T T — T

o
3
@
@
<}
E}

E =10° GeV
~ KMR

hybr\d model: . “\:
g —. CC (dashed) N \ “\i
—. qct (dash-dotted) ~\:
- 9C P =1.5GeV dou\
. gc p o= =2.0GeV (sohd)
- gc p = 2 5 GeV ;dol qol dashed) X \‘

107
X

F

hybrid model:
g*g - ct (solid)

3,
-

[ collinear approach:
[ FONLL: gg+qg+gq (dash-dotted)
LO: gg - ct (dotted)

L i

L]

E =10° GeV
KMR

10°

107

Xg

when intrinsic charm is included the behavior of the xg-distribution is strongly

modified in the 0.03 < xg < 0.6 range

the Feynman xg-distribution for large xg is dominated by the cg* — cg mechanism

with intrinsic charm

our predictions for the standard charm production mechanism obtained with the gﬁ
hybrid model are consistent with the NLO collinear calculations by FONLL 'y
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Prompt neutrino fluxes and saturation effects

T |
w
o 4

dofdx,, [pb]
Ll

| ol

10'
E, (GeV)
@ sum of both production mechanisms: gg*-fusion and the cg* with IC BHPS 1%

@ the KMR and KS linear predictions are similar
= BFKL effects not important for lceCube (which probes 0.2 < xg < 0.5)

@ the KS nonlinear is a factor &~ 3 smaller for xg = 0.2
= saturation effects strongly modifies the magnitude of the distribution gﬁ
5
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Predictions and IceCube limits including saturation

]O'E T T LN S T
S KS Nonlinear |
107 3
‘% £ ]
‘n g
o 10°E 3
£ E E
o C 4
> r N ]
S 10’k - RN E
g E Conventional : E
e [ |-=-=-=-= Conv.+gg ]
in I Conv. + gg + g (P, = 0.2%) > ]
10 Conv. + gg + g (P, = 0.5%) TN -
E Conv. + gg + ge (P, =1.0%) N 9
R EREREEEE Conv. + gg + ge (P, = 1.5%) S H3a |
11 Ll Ll L
10
4 5 6 7
10 10 10 10

E, (GeV)

@ within the saturation scenario the impact of the prompt flux driven by the
gluon-gluon fusion mechanism is even smaller and becomes negligible

@ nonlinear QCD dynamics = Pj. < 2.0%

@ slightly higher than the central CT14nnlolC PDF set

11/11



	Introduction
	Standard mechanism
	Intrinsic Charm
	Recombination
	Fixed-target
	IceCube
	FASER
	Summary

